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Abstract

This research conducts an in-depth analysis of the long-term impacts of alternative
energy options for Vietnam up to 2050, with a view to identify an energy pathway that
would meet the country’s energy needs in a sustainable manner. Three scenarios (Base,
MOD and ADV), developed in this research, represent a range of energy policy
measures that Vietnam could adopt in order to achieve its economic, energy and
environmental goals. The Base scenario reflects a continuation of the current policy
trends while the MOD and ADV scenarios represent higher levels of commitment to
economic growth, energy diversity and reduction of energy import dependency and

CO2 emissions.

The impacts of these scenarios are analysed in this research using a comprehensive
framework that consists of an energy optimization model (MARKAL model) and
energy-oriented input—output model. The energy impacts are analysed in terms of how
the country’s primary and final energy requirements would evolve in response to
alternative energy policies. And, the analysis of economic impacts focuses on how such
evolution would affect sectoral outputs, income, employment, and energy and CO2

intensities.

The analysis suggests that if the current policy trends (as represented by the Base
scenario) continue, by 2050, Vietnam would experience a fifteen-fold rise in primary
energy requirements, and twenty-six-fold increase in CO2 emissions. The country’s
import dependency will increase to about 84% in the case of primary energy
requirements and 100% in the case of oil. This would potentialy invite insecurity of
energy supply and cause serious environmental pollution due to the high share of fossil
fuels (more than 90%) in total energy consumption. The severity of these impacts could,
however, be reduced by adopting appropriate policy measures as demonstrated in the
MOD and ADV scenarios. These measures include energy savings and renewable
energy promotion and CO; restrictions. This would result in a reduction of primary
energy requirements (by 6.6 and 9.3%), imported energy (by 14 and 18%), in the MOD
and ADV scenarios, respectively, as compared with the Base levels, and CO2 emissions
to the 1990 Kyoto level. Further, the analyses suggest that the economy-wide impacts of
these policy measures are likely to be rather benign at the aggregate (national) level —

Xi



equivalent to a decrease in total output, wages and salaries, and employment in 2050 of
merely 0.03%, 1% and 0.39%, respectively, in the ADV scenario as compared with the
Base scenario. These impacts at disaggregated levels would, however, be more diverse
and rather significant for some sectors. In 2050, for example, the main beneficiaries,
which are cultivation, manufacturing, and construction sectors, would enjoy 1.4, 1.8 and
1.6% increase in total output, wages and salaries, and employment, while the main
losers which are the conventional energy sectors (coal, oil and electricity) would suffer
adecline in total output, income and employment of 14.6, 13.8 and 8.2%, as compared

with the Base scenario.

Further, this research is a good example that demonstrates the importance of
undertaking comprehensive analyses (both at macro- and micro-levels) in formulating
energy policies. The disaggregated analyses could help avoid the pitfalls of basing
policy decisions on aggregate analyses alone. Such disaggregate analyses also make
transparent the sectoral linkages and provide more robust bases for developing trade-
offs and compromises to achieve desirable policy outcomes. That is a novelty and one
of the main contributions of this research to strengthening the energy policy settings in

Vietnam.
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Abstract


This research conducts an in-depth analysis of the long-term impacts of alternative energy options for Vietnam up to 2050, with a view to identify an energy pathway that would meet the country’s energy needs in a sustainable manner. Three scenarios (Base, MOD and ADV), developed in this research, represent a range of energy policy measures that Vietnam could adopt in order to achieve its economic, energy and environmental goals. The Base scenario reflects a continuation of the current policy trends while the MOD and ADV scenarios represent higher levels of commitment to economic growth, energy diversity and reduction of energy import dependency and CO2 emissions. 


The impacts of these scenarios are analysed in this research using a comprehensive framework that consists of an energy optimization model (MARKAL model) and energy-oriented input–output model. The energy impacts are analysed in terms of how the country’s primary and final energy requirements would evolve in response to alternative energy policies. And, the analysis of economic impacts focuses on how such evolution would affect sectoral outputs, income, employment, and energy and CO2 intensities.


The analysis suggests that if the current policy trends (as represented by the Base scenario) continue, by 2050, Vietnam would experience a fifteen-fold rise in primary energy requirements, and twenty-six-fold increase in CO2 emissions. The country’s import dependency will increase to about 84% in the case of primary energy requirements and 100% in the case of oil. This would potentially invite insecurity of energy supply and cause serious environmental pollution due to the high share of fossil fuels (more than 90%) in total energy consumption. The severity of these impacts could, however, be reduced by adopting appropriate policy measures as demonstrated in the MOD and ADV scenarios. These measures include energy savings and renewable energy promotion and CO2 restrictions. This would result in a reduction of primary energy requirements (by 6.6 and 9.3%), imported energy (by 14 and 18%), in the MOD and ADV scenarios, respectively, as compared with the Base levels, and CO2 emissions to the 1990 Kyoto level. Further, the analyses suggest that the economy-wide impacts of these policy measures are likely to be rather benign at the aggregate (national) level – equivalent to a decrease in total output, wages and salaries, and employment in 2050 of merely 0.03%, 1% and 0.39%, respectively, in the ADV scenario as compared with the Base scenario. These impacts at disaggregated levels would, however, be more diverse and rather significant for some sectors. In 2050, for example, the main beneficiaries, which are cultivation, manufacturing, and construction sectors, would enjoy 1.4, 1.8 and 1.6% increase in total output, wages and salaries, and employment, while the main losers which are the conventional energy sectors (coal, oil and electricity) would suffer a decline in total output, income and employment of 14.6, 13.8 and 8.2%, as compared with the Base scenario.


Further, this research is a good example that demonstrates the importance of undertaking comprehensive analyses (both at macro- and micro-levels) in formulating energy policies. The disaggregated analyses could help avoid the pitfalls of basing policy decisions on aggregate analyses alone. Such disaggregate analyses also make transparent the sectoral linkages and provide more robust bases for developing trade-offs and compromises to achieve desirable policy outcomes. That is a novelty and one of the main contributions of this research to strengthening the energy policy settings in Vietnam.
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Chapter 1


Introduction


1.1  Background and Problem Statement


Vietnam - a developing country - began a transition from a centrally planned to a market economy in 1986. This process accelerated in 1989, with the devaluation of the Vietnamese currency (VND) and the decontrol of most prices. In 1993, Vietnam obtained access to concessional international finance and the US embargo was lifted in 1994. Vietnam became a member of the ASEAN, APEC and WTO in the years 1995, 1998 and 2007, respectively. All these developments provided stimulus to the economy, which has responded with a growth of more than 7% pa over the past fifteen years – the highest growth rate in the ASEAN region (IEA, 2008a). Despite the recent global economic crisis, Vietnam’s economy has maintained a positive growth rate and it is expected that this trend will continue in the years to come. In this growth, the country’s energy sector, which also provides approximately one fourth of the nation’s foreign earnings (GSO, 2008a), will continue to play a vital role. This role will, however be negotiated in the backdrop of several challenges including: (a) ensuring security of energy supply for socio-economic development, (b) protecting the natural environment from possible damage caused by energy activities, and (c) addressing social and political issues, for example, equity, justice and transparency. In order to deal with these challenges, it is important to have a policy framework to guide the evolution of the energy system. The existing energy policies that are not adequate to address the above challenges also become a critical issue for the Vietnam’s energy sector. Further discussion to provide a clear context for this research is presented in the remainder of this section.


a) Security of energy supply


In terms of security of energy supply, the key factors that are likely to contribute to worsening the situation include: (i) foreseeable energy import dependency as a result of increasing energy demand and limited indigenous supply; (ii) continuing low energy efficiency, due mainly to poor infrastructure, provision and operation and management practices; and (iii) a shortage of funds for developing energy infrastructure. 


· Energy Import dependency: There is a general consensus among the Vietnamese policy makers and planners that the indigenous energy resources of Vietnam are unlikely to be able to meet the increasing energy demand of the nation, which is driven by high growth rate of the economy and population. Table 1.1 provides a summarized overview of primary energy demand-supply balance for the period 1990-2025. 


Table 1.1: Primary Energy Balance: Vietnam (1990-2025)


(MTOE)


		Type of energy

		

		1990 

		

		 2007

		

		2025 



		 

		Demand

		Supply

		Demand

		Supply

		Demand

		Supply



		Commercial energy

		5.4

		5.8

		31.0

		49.4

		135.4

		88.7



		          Coal

		2.2

		2.6

		9.9

		24.3

		64.2

		45.0



		          Oil

		2.7

		2.7

		13.0

		16.5

		43.7

		19.9



		          Gas

		​           0

		0

		5.5

		5.9

		16.3

		16.2



		          Hydro 

		0.5

		0.5

		2.6

		2.6

		6.8

		5.4



		          Nuclear

		0

		0

		0

		0

		2

		2



		          Renewable 

		0

		0

		0

		0

		1

		0



		          Elec. Import

		0

		0

		0

		0

		2

		0



		Non-commercial energy

		18.9

		18.9

		24.5

		24.5

		10.6

		18.6



		Total

		24.3

		24.7

		55.6

		73.9

		146.0

		107.3





Sources: IEA (2008b), IE (2007a) and JICA (2008)

On the demand side, between the years 1990 and 2007, the total (i.e., commercial and non-commercial) primary energy demand increased annually by 5 percent, from 24.3 MTOE in 1990 to 55.6 MTOE in 2007. This demand is expected to increase annually by 5.5 percent to the year 2025, from 55.6 MTOE (2007), to 146 MTOE (2025), in order to support the projected 8 percent economic growth to the year 2025 (JICA, 2008). On the supply side, Vietnam is endowed with several energy resources including coal, oil, natural gas, hydro and renewable and it has generally been an energy-self-sufficient economy. The growth rate of domestic energy production for the period 1990-2007 was 14% - equal to an energy-economy elasticity of 2.0. Over this period, coal production grew at the highest rate (15% per year), followed by oil and gas (13% per year). In 2007, total domestic energy production was 49.4 MTOE while the corresponding primary energy demand in that year was 31 MTOE, making a positive balance of 18.4MTOE. However, as the future energy demand escalates in order to sustain the country’s socio-economic development, there are concerns about energy security, especially the dependency on imported energy. Vietnam would become a net energy importer around 2017 or even earlier. By 2025, Vietnam will have to import 46.7 MTOE. These concerns get further heightened if one takes note of the fact that Vietnam currently does not have any meaningful stockpiling policies. This could clearly raise energy supply reliability issues in the future. Table 1.2 shows the precariousness of the future resource situation in Vietnam. For example, with the estimated exploitable capacity of 20 mn tons of crude oil and 15 bn cubic meters of natural gas per annum, reserve of oil and gas will not be enough for extraction in 30 years time. Further, despite an abundance of hydro potential, this energy resource depends exclusively on the amount of rain-fall that is increasingly being affected by global warming. In addition, some new and renewable energy sources such as wind and solar are unlikely to reach commercial exploitability in the foreseeable future. In the area of electricity production, the situation is quite serious. Due to a thin system reserve and seasonal dependency, the electricity system has been experiencing power shortages recently. Power cuts, especially in the dry season have become commonplace.  In the case of petroleum products, Vietnam – despite being a net exporter – still has to import its entire requirements of refined petroleum products to meet the domestic demand because the first refinery with a capacity of 6.5 mn tons per year was planned to be put in operation in 2009; and the second and third refineries with an annual capacity of 8.4 and 10mn tons are scheduled for commissioning in 2013 and 2014, respectively. Besides, the lack of stockpiling opportunities also makes the Vietnam’s energy supply system highly vulnerable to change in the world’s energy market, especially when there is an oil supply disruption due to geopolitical conflicts.


Table 1.2: Vietnam’s energy resources


		Energy source

		Proven reserves

		Exploitability (per year)

		Expected life



		Coal

		6 bn tons

		60-80 mn tons

		85 years



		Oil

		161 mn tons

		10-15 mn tons

		10-15 years



		Gas

		6.8 tn cubic feets

		15-20 bn m3

		25 years



		Hydro

		20 GW

		80 TWh

		 



		Renewables 

		 

		 

		 



		        Small hydro

		4000 MW

		2500 MW

		 



		        Solar

		44 bn TOE/year

		3.25 MW

		 



		        Wind

		22400 MW

		500MW

		 



		        Biomass

		45 mn TOE/year

		400MW

		 



		        Geothermal

		400 MW

		240MW

		 



		Uranium

		218167 tons

		N/A

		 





Sources: IE (2007a)
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Figure 1.1: Primary energy demand and supply balance


Source: IEA (2008b) and JICA, (2008)


As can be seen in Figure 1.1, with rapidly increasing energy demand and limited indigenous supply, Vietnam is expected to become a net energy importer within the next decade. It is projected that by 2025 the country will need import 48.6% of its total commercial primary energy needs of which coal, oil and gas are expected to account for 18.8%, 23.4%, 5.1%, respectively, in the total imported energy. At the same time, electricity imports will also account for 1.3% of total commercial primary energy requirement (JICA 2008). This will lead to a substantial change in the Vietnam’s energy structure. Appropriate energy policies are therefore needed to achieve a balance in the sources of energy supply and to avoid energy supply disruption caused by geopolitical disputes.


· Energy efficiency: Low energy efficiency (on the demand and supply sides) is another major energy issue facing Vietnam. The major sources of such inefficiency include: old technologies and poor energy management practices, from conversion to processing and end-use levels. Indeed, only new, large-scale combined-cycle natural gas-based power plants incorporate world-class technology and provide high fuel efficiency. Most existing coal and oil-fired plants have low fuel efficiency as their facilities and technology are relatively old (IE, 2005). In 2005, energy losses in power generation amounted to 9.5 % of total primary energy consumption. The same explanation could be applied for the demand side where old and high energy intensive technologies are employed. For example, Blast Oxygen Furnace in iron industry and low fuel economy cars in road transport are responsible for high end-use energy consumption in Vietnam. Indeed, both primary and final energy intensities of Vietnam are conspicuously higher as compared with almost all ASEAN and OECD countries. For example, in 2005, the country’s primary energy intensity was 0.23 kgOE/$ while ASEAN and OECD averages were 0.2 and 0.18 kgOE/$, respectively.  Similarly, on the demand side, the final energy intensities were 0.2, 0.16 and 0.12KgOE/$ for Vietnam, ASEAN and OECD countries, respectively (IEA 2008a).


· Investment requirements: A very large sum of money is needed for developing Vietnam’s energy infrastructure including system expansion and efficiency improvement. A preliminary estimate, prepared by JICA (2008), suggests that nearly US$137bn of investment will be required by Vietnam to support energy expansion over the period 2008-2025.  Of this, more between 80 and 90% will be required for the power sector alone, 7% for the coal sector and the rest for the oil and gas sectors. Other estimates for investment requirements for electricity expansion are of the order of $5bn annually over the period 2010-2025. These investments are roughly between 4 and 6% of the national GDP of Vietnam (see Figure 1.2). Clearly, the mobilization of sufficient funds for developing the energy sector is expected to remain a major challenge for a poor, developing country like Vietnam where money is needed for many other critical programs, such as poverty reduction, education and primary health care services in the remote areas.
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Fig.1.2: Investment requirements for energy sector infrastructure development

Source: (JICA 2008)


b) Environment 


Vietnam is currently one of the lowest per capita emitters of carbon emissions. In 2007, the country’s CO2 emissions per capita were 1.07 tons - approximately 20% of the world average. At the same time, however, CO2 emissions per unit of GDP are very high - about 2 times the world average (IEA, 2009). The CO2 emissions are expected to grow rapidly as Vietnam industrializes and the economy utilizes more carbon intensive fuels, substituting traditional non-commercial fuels including biomass. For example, in the year 2025, fossil fuels will account for nearly 93 of total commercial, primary energy consumption, of which coal will have a 47 percent share. Such a significant reliance on fossil fuels, coal in particular, could have serious environmental consequences. On average, the CO2 emissions are projected to increase at an annual rate of 8.5% and could reach 400 mn tons by 2025. Also, SO2 emissions – a key contributor to Acid Rain – are likely to increase from 0.34mn tons currently, to 1.14mn tons by 2025 (JICA 2008). Major sources for such emissions are energy, industry and transport sectors, accounting for more than 85% of total CO2 emissions (see Figure 1.3). This issue has become critical as scientific evidence that suggests the role of CO2 emissions in global warming. Therefore, environmental issues will need to be taken into consideration in making plans for economic and energy development.
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Figure1.3. CO2 emissions by sector


Source: IEA, (2009) and JICA, (2008)


c) Social, political and economic issues

In general, this is an issue of energy choices. The energy choice reflects predominantly personal decisions made through market or collective decisions by the government and the public at large. The personal choices that reflect value, environment and lifestyles will be influential and will be reflected in patterns of energy consumption. For example, how the society becomes environmentally conscious and begins to accept more efficient and environmentally friendly appliances, such as solar water heater and hybrid vehicles, would influence the evolution of the energy system. On the other hand, the attitudes of the government and public opinion on questions, such as energy supply security and environmental impacts, will significantly influence the development of future energy systems, for example the introduction of new and renewable energy technologies in power generation, to increase security of energy supply and to reduce fossil fuels consumption and CO2 emissions through energy diversification. In addition, other factors, such as growth of GDP and population, rural electrification and urbanization will also impact the patterns of energy consumption. The accessibility and affordability of energy, especially for the low-income people in the remote areas are critical factors in energy policy formulation, especially when viewed in terms of equity and justice. All these factors will, therefore, play a role in defining energy futures for Vietnam.


d) Inadequacy of the existing energy framework


In order to redress energy issues and challenges (as outlined above), Vietnamese Government has, in the recently past, made a series of energy policies, for example, Policy on Security of Energy Supply, Energy Efficiency and Conservation, Energy Sector Reform and Environmental Protection, to guide for the country’s development of a sustainable, affordable and environmental friendly energy system. The main foci of these policies are to: (i) improve energy supply security; (ii) enhance energy efficiency; (iii) protect the environment; and iv) improve access to modern energy. To some extent, these policies are useful, for example, they set the direction for the energy sector development. For example: The Policy on Energy Efficiency and Conservation is aimed at saving between 3 and 5% and 5 and 8% of total energy consumed in the periods 2006-2010 and 2011-2015, respectively (MOIT 2003). The Policy on Electricity Sector Reform has set a road-map for the establishment of the electricity market that will be implemented through three stages, including competition in generation from 2009 to 2014, competition for bulk supply from 2015 to 2022 and competition at the retail level from 2024 onwards (World Bank 2006). These energy policies are, however, still limited in their application and are generally inadequate to deal with critical challenges faced by Vietnam, and hence are unlikely to guide the evolution of the country’s energy system in a way that would meet the country’s energy needs in a balanced manner (see chapter 2 for detailed analysis on this issue). The key shortcomings in the existing energy policies are that they are too narrow, focusing on the sub energy sector issues in the short and medium range of 10-15 years only, and that they are not a part of an integrated and united view of the future direction. For example, to achieve the energy saving target specified in the Energy Efficiency and Conservation Policy, effective management measures and advanced technologies must be introduced in both, supply and demand sides. However, it would be impossible to reach this target due to insufficient time given to technological change, particularly in the power generation and lack of support from other energy policies, such as energy pricing and subsidy. In fact, rather than adopt energy prices based on the Long-run Marginal Cost (LRMC), the government has generally tended to intervene in energy pricing in ways that inhibits investments in the energy sector. These policy weaknesses arise from several sources, including poor policy-making culture and the lack of comprehensive framework for energy policy analysis (see chapter 2, for further detail). At present, policies are drafted by relevant bodies and then submitted to the Government for approval, such as energy policies prepared by the Ministry of Industry and Trade (MOIT) and environmental policies formulated by the Ministry of Natural Resources and Environment (MONRE). Within these organisations, there is a poor cooperation in terms of formulating and coordinating energy policies to address the multidisciplinary nature of the energy issues. Therefore, these policies are somewhat fragmented and lack overall focus. Moreover, most energy studies that have been carried-out for Vietnam so far employ a bottom-up approach, to examine the energy impacts only (further detail in chapter 2). Hence, the lack of a comprehensive framework for energy policy analysis, particularly for analysing economy-wide impacts is also responsible for limited usefulness of the existing energy policies. In brief, there is a need for Vietnam to develop a comprehensive framework for energy policy analysis. This framework would help energy policy makers formulate long-term sustainable energy policies through examining following issues: 

· What options in term of energy resources would be available for Vietnam to meet its long-term energy requirements? 


· How the diversity of the energy mix could be improved and the existing fossil-domination reduced? 


· What options would be appropriate to reduce energy import dependency? 


· How advanced technologies could affect the development of the country’s energy system? 


· What options would be useful to reduce the negative impacts of energy activities on the environment? 


· How these options would affect the country’s economy?


It is important that long-term perspective should be taken when examining various energy options. The reasons for that are: (i) energy technologies and infrastructure have long useful economic lives, normally in a range of 30-40 years, and therefore policy decisions need to consider their long-term consequences; (ii) some of the challenges faced by the energy sector, such as climate change need a long-term strategy because it takes a long time before climate change caused by the accumulation of GHG emissions in the atmosphere. 


One of the difficulties associated with long-term analysis is the inherent uncertainty of the energy system’s evolution into the future that is a consequence of the complexity of the energy system’s network, and the multidisciplinary nature of the energy issues.  A variety of forces can play a role in shaping the energy system’s evolution into the future and the system’s development is also influenced by different types of priorities that may emerge. For example: The vulnerability of oil supply due to geopolitical disputes or the urgent needs for combating the threat of climate change, could influence the development of the energy system. Similarly, the improvements of technologies, such as, clean coal and photo-voltaics, could significantly influence the future energy pathways. To deal with such uncertainties in the long-term, identification of alternative energy pathways and an assessment of the consequences of these pathways would be useful. For this purpose, scenario analysis offers a useful methodological framework because the scenario-based approach could consider combinations of uncertainties. Moreover, this method does not try to predict the future, instead it is a useful technique to learn and to explore the future. These advantages come from the fact that there are alternative ways of developing modelling scenarios. A variety of scenarios are usually prepared in order to emphasise the possibility of different alternative futures. The scenario approach helps one to examine interactions between diverse forces that would shape the future development of the energy system. 


There are two main types of impacts that should be assessed when examining various energy scenarios. The first one involves impacts on the energy system and the assessment of such impacts would be meaningful only if energy scenarios are examined by taking into account all the components that comprise the energy system because an energy system consists of a complex network of several components including extraction of resources, conversion and delivery to final users. Changes in any component in the system could have impacts on other components in the network. For example: CO2 emissions from electricity sector can be reduced not just by focusing on the power generation but also by lowering demand for electricity at the end-use levels, such as the residential and industrial sectors, through improvement in efficiency. The second type of impacts is relevant to the whole economy and the assessment of impacts of energy developments on the economy would be useful if they could be examined in greater detail at the individual sector level. This assessment is aimed at examining impacts of energy options on each individual economic sector in terms of its total output, employment, energy intensity and CO2 emissions intensity. 


To examine the long-term impacts of various scenarios both on the energy sector and the economy, there is a need for a modelling approach which would be able to address both the energy and economic sectors in detail. A review of the past modelling studies shows (see Chapter 2, for a detail) that among the energy models, bottom-up models would be the most suitable to analyse the energy sector at a detailed level. These types of models are suitable because they are capable of taking into account a large number of energy supply, transformation and demand technologies. Similarly, among the various types of economic approaches, the input–output model would be the most suitable model for the purpose of analysing detailed economy-wide impacts. This type of model gives a higher level of representation for the transactions between economic sectors, thus enabling an examination of wider impacts. A research framework needs to be developed that combines these two types of energy and economic models, to analyse the scenarios. There are very few examples of such a framework in use, in which these two models are combined to examine both energy and the economic impacts. A combination of the two modelling approaches would make it possible to examine the impacts of the scenarios on energy and the economy in detail. 


In summary, population growth and the government’s determination to maintain high rates of economic growth over the next decades will inevitably translate into increased energy demand. Given the modest availability of indigenous energy resources, poor energy infrastructure, and the vulnerability of global sources of energy supply, the security of energy supply is likely to be an issue of utmost importance for the Vietnamese policy makers. Other consequences of rapidly increasing energy demand include increased CO2 emissions and pollution. The existing energy framework in Vietnam is characterised by a lack of cohesiveness of policy direction, fragmented institutional structures and responsibilities, and a weak public constituency on environmental issues. The existing framework is therefore unlikely to be able to provide a satisfactory redress to the issues noted above. Therefore, there is a need to develop a comprehensive framework for the analysis of energy policy issues at the level of the entire economy, in a consistent and coherent manner. This research is devoted to the development of such a framework.


1.2  Research Objectives


Against the above background, the main objective of this research is to develop a comprehensive framework for the analysis of the wider impacts of alternative long-term energy pathways for Vietnam, to analyse such impacts, and to identify an energy pathway that would best meet the future energy needs of the country.


More specifically:


· To review the existing energy policies and the current energy research frameworks in Vietnam with a view to identify their strengths and weaknesses and to propose an appropriate framework for this research.


· To develop long-term energy scenarios for Vietnam, taking into account key factors that have potential to influence the country’s energy policies in the future


· To develop an energy modelling framework, and use this framework, to examine the long-term energy impacts of various scenarios in terms of energy needs, fuel mix, technology mix, generation mix and CO2 emissions


· To develop an economic modelling framework, and use this framework, to investigate the long-term economic impacts of various scenarios in terms total economic output, employment, wage and salary, and energy and CO2 intensity of various economic sectors


· To assess the policy significance of the impacts quantified above. 


1.3  Scope of Research


This research focuses on the analysis of energy-related issues for Vietnam. The scenarios are assessed in terms of their long-term impacts on the energy sectors and the entire economy. The energy impacts include total energy system costs, primary energy mix, electricity generation mix by fuel and technology type and CO2 emissions. The economic impacts are quantified in terms of sectoral economic outputs, wage and salary, employment and energy and CO2 intensities. The discussion in this research on GHG emissions focuses mainly on CO2 emissions from combustion that accounts for nearly 97% of total GHG emissions from energy use (IEA, 2009). The time frame for analysis in this research is limited to 50 years, from 2000 to 2050. This time frame is selected in consideration of the long life-spans of energy technologies, such as power plants and refineries, and the long-term implications of climate change and investments in the energy sector.


1.4  Research Framework


The multidisciplinary nature of this research requires the application of several methodologies. Figure 1.4 provides a broad overview of the methodological framework employed in this research. The salient points of this framework are discussed as follows: 



[image: image4]


Review of the existing energy policies and current energy research framework for Vietnam. The first task in this research is to review the existing energy policies and current research frameworks used by energy studies on Vietnam. The purposes of the review are: (i) to assess an appropriateness of the existing energy policies in addressing challenges faced by Vietnam’s energy sector; and (ii) to develop an understanding of the strengths and weaknesses of the current energy research frameworks used by energy studies on Vietnam. For example: what are key driving forces for scenario analysis; what methodological approaches are used and what are their strong and weak points; what are the main issues examined and what are ignored; and to what extent this research framework has been able to investigate the energy issues about which the country is concerned. The intention of this review is to propose an appropriate framework for application in this research and to analyse the emerging energy issues in the context of Vietnam.


Development of Scenarios. The second task in this research is to develop long-term energy scenarios for Vietnam. The scenario approach is used because it could take into account various factors which have the potential to influence the development of future energy system as explained in the previous section. These factors are: socio-economic development, including economic and population growth; enhancement of energy supply security through energy efficiency and conservation, energy diversity and use of advanced technologies; and CO2 limits. In the context of this research, the extent of the influence of these factors, from low to high, defines the general title for each scenario, namely, the Base, Moderate (MOD) and Advanced (ADV). This is further explained in chapter 3.


Assessment of energy impacts. To assess the long-term energy impacts, an energy optimisation model – the MARKAL model - is used for quantitatively modelling the scenarios developed above. The MARKAL model is selected for this analysis because of the following reasons. Firstly, this is one of the few bottom-up models that are capable of analysing the energy system at a disaggregated level, with detailed representation of technologies. Secondly, the model provides cost-optimal solutions. For example, the model can identify the leat-cost strategies for CO2 emissions or energy import, by minimising the total cost for whole the energy system. Thirdly, this model provides an equilibrium solution (unlike econometric models) where supply and demand are balanced. Finally, the model with an objective function based on minimum total discounted costs of the energy system over the planning period, can provide an optimal solution, by allowing competition among technologies and fuels and conformance with constraints. 


The MARKAL model represents the energy sector in the form of a Reference Energy System that includes all energy flows and processes, starting from resource extraction (such as, coal mining and oil extraction) to transformation (such as, power plants and oil refineries) and end-uses (such as, industrial and residential, etc.). The model stimulates competition among fuels and technologies and chooses the most cost efficient mix of fuels and technologies to meet exogenously determined sectoral energy demands and complies with specified constraints (for example, CO2 limits). The MARKAL model minimises the total cost of the energy system over the entire planning period. The outcomes of this analysis are: evolution of primary energy supply mix by fuel types; evolution of different capacity and generation mix by plants types and fuel types; total discounted cost of the energy system for the planning period; and the levels of CO2 emissions.


Assessment of economic impacts. Due to strong interactions between energy, economy and environment, there is a need for examining the economy-wide impacts of the energy impacts assessed above. The energy-oriented input-output model could be used for this purpose. There are several reasons for using input-output model in this research. The input-output model can help investigate the complex interrelationship between energy, environment and economy. This model, with a capability to capture linkages across a large number of economic sectors, is able to examine direct and indirect impacts. It offers a practical approach to general equilibrium analysis, allowing assessment of complex and indirect repercussions of economic changes. Unlike other economic models which focus on macro level only this model is appropriate both at macro and sectoral disaggregated micro levels. Input-output approach is particularly useful because it contains a higher degree of sectoral details than macroeconomic model and computable general equilibrium model (Zhang & Folmer 1998). In addition, the significant shortcoming of the economic models, namely, a poor representation of energy technologies could be overcome by combining the MARKAL model with the Input-output model. The advantage of this combination is that while the multi-faced composition of the energy sector (power plants, refineries, boilers, furnaces, appliances, etc.), and evolving nature of these technologies, are represented in the MARKAL model, the relationship between economic sectors could be described through the input-output model. With the use of input-output approach, this research makes it possible to examine the economy wide impacts on a large number of economic sectors. Input-output approach deals with smaller parts of an economy compared to the macroeconomic approach and it places emphasise on individual sectors. In this way this research is able to examine impacts at greater level of details both for energy and economic sectors. 


This approach enables the determination of the economic impacts by taking into account the interdependencies between various economic sectors. The outputs from the energy modelling part (in the previous task in this research) are used as inputs of the energy-oriented Input-Output model to examine their impacts on various economic sectors. For example, how changes in primary energy mix, technology mix, (obtained from the energy sector model) would change total outputs, wages and salaries, and employment across deferent economic sectors. The methodology is further elaborated in Chapter 5 in details.


Assessment of policy implications. The results of the scenario impacts on energy and economy obtained from the energy model and the energy-oriented input-output model provide various insights into the nature of the energy-economy-environment interactions. In order to put forwards recommendations for more integrated energy, economy and environment policies, it is important to assess these insights in terms of their policy implications, and in particular policy trade-offs that may ensue. The implications for energy policies for Vietnam are drawn by weighing these impacts against historical trends (for example, in use of coal or renewable energy) and current policy settings (for example, on reducing CO2 emissions and fossil fuel savings); by comparing the impacts obtained for the three scenarios (that is, Base, Moderate and Advanced); and by considering limitations and constraints that may arise in pursuing these policies.


1.5  Data considerations


As explained in the previous section, the research framework developed in this research combines two types of models, the energy sector model (the MARKAL model) and the energy-oriented input-output model. Among these two models, the energy sector model, which is bottom-up model, requires extensive data. The key data required by this model include: projections of end-use energy services, the availability of various types of energy resources, energy balance for the base year (2000), energy prices, emission factors, and detailed technology-specific data (such as costs, efficiency, availability factor, life and so on). A large amount of data is also required to build an input-output model. These include: the basic input-output table, energy consumption by different sectors, and emission factors by fuel types. This section briefly outlines the sources of data and strategies used to collect data for this research. Further details on data preparation are provided in the respective chapters (chapter 4 and 5)


The demand for end-use energy services is estimated based on GDP growth and energy intensity for each scenario. Three scenarios of GDP growth in this research are based on the socio-economic development scenarios developed by the Central Institute for Economic Management which are widely used by recent energy studies, such as the Sixth Master Plan for Power Sector Development by Institute of Energy, Vietnam in 2007 (IE 2007a) and the Study on National Energy Master Plan by JICA (JICA 2008). The projections of energy-economy elasticities for Vietnam for the period 2005-2050 are developed on the basis of historical data on energy-economy elasticity in Vietnam and other similar countries like Thailand and Malaysia provided by the Institute of Energy, Vietnam and IEA  (IEA 2008a). The demand for end-use services is disaggregated at detailed levels based on assumptions collected from various sources. For example, within the residential sector, energy demand is broken into cooking, lighting, heating and air-conditioning; energy consumption by the industry sector is allocated to different sub-sectors, such as cement and paper industries, etc.  The sources of assumptions, for example, include: for the residential and commercial sectors, the Institute of Energy (IE 2007a); for the transport sector, data are used from Institute of Energy (IE, 2007a) and Vietnam Registration (VR 2008); for the iron and steel industry data are taken from the Institute of Energy (1995-2007). In the absence of the availability of reliable energy demand projections for Vietnam, this simplistic approach in more reasonable, because it reflects the relationship between energy and economy. For the base year (2000), data are also checked and matched with the data available at the national level from respective publications (such as, the Ministry of industry and Trade and the Institute of Energy).


Data on fossil fuel resources (coal, oil and natural gas) come from the Institute of Energy (IE 2007a). Energy price data are taken from the State Pricing Committee. Data on electricity sector (capacity, fuel mix, generation mix for the base year 2000) come from the Institute of Energy (IE 2007a). Data on the costs of power plants, both investment and operating cost, are taken from various published sources in Vietnam, for example, (IE 2007a); and data for future periods, when they are not readily available for Vietnam, are taken from other published sources, such as IEA and DOE. The data on emissions factors by different fuel types CO2 emissions come from IEA, OECD sources.


The energy-oriented input-output model developed in this research is based on the Input-output table developed by Vietnam’ General Statistic Office (GSO) in 2000. The table consist of 112 economic sectors of which 108 are non-energy sectors and 4 are energy sectors.  The table is modified, in this research, in two respects: the non-energy sectors are aggregated into 30 sectors and energy sectors are disaggregated into 19 sectors. The data for aggregating and disaggregating input-output table are taken from General Statistic Office (GSO, 2008) and Institute of Energy (IE, 2007a).


The above presentation of data sources is summarised in the Table 1.3 below.


Table 1.3: Data sources


		Category

		Sources



		1. Socio-economic data


+ GDP growth rate


+ Population growth rate


+ Input-Output table

		+ JICA (2008), A study on national energy master plan,


   “Economic development forecast serving study on 

    development for the period up to 2050” 

+ GSO (2008), Statistic data on population and employment 


    [14]


+ GSO (2000), Input-Output Table - 2000



		2. Energy-related data

		



		2.1. Energy resources (Reserves and potential exploitation)


+ Coal


+ Oil and Gas


+ Renewable energy

		+ VINACOMIN, Strategy on coal development  


   2006-2025 

+ PetroVietnam, Strategy  on Oil and Gas development 


   2006-2025 

+ IE, Master plan for renewable energy development 


   2006 -2025 (draft) 



		2.2. Conversion sector


+ Conventional generation (Investment, operating & 


    maintenance costs, capacity and efficiency)


+ Nuclear and renewable energy-based generation


   (Investment, operating & maintenance costs, capacity  and  efficiency)

		+ IE, The sixth master plan for power development 2006-2025 

+ DOE/EIA (2005), Annual energy outlook with projections to


   2025 



		2.2. End-use sectors (Agriculture, Commercial, Industry, 

         residential and Transport)


 + Technology (Investment, operating & maintenance 


    costs, capacity and efficiency)


 + End-use energy demand to be forecasted for each 


    Sector, based on the energy intensity model 

		+ IE (2005), National energy policy study 

+ MOI (2006), National energy policy , energy intensity target 



		2.4. Energy policy targets


+ Energy savings for the periods (2006-2010) and 


   (2011-2015)


+ Share of renewable energy in power generation for the   period 2005-2025

		+ Government decision (2003), Energy efficiency and 


    conservation program 

+ IE, Master plan for renewable energy development  


    2005 -2025 (draft) 



		3. Emissions


+ CO2 emissions from fuel combustion


+ CO2 limits

		+ EIA (2008), World’s CO2 emissions from fuel combustion


  Annex 1-Kyoto protocol 





Source: This research.


1.6  Significance of this research


This research makes contributions in a number of ways as outlined below:


Energy focused. A significant feature of this research is that the scenarios in this research are driven by factors that are immediately concerned with the contemporary energy-related issues in Vietnam. For example, the scenarios take into account challenges faced by the energy sector in Vietnam, and also various types of options that are available or may become available in the future to deal with these challenges. Further, fossil fuels savings, increased share of renewable energy in power generation and reduction of CO2 emissions are the key driving forces in scenarios in this research. This contrasts with previous scenario studies for Vietnam, for example, the energy policy study carried-out by the Institute of Energy (IE 2005) is more concerned with suitable levels of dependency on imported energy and carbon tax, and their effects on electricity price; Another study (Khanh 2005) is about long-term optimization of energy supply and demand in Vietnam with reference to potential of renewable energy. This study focuses on solutions to meet increased energy demand and at the same time to reduce CO2 emissions through use of renewable energy. A noticeable shortcoming in these two studies is that they fail to consider a future scenario wherein a large reduction in CO2 emissions could be achieved through saving fossil fuels in combination with increasing share of the new and renewable energy in power generation. 


Research Framework. Another major contribution made by this research is the development of a research framework that consists of a scenario-based approach and a combination of the energy optimisation model (the MARKAL Model) and an economic model (the Energy-Oriented Input-Output Model) to analyse scenarios. This framework is valuable because it allows one to examine the energy and economic sectors at a higher level of sectoral detail. The energy sector model, which is strong in technology representation could captures details of the energy system both on the supply and demand sides. The input-output model, which is able to capture interrelationship across economic sectors could offer detailed sectoral analysis. In this way, this research is able to analyse both the energy and economic impacts in greater detail. This was not possible in the framework used by other major energy studies conducted in Vietnam, such as IE (2005) and JICA (2008). 


Research outcomes. This research provides an assessment of three scenarios for Vietnam in terms of how the country’s energy requirements are likely to be met in the next 50 years and their potential impacts on energy, economy and environment. The scenario outcomes provide important information for long term, for example, information about primary and final energy mix, generation technology mix, the share of renewable energy sources, the CO2 emissions limits, and also information on economy-wide impacts in terms of total sectoral outputs, wages and salaries, employment, energy and CO2 intensities. A comparison of the results across the scenarios provides important insights for policy analysis. The scenario results suggest that if the current trends are allowed to continue, without long-term concerted energy policy measures, by 2050 the energy requirements and CO2 emissions would increase by 15 times and 26 times, respectively, compared to their base year levels, and the dependency on imported oil would increase significantly, potentially inviting energy insecurity for the country. It also suggests that the alternative scenarios (called Moderate and Advanced in this research) have the potential to reduce fossil fuel consumption by 10 and 15% from 2015 onwards, and limit CO2 emissions at the 1990 Kyoto Protocol level. It shows a need for a fundamental shift in the energy sector from a largely coal-and-oil-based system to one which is diverse in energy resources, uses efficient technologies and includes a grater level of energy conservation practices. 


Potential beneficiaries: The results of this research could be useful in the following ways:


· Based on the research findings, policy-makers will be able to make more informed decisions by knowing nature of the relation of energy, economy and environment. 


· The energy policy researchers could also apply this approach for future energy policy research.


· Stakeholders of the energy sector may find it useful to know the extent to which they could involve in the energy system development.


1.7  Structure of the thesis


This thesis comprises six chapters, which are structured in the following manner:


Chapter 2 provides a review of existing major energy policies and current energy research framework used by energy studies in Vietnam. This chapter aims to (i) assess the appropriateness of the existing energy policies in addressing challenges faced by Vietnam’s energy sector; (ii) develops an understanding of strengths and weaknesses of the current energy research framework in Vietnam. In particular, it focuses on the scenarios development process, the methodological approaches used, the issues examined, how the energy sector is accounted for, and how the challenges faced by energy sector are addressed by the existing framework. This review provides the basis for establishing a research framework for this research.


Chapter 3 develops three energy scenarios for the study, taking into account the key drivers, for example, economic growth, security of energy supply, technological change and commitment to environmental protection that have potential to shape the energy sector in Vietnam. The chapter describes the scenarios in detail, and also provides a brief discussion on the modelling framework to be used in scenario assessment.


Chapter 4 develops an energy modelling framework to assess the three scenarios quantitatively. The scenarios are examined in terms of their impacts on energy requirements (quantity and fuel mix), technology mix and CO2 emissions.


Chapter 5 develops an energy oriented input-output model to assess economy-wide impacts of the scenarios. It provides assessment of these scenarios in terms of their impacts on total sectoral outputs, wages and salaries, employment, total energy intensity and CO2 intensity.


Chapter 6 assesses energy and economic impacts for the three scenarios (as analysed in the chapter 4 and chapter 5) from policy perspective.


Chapter 7 presents key conclusions of the scenario impacts and their implications for policy, limitations of this research and recommendations for future research.


Chapter 2


Literature Review


2.1 Introduction


This chapter reviews the existing energy policy instruments
 and the research framework
 for energy policy analysis in Vietnam. The objective of this review is to assess the adequacy of the existing energy policy instruments and the strengths and shortcomings of the research framework with a view to develop for this research an appropriate framework for analyzing the wide impacts of alternative energy-environmental pathways for Vietnam.


The existing energy policy instruments are reviewed in terms of their focus and their capability of addressing challenges faced by the Vietnamese energy sector. The review of the research framework for energy policy analysis concentrates on their objectives and outcomes, key driving forces behind scenarios, methodological approaches used for analysis, the level of geographical disaggregation (that is, national or regional level), application areas (for example, climate change policy, security of energy supply and energy pricing policy), how relationship between energy, economy and environment is treated (such as, technology representation and description of the linkages among economic sectors) and their ability to address energy issues at the national level.


This chapter is organized as follows. Section 2.2 reviews the existing energy policy instruments for Vietnam. This is followed by section 2.3 with a review of the current research framework for energy policy analysis in Vietnam. Section 2.4 proposes an appropriate research framework for this study. Finally, some major findings are summarized in section 2.5.


2.2 Review of the existing energy policies for Vietnam


This section reviews the existing energy policy instruments of Vietnam, especially the extent to which such policy instruments are likely to be able to address the energy challenges discussed in the previous chapter.


2.2.1 National Energy Policy  


In order to meet the increasing energy demand in a sustainable manner, The Government of Vietnam has formulated the National Energy Policy for Energy Development up to 2020, with vision to 2050, approved by the Prime Minister, through Decision Number: 1855/QD-TTg, dated 27 December 2005 (MOIT 2005a). The main points, specific targets and measures in this policy are as follows: 


- Energy resource development: Apply preferential policies for financing and widen international cooperation in order to strengthen exploration and development of indigenous resources thereby firming-up reserves and increasing exploitability of oil, gas, coal and new and renewable energy. The specific targets for energy resource development are: i) increase annual reserve of oil and gas by 30 to50 mn m3 and prove reserves for entire continental shelf by 2020 at 400 water depth; ii) complete exploration of coal reserves in 300 to 1000 m depth complete detailed exploration of Red river coal basin by 2015; iii) add 10 and 15-20 bn kWh of hydropower by 2010 and 2020, respectively and iv) explore to confirm 8000 tons of U3O8 for use by 2020.

- Domestic primary energy supply security: Strengthen domestic energy supply capacity, through legislative reforms, and expanding the energy infrastructure with an aim to achieve total primary energy supply of 47.5 to 49.5 mn TOE by 2010, 100 to110 mn TOE by 2020, 110 to120 mn TOE by 2025. By fuel types, these targets are: i) 35 bn KWh by 2010, 60-65 bn kWh by 2020 and 70-80 bn kWh by 2025 for hydro; ii) 35-40 mn tons by 2010 and 64 mn ton by 2025 for coal and iii) 25-30 mn ton by 2010; 60-65 mn tons by 2015 and 34-35 mn tons beyond 2016 for oil and gas.

- Energy conservation and energy efficiency: Increase energy savings through prioritizing low energy intensive sectors, developing financial/tax policies to encourage energy conservation and promulgating appropriate national standards on energy consumption. The main objective of this energy policy and measures are to reduce energy elasticity (ratio of energy demand growth rate/GDP growth rate) from 1.46 at present to 1.0 by 2015 and 0.8 after 2020. The specific target of this policy is to reduce total energy consumption by 3 to 5% and 5 to 8% for the periods 2006-2010 and 2011-2015, respectively.

- Environmental protection: The environmental protection from damages caused by energy activities could be achieved through: i) amendment of environmental standards, strengthening environmental management, ii) integration of energy development with environmental protection, iii) capacity building, propaganda via education and inspection, etc., iv) all energy work to be environmental standards compliant by 2015.

- Organizational reform and competitive energy market: The purpose of establishment of the competing energy market is to encourage competition between units operating in energy field, facilitation of favourable conditions for energy enterprises to attract local and foreign financial resources, fast and sustainable development of energy sector. This process includes: i) development of an appropriate legal framework and model for establishment of energy market in Vietnam, and ii) equitization of state-owned energy enterprises. The expected results are establishment of the coal and petroleum market by 2015 and retail power market by 2022.

- Capital resources for energy development: To meet the increasing energy demand for socio-economic development, a huge annual investment capital of $5bn. to $6bn is needed for the Vietnam energy system expansion. The strategies, identified for raising investment capital are: i) ensuring self-financing, ii) issuing domestic bond, iii) introducing ODA, iv) implementing equitization of the state-owned enterprises and v) attracting FDI.


- Energy pricing: A suitable energy pricing system would help improve self-financing for energy businesses, attracting investment and reducing government’s subsidies in the energy sector. The strategy for energy pricing is gradually to diminish state control of energy prices and let market determine the prices.

- Development of renewable energy resources: The renewable energy will be developed through promotion policies (for example, off-grid and grid connected renewable-based electricity prices), integration with other plans (such as, rural electrification and poverty reduction) and survey and evaluation of potential sources. The specific target for this program is share of renewable energy in power generation would account for 3% by 2010, 5% by 2025 and 10% by 2050.

- International cooperation and energy trade: The international cooperation and energy trade is promoted due to its important role in ensuring security of energy supply through diversifying energy supply sources and improving energy efficiency. Some directions for development of the international cooperation and energy trade, identified by this national energy policy are: i) giving priority to coal supply for domestic use, ii) connecting regional (500 kV) power grid in 2010-2015 and gas pipeline network in 2015-2020, iii) development of refineries of 25 to 30 mn tons crude oil capacity by 2020, iv) ensuring reasonable supply for export and v) encouraging investment in exploring and extracting oil and gas overseas.


Some observations

A review of the national energy policy suggests that the scope of objectives for energy sector development and associated targets is comprehensive. The logic behind these objectives and targets is however not obviously addressed in the policy instrument (Sharma 2010). Even, the discussion on strategies and measures to achieve these objectives is less clear in the national, regional and global context of various energy objectives, strategies and plans. It can be observed that while the strategy for security of energy supply is set through a diversification of energy resources and expansion of the country’s energy system (by, for example, promotion of renewable and new energy resources, and significant expansion of the availability of domestic energy resource-base), the practicality and the economy-wide implications of such measures are not discussed. 


Similar observations could be made about the policy instruments, which focus on the energy market development and environmental protection. The market could enhance the security of energy supply by increasing the number of market participants and improving the flexibility of energy system because market makes the costs of security of energy supply more transparent, which in turn can lead to a situation where consumers are prepared to pay a premium for increased security of supply or to accept a reduced level of security in exchange for lower prices. Moreover, the main effect of the market-based energy system is that it can shift the prime responsibility for achieving the security of supply from government towards market participants. This could reduce the financial pressures on the government, for mobilizing investment capital for energy infrastructure development. In addition, a competitive market could lead to an effective allocation of resources, both demand and supply sides and hence improvement of energy efficiency (Centre for European Policy Study 2008). However, what would be the social impacts and how the poor people would be affected after the energy market is realized and the energy is priced based on market mechanism have net been examined. Due to the lack of study on the pros and cons about the energy market, the underlying logic of energy market is not supported by any meaningful analysis and compelling argument (Sharma 2010). The situation of the environmental protection policy measures is also the same. Most current policy measures for environmental protection are founded on the Polluter Pays Principle (PPP) as defined and adopted by the Organisation of Economic Cooperation and Development (OECD) in 1972. This principle requires polluters to take action to protect the environment and to support all related costs. It also places the environmental authorities in the positions of enforcer and controller, not as executor. For the energy sector, if a carbon tax is applied in the future, this principle would stimulate a change in the structure of generation and drive the costs of electricity upwards. The economy would consequently face difficulty to make rapid adjustments, especially in an inflationary economic environment (Rahman & Edwards 2004). In contrast, the Shared Responsibility Principle (SRP), based on direct and indirect energy consumption, has some advantages compared to the PPP. Over the long-term, adopting this principle would lead to a more sustainable energy system, by gradually moving away from fossil fuel-based technology to cleaner technology. It would also even-handedly distribute the economic burden and encourage both energy producers and consumers to improve energy efficiency. However, in the short and medium terms, this principle has a relatively smaller impact on carbon-dioxide reduction. A careful analysis of these options is however needed before the country decides on its environmental strategies.


Further, the policy instrument is silent on the cross-sectoral and cross-thematic issues that will inevitably arise as on account of the breadth and scale of energy market expansion envisaged. For example, what would be the economic and social impacts of reduced subsidies or how the energy intensity would change as a result of a change in economic structure were not clearly analyzed before making this energy policy. 


2.2.2 Sectoral Energy Policies 


a) Electricity Sector


The principal policy instrument for this sector is: The Sixth Master Plan for Power Development for the Period 2006-2015 with perspectives up to 2025 (IE 2007a). The main foci of this plan are:


- Electricity demand forecast for the period 2005-2025 based on the forecasted economic growth rate and the electricity-economy elasticity. The economic growth rates were assumed to be 6.5% and 7.5% per annum for the Base and High scenarios, respectively. The electricity-economy elasticity is selected based on historical data of electricity consumption by each sector and reference to some countries which have similar economic structure with Vietnam.

- Power supply plan, including power production (from coal, oil, gas, hydro, nuclear and renewable) and import (from Lao, Cambodia and China), and transmission and distribution (High, medium and low voltage line) in order to meet the electricity demand growth rate of 17% and 20% per annum for the Base and High scenarios, respectively


- Fuels supply plan for generation, including domestic sources (coal, oil, gas, hydro and renewable) and import (coal from Australia and Indonesia). The supply plan was made based on the availability of domestic resources, such as, coal for electricity generation would be 20 to 25 mn by 2015 and 40 to 45 mn tons by 2025 and gas for power production from15 to17 bn cubic m3 per year.


- Financing plan with cost estimation for generation and transmission over the planning period 2005-2025. According to this plan, every year up to 2025, Vietnam will need $5 bn to $6 bn for development of its power system.


- Investment plan to mobilize capital sources for generation and transmission projects. Different types of investment, for example, Self-financing, BOT, IPP and FDI would be applied.


- Continuation of developing a competitive electricity market to enhance electricity efficiency both, supply and demand sides. 

Some observations


While the overall philosophy and methodological frameworks for electricity planning are generally sound, some underlying issues remain that have the potential to call into question the worth of the electricity policy. These issues generally relate to the soundness of the underlying assumptions; the appropriateness of the optimization model to accommodate the proposed longer-term structure of the electricity industry; consideration of links with other energy sectors; and the assessment of the economy-wide impacts of the electricity market development.  


For example, electricity demand forecasts based solely on the basis of electricity-economy elasticities could prove to be of limited value, especially for an economy like Vietnam that is undergoing a rapid and deep structural change. Such elasticities are incapable of reflecting structural changes currently underway in the economy. For example, the electricity demand in the sixth Master Plan is based on assumed growth rates for the steel, cement and other industries. In the recent times however the growth in these industries have deviated considerably from their own ‘ approved’ growth rates – thus rendering the forecasts of electricity demand for these sectors useless, and placing enormous pressure on the electricity sector. Further, the current forecasting approach does not take into consideration the influence, on electricity demand, of increased electricity accessibility and electricity prices. For example, the fast spread of rural electrification in the recent years has increased access to national grid, and hence electricity consumption by the residential sector has increased at a much faster rate than the planned rate of 9.5% per annum (Sharma 2010).


In terms of fuel supply for electricity production, it is unclear how to treat the issue of multiple prices of coal in the long-term. For example, the prices of coal for power generation are regulated, and generally lower than the market prices. These low prices encourage the EVN and other coal-based power producers to promote the use of coal for electricity production. They however disincentivize the VINACOMIN to sell coal to EVN and other power producers. It instead seeks export markets where coal can be sold at international prices, and the revenue earned can then is used to offset the losses arising from below-cost sale of coal in the domestic market. 


Such a practice could accelerate the depletion of domestic coal reserves and necessitate an earlier than planned import of larger amounts of coal, at (higher) international market prices in the future. For example, according to some recent estimates, Vietnam may need to start importing coal as early as 2012, three years earlier than expected, to meet its electricity demand projections. VINACOMIN has estimated that the country will need to import around 10, 28, and 66mn tons of coal by the years 2012, 2015, and 2020, respectively. These estimates are at complete variance with the estimates in the Coal Master Plan (discussed in the next section) where it is envisaged that Vietnam will need 30mn tons of imported coal by 2020. Surprisingly though – despite the realization for the need for such imports, as soon as two years from now, and in much larger amounts than expected – no conclusive contract has yet been signed with any prospective exported of coal, including Australia and Indonesia, from whom much of the coal is expected to be imported.  


Clearly there is no correspondence between the master plans for coal and electricity. 


Moreover, the practice of dual pricing (as noted above) makes it difficult to determine the true cost (and hence price) of electricity. Further, as electricity prices are still regulated by the government while the prices of imported coal changes according to the world coal market, it increases the risk for investors to invest in thermal generation and hence makes it more difficult to mobilize investment capital for electricity development, especially from IPPs.  

b) Coal Sector 


The main policy instrument for the coal sector is Master Plan for Coal Development up to 2015, with Vision towards 2025 (MOIT, 2005b). The plan focuses on the following issues:


- Coal exploration activities to firm up the coal reserves. According to this plan, exploration of coal reserves in 300 m to 1000 m depth, including the Red river delta basin will be completed by 2015.


- Coal production and processing. Vietnam will produce 61 and 65 mn tons of coal by 2020 and 2025, respectively. This production plan was made based on the forecasted economic growth and the energy efficiency program, which would translate into coal demands from economic sectors. This plan assumed that coal demand will grow at 11.2 % annually in order to support an 8.4 % annual growth in GDP, over the period 2005-2025, no significant change in international coal market is envisaged for the next 15 years, and energy efficiency and conservation, and renewable energy, and other plans which could affect the demand for electricity and hence for coal will be implemented as scheduled.


- Coal market development for more efficient use of coal and mobilizing investment capital in this sector, hence improvement of the security of energy supply. The market for coal will be established by 2015.


Some observations

A review of the Master Plan for coal suggests that its general focus is growth oriented. The methodologies, used for estimating coal demand and supply are rather basic, which simply add up the demands of some major consumers and the capacity of suppliers. They are totally devoid of domestic and international coal price influences, and do not consider the implications on coal demand of inter-fuel or inter-factor substitution in coal-intensive sectors and structural changes currently underway in the Vietnamese economy. Nor is there any consideration of the possible impacts of post-Kyoto environmental regimes on coal use, in particular carbon-tax-laden expensive, imported coal and other traded commodities.   


The Master Plan suggests that Vietnam will soon become a net coal importer, needing around 30 mn tons of imported coal, mostly for power generation, by 2020. The logic behind these estimates is however not based on any rigorous analysis (this observation gets substantiated if one reviews the revised estimates of import requirements as presented in the previous section). 


The Plan does not however elaborate on the modalities of establishing the associated infrastructure (for example, port-handling and storage) to facilitate such a large expansion in coal imports, for example, mobilization of investments, establishing contractual arrangements with exporters, and the economy-wide impacts. The issue of coal-handling (of imported coal) might need special attention. Currently there are no suitable ports with sufficient capacity to accommodate large ocean-bound vessels – that are closer to the proposed sites in central and southern Vietnam. In order, therefore, to overcome this problem, the government of Vietnam is contemplating the construction of off-shore sea-berthing facilities, and provision for transporting coal by smaller ships using canals (which will also need expansion) to bring the coal to the power plants. These proposals are however still in planning stages. Will they be ready to accommodate increased import requirements as early as 2012? Where will the finances to accomplish this come from? The Master Plan is less than emphatic on these issues. 


Similarly, issues related with the expansion of the domestic coal production have also not been discussed in the Plan. This could prove detrimental for a timely provision of adequate fuel supplies, especially if one takes note of the long gestation times required for expanding mining capacity, mobilizing adequate finances, building support infrastructure, and developing contractual arrangements. For example, establishing a mine of 2 to 4 mn tons of annual output could take between 5 to 10 years to mature, and cost hundreds of mn of dollars. 


Moreover, the cost of expanding domestic coal production capacity is likely to escalate in the years to come. Reasons include the following. Currently, much of the coal mining is through open pit processes, concentrated mainly in the located in the North-east province, Quang Ninh, and – on a smaller scale – in Thai Nguyen, Bac Giang, Lang Son, and Nghe An. These reserves are depleting fast, and will not be able to meet fast rising demand for coal in the years to come. Soon, it will become imperative for Vietnam to undertake deep-layer, underground mining, especially of rather copious coal reserves present in the Red River Delta region. How will Vietnam source technical expertise and funds for such an undertaking? The Master Plan does not delve in to these issues. 


The criticality of mobilizing funds for expanding the coal sector should not be underestimated, especially in view of the inadequacy of the earnings-base of VINCOMIN, which is burdened by the losses arising from the prevailing coal pricing practices in Vietnam – a factor co-incidentally also responsible for lack enthusiasm by foreign commercial interest in participating in coal development in Vietnam. The issue of mobilization of funds is in fact more worrisome for the coal sector than for oil and the petroleum and electricity sectors. This is so because oil and gas prices are decided by the international market, unlike coal prices where only export prices are international market-determined, while the domestic prices are regulated and approximately 70% of the cost of production. For the electricity sector, some of the difficulties arising from a weak revenue-base (due to the prevalence of subsidies) are probably manageable in al least the short-to-medium because of the priority access to ODA funds to the sector. The coal sector has not been accorded such a priority. For example, over the period 1990-2008, more than 87% ODA investment went to the power sector (various, including, ADB, WB, JICA).


Another issue that could further worsen the earnings-base of the Vietnamese coal sector is the further expected increased in the cost of imported coal arising from a likely introduction of a carbon tax by the coal exporting countries. 


Yet another issue that has the potential to jeopardize the plans to expand domestic coal capacity is the fact that Red River Delta region is the second largest rice producing areas of Vietnam. The question therefore whether coal expanding will be allowed in red River delta is unlikely to be decided on the basis of the economics of coal alone but also on: What impact will such a development have for food security of the country?


All these issues (noted above) have not been comprehensively discussed in the Master Plan. Their significance however becomes obvious if one takes note of the fact that so far only one coal joint-venture company, namely, PT. Vietmindo Energitama has entered into an agreement with VINACOMIN to develope the Vietmindo colliery in the Uong Bi district of the Quang Ninh province. This coal is intended for export however. Additionally, Sumitomo Corporation owns 5% stake (of the 1% stock that has been issues so far) in Cao Son Coal Company and Deo Nai Coal Company that export anthracite coal to Japan. 

c) Oil and Gas Sectors


The policy thinking and planning parameters of the Vietnamese policy makers on oil and gas issues are contained in the documents titled: 


Strategy on Vietnam Oil and Gas Sector Development up to 2015, and orientation to 2025 (PVN 2005)

Master Plan on Vietnam Oil and Gas Sector Development up to 2015, and orientation up to 2025 (MOIT 2006)


The main points of these strategies are as follows:


- Promotion of oil and gas exploration activities, both domestic and overseas to increase annual reserve by 30 to 50 mn m3. By 2020, the exploration to prove reserves at 400 m water depth will be completed.


- Increase security of oil and gas supply through development of the petroleum production, reduction of imported oil product, and increase of the oil stockpiling. According to this plan, oil and gas production would be 25 to 30 mn tons for period 2006-2010, 60 to 65 mn tons for period 2011-2015 and 30 to 35 mn tons after 2016; By 2014, all petroleum product demands will be met by the domestic refineries; The petroleum reserve (days of average consumption) will be 45, 60 and 90 days by 2010, 2020 and 2025, respectively. This plan was made based on the assumptions that over the period 2005-2025, oil and gas demand will grow by 8.3 and 8.1% annually, reaching 19.5mn tons (for oil) and 18.9bn cubic meters (for natural gas), by 2025 (Institute of Energy 2007); no significant change in international oil and gas markets in the foreseeable future; and energy efficiency and conservation, and renewable energy, and other plans which could affect the demand for oil (for example, changes in transport and industrial) and gas (for example, electricity) sectors will be implemented as scheduled.


- Development of oil and gas market in order to enhance security of oil and gas supply and more efficient use of these fuels. As planned, the oil and gas market will fully operate by 2015.


Some observations

A review of the oil and gas policy instruments suggests that their general foci are growth oriented. The demand and supply estimation methodologies (as noted above) are rather basic. They are totally devoid of domestic and international oil and gas market influences, and do not consider the implications on oil and gas demand of inter-fuel or inter-factor substitution in transport and industry (for oil) and electricity generation (for gas) sectors, and of the structural changes currently underway in the Vietnamese economy. Nor is there any consideration of the possible impacts of post-Kyoto environmental regimes on fossil-fuel use.   


There is little meaningful analysis in the policy documents on supply options (other than possible exploration sites and production potential), demand-supply balance, and associated implications for the Vietnamese. In a similar vein, the economic and security consequences of oil imports are not satisfactorily discussed. While it is true that the financial-base for the oil and gas sectors is far stronger than those of coal and electricity sectors – due mainly to the prevalence of market prices in these sector, the volatility of world oil prices, and the uncertainty of the availability of oil supplies from the middle-east and from politically-contested areas of Spratly Island have the potential to upset the planning parameters of oil and gas industries. What will then be the implication of such developments on, for example, electricity production (nearly 22% of electricity is expected to be produced from natural gas in the year 2025)? Or, what will be the impact on oil demand if the planned energy efficiency improvement changes in the transport sector (the largest consumer of oil) are not realized within the scheduled timeframe. 


Further, what will be the influence, on the revenue-base of the oil sector, as the country transitions from being a crude-oil exporter to being a crude oil and petroleum product importer? Other issues that are left largely unaddressed the Plan are the impacts of differential pricing, especially of natural gas. For example, gas prices differ among sectors. They range approximately between 2 and $3.8, 1.5 and $2, and 3 and $4.6 per MMBtu for the power, fertilizer, and food processing sectors, respectively. Any increase in gas price for fertilizer production could result in higher food prices, raising issues of food security. Similarly, the promotion of alternative fuels (for example, methanol, ethanol, bio-diesel) to reduce dependence on petroleum products, could raise concerns about food security – especially if large amounts of cassava and residues from the sugar industry are diverted for fuel production. None of these cross-cutting themes are discussed in the oil and gas policy and planning document.     


2.2.3 Renewable Energy 


Renewable energy is an important resource for advancing the security of energy supply, sustainability in energy supply, and rural electrification, especially for the off-grid rural and remote communities. In order to promote renewable energy, the government of Vietnam has approved some legislation and plans. Among these, the Master Plan for Renewable Energy Development for the period up to 2015, with vision towards 2025 is the most updated and comprehensive plan (IE 2008). Some key points of this plan are:


- Evaluation of the potential sources of renewable energy. This plan estimates the country’s potential for renewable energy to be as follows: small hydro (2500MW), solar (3.25MW), wind (500MW), biomass (400MW), geothermal (240MW) (Institute of Energy, 2008). 


- The target is to increase the share of renewable energy in total primary from 2% at present to 3.4% by 2020 and 7% by 2050; and also increase the share of renewable energy in electricity production from 0.6% currently, to 3%, 5% and 10% by the years 2010, 2025 and 2050, respectively. 


- The plan gives priority to developing new and renewable energy resources such as wind, solar, hydro power; motivating the power development program for rural areas, especially in the islands and remote areas. And, the  strategies to achieve renewable energy targets include: promoting R&D for the new and renewable power sector; only investing in power plants with a capacity of more than 100MW in order to create favourable conditions for other enterprises to invest in power plants with smaller capacities; priority for hydropower development, especially multi-purpose projects (water supply, flood control, drought control, etc.); incentives to invest in small hydropower plants (expected to contribute 13 to 15GW by 2020); and to promote rural electrification through a diversified investment- and management-base within the ceiling tariffs decided by the government. 


Some observations


While the intent behind the renewable energy plan seems to be well-founded, the modus operandi for achieving the targets and the effectiveness of the strategies proposed to achieve them is less than convincing. Probably understandably so, especially in the rural context where most of the new renewable projects are proposed to be established. Nearly 70% of the populace lives in rural and remote areas, a large proportion of which is materially poor yet socially quite ‘complete’. These people, convinced as they might be of the benefits that electrification could bring into to their lives, are unlikely to place electrification as their most pressing need as compared, for example, with basic health, food, education, and – strange, if not discomforting, for some – the need for the preservation of their social fabric. Further, for the Vietnamese government, this constituency is critical from the perspective of maintaining social stability – a non-negotiable policy objective of the policy makers. Rural electrification, especially driven by commercial considerations, is therefore unlikely to find favour with these people and the government alike. Hence the speed of the commercialization of the rural electrification program assumes a critical significance in the Vietnamese context. It certainly disincentivizes commercial investments in rural electrification. 


At present there are no specific incentives (for example, higher tariffs for renewable electricity or energy credits) for promoting renewable energy. As electricity market reform takes hold and commercial considerations begin to drive the working of the electricity market, the interests by the commercial interests in investing in renewable energy projects, especially in remote areas, will completely erode. Further, even in relatively more established rural and urban contexts, the introduction of renewable energy could face a considerable challenge. For example, the currently higher costs of renewables (as compared with coal, gas and hydro) could prevent, or at least dampen, the entry of commercial interests (especially IPPs and BOTs) into renewable energy development.  Other potential, often talked about, barriers to the introduction of renewable energy projects include: the absence of appropriate regulatory framework; insufficient awareness of the renewable technologies, their costs and performance characteristics; lack of reliable data on renewable energy sources; shortage of high quality renewable technology at affordable costs; high cost of imported, but technically efficient, biomass conversion technologies; lack of commercial businesses and infrastructure to produce renewable electricity equipment and services; and limited access to finance for consumers, businesses and project developers.


2.2.4 Energy Efficiency and Conservation (EE & C)


The government of Vietnam considers energy efficiency and conservation as an attractive, additional source of promoting energy security and protecting the environment. Accordingly, EE&C has been assigned a prominent place in Vietnams National Strategy of Energy Security, Enhancing Efficiency of Economic Activities and Environmental Protection. In 2006, the Prime Minister approved the National Energy Efficiency Program for the period 2006-2015 (Decision No. 79/2006/QD-TTg, April 2006). This program focuses on the introduction of activities (assisted by mandatory measures) that would promote economical and efficient use of energy across the whole society. The main target is to save 3 to 5% of total national energy consumption over the period 2006-2010, and 5 to 8% over 2011-2015. The program comprises the following components: 


- Developing a legal framework for economical and efficient use of energy in industrial production, in management of construction projects, and in energy-using equipment; 


- Raising people's awareness about the economical and efficient use of energy through public propagation and education programs; 


- Conducting a pilot campaign on “Building a model of economical use of energy in every household” 


- Developing standards and using energy-saving product labels on selected appliances; 


- Providing technical assistance for local manufacturers that comply with energy consumption standards; 


- Building management models on economical and efficient use of energy for enterprises; 


- Assisting enterprises in upgrading, improving and optimizing their production chains for the economical and efficient use of energy; and 


- Capacity building and deployment of activities that enhance the economical and efficient use of energy in construction, designing and management of buildings


Some observations


A review of the EE&C policy instruments suggest that the entire edifice of the government policy on EE&C is built on weak foundations. For example, there is no comprehensive analysis to determine the efficiency of the Vietnamese economy at the sub-sector levels, nor is there any understanding of the factors that could have influenced changes in energy intensities over time. The current edifice appears to rest on the following foundations: the use of macro-level energy intensity (energy consumed per unity of GDP), and its value as compared with other countries, as the sole measure of energy efficiency; and (hence) a reduction in such intensity as the sole purpose of EE&C activities and such reduction as the sole criterion for the success of the EE&C initiatives. 


It is well known that macro-level energy intensity is not a useful measure of the true energy intensity of an economy, as its does not take into consideration the underlying structural features of the economy. An improvement in macro-economic intensity does not necessarily reflect an improvement in overall energy efficiency of the economy. For example, it may well be possible that the overall energy intensity has improved over a period while the sectoral energy intensities may actually have worsened over that period. This could happen due to the differential changes in the shares of various sectoral outputs in the total output of the economy.  The existing framework for promoting EE&C therefore not only fails to provide a true picture of the underlying areas where there might be a scope for energy efficiency improvements, it also precludes consideration of policy options (for example, price and non-price measures) to bring about lasting improvements in energy efficiency.


Other factors that could impede the promotion of EE&C activities include: lack of a cohesive policy and administrative framework for promoting energy efficiency and conservation; inadequate data and analysis on potential energy efficiency improvements, cost and benefits of EE&C opportunities and low-cost measures, and also limited information on technologies and programs that have been adopted elsewhere; high project development costs, due to extensive audits and technical studies required to properly determine investment requirements and to ensure appropriate project formulation; financial risks associated with projects that have been developed with limited planning and using technologies and equipment that have not been thoroughly tested under the Vietnamese conditions; unavailability of adequate financing opportunities due to the lack of commercial lending practices in Vietnam; limited interest from the end-users partly because their attention is focused on other business priorities, especially business expansion; the appropriation of benefits of energy conservation by the municipal agencies; and limited availability of local EE&C equipment, due to low domestic demand for these products and the restricted manufacturing capability in the provincial areas in Vietnam. 　

2.2.5 Vietnam’s current energy policies: Main points, in summary

The main points - in summary - based on a reflection on the observations made in Sections 2.2.1 to 2.2.4, include:


· The economic and energy policy settings (policies, targets, plans, strategies, programs) in Vietnam are typically economic growth-oriented. They derive their philosophical and political imprimatur from an unequivocal support for the institutions of state sovereignty, social stability, state control of economic apparatus, and the security of supplies. 


· Against this backdrop - or perhaps as a consequence of that - much of the emphasis in economic and energy of policy instruments is on identifying and implementing supply options to meet sector demands, while ensuring an adherence to the above noted institutions. With such an emphasis – the notions of optimal use of country’s resources, sustainable outcomes, good governance, reforming markets to attract investments, promoting energy efficiency, etc.  -  assume a meaning that is likely to differ from what one would expect if one were to view these from the prism of the discipline of ‘economics’. 


· Each policy instrument is reviewed in this section is underpinned by a generally-sound internal logic. It however is almost exclusively focused on a single-sector or single-thematic issue. It, therefore, though generally internally consistent, is a singularly insular entity – completely neglectful of the significance of cross-sectoral and cross-thematic issues arising from the interdependencies between various economic and energy sectors and between various themes.


· As instruments of policy, these policy instruments, therefore, have a limited value – as they are completely unable to foresee various intra-sector, cross-sector and cross-thematic issues. In fact, their insularity has the potential to erode much of the steering capacity of the state to promote acceptable outcomes (Sharma 2010).

The salient points of the current energy policies in Vietnam are summarized in the Table 2.1 below. 



Table 2.1: Summary of salient points of the current energy policies in Vietnam


		

		Policy name

		Main focus

		Limitations



		1

		National Energy Policy

		· Energy resource development


· Domestic primary energy supply security


· Energy efficiency and conservation


· Environmental protection


· Organizational reform and competitive energy market 


· Capital resources for energy development


· Energy pricing


· Development of renewable energy resources


· International cooperation and energy trade

		· Unclear discussion on logic behind energy policy objectives and strategies


· Cross-sectoral and cross-thematic issues were neglect


· Practicality and economy-wide impacts of the energy policies were not discussed



		2

		Master plan for power development for period 2006-2015 with perspectives up to 2025

		· Power demand forecast for the period 2006-2025


· Power supply plan (production and import) for the period 2006-2025


· Fuel mix for generation for the period 2006-2025


· Generation technology mix for the period 2006-2025


· Financing plan

		· Lack of consideration of links with other sectors, e.g. coal prices


· Lack of economy-wide impact assessment


· Use of electricity economy elasticity for electricity demand forecast is unrealistic.





Table 2.1: Summary of salient points of the current energy policies in Vietnam (continued)

		

		Policy name

		Main focus

		Limitations



		3

		Master plan for coal development up to 2015 with vision towards 2025

		· Promotion of coal exploration activities


· Coal production and processing 


· Environmental protection


· Coal market development

		· Lack of consideration of links with others sectors, such as power industry and coal import, etc.


· No attention paid in costs of domestic coal production expansion


· Underestimate of mobilizing investment capital for coal sector


· Lack of consideration of the possible impacts of post-Kyoto environmental regime on coal use


· Lack of economy-wide impacts assessment


· Lack of consider of inter-fuel or inter-factor substitution in coal intensive sectors and change in economic structure 



		4

		Master plan for oil and gas development up to 2015 and orientation up to 2025

		· Oil and gas exploration activities


· Oil and gas production and processing


· Environmental protection


· Development of oil and gas market

		· Lack of consider of inter-fuel or inter-factor substitution in transport and industry (for oil) and electricity generation (for gas)


· No attention paid in the possible impacts of post-Kyoto environmental regime on oil and gas use


· Lack of economy-wide impacts assessment, such as impacts of increase in prices of oil and gas on others products, such as food and electricity


· Lack of assessment of impacts of alternative fuel production on food security





Table 2.1: Summary of salient points of the current energy policies in Vietnam (continued)

		

		Policy name

		Main focus

		Limitations



		5

		Master plan for renewable energy development up to 2015 with vision towards 2025

		· Evaluation of potential of renewable sources


· Evaluation of potential of renewable technologies


· Renewable energy exploitation plan


· Financing plan


· Environmental impacts assessment

		· Lack of specific incentive for investment in renewable energy, especially the remote and off-grid areas.


· Shortage of high quality renewable energy technologies at affordable costs


· Lack of commercial businesses and infrastructure to produce and maintenance renewable energy equipment


· Limited access to financial sources for consumers, businesses and project developers



		6

		Energy efficiency program for the period 2006-2015

		· Developing a legal framework for economical and efficient use of energy


· Raising people’s awareness about efficient use of energy


· Developing standards and energy saving product labels for selected appliances


· Providing support to individual household and businesses in application of energy efficient models

		· Inadequate measure of true energy efficiency (the current measure – the macro-level energy intensity does not take into consideration of the impact of change in economic structure on energy consumption.


· Lack of effective administrative framework


· Limited information on technologies and programs adopted elsewhere


· Unavailability of financing opportunities due to the lack of commercial lending practice in Vietnam


· Limited availability of local EE&C equipment due to low domestic demand for these products and restricted manufacturing capability in the provincial areas in Vietnam.





2.3 Review of the current energy research framework in Vietnam

The energy research framework, used by the energy studies on Vietnam, can be broadly termed as energy scenario analysis approach. First, scenarios are developed around a set of assumptions, taking into account various drivers that are likely to shape the future evolution of the country’s energy system. Then, energy models are used for examining energy impacts of various energy options. The models that have been used for quantitatively modelling energy scenarios are either engineering-based or economics-based model. Following is a review of these methodologies. This review will assist the selection of an appropriate method for this research.


Scenario development

Scenario analysis plays an important role in energy policy analysis, as a useful tool for exploring alternatives energy futures. Most of the existing energy studies on Vietnam have used this technique. For example, the study on National Energy Master Plan, carried-out jointly by JICA and the Institute of Energy in 2007, used scenario analysis approach to examine the impacts of economic growth, population growth, oil price, nuclear and renewable energy on the development of a sustainable, reliable and affordable energy system in Vietnam for the period 2005-2025 (JICA 2008). The scenario analysis approach was also employed in the three energy policy studies carried-out by the Institute of Energy in 2002 to investigate the impacts of fuel prices and carbon taxes on electricity tariffs over the period 2000-2035 (IE, 2002). 


Notwithstanding these applications, some issues remain – this research contends - in the procedure of scenario development, including the identification of the scenario drivers and the assumptions underpinning the scenarios. For example, the scenario drivers should be selected based on the likelihood of their acceptance by the policy makers, their potential to shape the future development of the energy system, and their ability to reflect the issues and challenges faced by the energy system. A deeper review of the above noted studies however suggests otherwise. For example the study on National Energy Master Plan (JICA 2008), where technology progress that plays an important role in the energy system development was neglected. Further, the scenarios in this study generally fail to develop a logically consistent set of assumptions about the scenario drivers and policy constraints. For example, most studies have one unique economic scenario (usually called Base scenario), based on which other technical and environment assumptions are developed, for example, high  or low technological break-through or high or low commitment to environmental protection. This is unrealistic because, for example, low technological progress is not likely to exist in a highly developed economy or that low economic development will not be able to afford expensive measures, required for pollution reduction. Moreover, some assumptions seem to be overly optimistic from practical considerations. For example, the study on National Energy Master Plan assumed that the annual economic growth rate would be 8.4%, 10.7% and 6%  over the period 2005-2025 for the Base, High and Low scenarios, respectively. In fact, in view of the ongoing global economic recession, the economic growth rate of Vietnam is forecasted to be less than 5.5%, out of the “possibility space” set by the scenarios of that study. Consequently, the results of scenario analysis would not reflect the future that might unfold. Finally, in examining various types of energy strategies, it is important that they are analysed from a long-term perspective. This is because energy technologies and infrastructures (such as, power plants and refineries) have long useful economic lives, ranging from 30 to 40 years and hence policy decisions need to consider their long-term consequences. In fact, some studies, such as the study on the impacts of a rise in electricity tariffs on prices of other products (IE 2005) and the study on long-term energy forecast for Vietnam (HUT 1994) were conducted for medium and short time periods, ranging from 5 to 20 years only.  


Engineering-based models

Since the mid-1990s, engineering-based models (energy optimization and energy simulation) have been widely used in Vietnam in order to determine the impacts of various energy dimensions, for example, of energy demand, energy supply mix and generation mix, and CO2 emission limits. The following discussion provides a commentary on the strengths and limitations of these models.


a) The objective of the study, jointly carried-out by the Hanoi University of Technology (HUT) and the Asian Institute of Technology (AIT) in 1994 was to develop energy demand projections for Vietnam for the period 1995-2015. Three scenarios were developed with key drivers, for examples, economic growth, economic structure and technology progress, taken into account. The MEDEE model, developed by the Institute of Energy Policy and Economics in France in the 1980s was employed. This is a technical-economic “bottom-up” model. MEDEE is conceived so as to realize simulations of future energy demand for a given geographic entity and for a given time period. As was previously underlined, this is not a forecasting exercise, but an exercise at simulating possible energy demand evolution, depending on assumptions about social and economic development as well as on technological progress. This model also helps energy policy-makers to compare the impacts – and thus the efficiency – of alternative energy policies on future energy demand. 


The main output of this study is the projected energy requirements for socio-economic development over the period 1995-2015. However, these results may be of limited value because the input data (economic, demographic and technological parameters) are not disaggregated to levels required by the model due to the unavailability of the required data – which, in turn, is due to the absence of the culture of data collection at that time. 


b) A study analysing the economics of GHG limitations was carried-out by the Hydrometeorological Service of Viet Nam in 1999, in cooperation with several organizations, for example, the Ministries of Industry, Transport, Agriculture and Rural Development, Health and Vietnam Scientific and Technical Association, covering the period 2000-2030. In this study, thirteen scenarios relating to three main sectors of the Vietnamese economy, namely, industry, forestry and agriculture, were developed, taking into account the key drivers that would have significant impact on GHG emissions reduction, for example, energy efficiency (such as, compact fluorescent lamps, efficiency improvement in  cooking stoves, energy efficient refrigerators, air-conditioners and electric motors), fuel switching in power generation (gas and renewable), new and renewable energy (solar and wind), reforestation and the application of new cultivation techniques (for example, water management in rice cultivation). 


In this study, the Energy Flow Optimization (EFOM) Model, which is a linear optimization model, originally developed in the 1970s at IEJE in Grenoble, using GAMS6, was used for quantitatively modelling the energy sector. EFOM is driven by exogenously specified energy demand, and assumptions on resource availability, environmental, and policy constraints. The model contains an energy-environmental database, describing the energy system being studied. Technologies are explicitly represented by parameters for economic, social, and environmental conditions and linkages among energy systems. The linear programming optimizes the energy system according to an objective function defined by the model user. 


The Comprehensive Mitigation Analysis Process (COMAP) model was used for developing and assessing GHG emissions mitigation options in the forestry and agriculture sectors. COMAP is intended to provide insights into the role of forest sector in a country’s climate change mitigation efforts. This model includes several specific steps, such as screening of mitigation options, which could be implemented on the various available lands, estimating the emission reduction or carbon sequestration per unit area for each mitigation option, and evaluating the cost-effectiveness of mitigation options.


Major results of this study include: (i) projected amount of GHG emissions generated by the energy, forestry and agriculture sectors up to the year 2030, (ii) mitigation activities and associated costs, and (iii) an action plan for GHG emissions mitigation up to the year 2030. However, the study has some shortcomings. First, the transport sector that is one of the biggest sources of GHG emissions in Vietnam was considered in this study. Similarly, the role of advanced technologies in some highly energy-intensive industries, such as, cement and steel production was not taken into account. Second, there is only one economic scenario for the study period 2000-2030. This is not realistic because in reality the economic growth could fluctuate within a certain range. Finally, the economy-wide impacts of the GHG mitigation activities in terms of total economic outputs, employment and wages at the national and sectoral levels were not examined. Due to the above mentioned shortcomings, the results and especially the action plan based on this study have a limited scope for application.


c) A study analysing the role of nuclear power in mitigating the growth of CO2 emissions was carried out by the Institute of Energy in 1999. In this study, six scenarios were developed that included various combinations of five power supply options with Clean Development Mechanism (CDM), namely, coal-CDM (coal-fired generation with clean technologies), oil-CDM (oil-fired generation with clean technologies), nuclear power, wind-power and solar-power, in addition to the conventional power supply option. The energy toolbox modular package was used for energy demand projection and the WASP model for determining the optimal supply option. The study concluded that nuclear power is the most cost-effective option for mitigating the growth of CO2 emissions. The main shortcoming of this study is that the power supply options were not compared based on their economy-wide impacts. 


d) Several National Energy Policy Studies were carried out by the Institute of Energy under the sponsorship of the Australian Agency for International Development (AusAID) in 2002. These studies focus on three topics, namely, the strategy orientation for electricity supply; analysis of power development strategies in compliance with energy security and environmental issues; and energy pricing and its implication for the environment. The specifics of these studies were to : (i) analyzing different possible supply options for the Vietnamese power sector in a long-term plan; (ii) ensuring the provision of adequate, secure and effective electric power supply by developing indigenous energy resources, applying advanced technologies, enhancing regional cooperation and diversifying energy sources; (iii) ensuring that factors pertaining to environmental protection are not neglected; and (iv) identifying energy pricing policy implications in relation to the environment. 


To achieve these objectives, nine scenarios were developed, taking into account relevant forces that could shape the Vietnamese power system development in the future. For examples: the economic growth rate in the study period 2000-2035; levels of imported fuels (such as coal, oil and gas); energy resource availability; structure of the power supply system; role of nuclear power and CO2 emissions limits. The MARKAL (Market Allocation) model was used for assessing the impacts of various scenarios. 


Some key findings of the study include: (i) Diversification of power generation, both fuel and technology is likely to be a sustainable way for power sector development in Vietnam in the future. Fossil fuel (coal oil and gas) would play an important role in power generation, accounting for a large share of the generation mix, due to the improvement in coal and gas-based generation technologies and the availability of these fuels. Nuclear energy would be an unavoidable option for enhancing security of electricity supply and reducing CO2 emissions. According to this study the first nuclear plant is scheduled for operation in 2020; (ii) Energy savings measures are important to reduce energy consumption, CO2 emissions and investment needs. This is significant for a poor developing country like Vietnam where annual investment in power sector account for 5 to 6% of the country’s GDP. (iii) Imported fuels (coal and gas) for power generation would drive up the costs of electricity production. The study found a suitable level of imported fuel for power generation and emphasised on the importance of ASEAN countries cooperation in enhancing security of energy supply through Trans-ASEAN Gas Pipeline (TAGP); and (iv) The electricity tariffs would be increased with the application of CO2 tax and the increase in prices of input fuels. The study examined the impacts of different strategies of CO2 tax and prices of input fuels (coal, oil and gas) on electricity prices.

This study, however, has some shortcomings, ranging from scenario development to scope of research and the examination of the impacts of various scenarios. First, the study considers only one scenario for economic growth for the entire study period 2000-2035. This is unrealistic in view of the uncertain times we live in. Second, the study is limited to the power sector only, i.e. it does not consider the links between the power sector and the rest of the energy sector. Finally, the impacts of power supply options, such as, generation technology mix, fuels mix and carbon tax on the economy, for example, total economic output, employment and salary, are not examined. This would clearly provide less-than-useful inputs for energy policy development.


e) A study on greenhouse gas (GHG) mitigation potentials of several selected Biomass Energy Technologies (BETs) in Vietnam was carried-out in 2003 (Kumar, A. et al. 2003). The objective of this study is to examine greenhouse gas mitigation potential of various biomass technologies, for examples, Biomass Integrated Gasification Combined Cycle (BIGCC) based on wood and bagasse, direct combustion plants based on wood, co-firing power plants and Stirling engine based on wood and cooking stoves. Different scenarios were considered, namely, the base case with no mitigation options, replacement of kerosene and liquefied petroleum gas (LPG) by biogas stove, substitution of gasoline by ethanol in transport sector, replacement of coal by wood as fuel in industrial boilers, electricity generation with biomass energy technologies and an integrated scenario including all the options together. The Long-range Energy Alternative Planning (LEAP) model, which is a static energy-economy-environment model, developed by the Stockholm Environment Institute, was employed. This model forecasts the energy demand, consumption and environment impacts of each sector and analyses in detail, the economic benefits of each energy scenario. 


Some key findings of this study are: (i) substitution of coal stoves by biogas stove has a positive abatement cost, as the cost of wood in Vietnam is higher than coal; (ii) replacement of kerosene and LPG cooking stoves by biomass stove also has a positive abatement cost; (iii) replacement of gasoline by ethanol can be realized after a few years, as at present ethanol is more expensive than gasoline; (iv) the replacement of coal by biomass in industrial boiler is also not an attractive option as wood is more expensive than coal in Vietnam; and (v) the substitution of fossil fuel fired plants by packages of BETs has a negative abatement cost. This option, if implemented, would result in mitigation of 10.83 mn tons of CO2 in 2010. However, this study does not assess the economy-wide impacts of each technological option. This could limit the usefulness of this study for policy purposes.


f) The study on the Master Plan for Power Development VI, carried-out by the Institute of Energy in 2007, examined power supply options for the period 2006-2025. Three scenarios were developed, corresponding to three economic growth scenarios, namely BAU, Low growth and High growth. In addition, some key drivers, such as resource availability and technologies are also considered in developing these scenarios. The Wien Automatic System Planning (WASP) model, distributed by the International Atomic Energy Agency (IAEA), was employed in this study.  This is the most commonly used model for the analysis of electric capacity expansion. The primary objective of WASP is to determine the generating system expansion plan that adequately meets demand for electric power at a minimum cost while respecting constraints input by the user. WASP uses a probabilistic simulation approach to estimate generating system production costs and a dynamic programming approach to determine the optimal expansion pathway. 


The results of this study were used to formulate the Master Plan for Power Development for the period 2005-2025 in Vietnam. The plan includes total system capacity, road-map for the installation of the generation plants and expansion of the electricity supply network for each sub-period. The main shortcoming of this study is that it did not consider several other issues, such as, energy efficiency and fuel substitution. These issues could significantly impact electricity demand and supply. In addition, the economy-wide impacts of various power supply options were not examined. 


g) The study on National Energy Master Plan, was jointly carried-out by the Japanese International Cooperation Agency (JICA) and the Institute of Energy in 2007. The overall objective of this study is to formulate an energy plan consistent with the objectives of the socio-economic development plan. In this study, fourteen scenarios were developed, taking into account key drivers that have the potential to impact on the evolution of the energy sector over the period 2006-2025. These drivers are economic growth (Low, High and BAU), crude oil prices (Low, High and Super high) and the diversity of the energy supply (Nuclear, Coal, Gas and Renewable). The Energy Outlook Models used by International Energy Agency (IEA) and the Institute of Energy Economics, Japan (IEEJ) were employed. The models are generally composed of three sub-models, namely, the macro-economic model, the energy demand forecasting model and the energy demand/supply optimization model. The macro-economic model forecasts economic outlook based on an analysis of the national economic circumstances and socio-economic policies. Economic variables forecasted here, such as, economic growth and economic structure, are input into the energy demand forecasting model. The energy demand forecasting model forecasts energy demand based on the economic variables, and it also incorporates energy system and energy circumstances and policies. The energy demand/supply model determines the optimum energy supply pattern for the forecasted energy demand, incorporating supply possibilities and price movements of various energy sources, energy policies and other preconditions. In general, these three sub-models are used to examine the effects of various policies and to construct an optimal energy plan under the forecasted energy movement and political and economic circumstance of the country.


The major outputs of this study are: (i) The National Energy Master Plan, which includes a long-term energy supply/demand plan and a set of appropriate energy policies, for examples, policy on security of energy supply, policy on energy efficiency and policy on promotion of the energy market; (ii) The Roadmap for the Fundamental Energy Policies and (iii) Action Plans for Major Energy Sectors with specific strategic orientation for development of the power, coal and gas industries. The main shortcoming of this study is that the three models - the macro-economic, energy demand forecasting and demand/supply optimization – are run independently while – in reality - energy, economy and environment are closely linked. There is only one-way flow from the macro-economic model to the energy demand forecasting and energy supply/demand optimization models, therefore, the impacts of energy activities on the aggregate economy are not reflected.


As noted in the foregoing discussions, the engineering-based models, for example, MARKAL, EFOM, LEAP, MEDEE, WASP and Energy Outlook Models, are based on a linear programming approach that typically determines a minimum discounted system cost solutions for meeting future energy needs, subject to pre-specified policy constraints, such as CO2 emissions limits. Among these models, the Energy Outlook Models address both, the demand and supply sides. The MARKAL model places more emphasis on the supply side of the energy system. Being a demand-driven model, the end-use services in this model need to be input exogenously. These models also differ from each other in terms of their applications, depending on their capacity in modelling the energy system and environmental issues. The MARKAL, LEAP, etc. are more suitable for analysing energy supply policies while the MEDEE is appropriate for the simulation of future energy demand and WASP model  - for the analysis of electric system capacity expansion. Among these models, the MARKAL model has been most extensively used in Vietnam for energy policy studies as it could help in modelling the energy system at both national and regional levels. The MARKAL model is particularly useful for assessing environmental issues, such as, CO2 emissions reductions, because of its ability to optimize the energy system in an emission-constrained environment. In summary, some of the advantages and limitations of the engineering-based models include the followings:


- The main advantage of utilizing an engineering-based model is that these models are capable of analysing energy system at very disaggregated levels, by taking into account the detailed description of technologies. Moreover, these models, underpinned by an optimization function, are suitable for analysing policy issues from the viewpoint of least-cost strategy. These models, for example, are useful for assessing the cost-effective CO2 emissions strategies that take into account costs of the whole energy system over a long time period.


- A key shortcoming in the Engineering-based models is that they have a weak link with the rest of the economy. For example, in the MARKAL model, used (as noted above) in the Vietnam context, has no provision for assessing the economy-wide impacts of changes in the energy sector. A recent upgrade of the MARKAL model, such as MARKAL-MICRO, can address these issues at a micro level only, for example, the effect of prices on demand for energy services but this model can not examine wider sectoral impacts like total output and employment, etc.


- These models are data intensive, both in terms of volume and level of detail, for example, data on efficiency, availability factors, costs per unit, etc. for each technology. Such data are typically not available in Vietnam where the culture of data collection is very poor and some new technologies, such as, nuclear and solar power have not yet been used. This requires that some assumptions be made to fill such a data gap. This could compromise the quality of data inputs, which could in turn affect the usefulness of modelling outcomes. For example, in modelling some advanced energy technologies, such as, IGCC and nuclear power plant, the data on efficiency and costs are taken from EU and US database.


- Another drawback of the optimization models is that they disregard market thresholds (hidden costs and other constraints), thus have a tendency to overestimate technological potential and generally underestimate the influence of social, political and institutional constraints (also see Sutherland 1991, and Urban, et al. 2007).


Economics-based Models 

The Economics-based models, that have been used in a number of energy studies in Vietnam, are essentially Input-output models. The objective of using economics-based models is to assess economy-wide impacts of energy options. The followings are some of the energy studies that have employed the economics-based models:


h) Tuyet and Ishihara (2005) analyzed the changes in embodied energy intensity in Vietnam from 1996 to 2000, using Input-output framework. An approach based on structural decomposition and its power series expansion is set at the core of the analysis. By illustrating the change of causal relationship between direct energy consumption and embodied energy consumption, the change of hidden energy flow, which indicates how the changing embodied energy builds up the change of direct energy consumption in every sector, can be seen. The main limitations of this study are that it focuses on the energy flow in the past and the study time is short, 5 year only. Therefore, the results are not appropriate for long-term energy policy analysis.


i) A study, carried out by the Institute of Energy (IE, 2007b), examined the impacts of a rise in electricity tariffs on the prices of other products in Vietnam, using the Input-output model. The study found that the increase in electricity prices would drive up the prices of all other sectors. The highest increase is expected to take place in the agriculture services sector, followed by the processed fruits and vegetables sector. In addition, the impacts of power shortages and investments were also investigated. The key shortcomings of this study are: (i) This is a static analysis, therefore, its results could not be used for predicting the impacts of higher electricity tariffs on other economic sectors in the future. (ii) The study is limited to examining the impacts of the changes only in the electricity sector (such as, electricity tariffs, investment and power shortages) on other economic sectors. Other energy sectors, for examples, coal, oil and gas, should also be considered, so that the results could be used to make comprehensive energy policies. Finally, one must be careful in interpreting the results because one of the important assumptions in developing Input-output model is that the Input/Output ratio is fixed, but in fact this ratio changes overtime due to changes in the economic structure of the economy in general and each sector in particular.


These two studies used Input-output model to examine energy policy issues and other implications on the economic sectors. The advantage of using Input-output approaches, compared to the engineering-based models is that they make it possible to analyse the impacts of policy issues at detailed sectoral levels. That is because the Input-output models can represent the economic structure of the economy in a tabular form to illustrate inter-industry transactions, outputs produced and inputs absorbed by various sectors. Nevertheless, these models also have some limitations, for example:


- These models can not adequately capture technological and structural changes (as is the case in the Engineering-based optimisation models) because the input/output ratios are assumed to be fixed; thus they tend to underestimate technological potential for efficiency improvements.


- These models do not allow substitution between various types of fuel inputs.


- The Input-output models, employed by the current energy studies are static models, focusing on a short period of time, using historical data. These studies used the Input-output tables for the years 1996 and 2000. There is no model that has attempted to examine energy issues in the long-term. Therefore, the results from this input-output analysis have limited usefulness in terms of making long-term energy policy analyses.


- The lack of disaggregation of energy sector in the input-output table available in Vietnam renders these models incapable of analyzing economy-wide impacts of change in energy sub-sectors, for examples, coal, oil, gas and electricity on the other sectors of the economy.

Table 2.2 lists key futures of the energy models used in Vietnam


Table 2.2: Salient Features of the Energy Models used in Vietnam

		Model

		Description

		Selected Studies/Applications



		1. Engineering-based Model

		MARKAL

		Main Characteristics


- linear programming optimization model 


- technological details – supply and demand side

Use 


- for analysing energy supply options


- for identifying energy pricing policy implications in relation to environment


- for assessing competitiveness of energy technologies


- for examining policy options for GHG emission 


Limitations


- lacks feedback to macro-economy

		Institute of Energy (2002) - The National energy policy studies


Nguyen (2005) – Long-term optimization of energy supply and demand in Vietnam with special reference to the potential  of renewable energy 



		

		MEDEE

		Main Characteristics


- technical-economic “bottom-up” model 


- technological details – demand side


Use 


- for simulating future energy demand

- for examining impacts of energy policies on future energy demand


Limitations


- intensive input data on economic, demographic and technological area is needed.


- lacks feedback to macro-economy

		Hanoi University of Technology (1994) - Long-term energy demand forecast for Vietnam



		

		EFOM

		Main Characteristics


- linear programming optimization model 


- technological details – supply and demand side

Use 


- for analysing energy system


- for calculating the costs of climate change mitigation activities


Limitations


- lacks feedback to macro-economy




		Hydrometeorological Service of Viet Nam (1999) - Economics of GHG limitations





Table 2.2: Salient Features of the Energy Models used in Vietnam (continued)


		Model

		Description

		Selected Studies/Applications



		1. Engineering-based Model (continued)

		WASP

		Main Characteristics


- optimization model 


- dynamic programming


- technological details – energy toolbox modular  package


Use 


- for determining optimal power supply option


- for analysing power system expansion


- for evaluating CO2 mitigation costs

Limitations


- lacks feedback to macro-economy

		Institute of Energy (1999) – Study on the necessity of nuclear plant in Vietnam


Institute of Energy (2007) – The sixth master plan for power development



		

		LEAP

		Main Characteristics


- simulation model


- bottom up model

Use 


- for energy-economy-environment modelling


Limitations


- lacks feedback to macro-economy

		Kuma, A. And Pham (2003) - Study on greenhouse gas (GHG) mitigation potentials of number of selected Biomass Energy Technologies (BETs) in Vietnam



		

		PDPAT

		Main Characteristics


- optimization model


- technical details - supply and demand side

Use 


- for forecasting energy demand


- for optimizing supply options


Limitations


- lacks feedback to macro-economy

		JICA (2007) - The study on National Energy Master Plan



		2. Economics-based Model

		INPUT-OUTPUT 

		Main Characteristics


- Vietnam’s economy is represented by 112 sectors


Use 


- for examining impacts of power shortage


- for analysing hidden energy flow between sectors


Limitations


- insufficient disaggregation of energy sectors

		Tuyet and Ishihara (2005) – Analysis of the changes of embodied energy intensity in Vietnam from 1996 to 2000


Institute of Energy (2007) – Examination of impacts of a rise in electricity tariff on prices of other products in Vietnam





2.4 Selection of an appropriate energy framework for this research

On the basis of the review of existing energy policy instruments and energy research frameworks in the previous sections of this chapter, it can be argued that the most appropriate framework to analyse the energy policy issues, raised in this research (see chapters 3, 4, 5 and 6) should comprise the following: i) a scenario-based approach, assisting with the development of long-term scenarios for Vietnam, and ii) a combination of the engineering-based and economics-based models for the analysis of economy-wide impacts of alternative scenarios. The engineering-based model – the MARKAL model – is adopted in this research for the analysis of the energy impacts, and an economics-based model – the energy-oriented input-output model – for the assessment of economy-wide impacts. The following discussion provides justification for this selection.


Scenario Approach. Scenario analysis approach is employed in this research because of its usefulness in exploring the possibility of alternative futures of the Vietnam’s energy system. The energy scenarios – as will be described in detail later in chapter 3 – are characterized by key drivers which have potential to impact on the evolution of the country’s energy system. These drivers, in general, fall in three main groups, namely, economic growth, technological beak-through and commitment to environmental protection. Alternative scenarios are developed around these drivers, underpinned by assumptions about the interactions among energy, economy and environment, for the period 2000-2050. Over the next decades, the population growth and the government’s determination to maintain high rates of economic growth will inevitably translate into increased energy demand, it is useful to examine how the security of energy supply could be ensured through effective energy strategies, such as, energy diversity and energy savings. In regards to environmental protection, Vietnam is presently a low CO2 emissions per capita country. However, with high economic growth expected in the next decades, the CO2 emissions are expected to grow rapidly as the economy utilizes more carbon intensive fuels (coal, oil and gas), substituting traditional fuels such as biomass and agriculture residues. Thus, there is a pressing need for examining the impacts of energy activities on the environment, especially the impacts of the advanced technologies, such as nuclear and renewable, or alternative ways, for example, energy savings and bio-fuels to reduce CO2 emissions. 


Engineering-based energy optimization model – The MARKAL model would be suitable for following reasons:


- The energy scenarios, developed in this research (as will be described in detail in Chapter 3) are characterized by various end-use energy technologies, for example, transport technologies (gasoline car and hybrid car), industrial technologies (DRI in iron and steel making process), and conversion technologies (IGCC and renewable-based technologies in power generation). The MARKAL model, as explained in the previous sections, can take into account these technologies at a very disaggregated level. Thus this model would be useful in investigating the competitiveness of these technologies under various scenarios and assessing the impacts of technological pathways on the total energy system. 


- CO2 emissions reduction and energy savings are two key factors considered in this research because these will serve the objective of developing a cleaner and more efficient energy system for Vietnam. In this model, the least-cost strategy for meeting energy needs, specific to various scenarios, could be identified. For example, the model would be able to determine cost-effective strategy on CO2 emissions, energy savings, etc., by optimizing the whole system while many other models, such as simulation models (e.g., MEDEE) can only test the strategies proposed by the user which may not be optimal strategies. This could be explained by the fact that the MARKAL model allows competition among technologies and fuels, and then choses the most cost efficient ones. In other words, the objective function of the model minimizes the total discounted cost of the system for the entire planning horizon. The total cost of the energy system consists of the cost of technologies (for example, investment cost, fixed cost and variable cost of the power plants, refineries, heaters, appliances, etc.), costs of energy types (for example, coal, oil, gas and electricity, etc.), and the cost of energy imports (such as, oil and gas), etc.


- The outputs of MARKAL model in terms of primary energy requirement, final energy requirement, fuel mix (Coal, Oil, Gas and Renewable energy), technology mix (Coal-based, Gas-based and Renewable-based generation technologies) in a certain period of time are very useful for the energy planning activities. 


- Unlike econometric models, the MARKAL model provides an equilibrium solution. In this model, in order to have a feasible solution every exogenously specified end-use demand must be satisfied for all time periods. The end-use demands are represented in terms of different end-use tasks, such as demand for cooking (in PJ) by the residential sector, demand for transportation (in bn.passenger.km and bn.tons.km), demand for steel and cement (in tons), etc. Each type of demand is satisfied by one or many types of end-use devices and fuels


- Unlike other energy models, this model is made available by the International Energy Agency (IEA) for general research purposes and has been used across the world for a variety of energy policy studies.


- In Vietnam, this model has recently been employed by several studies. The continuation of using this model would have the advantage in data collection for model inputs because of its database availability.


Energy-oriented Input-output Model – The use of the energy oriented input-output model in this research would be suitable because of following reasons:


- One of the objectives of this research is to examine the economy-wide impacts of energy activities at detailed, sectoral levels. For this purpose, the use of the input-output model has some advantages compared with other economic models (such as general equilibrium models (GEM)). First, unlike other economic models which focus on the macro-level only, the input–output model can be operated both at macro- and sectoral, disaggregated, micro-levels. The major attraction of input–output model is that it has a higher level of disaggregation of economic sectors than any other economic model. Second, while other economic models are very weak in representing energy technologies, the input-output model, in contrast could capture linkages across a large number of economic sectors including energy sectors. This is a key advantage of the input-output model because various scenarios in this research are characterised by a large number of energy technologies (such as power plants, refineries, vehicles, boilers, furnaces, appliances, etc.) which evolve throughout the study period. Finally, a major drawback posed by all economic models is they could not represent the evolution of the energy technologies over the study period. This could be overcome by a combination of the energy-oriented input-output model and the energy model (the MARKAL model). The energy model (MARKAL) would take into account detailed representations of technologies and the input–output model deals with smaller parts of an economy by placing emphasis on individual sectors. In this way, a combination of energy model and input–output model would make it possible to examine impacts at a greater level of detail both in the energy and economic sectors.


2.5 Summary

This chapter reviews the existing energy policy instruments and the research frameworks, used by current energy studies in Vietnam. Followings are the main conclusions of this review:


· The review provides insights into the existing energy instruments and institutional arrangement in addressing the twin challenges faced by Vietnamese energy sector which are the security of energy supply and environmental protection from damage caused by energy activities. The economic and energy policy settings (policies, targets, plans, strategies, programs) in Vietnam are quintessentially economic growth-oriented with much emphasis on identifying and implementing supply options to meet sector demands. As a result, most of the energy plans (Master Plan for Power Development, Strategic Plan for Coal Sector Development, etc.) are made based on specific economic growth targets and energy-economy elasticities without consideration of the impact of such targets on the wider economic structure and energy requirements. This, in combination with the lack of cooperation in formulating energy sub-sector’s strategies and policies, would make these policies, less effective. Moreover, most of the energy policies would become inapplicable due to the lack of long-term vision (most energy strategic plans, such as The Sixth Master plan for Power Development and Strategy for Oil and Gas Sector Development, have been made for 10-15 years period only) and the neglect of intra-sector, cross-sector and cross-thematic issues. 


· The scenario approach is found to be most suitable for this research because it does not try to forecast the future but helps explore the evolution of the energy system instead. However, there are some shortcomings in the current energy studies in Vietnam both in regards to scenarios development and quantitatively modelling of scenarios. For example, scenario development, most studies have assumed one unique economic scenario, based on which other technical and environment assumptions are developed. This is unrealistic because, in reality, economic growth is only one of the scenario drivers and it itself evolves through the study period. Therefore, its value should not be fixed for a certain period of time as is the case in some current energy studies. Instead, some economic scenarios are developed to allow economic growth rate to change in a range, depending on assumptions made for each sub-period of the planning horizon. In addition, most energy studies were carried out for a short period of 10-15 years. This is also unrealistic because most energy technologies have a life span of 30-40 years. For the application of energy models, most of the current energy studies use either engineering-based models or economics-based models for examining energy impacts. Due to the limitations of each model itself, they could not represent energy technology evolution through the study period and at the same time capture linkages across a large number of economic sectors including energy sectors. In other words, it is impossible to use these models independently to examine impacts at a greater level of detail both in the energy and economic sectors. Consequently, the results of these studies are limited in application, especially for energy policy formulation because these results do not reflect the energy-economy-environment interactions.


· The research framework proposed for this research is aimed at overcoming the drawbacks mentioned above. This framework employs a scenario analysis approach, in combination with an engineering-based model (the MARKAL model) and an economics-based model (the energy-oriented input-output model). It would allow a comprehensive analysis to examine impacts at a greater level of detail both in the energy and economic sectors.


Chapter 3


Development of Long-term Energy Scenarios 


for Vietnam


3.1 Introduction


As discussed in the chapter 2, most existing energy studies on Vietnam have focused on individual energy issues and have generally ignored cross-sectoral and cross-thematic issues that may arise from the energy sector evolution. In addition, the research framework employed by these studies is not suitable for examining the economy-wide impacts of energy options. Consequently, the results of these studies are not appropriate for long-term energy planning and energy policy analyses. In order to overcome these problems, this research proposes a scenario-based approach in combination with an energy optimization model (to examine impacts on the energy sector) and an energy-oriented input-output model, to assess economy-wide impacts of the energy options. 


In this chapter, three long-term energy scenarios, representing the most likely energy pathways for Vietnam, are developed around five key drivers that could shape the future development of country’s energy system. In addition, two extra energy scenarios are developed in order to separate the impacts of energy activities from those caused by the economic activities, so that the economy-wide impacts of energy options could be comprehensively examined. 


This chapter is divided into three sections. Section 3.2 is the scenario development, which includes an overview of the scenario development process, a discussion on key scenario variables in the Vietnamese context, and a specification of alternative energy scenarios. The main features of these scenarios are summarized in Section 3.3. 


3.2 Scenario development


3.2.1 Overview


The scenario development process generally involves developing a set of alternative storylines around a set of assumptions. These assumptions are developed by taking into account various drivers that envision how the future might unfold. The scenarios are then modelled quantitatively to examine their impacts on energy, economy and the environment. In fact, the methods used for constructing scenarios vary, depending on the questions under analysis. The methodology recommended by Schwartz in The Art of the Long View involves 6 steps: one, defining a focal issue; two, listing important forces in the environment; three, evaluating forces by importance and uncertainty; four, selecting scenario logic; five, developing scenarios around uncertainties; and six, analyzing and evaluating the implications of the scenarios (Schwartz 1992). The IPCC (2000), has employed the following steps for developing scenarios: one, review of existing global and regional emissions scenarios from the published literature; two, analysis of the range of the scenarios' main characteristics, their inter-relationships, and their "driving forces" (such as population, economic development, energy consumption, rates of technological change and GHG emissions); three, formulation of narrative "storylines" to describe the main scenario characteristics, the development of quantitative prototype scenarios; four, quantifying storylines with different modelling approaches; and five, an "open" process that involves feedback from modelling groups and experts worldwide, followed by the IPCC expert and government reviews that were coordinated by four review editors (IPCC 2000). The scenario development process recommended by the UK Foresight Program on Environmental Future includes three steps: one, identifying the key drivers that will influence how future might unfold; two, determining variables that are important for investigating issues; three, description of the scenarios based on key drivers and variables that are identified in the previous steps (UK Foresight Program 2008).

In this research, energy scenarios for Vietnam are developed through a three step process. One, five key variables which are important from the policy viewpoint and which could influence the future development of the energy systems and policies in Vietnam are identified. Two, alternative scenarios are constructed by developing logically consistent set of assumptions about these variables as a set of policy constraints. Finally, the descriptions of the alternative energy scenario are provided for modelling purpose. The energy scenario development process for Vietnam is presented in detail below.


3.2.2 Identification of key scenario’s variables


In order to develop policies that are capable of redressing the energy challenges facing Vietnam, including ensuring security of energy supply for socio-economic development and protecting environment, there is a need to examine the impacts of alternative energy strategies and policies. For this purpose, five key variables are selected in this research. They are: energy diversity, energy import dependency, advanced technologies, socio-political and economic factors and CO2 emissions. This selection is based on their appropriateness in terms of dealing with the above noted challenges. Further detail on these variables is provided below.


Energy diversity. The diversity of energy supply mix is likely to be one of the most important issues for Vietnam, especially in the context of rapidly increasing energy demand to support the country’s socio-economic development in a backdrop of vulnerable energy supply sources.  Energy diversity has been identified by the Government of Vietnam as an issue of strategic importance (see, for example, the National Energy Policy (MOIT 2005a)). Currently, the primary energy mix in the country is dominated by two types of fossil fuels, namely, coal and petroleum products. They collectively accounted for more than 70% of total primary energy demand in the year 2005, of which coal accounted for 30% and petroleum products, 44% (IEA 2008b). The scenarios in this research assume that diversifying the energy supply mix, away from these two energy sources, will become vital in order to reduce the risk associated with an overwhelming dependence on these two energy sources. For example, over-reliance on coal, which although is an indigenous energy resource, could cause a big problem, particularly if a global reduction of CO2 emissions become imperative in the future. And significant dependence on oil could constitute a high risk because its supply is highly vulnerable due mainly to geo-political conflicts in the major oil exporting regions, e.g., the Middle East. The diversification of fuels would be even more important for electricity generation where coal and oil-based electricity currently account for nearly 25% of total generation-mix (IE 2007a). These two fuels are coincidently also major sources of CO2 emissions. In 2005, for example, CO2 emissions generated by coal and oil-fired power plants accounted for nearly 30% of total CO2 emitted by the country (IEA 2009). Fuel diversification, in the scenarios in this research, is not confined just to fossil fuels, such as coal and oil, but also includes new and renewable energy sources, through their use in power generation (PV, wind, biomass, geo-thermal and nuclear), household applications (biogas and solar water heating) and transportation (CNG, ethanol and methanol). This offers more options for energy use and allows a competition among fuels and technologies in order to determine an optimum energy solution for the country. 


Energy import dependency. The urgency of reducing the dependency on imported fuels, such as petroleum products at present, and coal in the near future, is another important factor that is likely to shape the future energy pathways of Vietnam. Oil products have remained a major component of energy demand in the country, mainly because of its use in the transport sector. In 2005, for example, oil products accounted for 54% of total commercial energy demand. Although, Vietnam is currently an oil exporting country, it still depends heavily on imported petroleum products because the first refinery in Dung Quat, in the central province Quang Ngai, with a capacity of 6.5 mn tons per year, commissioned in early 2009, is able to meet only 30% of the country’s demand for petroleum products. Therefore, Vietnam has a plan to build two more refineries. The second plant in Nghi Son, Thanh Hoa province, with a capacity of 8.4 mn tons per year, is scheduled for commissioning in the year 2013. The third refinery in Long son, located in the southern province Ba Ria-Vung Tau, with a capacity of 10 mn tons per year, is scheduled to operate by 2014. It is expected that these three refineries, when operating at their full capacities, will be able to meet the country’s entire demands for petroleum products. However, Vietnam has limited indigenous oil reserves that are expected to run out in the next ten years (PVN 2010). Vietnam is, therefore, likely to become a net oil importer within a decade. In addition, the country could be exposed to supply and price volatility of the world oil markets as the recent experience has demonstrated. Therefore, reducing dependency on imported oil is vital for Vietnam. Several measures are currently being considered by the Vietnamese government to reduce oil import dependency. These include the promotion of investment in oil exploration, and the application of energy efficiency and conservation programs to improve energy savings, for example, introduction of new transport fuels (such as CNG, ethanol and methanol) and new vehicles with high fuel economy (IE 2008).


In the case of coal, it is expected that Vietnam will, within the next few years, have to import coal for power generation due to limited indigenous coal reserves. In the Red river delta, there are copious reserves of coal but large scale mining can not be implemented in the near future because of the level of investment that will be needed for underground mining technologies. Moreover, any mining activity there is likely to be opposed by some on the grounds that it will adversely impact food security as this area is a second largest rice production centre of the country. Consequently, over the next 10 years, Vietnam is expected to import about 10 mn tons of coal for power generation (IE 2007a). This will lead to increased electricity prices because the price of domestic coal that at present is still regulated by the Government, and hence is generally lower than the world coal prices. The question of how much the electricity price will be affected by coal import has been analyzed by a current study, carried-out by the Institute of Energy, Vietnam. But how to reduce coal import dependency in the future still remains unclear. So, it is necessary to examine what options, for example, nuclear, renewable, highly efficient technologies or electricity import could be used to reduce dependence on imported coal.


Advanced technologies.  Technology in general, and energy technologies in particular, can play an important role in improving energy efficiency and hence enhance energy security and reduce negative impacts on the environment. At present, due to the prevalence of relatively antiquated technologies in the conversion and end-use sectors, energy efficiency in Vietnam is rather low. For example, in 2005, the country’s primary energy intensity was 0.6 kgOE/$ – about 1.5 and 3 times higher than those of Thailand and the OECD average, respectively (IEA 2008a). As a result, significant amounts of energy resources are being wasted and more damage is being caused to the environment. It is, therefore, worth  examining how advanced technologies, for example, power generation technologies (IGCC, PV and wind) and end-use technologies, such as transport (Hybrid, Hydrogen and Bio-fuel) and metal processing (Direct Reduction of Iron in steel production) technologies could contribute to enhancing energy security and reducing the rate of growth of GHG emissions. 


Social, political and economic factors. This is an issue of energy choices. The energy choice reflects predominantly personal decisions made through market or collective decisions by the government and the public at large. The attitudes of the government and public opinion on questions, such as energy supply security and environmental impacts, will significantly influence the development of future energy systems. Personal choices that reflect value, environment and lifestyles will also be influential and will be reflected in patterns of energy consumption. For example, how the society becomes environmentally conscious and begins to accept more efficient and environmentally friendly appliances, such as solar water heater and hybrid vehicles, would influence the evolution of the energy system, including the introduction of new and renewable energy technologies in power generation, to reduce fossil fuels consumption and CO2 emissions. In addition, other factors, such as growth of GDP and population, rural electrification and urbanization will also impact the patterns of energy consumption. The accessibility and affordability of energy, especially for the low-income people in the poor developing countries like Vietnam are critical factors in energy policy formulation. All these factors will, therefore, play a role in defining energy futures for Vietnam.


CO2 emissions. Climate change caused by CO2 emissions that are mostly generated from energy activities has become a major global issue. Vietnam is currently one of the lowest per capita emitters of CO2 emissions. For example, in 2007, the country’s CO2 emissions per capita were 1.07 tons - approximately 25% of the world average (IEA 2009). However, with the high economic growth target for the next decades, the CO2 emissions are expected to grow rapidly as Vietnam industrializes and the economy utilizes more carbon intensive fuels substituting traditional fuels such as biomass and agriculture residues. On average, the CO2 emissions in Vietnam are projected to increase at an annual rate of 8.5%, and could reach 400 mn tons by 2025. Major polluters are energy, industry and transport sectors, collectively accounting for more than 85% of total CO2 emissions (JICA 2008). Thus, there is a pressing need for examining the impacts of energy activities on the environment, especially in the context of emerging issue of global warming caused by GHG emissions. Any serious consideration of this issue will inevitably impact the uptake of alternative technologies, such as nuclear and renewable, or alternative ways, for example, energy savings through improved energy efficiency, to reduce CO2 emissions.


3.2.3 Scenarios construction

Three key scenarios are developed in this research. The five scenario’s variables discussed above (section 3.3) constitute the key drivers that define the boundaries of these scenarios. These scenarios, in fact, represent the most likely alternative energy pathways for Vietnam. The Base Scenario or Business As Usual scenario reflects a continuation of the current trends in the Vietnam’s energy sector, typified by low economic development, low level of commitments to climate-friendly-energy production and few technological breakthroughs. The other two scenarios, namely, the Moderate and Advanced, represent contexts where clean energy and energy efficiency play a greater role in addressing challenges faced by the energy sector, such as dependency on imported energy, low energy efficiency and environmental pollution caused by energy activities. The extent to which the key variables may influence scenario outcomes defines these scenarios (see Fig. 3.1). Further, the five variables have been characterized in this research in term of three main indicators, namely, economy, energy and environment.
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Fig. 3.1: Key scenario variables


The socio-economic indicator, which includes economic and population growth rates, corresponding to the Base, Moderate and Advanced scenarios, are taken from the recent study “Economic Development Forecast, serving study on Energy Development for the period up to 2050” by a group of experts in Vietnam. The results of this study are also used as assumptions for some recent studies, such as, The Sixth Master Plan for Power Development (IE, 2007a) and A study on National Energy Master Plan (JICA, 2008). Specifically, the average economic growth rates during the period 2000-2050 for the Base, Moderate and Advanced scenario are 6.0, 6.5 and 7.5%, respectively. Details of the socio-economic indicator for each scenario are also shown in the tables 3.1 to 3.3 below.


The energy indicator consists of energy resources, conversion and end-use which are specified in terms of percentages of energy savings, shares of new and renewable energy-based electricity production and alternative fuels in road transport, penetration of advanced technologies in both supply and demand sides, for example IGCC in generation, DRI in iron and steel industry, and hybrid vehicles for road transport, etc. The end-use energy demands differ across the scenarios, depending on economic growth and energy strategies for each scenario. Therefore, the end-use energy demands for the Base, MOD and ADV scenarios are separately forecasted, using the energy intensity model to reflect the Vietnamese Government’s strategies on economic development and energy efficiency for the period 2000-2050.


The environmental indicator, in this research, is CO2 emission limits. The CO2 emission limit is specified for each scenario, reflecting the level of commitment to environmental protection, from low in the Base scenario to medium and high in the Moderate and Advanced scenarios, respectively. In order to identify a specific limit of CO2 emissions for each scenario, this research assumes that in the future, when Vietnam reaches an advanced stage of the industrialization by 2020, as planned, the country is expected to comply with the conditions specified in the Kyoto Protocol for OECD countries.  


 In order to examine the economy-wide impacts of energy options, there is a need to separate the impacts of energy activities from those of economic activities. For this purpose, two extra scenarios are developed. The first such scenario reflects a context where while the economic growth is the same as the MOD scenario (6.5% per year, over the study period 2000-2050), other conditions are the same as in the case of Base scenario. This scenario is called MODNO scenario. Similarly, the second extra scenario, is characterized by the same economic growth as the ADV scenario (7.5% per year, over the period 2000-2050), and other conditions are the same as the Base scenario. This scenario is named ADVNO scenario. Further detail in these scenarios is provided in the discussion that follows. 


3.2.4 Scenarios description


a) Base Scenario

Overview: The Base scenario reflects the situation in which both, the levels of commitments to climate-friendly-energy production, economic development and technological breakthroughs are low. This scenario represents a continuation of the current trends in economic and energy policies without any major change taking place. This scenario is characterized by no restriction on fossil fuels use in power generation and industries, and no specific commitment to limit on CO2 emissions. Followings are some main characteristics of this scenario (see Table 3.1 below).


Socio-economic conditions: Economic factors play an important role in energy sector development. Not only the end-use energy demand, but environmental protection and investment in energy-related technologies are dependent on economic development. Despite the high economic growth rate of 7.5% experienced by Vietnam over the period 2000-2007, the country is still categorized as underdeveloped, with GDP per capita of around $800. This is about one third of the neighbouring country, Thailand (IEA 2008a). Therefore, promoting economic growth has become an issue of highest priority in the nation’s development strategies. The main bottleneck for achieving high economic growth and energy provision is lack of resources, especially investment capital. This also precludes the development of a cleaner and more efficient energy system. This explains why the current levels of commitments to climate-friendly-energy production and technological breakthroughs in Vietnam are low, on both the supply and demand sides. This scenario assumes that the Vietnam’s economic growth rate will be 6.0% per annum for the period 2000-2050. This is a minimum growth rate required to create enough jobs for 1 mn people likely to be added to the workforce every year (MPI, 2006). 

Table 3.1: Major Features of the Base scenario


		1. Socio-economic Indicators


		2000-2005

		2006-2010

		2011-2020

		2021-2030

		2031-2040

		2041-2050

		2006-2050



		    1.1 GDP growth (%)

		7.5

		6.2

		7.0

		7.0

		6.5

		5.0

		6.0



		   Industry

		9.4

		8.0

		8.5

		8.5

		7.0

		6.0

		7.6



		   Agriculture

		2.8

		3.5

		3.0

		2.5

		2.0

		2.0

		2.5



		   Service

		8.4

		5.5

		6.5

		6.0

		6.5

		3.4

		5.6



		    1.2 Population Growth (%)

		1.4

		1.2

		1.1

		1.0

		0.9

		0.7

		1.0



		2. Energy indicators


		



		     2.1 Energy Resources

		· No restriction on fossil fuel use in electricity generation and industries


· Specific commitment for renewable energy development with 2.5 % and 5% share of renewable energy in primary energy mix by the year 2025 and 2050
.


· No attempt to promote alternative fuels in transport sector


· No immediate concern about increasing oil dependency



		    2.2 Electricity Generation

		· No restriction on coal-based generation 


· Specific target to promote renewable-based generation:  Share of renewable-based electricity will be 3% and 7% of total generation mix by 2025 and 2050, respectively. 



		    2.3 End-use

		



		   Industry

		· Technologies for cement and steel production  remain at present state


· Specific policies to promote energy efficiency: Reduce 3% and 8% of total energy consumption by this sector by 2025 and 2050, respectively.



		   Residential &


   Commercial

		· No promotion of solar water heaters 


· Specific policies to promote energy efficiency: 3% and 8% of total energy consumption by these sectors by 2025 and 2050, respectively.



		   Transport

		· No specific policies to promote alternative fuels and technologies in the transport sector



		3. Environment


    

		· No restriction on CO2 emissions





This assumption is broadly in accord with the assumption in most recent energy studies and the country’s situation. For example, in the Sixth Master Plan for Power Development (IE, 2007a), the assumed economic growth rate for the period 2000-2050 is 6.33%, and in the study on National Energy Master Plan (JICA 2008), this assumed rate is 6% per annum for the period 2005-2025.


Energy resources: In this scenario, Vietnam is expected to face no constraint on fossil fuel use including coal, oil and gas to meet its energy needs, particularly for electricity generation. In 2007, fossil fuels accounted for 95% of total commercial primary energy supply (IEA 2008b). This scenario assumes that fossil fuels will maintain this share in the years to come. The flexibility of fossil fuels supply mix is supported by the availability of indigenous resources (3.88 bn tons of coal in the north and 600 bn cubic meters of gas in the south (IE 2007a)), imported sources (coal from Australia and Indonesia, gas from ASEAN through ASEAN Trans Gas Pipeline Project and oil from Middle East), no specific commitment on the use of other cleaner energy sources and the absent of specific policy target on restriction of CO2 emissions. The country would also face no immediate urgency to reduce consumption of oil products which would continue to be an important fuel, mainly for use in the transport sector. This would lead to an increase in dependency on imported oil because of the country’s limited oil reserves that will be depleted within 15 years. For the renewable energy, this scenario assumes that share of this fuel in total primary energy mix would follow the Master Plan for Renewable Energy Development which is 2.5% and 5% by 2025 and 2050, respectively (IE 2009).


Energy conversion sector. In this scenario, the conversion sector is assumed to follow the current trends which are characterized by fossil fuel dominance, and low energy efficiency. In regard to fossil fuel dominance, due to no restriction on fossil fuels use, the share of coal in the generation mix would increase higher than the current share of 20.5% (IE, 2007). The lack of policies on promoting clean generation technologies would make new clean coal technologies, such as, the integrated Gasification Combined Cycle (IGCC), less competitive compared to the conventional ones. Therefore, these technologies would enter the power generation late. Gas and hydro are attractive generation sources in terms of lower CO2 emissions per unit of electricity produced but due to limited indigenous reserves, their shares in total generation mix are expected to decrease to lower than the current share of 25% in the planning period. The shares of renewable energy, such as wind and solar in generation mix is also expected to be small, about 3% and 7% of total generation mix by the year 2025 and 2050, respectively, as also specified in the Master Plan for Renewable Energy Development for the period 2005-2025 (IE, 2008a). Such a low share is due to the fact that the unit cost of investment in the renewable-based power plants is higher than the fossil-based power plants. According to the results of a recent study carried out by a group of IEA experts, at 10% discount rate, the levelized construction costs of the coal-fired and gas fired-plants are 30 and $19 per MWh, respectively while those of the wind-based and solar-based plants are 60 and $90 per MWh. Nuclear energy is also expected to be introduced from 2020, in order to improve the national energy security, especially power supply. In terms of energy savings, it is expected that energy efficiency and conservation measures would help save 3% and 8% of total energy consumption by 2025 and 2050, respectively, as specified by the Government Decree 102 (MOIT 2003). 


End-use energy sectors. End-use energy sectors in Vietnam include agriculture, industry, transport, commercial and residential.  The energy consumption and CO2 emission patterns in each sector are dependent on its structure and technologies employed. In the residential sector, for example, energy consumption also depends on living standards and life styles. Further, the administrative framework for implementing energy efficiency and conservation policy is not appropriate energy consumption in end-use sectors is expected to remain high, due to the prevalence of energy intensive technologies, especially in the fast growing sub-sectors like industry and transport. In addition, the residential sector also becomes a big energy consumer which is driven by the growth of per capita income and the improvement of energy access.   This scenario assumes that the end-use sectors would contribute to savings of 3% and 8% of total energy consumption by 2025 and 2050, respectively, as specified in the Government Decree 102. 


Agriculture sector: Energy is used in this sector mainly for cultivation activities (such as irrigation and soil preparation), fishery (both, off-shore fishing and aquaculture), and post-harvest processing.  According to the long-term socio-economic forecasts, over the study period 2000-2050, while the GDP of the agriculture sector is expected to grow at around 3% annually, its share in total GDP will decrease from 21% in 2005 to 4.7% by the year 2050 (JICA 2008). Therefore, despite increased mechanization of agricultural activities, the growth rate of energy consumption by this sector is expected to remain low at 2.1% per annum, over the study period 2000-2050. 


Industry sector: Industry is the largest energy consumer in Vietnam, accounting for 46.7% of total commercial energy consumption in the year 2005 (JICA, 2008). Much of the consumption is in the energy intensive industries, including building materials, metal, paper, chemical, etc, which are characterized by old and inefficient technologies. In addition, due to no limit on the use of fossil fuels, and lack of appropriate policies on the promotion of renewable energy and energy efficiency, coal, oil and electricity would continue to be major energy sources for this sector. These, together with the Government’s ambitious goal of industrialization by the year 2020, would make industry’s share in total final energy consumption rather high, as compared with other sectors. It is, therefore, assumed that the growth rate of energy consumption by this sector would be high to meet the high growth rate of this sector at 7.6% per annum, over the study period 2000-2050.

Transport sector: Transport sector is the second largest energy consumer in Vietnam, accounting for 29.6% of total commercial energy consumption in the year 2005 (JICA, 2008). It is expected that this trend, which is driven by increased economic activities and improvement in living standards, would continue and in the absent of adequate policies such as, restriction of CO2 emissions and promotion of energy efficiency, the transport sector (mainly road transport) would continue to rely on petroleum-based technologies, such as diesel and gasoline vehicles. As a result, this sector would consume a large amount of fossil fuels and become one of the biggest CO2 emitters during the planning period. This scenario assumes that over the study period 2000-2050, the energy consumption by this sector would grow at the rate of 5.5% per annum.


Residential and Commercial sectors: Energy consumption in the residential sector is driven by the improvement in living standards, changes in lifestyle, increased access to modern energy through urbanization and rural electrification. Therefore, structure of energy consumption by this sector would in the direction that increases share of commercial energy. It is expected that, over the study period 2000-2050, the energy consumed by this sector would growth at 3% per annum.


For the commercial sector, energy consumption is expected to grow at a high rate, in parallel with economic growth, throughout the study period. Coal, oil and electricity would still be the major energy resources in this sector but the growth rate of electricity consumption is expected to increase sharply while those of coal and oil are decreasing. This would lead to a change in ratio of electricity and other fossil fuels consumption of this sector from 33/62 to 65/35, over the study period. This scenario assumes that the energy consumption by the commercial sector would grow at 5.1% per annum, over the period 2000-2050.


GHG emissions. This scenario assumes that Vietnam would face no pressure to reduce CO2 emissions. This assumption is supported by the fact that presently, the country’s CO2 emissions per capita is low, which is 1.07 tons and equal to 0.25% of the world average in 2007 (IEA 2009). Moreover, the economic growth target for poverty reduction is more important than the environmental protection.


b) MOD Scenario

Overview. The MOD scenario represents the situation where there is a moderate level of commitments to climate-friendly-energy production, economic development and technological breakthroughs. The scenario is constructed to reflect a future in which there would be a moderate level of urgency to promote energy diversity, energy efficiency and renewable energy, to reduce fossil fuel consumption and to limit CO2 emissions. This could result from several possibilities, such as emerging issue of security of energy supply for economic growth and pressure from international community (for example, Kyoto Protocol and Bali Agreement) and public opinion on environmental protection due to new scientific evidences on climate change and pollution from energy activities. This scenario expects some initiatives to be taken to shift from the current state of high carbon intensive fuels to a mix with higher share of new and renewable energy. Also there would be a moderate level of advanced and energy efficient technologies employed in both conversion and end-use sector. Major characteristics of the MOD scenario are summarized in the Table 3.2 below.


Socio-economic conditions: This scenario assumes that the average annual economic growth rate of the MOD scenario for the planning period 2000-2050 is 6.5%, slightly higher than the Base scenario. Major differences here are: (1) the change in economic structure with more emphasis on the service sector in the MOD scenario compared to the Base scenario. It is indicated by the fact that the service sector in the MOD scenario is expected to grow at 6.8% per annual while the average annual growth rate of the service sector in the Base scenario is 5.6%; and (2) the change in direction towards cleaner energy, more energy efficiency and energy diversity as indicated in the following sections. This assumption is made in order to examine how technical measures and economic structure would be able to affect energy pathways of Vietnam.


Table 3.2: Major Features of the MOD scenario


		1. Socio-economic Indicators


		2000-2005

		2006-2010

		2011-2020

		2021-2030

		2031-2040

		2041-2050

		2006-2050



		    1.1 GDP growth (%)

		7.5

		7.6

		7.2

		7.0

		6.5

		5.0

		6.5



		   Industry

		9.4

		10.0

		8.2

		7.5

		6.5

		5.1

		7.8



		   Agriculture

		2.8

		3.0

		3.0

		2.5

		2.0

		1.8

		2.4



		   Service

		8.4

		7.2

		7.3

		7.3

		7.1

		5.2

		6.8



		    1.2 Population growth (%)

		1.4

		1.2

		1.1

		1.0

		0.9

		0.7

		1.0



		2. Energy indicators

		



		    2.1 Energy Resources

		· Moderate use of renewable energy. Share of renewable energy in total primary energy mix would be 5% and 10% by 2025 and 2050, respectively


· Moderate promotion of alternative fuels in transport sector. Bio-fuels and CNG would account for 5% of total fuel consumed by road transport vehicles from 2015


· Specific policies towards reducing fossil fuels use. Overall 5% and 10% of total fossil fuels in this scenario would be saved for by 2025 and 2050, respectively




		    2.2 Electricity Generation

		· Share of renewable energy in total electricity generation would be 5% and 10% by 2025 and 2050, respectively




		    2.3 End-use

		



		          Industry

		· Advanced technologies, such as Dry method for cement production, and DRI and EAF for steel making would be promoted to reduce fossil energy consumption by 5% and 10% by 2025 and 2050 , respectively




		          Residential &


          Commercial

		· New technologies for water heating and lighting, such as solar water heaters and fluorescent lamps, are encouraged to use to reduce fossil energy consumption in these sectors by 5% and 10% by 2025 and 2050, respectively




		          Transport

		· Alternative fuels and technologies, such as, bio-fuels and CNG are used in the transport sector to reduce oil dependency and CO2 emissions. This scenario assumes that from the year 2015 onwards bio-fuels and CNG would account for 5% of total fuel consumed by road transport vehicles
. 



		3. Environmental 




		· CO2 carbon emissions would be limited at the 1990 Kyoto level
.





Energy resources. This scenario assumes that due to the concern for scarce resources of fossil fuels, environmental degradation and imported oil dependency, the government would have policies to promote new and renewable energy.  Shares of the new and renewable energy would be increased in the conversion and end-use sectors as these types of energy and technologies would become more competitive with the conventional ones. For example: solar and wind would be used to produce electricity and alternative fuels, such as CNG, LPG, Hydrogen and Bio-fuels would be utilized in the transport sector in order to reduce CO2 emissions and fossil fuel consumption. It is expected that total fossil energy consumption of this scenario would be reduced by 5% and 10% by 2025 and 2050, respectively as a result of increasing renewable energy to 5% and 10% of total energy consumption in the same period and share of alternative fuels in road transport to 5% from 2015.


Energy conversion sector. This scenario assumes that, due to urgent need for power supply security and growing concern about pollution from generation, renewable energy would be encouraged to play an increased role in the electricity industry. It is expected that power generation from renewable energy would account for 5% and 10% of total electricity production by 2025 and 2050, respectively.  New generation technologies with high energy efficiency and low CO2 emissions, such as IGCC and CCGT would also be introduced earlier, as compared to BAU to replace the old coal-fired plants. In addition, nuclear energy is expected to have an important share in the generation mix. It is expected that the new and renewable energy, in combination with high efficient fossil-based generation technologies, would contribute to reducing 5% and 10% of total fossil energy consumption by this sector by 2025 and 2050, respectively.


End-use energy sectors. In this scenario, the end-use sectors are characterized by a moderate level of energy efficiency improvement. Under pressure from energy resources constraints and public opinion on environmental protection, substitution of fuels to improve energy efficiency and reduce CO2 emissions is promoted. This scenario assumes that fossil fuel consumption by these sectors would be reduced by 5% and 10% by 2025 and 2050, respectively. 

Agriculture sector:  This sector is expected to experience a significant change due to the ongoing industrialization process. The rate of mechanization in cultivation and processing is expected to increase but at the same time, there would be a decrease in the cultivation area as a result of urbanization and development of industrial zones. The energy demand of this sector, therefore, is assumed to remain at a low level in the total final energy requirements. This, together with the improvement in energy efficiency of the agricultural machines, would make the growth of energy consumption by this sector low - 2%, over the period 2000-2050.


Industry sector: The industry sector accounts for largest share in the country’s GDP (46%) and highest annual growth rate in terms of sectoral income (7.8%), over the period 2000-2050 (IE 2007a). This sector is also characterized by high energy intensity technologies, such as steel and cement industries. As a result, the industry sector is the biggest energy consumer, which accounted for more than 46.7% of total commercial energy consumption in 2005 (JICA, 2008). Therefore, this sector would have a high potential for energy savings, especially in the high energy intensive industries like building materials, metal, paper and chemical. It is expected that the old and low energy efficient technologies would be gradually replaced by the new technologies with higher energy efficiency. For examples, in the cement industry, there would be a shift from the Wet technology to Dry technology and in the steel industry the Direct Reduce Iron method would replace the current Blast Furnace and Basic Oxygen Furnace. In addition, the DSM program would also play a role in energy saving. It is expected that the energy consumption by this sector would grow at 7.5% per annum, over the period 2000-2050.


Transport sector: Despite the dominance of petroleum-base technologies in transport, the number of vehicles driven by alternative fuels such as CNG, LPG, methanol, ethanol and hydrogen is expected to increase as a result of government’s policies and public opinion on clean energy to protect the environment. This scenario assumes that alternatives fuels, such as CNG and bio-fuels would account for 5% of total energy consumed by the transport sector from 2015 onwards. Besides, new technologies, such as, electronic fuel injection control and hybrid technology would also make the vehicles more fuel efficient. As a result, the energy consumption by this sector would be reduced by 5% and 10% for the period 2015-2025 and 2026-2050, respectively.


Residential and Commercial sectors: In the face of increased economic activities and improved access to modern energy, the shares of energy consumed by the residential and commercial sectors are expected to decrease in total final energy requirements due to the relatively increased energy demand of the industry and transport sectors. It is expected that the residential and commercial sectors in this scenario would witness improvements in energy efficiency in space heating and cooling, water heating, lighting and refrigeration. In addition, the substitution of energy types in cooking and lighting would also help reduce costs and CO2 emissions of these sectors. This scenario assumes that energy consumption by the residential and commercial sectors would grow at annual rates of 3.1% and 5.9%, respectively, over the period 2000-2050.


GHG Emissions. This scenario assumes that under the pressure from international community and public opinion on environmental issues, especially global warming, the Government of Vietnam would have policies to encourage mitigation of CO2 emissions. This would be supported by economic development and technical break-through. It is expected that by the application of combined measures, such as energy savings and increased share of renewable energy in generation over the planning period 2000-2050, the CO2 emissions emitted by the energy-related activities in Vietnam would be limited at the 1990’s Kyoto level set for the developed countries. This assumption can be justified on the following grounds. At present, Vietnam is ranked as the lowest per capita CO2 emitter with 1 ton of CO2 per person in 2005, equal to 25% of the world average and like other developing countries, Vietnam is not required to follow the Kyoto protocol. However, Vietnam has an ambitious plan to become an industrialized country by 2020. In order to realize this plan, the Government has set a high economic growth target, meaning that more energy is needed and as a result more CO2 would be produced. According to the recent forecasts, by the year 2025, about 400 mn tons of CO2 emissions would be emitted by all energy-related economic activities in Vietnam which is equal to 5 times as compared to the present amount or 8.5% per  annum (JICA 2008). Therefore, it is critical for Vietnam to reduce CO2 emissions from energy activities. This research assumes that Vietnam would become an industrial country by 2020 and that the country will be subjected to the Kyoto protocol limits. 


c) ADV scenario

Overview. The ADV scenario reflects the situation where levels of commitments to climate-friendly-energy production, economic development and technological breakthrough are higher than the MOD scenario. Therefore, this scenario is developed to represent a future in which there would be a higher level of urgency to increase diversity of energy supply mix, to reduce dependency on imported energy, to promote the use of advanced technologies and to lower CO2 emissions even further than the Moderate scenario. The scenario assumes that under the international pressure resulted from international commitments, for example Kyoto Protocol and Bali Agreement, and strong public opinions driven by change in people’s consciousness towards environmentally-friendly energy, the Government of Vietnam would support to shift the fossil-dominated fuel mix towards cleaner fuels, such as renewable energy and bio-fuels. Also, there would be more restrictions on high energy intensive technologies, for example, old coal-fired plants and coal-based metal production technologies, to improve energy efficiency and reduce CO2 emissions. Major characteristics of this scenario are summarized in the Table 3.3 below.


Socio-economic conditions: The assumption of this scenario is that Vietnam would achieve a big progress in socio-economic development which is characterized by the annual economic growth rate of 7.5% over the study period 2000-2050. This assumption is made under the Government view to catch up the current per capita GDP of some neighbouring countries, such as Thailand and Malaysia by the year 2020. The high economic growth would lead to higher energy demand and more CO2 emissions. However, this would also create a good condition for advancing energy-related technologies, and hence meeting high demand for better living environment. 


Energy resources. This scenario assumes that, the government would pay more attention on security of energy supply and environmental protection. As a result, the energy supply would move towards cleaner and more diversified energy mix with higher share of the new and renewable energy compared to the MOD scenario. It is expected that the renewable energy would account for 10% and 15% in total primary energy mix by 2025 and 2050, respectively and at the same time, fossil fuel consumption in this scenario would be reduced by 10 and 15%, respectively.


Energy conversion sector. This scenario assumes that the power sector would be under higher pressure of producing more electricity with less CO2 emission in comparison with the Base and MOD scenarios to meet electricity demand and environmental requirements. Due to limited indigenous reserves of gas and hydro, the share of electricity generated from these resources would not be increased. 

Table 3.3:  Major Features of the ADV scenario


		1. Socio-economic Indicators


		2000-2005

		2006-2010

		2011-2020

		2021-2030

		2031-2040

		2041-2050

		2006-2050



		    1.1 GDP growth (%)

		7.5

		8.5

		8.5

		8.0

		7.0

		6.3

		7.5



		   Industry

		9.4

		11.0

		10.0

		8.5

		7.0

		6.0

		8.2



		   Agriculture

		2.6

		3.5

		3.0

		2.5

		2.0

		2.0

		2.5



		   Service

		8.4

		8.0

		8.4

		8.3

		7.5

		6.9

		7.8



		    1.2 Population growth (%)

		1.4

		1.2

		1.1

		1.0

		0.9

		0.7

		1.0



		2. Energy indicators

		



		    2.1 Energy Resources

		· Greater use of renewable energy compared to the Moderate scenario. Share of renewable energy in total primary energy mix would be 10% and 15% by 2025 and 2050, respectively


· Higher promotion on alternative fuels in transport sector. Bio-fuels and CNG would account for 10% of total fuel consumed by road transport vehicles from 2015 onwards.

· Specific policies towards reducing fossil fuels use. Overall 10% and 15% of total fossil fuels in this scenario would be reduced for by 2025 and 2050, respectively 
 



		    2.2 Electricity  Generation

		· Share of renewable-based electricity  in total generation mix would be 10% and 15% by 2025 and 2050, respectively




		    2.3 End-use

		



		          Industry

		· Advanced technologies, such as Dry method for cement production and DRI and EAF for steel making would be promoted to reduce energy consumption by 10% and 15% by 2025 and 2050, respectively




		          Residential &


          Commercial

		· New technologies for water heating and lighting, such as solar water heaters and fluorescent lamps, are encouraged to use to reduce energy consumption in these sectors by 10% and 15% by 2025 and 2050, respectively




		          Transport

		· Alternative fuels and advanced technologies, such as, bio-fuels and hybrid car are used in the transport sector to reduce oil dependency and CO2 emissions. This scenario assumes that alternative fuels, such as, bio-fuels and CNG would account for 10% of total fuel consumed by road transport vehicle from 2015
.



		3. Environmental 




		· CO2 carbon emissions would be limited at the 1990 Kyoto level
.





With the entry of clean coal technologies, such as IGCC and carbon capture and sequestration, coal would play important role in power generation and account for large share in total electricity production. In addition, with government’s policy on promotion of new and renewable energy, the solar and wind-based electricity generation would become competitive compared to fossil-based ones. It is expected that share of renewable-based electricity would account for 10% and 15% of total electricity generation mix, by 2025 and 2050, respectively.


End-use energy sectors. In order to achieve higher economic growth, these sectors would consume more energy compared to the Base and MOD scenario. To tackle issues associated with increased energy demand, for examples, security of energy supply and CO2 emissions, it is expected that there would be remarkable changes in technologies employed and energy diversity across end-use sectors, including agriculture, industry, transport, and residential and commercial sectors. These changes, this scenario assumes that, would lead to energy savings of 10% and 15% of total fossil fuel consumption by these sectors, by 2025 and 2050, respectively. Followings are descriptions of major changes in the end-use sectors.


Agriculture sector: Similar to the MOD scenario, the energy consumption of this sector is expected to be low in comparison with other sectors, such as industry and transport because the share of the agriculture sector in the total country’s GDP is small, only 4.7% (IE 2007a). This, together with the improvement in energy efficiency of the agricultural machines would make the growth rate of energy consumption by this sector low. This scenario assumes that the energy demand of this sector would grow at annual rate of 2.0%, over the period 2000-2050. 


Industry sector: According to the socio-economic conditions of this scenario, the industry sector would have the highest annual growth rate (8.2%) and also account for the largest share in the country’s GDP (46%) over the period 2000-2050 (IE, 2007a). This sector is characterized by high energy intensive technologies employed, such as material and chemical industries. Therefore, it would have a high potential for energy saving and CO2 emissions reduction through technological break-through and good management practices. It is expected that new technologies, which are high energy efficient would replace the old ones with low energy efficiency. For examples, shares of new technologies, such as DRI in steel making and Dry method in Cement production would be higher compared to the MOD scenario. This would lead to higher rate of energy savings and CO2 reduction. This scenario assumes that the total fossil fuel consumption by this sector would be reduced by 10% and 15% for the periods, 2015-2025 and 2026-2050, respectively. As a result, the energy demand of this sector would grow at the annual rate of 7.9%.


Transport sector: This scenario assumes that transportation would shift towards more energy efficient and environmentally-friendly direction. It is expected that shares of the alternative fuels, such as CNG, methanol, ethanol and hydrogen would be higher than the MOD scenario. This scenario assumes that the alternative fuels would account for 10% of total fuel consumption by the road transport from 2015 towards the end of the planning period 2050. Besides, the fuel economy of the vehicles would be remarkably improved due to advanced engine technologies, for example, the application of electronic control in fuel injection and ignition system. This would lead to reduction in fossil fuel consumption by this sector by 10% and 15% for the periods 2015-2025 and 2026-2050, respectively. As a result, the energy consumption by this sector would grow at annual rate of 7.2%, over the period 2000-2050.


Residential and Commercial sectors: This scenario assumes that people would become more aware of the importance of environmental protection. They would prefer more efficient energy appliances (refrigerators, TV and fluorescent lamps) and environmentally sound technologies (solar hot water heater and roof top PV). This would lead to more energy savings and less CO2 emissions. It is expected that energy savings would 10% and 15% of total energy consumption by these sectors for the periods 2015-2025 and 2026-2050, respectively. As a result, the energy demand of these two sectors would grow at annual rate of 3.6% and 6.6%, respectively, over the period 2000-2050. 


GHG Emissions. In this scenario, more CO2 emissions would be produced as a result of more energy needed for higher economic growth rate of 7.5% compared with 6% and 6.5% for the Base and MOD scenarios, respectively (IE 2007a). Under the increasing pressure from the public opinions and the international community on environmental protection, particularly the climate change caused by CO2 emissions, this scenario assumes that the government would set target for CO2 emissions reduction. This would create a good chance for application advanced technologies because the clean and efficient energy technologies, for example, IGCC would become more competitive with the conventional ones. It is expected that the CO2 emissions would be kept at the level of 1990’s Kyoto protocol which is set for developed countries, over the period 2000-2050. The same justification for the MOD scenario is applied in this scenario.


d) MODNO scenario


Overview. The MODNO scenario reflects the situation in which the economic growth is the same as the MOD scenarios but the level of commitments to climate-friendly-energy production, energy efficiency and technological breakthroughs are low as the Base scenario. The scenario represents a continuation of the current trends in energy policies without any major change taking place. This scenario is characterized by no restriction on fossil fuels use in power generation and industries, no specific commitment to limit on CO2 emissions. The main characteristics of this scenario are summarized in the Table 3.4 below.


Socio-economic conditions: The average annual economic growth rate of the MODNO scenario for the planning period 2000-2050 is 6.5%, slightly higher than the Base scenario. Major differences here are: (1) the change in economic structure with more emphasis on the service sector in the MODNO scenario, compared with the Base scenario. It is indicated by the fact that the service sector in the MODNO scenario is expected to grow at 6.8% per annual while the average annual growth rate of the service sector in the Base scenario is 5.6%; and (2) the change in direction towards cleaner energy, more energy efficiency and energy diversity as indicated in the following sections. This assumption is made in order to examine how technical measures and economic structure would be able to affect energy pathways of Vietnam.


Energy resources: In this scenario, Vietnam is expected to face no constraint on fossil fuel use including coal, oil and gas to meet its energy needs, particularly for electricity generation. In 2007, fossil fuels accounted for 95% of total commercial primary energy supply (IEA 2008). This scenario assumes that fossil fuels will maintain this share in the years to come. The flexibility of fossil fuels supply mix is supported by the availability of indigenous resources (3.88 bn tons of coal in the north and 600 bn cubic meters of gas in the south), imported sources (coal from Australia and Indonesia, gas from ASEAN through ASEAN Trans Gas Pipeline Project and oil from Middle East), no specific commitment on the use of other cleaner energy sources and the absent of specific policy target on restriction of CO2 emissions.

Table 3.4: Major Features of the MODNO scenario


		1. Socio-economic Indicators


		2000-2005

		2006-2010

		2011-2020

		2021-2030

		2031-2040

		2041-2050

		2006-2050



		    1.1 GDP growth rate (%)

		7.5

		7.6

		7.2

		7.0

		6.5

		5.0

		6.5



		   Industry

		9.4

		10.0

		8.2

		7.5

		6.5

		5.1

		7.8



		   Agriculture

		2.8

		3.0

		3.0

		2.5

		2.0

		1.8

		2.4



		   Service

		8.4

		7.2

		7.3

		7.3

		7.1

		5.2

		6.8



		    1.2 Population Growth (%)

		1.4

		1.2

		1.1

		1.0

		0.9

		0.7

		1.0



		2. Energy indicators


		



		     2.1Energy Resources

		· No restriction on fossil fuel use in electricity generation and industries


· Specific commitment on renewable energy development with 2.5 % and 5% of renewable energy in total primary energy mix by the year 2025 and 2050, respectively.


· No attempt to promote alternative fuels in transport sector


· No immediate concern about reducing oil dependency


· Reduction of energy consumption by 3% and 8% by 2025 and 2050, respectively
.



		    2.2 Electricity Generation

		· No restriction on coal-based generation 


· Specific target to promote renewable-based generation to 3% and 7% by the years 2025 and 2050, respectively 



		    2.3 End-use

		



		   Industry

		· Technologies for cement and steel production  remain at present state


· Specific policies to promote energy efficiency: Reduce 3% and 8% energy consumed by this sector by 2025 and 2050, respectively.



		          Residential & 


          Commercial

		· No promotion on solar water heaters 


· Specific policies to promote energy efficiency: Reduce energy consumption by these sectors to 3% and 8% by 2025 and 2050, respectively.



		          Transport

		· No specific policies to promote alternative fuels and technologies in the transport sector



		3. Environment


    

		· No restriction on CO2 emissions





The country would also face no immediate urgency to reduce consumption of oil products which would continue to be an important fuel, mainly for use in the transport sector. This would lead to an increase in dependency on imported oil because of the country’s limited oil reserves that will be depleted within 15 years. This scenario assumes that share of renewable energy would account for 2.5% and 5% of total primary energy mix by 2025 and 2050, respectively, as indicated in the Master Plan for Renewable Energy Development.


Energy conversion sector. In this scenario, the conversion sector is assumed to follow the current trends which are characterized by fossil fuel dominance, and low energy efficiency. In regard to fossil fuel dominance, due to no restriction on fossil fuels use, the share of coal in the generation mix would increase higher than the current share of 20.5% (IE, 2007). The lack of policies on promoting clean generation technologies would make new clean coal technologies, such as, the integrated Gasification Combined Cycle (IGCC), less competitive compared to the conventional ones. Therefore, these technologies would enter the power generation late. Gas and hydro are attractive generation sources in terms of lower CO2 emissions per unit of electricity produced but due to limited indigenous reserves, their shares in total generation mix are expected to decrease to lower than the current share of 25% in the planning period. The shares of renewable energy, such as wind and solar in generation mix is also expected to be small, about 3% and 7% of total generation by the year 2025 and 2050, respectively, as also specified in the Master Plan for Renewable Energy Development (IE, 2008). Such a low share is due to the fact that the unit cost of investment in the renewable-based power plants is higher than the fossil-based power plants. According to the results of a recent study carried out by a group of IEA experts, at 10% discount rate, the levelised construction costs of the coal-fired and gas fired-plants are 30 and $19 per MWh, respectively while those of the wind-based and solar-based plants are 60 and $90 per MWh (IEA 2005). Nuclear energy is also expected to be introduced from 2020, in order to improve the national energy security, especially power supply. In terms of energy savings, it is expected that energy efficiency and conservation measures would help save 3% and 8% of total fossil energy consumption by 2025 and 2050, respectively, as specified by the Government Decree 102. 


End-use energy sectors. End-use energy sectors in Vietnam include agriculture, industry, transport, commercial and residential.  The energy consumption and CO2 emission patterns in each sector are dependent on its structure and technologies employed. In the residential sector, for example, energy consumption also depends on living standards and life styles. Further, the administrative framework for implementing energy efficiency and conservation policy is not appropriate energy consumption in end-use sectors is expected to remain high, due to the prevalence of energy intensive technologies, especially in the fast growing sub-sectors like industry and transport. In addition, the residential sector also becomes a big energy consumer which is driven by the growth of per capita income and the improvement of energy access.   This scenario assumes that the end-use sectors would contribute to savings of 3% and 8% of total fossil energy consumption by 2025 and 2050, respectively, as specified in the Government Decree 102. 


Agriculture sector: Energy is used in this sector mainly for cultivation activities (such as irrigation and soil preparation), fishery (both, off-shore fishing and aquaculture), and post-harvest processing.  According to the long-term socio-economic forecasts, over the study period 2000-2050, while the GDP of the agriculture sector is expected to grow at around 3% annually, its share in total GDP will decrease from 21% in 2005 to 4.7% by the year 2050. Therefore, despite increased mechanization of agricultural activities, the growth rate of energy consumption by this sector is expected to remain low at 2.1% per annum, over the study period 2000-2050. 


Industry sector: Industry is the largest energy consumer in Vietnam, accounting for 46.7% of total commercial energy consumption in the year 2005 (JICA, 2008). Much of the consumption is in the energy intensive industries, including building materials, metal, paper, chemical, etc, which are characterized by old and inefficient technologies. In addition, due to no limit on the use of fossil fuels, and lack of appropriate policies on the promotion of renewable energy and energy efficiency, coal, oil and electricity would continue to be major energy sources for this sector. These, together with the Government’s ambitious goal of industrialization by the year 2020, would make industry’s share in total final energy consumption rather high, as compared with other sectors. It is, therefore, assumed that the growth rate of energy consumption by this sector would be high to meet the high growth rate of this sector at 7.5% per annum, over the study period 2000-2050.


Transport sector: Transport sector is the second largest energy consumer in Vietnam, accounting for 29.6% of total commercial energy consumption in the year 2005 (JICA, 2008). It is expected that this trend, which is driven by increased economic activities and improvement in living standards, would continue and in the absent of adequate policies such as, restriction of CO2 emissions and promotion of energy efficiency, the transport sector (mainly road transport) would continue to rely on petroleum-based technologies, such as diesel and gasoline vehicles. As a result, this sector would consume a large amount of fossil fuels and become one of the biggest CO2 emitters during the planning period. This scenario assumes that over the study period 2000-2050, the energy consumption by this sector would grow at the rate of 5.5% per annum.


Residential and Commercial sectors: Energy consumption in the residential sector is driven by the improvement in living standards, changes in lifestyle, increased access to modern energy through urbanization and rural electrification. Therefore, structure of energy consumption by this sector would in the direction that increases share of commercial energy. It is expected that, over the study period 2000-2050, the energy consumed by this sector would growth at 3% per annum.


For the commercial sector, energy consumption is expected to grow at a high rate, in parallel with economic growth, throughout the study period. Coal, oil and electricity would still be the major energy resources in this sector but the growth rate of electricity consumption is expected to increase sharply while those of coal and oil are decreasing. This would lead to a change in ratio of electricity and other fossil fuels consumption of this sector from 33/62 to 65/35, over the study period. This scenario assumes that the energy consumption by the commercial sector would grow at 5.1% per annum, over the period 2000-2050.


GHG emissions. This scenario assumes that Vietnam would face no pressure to reduce CO2 emissions. This assumption is supported by the fact that presently, the country’s CO2 emissions per capita is low, which is 1.07 tons and equal to 0.25% of the world average. Moreover, the economic growth target for poverty reduction is more important than the environmental protection.


e) ADVNO scenario

Overview. The ADVNO scenario reflects the situation in which the economic growth is the same as the ADV scenarios but the level of commitments to climate-friendly-energy production, energy efficiency and technological breakthroughs are low as the Base scenario.  The scenario represents a continuation of the current trends in energy policies without any major change taking place. This scenario is characterized by no restriction on fossil fuels use in power generation and industries, no specific commitment to limit on CO2 emissions. The main characteristics of this scenario are summarized in the Table 3.5 below.


Table 3.5: Major Features of the ADVNO scenario


		1. Socio-economic Indicators


		2000-2005

		2006-2010

		2011-2020

		2021-2030

		2031-2040

		2041-2050

		2006-2050



		    1.1 GDP growth (%)

		7.5

		8.5

		8.5

		8.0

		7.0

		6.3

		7.5



		   Industry

		9.4

		11.0

		10.0

		8.5

		7.0

		6.0

		8.2



		   Agriculture

		2.6

		3.5

		3.0

		2.5

		2.0

		2.0

		2.5



		   Service

		8.4

		8.0

		8.4

		8.3

		7.5

		6.9

		7.8



		    1.2 Population Growth (%)

		1.4

		1.2

		1.1

		1.0

		0.9

		0.7

		1.0



		2. Energy indicators


		



		     2.1Energy Resources

		· No restriction on fossil fuel use in electricity generation and industries


· Specific commitment on renewable energy development with 2.5 % and 5% of renewable energy in total primary energy mix by the year 2025 and 2050, respectively.


· No attempt to promote alternative fuels in transport sector


· No immediate concern about reducing oil dependency


· Reduction of fossil energy consumption by 3% and 8% by 2025 and 2050, respectively
.



		    2.2 Electricity Generation

		· No restriction on coal-based generation 


· Specific target to promote renewable-based generation to 3% and 7% by the years  2025 and 2050, respectively 



		    2.3 End-use

		



		          Industry

		· Technologies for cement and steel production  remain at present state


· Specific policies to promote energy efficiency with 3% and 8% energy consumed by this sector by 2025 and 2050, respectively.



		          Residential &


          Commercial

		· No promotion on solar water heaters 


· Specific policies on reduction of energy consumption by these sectors to 3% and 8% by 2025 and 2050, respectively.



		          Transport

		· No specific policies to promote alternative fuels and technologies in the transport sector



		3. Environment


    

		· No restriction on CO2 emissions





Socio-economic conditions: The assumption of this scenario is that Vietnam would achieve a big progress in socio-economic development which is characterized by the annual economic growth rate of 7.5% over the study period 2000-2050. This assumption is made under the Government view to catch up the current per capita GDP of some neighbouring countries, such as Thailand and Malaysia by the year 2020. The high economic growth would lead to higher energy demand and more CO2 emissions. However, this would also create a good condition for advancing energy-related technologies, and hence meeting high demand for better living environment. 


Energy resources: In this scenario, Vietnam is expected to face no constraint on fossil fuel use including coal, oil and gas to meet its energy needs, particularly for electricity generation. In 2007, fossil fuels accounted for 95% of total commercial primary energy supply (IEA 2008b). This scenario assumes that fossil fuels will maintain this share in the years to come. The flexibility of fossil fuels supply mix is supported by the availability of indigenous resources (3.88 bn tons of coal in the north and 600 bn cubic meters of gas in the south), imported sources (coal from Australia and Indonesia, gas from ASEAN through ASEAN Trans Gas Pipeline Project and oil from Middle East), no specific commitment on the use of other cleaner energy sources and the absent of specific policy target on restriction of CO2 emissions. The country would also face no immediate urgency to reduce consumption of oil products which would continue to be an important fuel, mainly for use in the transport sector. This would lead to an increase in dependency on imported oil because of the country’s limited oil reserves that will be depleted within 15 years. This scenario assumes that the share of renewable energy in total primary energy mix would be 2.5% and 5% by 2025 and 2050, respectively, as indicated in the Master Plan for Renewable Energy Development.

Energy conversion sector. In this scenario, the conversion sector is assumed to follow the current trends which are characterized by fossil fuel dominance, and low energy efficiency. In regard to fossil fuel dominance, due to no restriction on fossil fuels use, the share of coal in the generation mix would increase higher than the current rate of 20.5% (IE, 2007). The lack of policies on the promotion of clean generation technologies would make new clean coal technologies, such as, the integrated Gasification Combined Cycle (IGCC), less competitive compared to the conventional ones. Therefore, these technologies would enter the power generation late. Gas and hydro are attractive generation sources in terms of lower CO2 emissions per unit of electricity produced but due to limited indigenous reserves, their shares in total generation mix are expected to decrease to lower than current rate of 25% in the planning period. The shares of renewable energy, such as wind and solar in generation mix is also expected to be small, about 3% and 7% of total generation by the year 2025 and 2050, respectively as also specified in the Master Plan for Renewable Energy Development (IE, 2008). Such a low share is due to the fact that the unit cost of investment in the renewable-based power plants is higher than the fossil-based power plants. According to the results of recent study carried out by a group of IEA experts, at 10% discount rate, the levelized construction costs of the coal-fired and gas fired-plants are 30 and $19 per MWh, respectively while those of the wind-based and solar-based plants are 60 and $90 per MWh (IEA 2005). Nuclear energy is also expected to be introduced from 2020, in order to improve the national energy security, especially power supply. In terms of energy savings, it is expected that the energy efficiency and conservation measures would help save 3% and 8% of total energy consumption by 2025 and 2050, respectively, as specified in the Government Decree 102 (MOIT 2003). 


End-use energy sectors. End-use energy sectors in Vietnam include agriculture, industry, transport, commercial and residential.  The energy consumption and CO2 emissions patterns in each sector are dependent on its structure and technologies employed. In the residential sector, for example, energy consumption also depends on living standards and life styles. Further, the administrative framework for implementing energy efficiency and conservation policy is not appropriate energy consumption in end-use sectors is expected to remain high, due to the prevalence of energy intensive technologies, especially in the fast growing sub-sectors like industry and transport. In addition, the residential sector also becomes a big energy consumer which is driven by the growth of per capita income and the improvement of energy access.   This scenario assumes that the end-use sectors would contribute to a saving of 3% and 8% of total fossil energy consumption by 2025 and 2050, respectively, as specified in the Government Decree 102 (MOIT 2003). 


Agriculture sector: Energy is used in this sector mainly for cultivation activities (such as irrigation and soil preparation), fishery (both, off-shore fishing and aquaculture), and post-harvest processing.  According to the long-term socio-economic forecasts, over the study period 2000-2050, while the GDP of the agriculture sector is expected to grow at around 3% annually, its share in total GDP will decrease from 21% in 2005 to 4.7% by the year 2050. Therefore, despite increased mechanization of agricultural activities, the growth rate of energy consumption by this sector is expected to remain low at 2.1% per annum, over the study period 2000-2050. 


Industry sector: Industry is the largest energy consumer in Vietnam, accounting for 46.7% of total commercial energy consumption in the year 2005 (JICA, 2008). Much of the consumption is in the energy intensive industries, including building materials, metal, paper, chemical, etc, which are characterized by old and inefficient technologies. In addition, due to no limit on the use of fossil fuels, and lack of appropriate policies on the promotion of renewable energy and energy efficiency, coal, oil and electricity would continue to be major energy sources for this sector. These, together with the Government’s ambitious goal of industrialization by the year 2020, would make industry’s share in total final energy consumption rather high, as compared with other sectors. It is, therefore, assumed that the growth rate of energy consumption by this sector would be high to meet the high growth rate of this sector at 7.5% per annum, over the study period 2000-2050.


Transport sector: Transport sector is the second largest energy consumer in Vietnam, accounting for 29.6% of total commercial energy consumption in the year 2005 (JICA, 2008). It is expected that this trend, which is driven by increased economic activities and improvement in living standards, would continue and in the absent of adequate policies such as, restriction of CO2 emissions and promotion of energy efficiency, the transport sector (mainly road transport) would continue to rely on petroleum-based technologies, such as diesel and gasoline vehicles. As a result, this sector would consume a large amount of fossil fuels and become one of the biggest CO2 emitters during the planning period. This scenario assumes that over the study period 2000-2050, the energy consumption by this sector would grow at the rate of 5.5% per annum.


Residential and Commercial sectors: Energy consumption in the residential sector is driven by improvement in living standards, changes in lifestyle, increased access to modern energy through urbanization and rural electrification. Therefore, structure of energy consumption by this sector would in the direction that increases share of commercial energy. It is expected that, over the study period 2000-2050, the energy consumed by this sector would growth at 3% per annum.


For the commercial sector, energy consumption is expected to grow at a high rate, in parallel with economic growth, throughout the study period. Coal, oil and electricity would still be the major energy resources in this sector but the growth rate of electricity consumption is expected to increase sharply while those of coal and oil are decreasing. This would lead to a change in ratio of electricity and other fossil fuels consumption of this sector from 33/62 to 65/35, over the study period. This scenario assumes that the energy consumption by the commercial sector would grow at 5.1% per annum, over the period 2000-2050.


GHG emissions. This scenario assumes that Vietnam would face no pressure to reduce CO2 emissions. This assumption is supported by the fact that presently, the country’s CO2 emissions per capita is low, which is 0.97 tons and equal to 0.23% of the world average. Moreover, the economic growth target for poverty reduction is more important than the environmental protection.


3.3 Summary


In section 3.2 three key scenarios, namely Base, MOD and ADV, have been developed to reflect future energy pathways of Vietnam. These scenarios are developed by taking into consideration of five scenario drivers, which are likely to influence future development of the energy sector. In addition, two extra scenarios are also developed in order to serve the analysis of economy-wide impacts of the energy options. The key features of five scenarios are provided in the table 3.6 below.


The Base Scenario represents a continuation of the current trends in economic and energy policies without any major change taking place. The scenario reflects the situation in which the levels of commitments to climate-friendly-energy production, economic development and technological breakthroughs are low. This scenario is characterized by no restriction on fossil fuels use in power generation and industries, no specific commitment to limit on CO2 emissions.


The Moderate scenario is characterized by a future in which there would be a moderate level of urgency to promote energy diversity and energy efficiency, and to reduce imported energy dependency and CO2 emissions. This scenario expects some initiatives to be taken to shift from the current state of high carbon intensive fuels to the mix with higher share of new and renewable energy. Also there would be a moderate level of application of advanced and energy efficient technologies in both conversion and end-use sectors. As a result, the fossil fuel consumption would reduce by 5 and 10% for the period 2015-2025 and 2026-2050, respectively and CO2 emissions would be limited at the 1990’s Kyoto Protocol level.


The Advanced scenario represents a future in which there would be a higher level of urgency to increase the diversity of energy supply, to reduce dependency on imported energy, to promote the use of advanced technologies and to lower CO2 emissions even further than the Moderate scenario. This scenario assumes that under international pressures and strong public opinion, the government would introduce policies to shift faster the fossil-dominated fuel mix towards cleaner fuels, such as renewable energy and bio-fuels. Also, there would be stricter restrictions on high energy intensive technologies to improve energy efficiency and reduce CO2 emissions. Consequently, there would be more energy savings and more CO2 emissions reduction. It is expected that 10 and 15% of the fossil fuels consumption by this scenario would be saved for the periods 2015-2025 and 2026-2050, respectively and CO2 emissions would be kept at the Kyoto Protocol level for the whole planning period.


The MODNO and ADVNO scenarios are developed with the aim to separate the impacts of economic activities and energy activities so that the economy-wide impacts of energy options could be examined, using an energy-oriented input-output analysis. In developing these scenarios, it is assumed that the economic growth rates of the MODNO and ADVNO scenarios are the same as those of the MOD and ADV scenarios, respectively. In terms of energy strategies, these scenarios represent a continuation of the current trends in energy policies without any major change taking place. The scenarios reflect the situation in which the levels of commitments to climate-friendly-energy production, energy efficiency and technological breakthroughs are low as in the case of Base scenario. These scenarios are characterized by no restriction on fossil fuels use in power generation and industries, and no specific commitment to limit CO2 emissions.


Table 3.6: Key Scenarios Features


		Indicators

		Base

		MOD

		ADV

		MODNO

		ADVNO



		1. Socio-economic

		

		

		

		

		



		    1.1 GDP Growth (%)

		6.0

		6.5

		7.5

		6.5

		7.5



		          Industry

		7.6

		7.8

		8.2

		7.8

		8.2



		          Agriculture

		2.5

		2.4

		2.5

		2.4

		2.5



		          Services

		5.6

		6.8

		7.8

		6.8

		7.8



		    1.2 Population Growth (%)

		1.0

		1.0

		1.0

		1.0

		1.0



		2. Energy

		Follow the current trends

		Move to cleaner fuels and more efficient use of energy compared with the Base scenario

		Move to cleaner fuels and more efficient use of energy compared with the Base scenario

		Follow the current trends

		Follow the current trends



		     2.1 Energy resources

		· No restriction on fossil fuel use


· No attempt to promote alternative fuels


· No intermediate concern about increasing energy import


· Renewable energy in total energy mix: 2.5% and 5% by 2025 and 2050, respectively

		· Reduction of fossil fuel: 5% and 10% by 2025 and 2050, respectively


· Alternative fuels in road transport: 5% from 2015 onwards.


· Renewable energy in total energy mix: 5% and 10% by 2025 and 2050, respectively

		· Reduction of fossil fuel: 10% and 15% by 2025 and 2050, respectively


· Alternative fuels in road transport: 10% from 2015 onwards.


· Renewable energy in total energy mix: 10% and 15% by 2025 and 2050, respectively

		· No restriction on fossil fuel use


· No attempt to promote alternative fuels


· No intermediate concern about increasing energy import


· Renewable energy in total energy mix: 2.5% and 5% by 2025 and 2050, respectively

		· No restriction on fossil fuel use


· No attempt to promote alternative fuels


· No intermediate concern about increasing energy import


· Renewable energy in total energy mix: 2.5% and 5% by 2025 and 2050, respectively



		     2.2 Electricity generation

		· No restriction on coal-based generation


· No promotion of advanced generation technologies 


· Share of renewable energy in generation mix:3% and 7% by  2025 and 2050, respectively

		· Promotion of advanced generation technologies, such as IGCC.


· Share of renewable energy in generation mix: 5% and 10% by 2025 and 2050, respectively

		· Promotion of advanced generation technologies, such as IGCC.


· Share of renewable energy in generation mix: 10% and 15% by 2025 and 2050, respectively

		· No restriction on coal-based generation


· No promotion of advanced generation technologies 


· Share of renewable energy in generation mix:3% and 7% by  2025 and 2050, respectively

		· No restriction on coal-based generation


· No promotion of advanced generation technologies 


· Share of renewable energy in generation mix:3% and 7% by  2025 and 2050, respectively





Table 3.6: Key Scenarios Features (Continued)


		Indicators

		Base

		MOD

		ADV

		MODNO

		ADVNO



		     2.3 End-use 

		

		

		

		

		



		            Industry

		· No promotion of low energy intensive technologies. 


· Reduce energy consumption by industrial sector by 3% and 8% by 2025 and 2050, respectively

		· Promotion of low energy intensive technologies, such as DRI.


· Reduce energy consumption by industrial sector by 5% and 10% by 2025 and 2050, respectively

		· Promotion of low energy intensive technologies, such as DRI.


· Reduce energy consumption by industrial sector by 10% and 15% by 2025 and 2050, respectively

		· No promotion of low energy intensive technologies. 


· Reduce energy consumption by industrial sector by 3% and 8% by 2025 and 2050, respectively

		· No promotion of low energy intensive technologies. 


· Reduce energy consumption by industrial sector by 3% and 8% by 2025 and 2050, respectively



		            Residential & 


            Commercial

		· No promotion of solar hot water heaters


· Reduce energy consumption by industrial sector by 3% and 8% by 2025 and 2050, respectively

		· Promotion of solar hot water heaters


· Reduce energy consumption by industrial sector by 5% and 10% by 2025 and 2050, respectively

		· Promotion of solar hot water heaters


· Reduce energy consumption by industrial sector by 10% and 15% by 2025 and 2050, respectively

		· No promotion of solar hot water heaters


· Reduce energy consumption by industrial sector by 3% and 8% by 2025 and 2050, respectively

		· No promotion of solar hot water heaters


· Reduce energy consumption by industrial sector by 3% and 8% by 2025 and 2050, respectively



		            Transport

		· No promotion on alternative fuels and advanced technologies in transport sector


· Reduce energy consumption by industrial sector by 3% and 8% by 2025 and 2050, respectively

		· Promotion on alternative fuels and advanced technologies in transport sector: 5% of alternative fuels in road transport from 2015 onwards; 5% and 10% of hybrid car by 2025 and 2050, respectively.


· Reduce energy consumption by transport sector by 5% and 10% by 2025 and 2050, respectively

		· Promotion on alternative fuels and advanced technologies in transport sector: 10% of alternative fuels in road transport from 2015 onwards; 10% and 15% of hybrid car by 2025 and 2050, respectively.


· Reduce energy consumption by industrial sector by 10% and 15% by 2025 and 2050, respectively

		· No promotion on alternative fuels and advanced technologies in transport sector


· Reduce energy consumption by industrial sector by 3% and 8% by 2025 and 2050, respectively

		· No promotion on alternative fuels and advanced technologies in transport sector


· Reduce energy consumption by industrial sector by 3% and 8% by 2025 and 2050, respectively



		3. Environment

		· No restriction on CO2 emissions 

		· Reduce CO2 emissions to the Kyoto level

		· Reduce CO2 emissions to the Kyoto level

		· No restriction on CO2 emissions 

		· No restriction on CO2 emissions 





Chapter 4


Evaluation of Energy Impacts of Scenarios


4.1. Introduction


In the previous chapter, three scenarios were created, taking into account key drivers that are likely to shape the future development of the energy system in Vietnam. The objectives of this chapter are to quantitatively model these scenarios and to examine their long-terms impacts on the country’s energy sector, in terms of primary energy supply mix, electricity supply and generation technology mix and GHG emissions. An energy optimisation model - the MARKAL model, is employed in this research to model the scenarios and to conduct these assessments. This framework allows the complex energy system to be represented in a coherent way with all key segments of the energy system taken into account. Through this framework, impacts of various levels of end-use demands under a specified set of policy constraints are also examined.


This chapter is structured as follows: The next three sections (Sections 4.2 to 4.4) explain the quantitative modelling process adopted in this research. It includes an overview of the MARKAL model, Model set-up and MARKAL database for Vietnam, and a detailed description of various components of the Reference Energy System (RES). Section 4.5 presents a discussion on scenario results. The final section (Section 4.6) summarises the main findings of this chapter.


4.2. The MARKAL Model

This section provides a broad sketch of the MARKAL model. A detailed mathematical description of the objective function and constraints in the MARKAL model is provided in Appendix 1. A more comprehensive description of MARKAL in terms of attributes, sets, variables and equations of the system could be found in Fishbone et al. (1981), Fishbone et al. (1983) and Loubou et al. (2004).


The MARKAL (MARKet ALocation) model is a dynamic linear programming model. It is an energy/environmental planning model, developed by the International Energy Agency (IEA), in the late 1970s (Fishbone & Abilock 1981). This model seeks to determine a feasible solution for an energy system at which equilibrium (optimality) is reached in every stage of the energy system – at the levels of primary energy, secondary energy and energy services. At the optimum level, the model selects energy carriers and technologies that produce a least-cost solution subject to a variety of constraints. The MARKAL solution is obtained by using a linear programming optimizer that finds the minimum objective function value while simultaneously satisfying all constraints that have been specified. Some of the underlying principles central to the MARKAL equilibrium include the following: outputs of a technology are a linear function of its inputs; total economic surplus is maximised over the entire time horizon; and energy markets are competitive with perfect foresight.


A generic representation of MARKAL modelling system employed in this research is shown in Figure 4.1. The model consists of four main components – energy topology and organisation, numerical database, mathematical structure and scenarios and strategies. The first component, called “energy system topology and organisation” represents the energy system of a country as a net-work, connecting various components of the system, for example, energy resources, process technologies, conversion technologies, demand technologies and end-uses. This representation is called the Reference Energy System (RES), and is in Figure 4.2. Each component in the RES contains a large number of technologies that need to be described in terms of their technical and economic parameters.
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Figure 4.1: Components in MARKAL Energy System (Source: Adapted from International Resources Group (2001))
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The second component represents the parameters of the model, in the form of time series data which are needed for energy analysis. This component is called the “numerical database”. The time series data are also needed for user-defined constraints, such as, carbon tax or share of renewable energy in total energy supply imposed for a certain period of time. The third component, namely, “mathematical structure”, converts input data and user defined constraints into linear programming-based mathematical equations and inequalities and then solves them to find a feasible solution. This component is handled by the GAMS model. The final component is “scenarios and strategies” that involves construction of scenarios within the model as required (for example, Base scenario, Energy savings and Renewable scenario, etc.). These scenarios differ from each other in terms of assumptions on technical parameters and constraints imposed to reflect specified policy objectives.


The MARKAL model is a demand-driven model. This means that the end-use demands need to be specified exogenously, and they must be satisfied for all time periods in order to have a feasible solution. The end-use demands are represented in terms of different tasks of the end-users, for example, energy demand for cooking and lighting (in PJ and lumen) by the residential sector, demand for transportation (in bn. passenger-km and bn. tons-km), demand for steel and cement production (in bn. tons). Each type of demand is satisfied by one or many types of end-use devices (for example, electric or gas heater, bus or car, alternative steel production technologies). 


In a mathematical form, the MARKAL can be represented as (Fishbone & Abilock 1981):


Objective function:


Minimize Z = ∑cjXi

Subject to: ∑aijXi ≥ bj and Xi ≥ 0


Where, Z is the objective function that represents the total discounted cost of the energy system for the entire study period. The coefficients “cj” in the objective function and “aij” and “bj” in the constraints are known as system parameters. They represent, for example, unit cost of technologies (such as, investment cost of power plant in $/kW), price of energy carriers (in $/PJ), and end-use demands (for example, space heating demand in PJ). “Xi” refers to unknown quantities which are computed by the model. They include, for example, capacity of technologies (power plant in MW), amount of energy flows (coal, electricity in PJ), etc.


The model minimizes the total discounted cost of the energy system while satisfying a number of specified constraints. The total cost of the energy system consists of the cost of technologies (for example, investment cost, fixed cost and variable cost of power plants, refineries, heaters, appliances), cost of energy resources (coal, oil, and gas, etc.), cost of energy imports (petroleum products and gas, etc.), cost of emissions (for example, carbon tax), less salvage value and export revenue. In minimizing total cost, the model choses a mix of fuels (mined or imported), process and demand technologies, by taking into account their costs of installation and operation over the optimization period.


The constraints that the model must meet while minimizing total cost include:


- Energy service demand constraints: the model must satisfy end-use service demands, which are given exogenously for each time period.


- Capacity constraints: the available capacity at any period is the sum of the residual capacities (that is, the capacity already existing before the start of optimization period) plus new installed capacities still within its lifetime.


- Capacity use constraints: the activity in each technology must not exceed the availability of that technology which depends upon the installed capacity and the availability factor.


- Electricity peak constraints: installed capacity of electricity producing technologies must meet peak demand multiplied by a reserve factor.


- Base load constraints: the operation of base load technologies must not fluctuate from day to night in a given season.


- Emissions constraints: the sum of emissions of certain pollutants, for example, CO2, from all emissions sources, such as energy carrier resource activities, production of electricity from power plants, activities of process technologies, and final energy input to demand devices, must not exceed specified limits of total emissions for each time period or cumulative emissions.


- Balance for commodities: In each time period, the production plus import must be at least as much as the amount consumed and exported.


- User defined constraints: In addition to the standard MARKAL constraints discussed above, the user interested in developing reference case projections of energy market behaviour typically introduces many additional linear constraints to express special conditions. User defined constraints may serve many functions in MARKAL. Their general purpose is to constrain the optimization problem in some way to account for factors based either on policy or on market behaviour that affect investment decisions. For example, there may be a user defined constraint limiting investment in new nuclear capacity (regardless of the type of reactor), or dictating that a certain percentage of new electricity generation capacity must be powered by renewable energy sources. In order to facilitate the creation of a new user constraint, MARKAL provides a template for indicating a) the set of variables involved in the constraint, and b) the user-defined coefficients needed in the constraint.


The utilization of the MARKAL model requires a number of software elements to be in place. The Figure 4.3 represents these elements diagrammatically, including: 
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Figure 4.3: Simplified MARKAL software system diagram


- The MARKAL model itself in which data is entered by users about energy supply sources, conversions, demand requirements and utilization technologies;


- An optimizing package which performs the calculations within the MARKAL model that produce least cost solutions. The most widely-used software for this purpose is General Algebraic Modelling System (GAMS) model generator software. There are two versions of the optimizer: MINOS and OSL.


- An interface to the MARKAL model allows user to operate the model easily. Nowadays, ANSWER is an integrated Windows-based system designed specifically for working with MARKAL model that allows the user to manage model input data, initiate model runs, and compare and graph model results.


- A standard operating environment upon which all elements run. Examples in the case of IBM type computers are Windows, DOS or UNIX.


4.3 Model set-up

In order to quantitatively model the scenarios in this research, the model was set up and run in the Windows-based interface of the MARKAL model, known as ANSWER V5 (Version 5) developed by ABARE (2002). The ANSWER interface provides a user friendly platform to handle and analyse the scenarios effectively.


As a first step, a Reference Energy System (RES) for Vietnam was established (see next section for detail). Each component in RES is characterised by certain parameters for which data need to be input. They include, for example, technical parameters (residual capacity, efficiency, life, availability), cost parameters (investment cost per unit, fixed cost and variable cost), and emissions characteristics. Also, various policy constraints (for example, constraints on CO2 emissions, share of renewable energy in power generation and fossil fuel savings) are specified as required by the scenarios. The database for the alternative scenarios (MOD and ADV) uses the general database structure of the Base scenario, with some modifications to reflect constraints.


The Window-based interface, ANSWER V5, translates input data and policy constraints into a linear programming (LP) problem with an objective function and constraints comprising a number of variables. To solve the optimisation problem, the interface uses the solver, GAMS (General Algebraic Modelling System), developed by Alexander Meeraus and Anthony Brooke of the World Bank (Brook,et.al. 1992). The model provides solutions for all time periods (for example, 2000, 2010, 2020, 2030, 2040 and 2050) simultaneously. The model run solves the LP problem – to determine the combination of technologies and fuels that represent the most cost-effective means of satisfying the specified levels of energy services. 


4.4 MARKAL database for Vietnam

The MARKAL database for Vietnam is prepared based on the country’s Reference Energy System (RES). The RES developed in this research represents a network that includes primary energy resources, conversion and process technologies, demand technologies and end-use demand sectors. Energy is extracted at the primary resources level (for example, by mining or import), then undergoes transformation through process and conversion technologies (such as, refineries and power plants) and delivered to the demand technologies (such as, furnace and heater), which finally satisfy end-use services (steel outputs and heating area) as demanded by various economic sectors. Each component in RES is characterised by certain parameters for which data need to be input. They include, for example, technical parameters (residual capacity, efficiency, life, availability), cost parameters (investment cost per unit, fixed cost and variable cost), and emissions characteristics, etc. The RES diagram for Vietnam, developed in this research, is presented in Figure 4.4.


Data for MARKAL model in ANSWER V5 are categorized into 9 groups: global, energy, material, emission, technology, tax/subsidy, stochastic, constraint and trade. Among these groups, material data are used for the Material version of MARKL to model the flow of materials; tax/subsidy data are employed to examine the effects of imposing tax or subsidy on energy (fuel) uses or production; stochastic data are input for version of MARKAL stochastic version of the model; the constraint section stores data related to user-defined constraints; and trade data are used for linking regions in a regional model. Following is some discussion on key aspects of the Vietnam’s MARKAL database.
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Figure 4.4: Vietnam Reference Energy System


4.4.1 Global data

The first requirement of data in MARKAL is global data that includes start year, time horizon, time slices and discount rate. These items are presented in detail below.


Start year

The STARTYRS parameter in MARKAL sets the reference point for discounting relative to the start of the first period.  The first period for the Vietnam database is 2000 (i.e. starts in mid 1997).  A STARTYRS value of 2.5 is used to set the reference point for discounting to 1 Jan 2000.


Time horizon

The Vietnam database has ten 5-year time periods covering 2000 to 2050, with the nominated year being the middle of a five-year period.


Time slices

The time slices for a MARKAL model are chosen to represent variations in the operation of the electricity system as accurately as possible given that only six time slices are available. To give the best fit for the diurnal variation in load, it was decided to base the time slices on a 2 season x 3 diurnal division representation rather than the standard MARKAL 3 seasons x 2 diurnal divisions.  It is possible to treat the time slices in this “unusual” manner but it requires certain features in MARKAL not be used.  The most important is that there can be no maintenance scheduling for electricity generation plant i.e. all unavailability is random. Also, pumped storage is restricted to pumping in the off-peak period and generating in the peak period. Overall though, it is considered that the advantages of using an extra diurnal division outweigh the disadvantages.  Therefore, two seasons – wet and dry – and three diurnal divisions – peak, shoulder (partial peak) and off-peak have been defined as shown in Table 4.1 along with the standard MARKAL time divisions that are assigned to the definitions.  As can be seen, the Intermediate Day and Night divisions are assigned to the partial peak in the wet and dry seasons, respectively.


Table 4.1: Seasonal and diurnal time divisions


		Summary of seasonal and diurnal time definitions



		Time slice


 

		Description


 

		Season

		Regional time



		

		

		From

		To

		From 

		To



		I-D


 

		Partial peak - Wet


 

		May


 

		October


 

		8:00

		17:00



		

		

		

		

		22:00

		24:00



		I-N


 

		Partial peak - Dry


 

		November


 

		April


 

		8:00

		17:00



		

		

		

		

		22:00

		24:00



		S-D

		Peak - Dry

		November

		April

		17:00

		22:00



		S-N

		Off peak - Dry

		November

		April

		0:00

		8:00



		W-D

		Peak - Wet

		May

		October

		17:00

		22:00



		W-N

		Off peak - Wet

		May

		October

		0:00

		8:00





Source: This research

With those assumptions, the fractional time slices for the year (i.e. the fraction of the year falling within each time slice) are shown in Table 4.2.


Table 4.2: Fraction of year in each time slice


		Time slice

		QHR



		I-D

		0.2292



		I-N

		0.2292



		S-D

		0.1042



		S-N

		0.1667



		W-D

		0.1042



		W-N

		0.1667





Source: This research

The figure 4.5 below shows the actual average monthly load curves for Viet Nam Power system with their MARKAL approximation based on the entire year (in practice the MARKAL representation uses two seasons) that were used to determine the best diurnal definitions by visual inspection.


Discount rate

A discount rate of 10% has been assumed for the Vietnam model. This is also the rate typically applied for the assessment of infrastructure projects in Vietnam.
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Figure 4.5: Monthly load curves for Vietnam’s power system


Source: (IE 2007a)


4.4.2 Energy resources

The indigenous primary energy resources considered in the RES include coal, oil, natural gas, hydro, biomass and other renewable sources, such as solar, wind and geothermal. In addition, imports and exports of various energy carriers are allowed. The potential energy resources are presented in Tables 4.3 and 4.4 below.


Table 4.3: Fossil energy resources available in Vietnam 


		Fuel

		Region

		Reserves


(PJ)

		Extraction Cost


($/GJ)



		Hard coal (open cut)

		North

		13,855

		0.72



		Hard coal (underground)

		North

		44,827

		0.92



		Steaming coal (open cut)

		North

		8,714

		0.87



		Steaming coal (underground)

		North

		28,195

		1.13



		Soft coal (open cut)

		North

		1,597

		0.9



		Soft coal (underground)

		North

		5,167

		1.22



		Crude oil

		South

		40,515

		1.4



		Associated gas (Cuu Long)

		South

		1,901

		1.27



		Natural gas (South Con Son)

		South

		8,504

		1.98



		Natural gas (Block B)

		South

		2,043

		2.23



		Natural gas (PM3_CAA)

		South

		2,289

		2.43



		Natural gas (North)

		South

		9,828

		3.12



		Wood supply

		All

		413

		1.04





Sources: PVN (2009b) and MOIT (2005b)


Table 4.4: Renewable energy potential for Vietnam 


		Resource

		Region

		Potential exploitation



		Biomass

		All

		17.180 MTOE/year



		Hydro

		All

		20 GW



		Small Hydro

		All

		4 GW



		Geothermal

		North and Central

		400 MW



		Solar

		All

		44 Bill. TOE/year



		Wind

		All

		22400 MW





Source: IE (2008)

Most of coal mines are located in the north of Vietnam. Coal is mainly supplied to power generation and industry, such as steel and construction material production. In the future, coal still plays an important role in electricity production and the country is expected to import coal to meet the demand of this sector. Especially, when the coal-fired power plants are planned to build in the south where prices of imported coal are equal to domestic coal prices from the north. 


Oil and gas reserves are concentrated in the South of the country. Most of the extracted gas is used for power generation while 30% of mined crude oil would be supplied to the first refinery that will be operated at full capacity of 6.5 mn tons, from last quarter of the year 2009. In the future, with two more refineries to be built Vietnam would meet the domestic demand for petroleum products. However, due to limited oil reserves, it is expected that Vietnam would become a net oil importer in the next decade. In addition, the country also has to import gas products, such as LPG and CNG for residential and transport sector.


In the RES, the new and renewable energy include hydro, biomass, wind, solar, geothermal and nuclear. The use of these energy resources is mainly related to electricity generation and heating, such as cooking and drying, therefore, they are discussed in detail in the next sections. 


4.4.3 End-use energy demand

The objective of this section is to forecast end-use energy demands for Vietnam during the period 2000-2050 to provide input for the energy optimization model - the MARKAL model. Future end-use demands are forecasted at five-year intervals, corresponding to three scenarios – the Base, MOD and ADV scenarios which are summarized in Tables 3.1, 3.2 and 3.3, (Chapter 3). Forecasts of energy demand in Vietnam are made on the basis of six standard consumption sectors, namely, Agriculture, Commercial, Industry, Urban residential, Rural residential, and Transport to better reflect the effects of the change in economic structure and income on energy demand. Within each sector, major end-uses are identified and analyzed separately in order to take the impacts of technical progress and the saturation of demand from each sub-sector into account. End-use demands are projected in terms of their activities or useful energy, using the energy-economic elasticity model. This method is selected because it reflects the relationship between energy consumption and economic activities. Future energy-economic elasticity is forecasted on the basis of:


- historical trends in energy-economic elasticity;

- forecast of GDP and sectoral economic outputs growth rates; and


- assumptions on trends that could affect the demand for energy.


Trends affecting the demands for energy assumed in this study are:


- rapidly growing commercial energy consumptions driven by a rapid pace of economic growth, industrialization, urbanization, rural electrification and improved living conditions.


- fuel substitutions on the demand side that allow competition among fuels and technologies; and

- improved efficiency of energy fuel utilization, particularly in the industrial, residential and transport sectors. 


The detailed projections of end-use energy demands are presented in the Annex 2 of this study. Following is a description of how to make a projection of end-use energy demand for each economic sector and a summary of the projected end-use energy demands for the three scenarios. 


Agriculture 


In Vietnam, agriculture is one of the main (production) activities which involve participation by more than 70% of the population (GSO, 2008b). However, due to poor mechanization, the commercial energy consumed by this sector in the last ten year accounts for barely 3% of the total energy consumption. For example, in the year 2000, the agriculture sector consumed 820 KTOE of which about 400 KTOE was commercial energy while the total end-use energy consumption by all economic sectors was 12200 KTOE (IE, 2007a). In the future, it is expected that the energy consumption by this sector would experience a significant change due to the rural modernization programs, such as mechanization and rural electrification but its share in the total national energy demand will still remain small because according to the socio-economic development plan for the period 2000-2050, the share of the agriculture sector in the country’s GDP would reduce from 20% at present to 5% by the year 2050 (IE, 2007a). The agriculture sector includes three main activities, namely fishing, cultivation and agro-processing.


Fishing The energy requirement for fishing is forecasted based on total fish output and the energy requirements per ton of fish caught. The total fish production is limited by the potential sustainable yield which is around 1.7 mn tons (RIMF 2003). The energy requirements per ton of fish caught for the year 2000 and 2005 were 0.018 and 0.019 PJ/ton, respectively.  It is expected that this figure would remain at the 2008 level – about 0.02PJ/ton for the rest of the study period (IE, 2006). This assumption could be explained by the fact that energy savings from improvement of fuel economy in the boat engine would compensate to more fuel needed per trip as a result of decreased catch rate due to reduction of the fish population.


Cultivation The cultivation activity includes two categories, namely land preparation and irrigation. Basically, the energy demand in this activity depend on the total cultivated land, mechanization rate, share of irrigated land and energy consumption per ha of cultivated land. Total cultivated land is assumed to remain at current level of 8.2 mn ha as Government has applied a strictly control on agriculture land due to the concerns about security of the food supply (GSO 2008c). The rate of mechanization and share of irrigated land are expected to increase over the study period as specified in the Socio-economic development plan for the period 2006-2010 with visions towards 2025 (MPI, 2005). Also, the energy consumption per ha of cultivated land is expected to reduce overtime as a result of improved energy efficiency in combustion engine and electric pump.


Agro-processing The agro-processing activity includes cleaning, drying, packaging and etc. The energy requirement by this activity is expected to experience a significant change in the future as more post-harvest technologies to be employed to enhance value and quality of the agricultural products. The energy-economic elasticity model is employed to project the energy demand for this activity with the assumption that the energy demands would grow in proportion to the growth rate of the agriculture sector output.


Commercial sector 


The energy demands by the commercial sector include demand arising from: lighting, air-conditioning, electrical appliances and thermal use (e.g., hot water and space heating). In order to project energy demand of this sector, an energy-economic elasticity model is used. This model is employed under the assumption that the energy demand by this sector would grow in proportion to the sectoral economic output. Then, the total energy demands by this sector are broken down into four categories, based on historical trends and assumptions on their future shares of energy consumption. 


Industry sector 


In the 5 year socio-economic development plan (2006-2010), industry is identified as the key driver for successful modernization of the Vietnamese economy (MPI 2005). It is expected that the industry sector would experience a significant change, both in terms scale and structure. This would have a substantial impact on energy consumption by this sector. In order to forecast energy requirements by the industry sector for the study period (2000-2050) with all above noted impacts taken into consideration, this sector is divided into 2 major groups of sub-sectors. The first group includes brick, iron and steel, cement and paper industries which are characterized by high energy intensity. In this group, the industrial outputs are projected rather than energy and a variety of demand technologies (depending on assumed scenario), providing different levels of output per unit of input energy are available for MARKAL to select from. Thus, MARKAL will decide the mix of energy inputs and therefore its final energy demand itself. The second group, called “other industries” comprises mostly light industries. The energy demand of this group are modeled as a single entity and projected, using the energy-economic elasticity model.


Brick industry. Brick is one of the major traditional construction materials in Vietnam. The brick output is projected based on the historical trends, construction material development strategy (MOC, 2005), 5-year socio-economic development plan for the period 2006-2010 with visions towards 2025 (MPI, 2005) and assumptions on brick demand beyond 2025. The brick outputs in the years 2000 and 2005 were 9 and 16 bn pieces, respectively, making an annual growth rate of 12%. According to the construction material development strategy for the period 2000-2020, Vietnam would produce 22 and 41 bn pieces of bricks by the year 2010 and 2020, respectively representing a growth of 6.5% per year. Beyond that time, it is expected that the brick output would grow at lower rate (1% per year) to reach 55.5 bn pieces at the end of the planning horizon  because after 2020, Vietnam would become an industrialized country with population around 120 mn people, leading to a stable demand for bricks. Moreover, new brick making technologies are expected to replace the traditional ones, to save land which is one of the main materials for brick production but is a non-renewable natural resource.


Cement industry Cement production is major activity in Vietnam. The projection of cement output is made based on the development strategy of the cement industry, with environmental protection taken into account. During the period 2000-2005, cement consumption grew at more than 18% per annum, from 13 mn tons in 2000 to 30 mn tons in 2005 (GSO, 2008d). The Vietnam Cement Association has estimated that the cement consumption would be 46, 62 and 69 mn tons in the years 2010, 2015 and 2020, respectively, representing an annual growth rate of 4.5% per year. In the last few years, Vietnam’s cement industry has grown rapidly due to growth, underpinned by the availability of natural resources, such as limestone and clay. For example, in the year 2009, there were 105 cement plants in Vietnam, capable of producing 61 mn tons of cement per year. At present, Vietnam is ranked among the top 10 cement producing countries, for example, China (1370 mn tons per year), India (160 mn tons per year), USA (113 mn tons per year) Japan (68 mn tons per year), Thailand (65.7 mn per year), etc. By the year 2020, the average per capita cement production of Vietnam will be 900 kg (VNCA, 2009). For sustainable development, Vietnam should not increase this rate for the remaining planning period (2021-2050).  It is, therefore assumed that over the period 2020-2050, the cement production would grow at 1.5% per annum and reach 112 mn tons by the year 2050. 


Steel industry The steel industry has an important role to play in the Vietnam’s industrialization process. In the year 2000, Vietnam produced 1.6 mn tons of steel - 3 and 14 times as compared to the production in 1995 and 1990, respectively. During the period 2000-2005, the steel output grew at 16% per annum and reached 3.4 mn tons by the year 2005 (GSO 2008d). According to the strategic plan for steel industry, the estimated steel demand is expected to be 10, 16 and 20 mn tons by the years 2010, 2015 and 2020, respectively, representing a growth of 7% per year. At these production levels, the steel industry will be capable of supplying 61, 62 and 70% of steel demand in the years 2010, 2015 and 2020, respectively (MOC 2005). It is assumed that over the period 2020-2050, the steel demand would grow at an annual rate of 2.5% and reach 42 mn tons by the year 2050. It is also expected that all steel demand would be met from domestic production. 


Paper industry The paper industry is faced with the challenge of meeting the paper demand for existing 80 mn people and projected 120 mn people by the year 2025. The paper industry produced 400,000 and 900,000 tons of paper product in the year 2000 and 2005, respectively (GSO, 2008d). According to the master plan on paper industry development up to 2010 with vision towards 2020 (MOIT 2005c), the paper industry’s output would be 1,980,000 tons (2000) and 5,400,000 tons (2020) – an annual growth rate of 11.6%. Assuming that at the end of the planning period 2050, paper consumption per capita in Vietnam would be 200 Kg, which is the current average level of consumption in the industrialized countries, total paper consumption at that time would be 24 mn tons. To satisfy 80% of this total consumption (20 mn tons), the paper industry’s output would have to increase by 4.5% per year over the period 2020-2050. 


Other industries In this study, the “other industries” group includes machine manufacturing, electronics and all light industries (such as beverage, tobacco, textile, etc.). The energy-economic elasticity model is used for projecting energy demand of these sub-sectors. To apply this model, two assumptions are made: One, the energy demand by the “other industries” would increase in proportion to the average economic growth rate of these sub-sectors. Two, the economic growth rate of the “other industries” would be the same as the growth rate of the overall industry sector. This assumption is supported by the socio-economic development strategy for the period 2006-2010 with vision towards 2025, which identifies the “other industries” as a decisive factor for the growth of the industry in particular and the country’s economy in general. 


During the period 2000-2005, the energy consumption by the “other industries” increased from 111 PJ to 236 PJ (JICA, 2008), representing an annual growth rate of 16%. At the same time, the industry sector grew at 10.3% per annum (IE, 2007a). Therefore, the energy-economic elasticity for this period was 1.6. It is expected that the energy consumption by these sub-sectors would experience a significant change during the study period as a result of applying energy efficiency improvement measures. It is assumed that the energy-economic elasticity would gradually reduce to 0.8 by the year 2025 and then stay constant at that value until the year 2050. This assumption is inline with the energy efficiency and conservation program which sets a target to bring energy intensity from current level of 1.46 (kgOE/$) to 0.8 (kgOE/$) by the year 2020 (JICA, 2008). 


Residential sector 

Energy demand of the residential sector is expected to undergo a significant change, both in terms of the amount of energy consumption and energy mix. The key drivers for this change are improvement in the people’s income, urbanization, rural electrification and technological progress. In order to include all these trends into the forecasting model, the energy demand is projected separately for the rural and urban areas. Further, within each residential sub-sector, the energy requirements are forecasted for five categories, namely: lighting, cooking, heating (water and space heating), electrical appliances (TV, iron, computer, etc.) and air-conditioning. The energy demand of each category is projected independently to account for the differences in technologies employed and changes in saturation of demand by these categories. 


Lighting.  Lighting in the urban residential areas is solely satisfied by electricity while that in the rural areas by either electricity or kerosene. The numbers of urban and rural households, using electricity for lighting are estimated on the basis of the country’s population, shares of the urban and rural population, family size, urbanization and rural electrification rates. The historical data of these figures are available on the MPI website (GSO, 2008) while their future values are projected based on the 5-year socio-economic development plan 2006-2010 with visions towards 2020. It is assumed that due to urbanization process the number of urban households would increase while that of rural households would decrease and the rates of households in both urban and rural area, using electricity for lighting would increase as a result of rural electrification program and improved living standards. In terms of electricity consumption per household for lighting, it is expected that this figure would increase in both urban and rural area for the first stage of the study period (2000-2015) due to increase in per capita floor area and lighting time, resulting from improved living standards. In order to take all above mentioned impacts, the energy-economic elasticity model is used for forecasting the electricity consumption per household on lighting with the assumption that this demand would increase in proportion to the economic growth rate. 


The kerosene demand for lighting in the rural areas is projected based on number of rural households that could not access electricity and kerosene consumption per household for lighting. It is expected that the number of rural households, using kerosene for lighting would decrease as the rural electrification rate increases. The kerosene consumption per household for lighting is assumed to remain unchanged at the current rate of 3 litters per household per month. 


Cooking Energy demand for cooking in the urban areas is satisfied by gas, electricity, kerosene, coal and wood whereas main cooking fuels in the rural area are biomass, such as agriculture residues and fired wood. In the future, the share of commercial energy demand for cooking is expected to increase significantly as a result of the urbanization, rural electrification and improved living standards. The population data for forecasting energy demand for cooking is taken from the MPI website (GSO, 2008b) and the per capita consumption could be found in the survey carried-out by the Energy Department, (HUT, 1999). The energy demand for cooking in the urban and rural areas is forecasted separately to account for differences in cooking fuels used and living standards. 


Heating Energy demand for heating in the urban area of Vietnam is mainly for water and space heating which are mostly generated from electricity and other fuels such as LPG, coal and wood. This demand in the rural areas is predominantly served by biomass (agriculture residues and fired wood). The energy demand for heating in the urban and rural areas is forecasted separately to take into account of the differences in fuels use. The energy demand for heating depends on number of households in the cooler region which is located in the North of the country and the heating energy consumption per household. The number of households in the cooler region both, in the urban and rural areas could be calculated based on the population of these areas and family size which are available at the MPI website (GSO, 2008b). Energy consumption per household for heating depends on type of fuels used and people’s income. This consumption for urban and rural households is estimated, using the energy-economic elasticity model with the assumption that the energy demand per household for heating would increase in proportion with the economic growth.


Electrical appliances The electrical appliances include TV, fridge, washing machine, computer, radio, iron, etc. The energy demand by this category depends on the number of households and per household electricity consumption for electrical appliances. This demand differs between rural and urban areas due to the gap in per capita incomes and electrification rate and, therefore is projected separately. The number of urban households could be calculated based on the urban population and urban family size which are available in the MPI website (GSO, 2008b). The number of rural households, using electrical appliances depend not only rural population and rural family size but also the rate of rural electrification of which the first two figures could also be found in the MPI website (GSO, 2008b) and the rural electrification rate is available in the EVN website (EVN, 2009). The electricity demand per household for electrical appliances is expected to change overtime, depending on living standards and saturation rates of demand. The electricity demand per household for electrical appliances is projected, using the energy-economic elasticity model with the assumption that this demand would grow in proportion to economic growth rate. 


Air-conditioning The electricity demand by households for air-conditioning depends on number of households using air-conditioning and the per household electricity consumption for air-conditioning. This demand differs between urban and rural areas because of the gap in living standards and electrification rate and therefore is projected separately. The number of urban and rural households that uses air-conditioning could be estimated based on total number of urban and rural households and the shares of urban and rural households with air-conditioning. The numbers of urban and rural households could be taken from the previous section (the electrical appliances section). The shares of urban and rural household with air-conditioning are expected to increase over the period 2000-2050 as a result of improved living standards and rural electrification. Similarly, the electricity demand per household for air-conditioning is assumed to increase. The energy-economic elasticity model is used for forecasting the electricity consumption per household for air-conditioning with the assumption that this demand would increase in proportion to the economic growth rate.


Transport sector

The transport sector includes two main sub-sectors which are passenger and freight. Energy demand in the transport sector is expected to increase significantly in the future due to increased driving activities resulting from high economic growth and improved living standards of the people. The energy demands by the transport sector depend on not only the volumes of passenger and freight to be carried but also the technical progress of technologies employed. In order to include all of these factors in the forecasting model, first, the activity level (rather than final energy demand) is separately projected for passenger and freight transports with the assumption that each sub-sector would increase in proportion to the growth rate of the overall transport sector. This projection allows a better comparison to be made of different end-use technologies. Then, these activities are broken down into four categories, namely air, road, rail and water transport based on the historical trends and assumptions on each category development. 


The projections of end-use energy demand for the Base, MOD and ADV scenarios are summarized in Tables 4.5, 4.6 and 4.7.


Table 4.5: Projected end-use energy demands for the Base scenario (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Agriculture

		

		

		

		

		

		

		

		

		

		

		



		Fishing (PJ)

		19.4

		26.0

		32.9

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0



		Land preparation (PJ)

		3.0

		3.8

		5.0

		5.8

		6.5

		7.2

		7.4

		7.3

		7.2

		7.1

		7.0



		Irrigation (PJ)

		3.0

		3.2

		3.5

		3.8

		4.2

		4.7

		5.0

		5.2

		5.6

		5.9

		6.2



		Agro-processing (PJ)

		18.7

		19.7

		24.8

		35.3

		44.9

		52.8

		61.3

		67.0

		72.5

		76.5

		78.1



		Commercial

		

		

		

		

		

		

		

		

		

		

		



		Lighting

		4.4

		8.5

		13.3

		20.0

		27.5

		35.4

		43.5

		53.3

		64.0

		72.9

		82.8



		Air-conditioning

		3.1

		6.8

		11.5

		18.6

		27.3

		37.1

		47.8

		61.0

		76.0

		89.4

		104.6



		Electric appliances

		6.4

		12.1

		18.3

		26.7

		35.8

		45.1

		54.3

		65.1

		76.7

		85.8

		95.9



		Thermal use

		22.8

		39.8

		56.2

		76.3

		95.1

		110.8

		123.0

		136.0

		146.9

		150.1

		152.6



		Industry

		

		

		

		

		

		

		

		

		

		

		



		Brick (Bill. pieces)

		9.0

		16.0

		21.9

		30.0

		41.1

		43.2

		45.5

		47.8

		50.2

		52.8

		55.5



		Cement (Mill. Tons)

		13.0

		30.0

		46.0

		61.6

		71.4

		76.9

		82.8

		89.2

		96.1

		103.5

		111.5



		Steel (Mill. Tons)

		1.6

		3.4

		6.0

		10.0

		14.0

		22.6

		25.6

		29.0

		32.8

		37.1

		42.0



		Paper (Mill. Tons)

		0.4

		0.9

		2.0

		3.3

		5.4

		6.7

		8.4

		10.5

		13.0

		16.2

		20.2



		Other industries (PJ)

		111

		236

		384

		577

		801

		1113

		1462

		1920

		2427

		3069

		3069



		Residential - Urban

		

		

		

		

		

		

		

		

		

		

		



		Lighting (PJ)

		4.4

		8.3

		15.4

		24.6

		36.8

		50.7

		69.4

		82.4

		96.9

		108.6

		120.8



		Cooking (PJ)

		16.6

		22.0

		27.7

		33.7

		40.0

		45.4

		51.2

		57.1

		62.9

		68.7

		74.6



		Heating - electricity (PJ)

		0.2

		0.6

		1.5

		3.1

		5.3

		8.3

		12.5

		16.8

		21.2

		26.1

		31.7



		Heating - other fuels (PJ)

		12.7

		22.0

		36.0

		55.8

		80.6

		106.7

		134.8

		146.8

		156.9

		158.2

		156.4



		Electric Appliances (PJ)

		8.7

		15.4

		29.2

		48.2

		74.7

		106.4

		145.7

		173.1

		203.5

		228.0

		253.6



		Air-conditioning (PJ)

		0.3

		0.8

		2.2

		5.1

		10.5

		18.6

		31.2

		43.0

		56.2

		69.3

		84.1



		Residential - Rural

		

		

		

		

		

		

		

		

		

		

		



		Lighting - electricity (PJ)

		5.0

		8.1

		14.2

		22.3

		31.5

		40.0

		46.1

		48.0

		49.3

		46.8

		43.2



		Lighting - kerosene (PJ)

		2.8

		2.3

		1.6

		0.9

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Cooking (PJ)

		269.7

		289.0

		305.2

		318.8

		331.6

		331.8

		329.7

		321.6

		309.7

		286.9

		258.3



		Heating - other fuels (PJ)

		41.2

		64.0

		95.3

		137.1

		184.0

		233.2

		269.0

		279.9

		278.4

		264.5

		244.2



		Electric Appliances (PJ)

		10.9

		18.0

		30.9

		50.1

		78.2

		113.3

		149.6

		171.3

		181.6

		176.9

		163.3



		Air-conditioning (PJ)

		0.07

		0.40

		1.20

		2.93

		6.11

		10.85

		16.96

		22.44

		27.00

		29.41

		32.91



		Transport

		

		

		

		

		

		

		

		

		

		

		



		Air - passenger (bn.person.km)

		4.4

		11.1

		16.2

		23.8

		32.9

		41.8

		50.2

		56.4

		63.3

		68.1

		73.4



		Air - freight (bn. ton.km)

		0.1

		0.2

		0.4

		0.5

		0.7

		0.9

		1.1

		1.2

		1.4

		1.5

		1.6



		Road - passenger (bn.person.km)

		22.4

		38.6

		55.9

		81.2

		111.1

		140.2

		167.1

		186.0

		207.0

		221.2

		236.3



		Road - freight (bn .ton.km)

		8.0

		16.4

		24.5

		35.5

		48.1

		60.4

		71.2

		78.7

		86.8

		93.6

		100.7



		Rail - passenger (bn.person.km)

		3.2

		4.6

		6.9

		10.6

		15.2

		20.0

		24.9

		28.9

		33.5

		37.1

		41.2



		Rail - freight (bn.ton.km)

		2.0

		3.2

		5.3

		8.3

		12.0

		16.0

		19.8

		22.8

		26.1

		29.1

		32.2



		Water - passenger (bn.person.km)

		2.5

		3.4

		4.6

		6.1

		7.7

		8.8

		9.4

		9.3

		9.0

		8.1

		7.2



		Water - freight (bn.ton.km)

		45.6

		80.9

		112.1

		150.7

		190.5

		222.9

		246.0

		254.6

		263.3

		266.6

		269.9





Note: Based on the demand projection (as explained in section 4.4.3)

Table 4.6: Projected end-use energy demands for the MOD scenario (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Agriculture

		

		

		

		

		

		

		

		

		

		

		



		Fishing (PJ)

		19.4

		26.0

		32.1

		33.2

		33.2

		33.2

		33.2

		33.2

		33.2

		33.2

		33.2



		Land preparation (PJ)

		2.6

		3.8

		5.0

		6.1

		6.7

		7.0

		7.2

		7.0

		6.9

		6.7

		6.5



		Irrigation (PJ)

		2.4

		3.0

		3.5

		4.0

		4.5

		5.0

		5.4

		5.8

		5.5

		6.0

		6.4



		Agro-processing (PJ)

		19.2

		19.6

		22.5

		29.9

		38.5

		45.6

		52.0

		56.3

		59.5

		62.4

		65.5



		Commercial

		

		

		

		

		

		

		

		

		

		

		



		Lighting

		4.4

		8.2

		14.7

		23.7

		33.7

		45.3

		57.9

		72.6

		90.1

		106.6

		124.3



		Air-conditioning

		3.1

		6.5

		12.7

		22.1

		33.5

		47.5

		63.6

		83.1

		107.0

		130.7

		157.0



		Electric appliances

		6.4

		11.7

		20.1

		31.7

		43.9

		57.8

		72.2

		88.7

		108.1

		125.5

		143.9



		Thermal use

		22.8

		38.5

		61.9

		90.6

		116.6

		141.9

		163.6

		185.0

		206.9

		219.6

		229.0



		Industry

		

		

		

		

		

		

		

		

		

		

		



		Brick (Bill. pieces)

		9.0

		16.0

		21.9

		30.0

		41.1

		43.2

		45.5

		47.8

		50.2

		52.8

		55.5



		Cement (Mill. Tons)

		13.0

		30.0

		46.0

		61.6

		71.4

		76.9

		82.8

		89.2

		96.1

		103.5

		111.5



		Steel (Mill. Tons)

		1.6

		3.4

		6.0

		10.0

		14.0

		22.6

		25.6

		29.0

		32.8

		37.1

		42.0



		Paper (Mill. Tons)

		0.4

		0.9

		2.0

		3.3

		5.4

		6.7

		8.4

		10.5

		13.0

		16.2

		20.2



		Other industries (PJ)

		111

		236

		377

		560

		749

		1002

		1291

		1664

		2032

		2482

		2482



		Residential - Urban

		

		

		

		

		

		

		

		

		

		

		



		Lighting (PJ)

		4.4

		8.3

		16.6

		26.7

		40.3

		55.5

		76.0

		90.3

		106.1

		118.9

		132.2



		Cooking (PJ)

		16.6

		22.0

		27.7

		33.7

		40.0

		45.4

		51.2

		57.1

		62.9

		68.7

		74.6



		Heating - electricity (PJ)

		0.2

		0.6

		1.6

		3.0

		5.3

		8.2

		12.4

		16.5

		20.9

		25.8

		31.3



		Heating - other fuels (PJ)

		12.7

		22.8

		50.7

		79.1

		115.2

		152.4

		192.7

		209.8

		224.3

		226.1

		223.5



		Electric Appliances (PJ)

		8.7

		15.4

		30.7

		52.8

		82.3

		117.4

		160.7

		190.9

		224.4

		251.4

		279.6



		Air-conditioning (PJ)

		0.3

		0.8

		2.4

		5.7

		11.8

		20.9

		35.0

		48.4

		63.2

		77.8

		94.4



		Residential - Rural

		

		

		

		

		

		

		

		

		

		

		



		Lighting - electricity (PJ)

		5.0

		8.1

		15.1

		23.9

		34.0

		43.2

		49.8

		51.8

		53.2

		50.6

		46.7



		Lighting - kerosene (PJ)

		2.8

		2.3

		1.6

		0.9

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Cooking (PJ)

		269.7

		289.0

		305.2

		318.8

		331.6

		331.8

		329.6

		321.6

		309.6

		286.9

		258.3



		Heating - other fuels (PJ)

		41.2

		64.0

		95.4

		133.7

		174.6

		214.0

		246.8

		256.8

		255.4

		242.7

		224.0



		Electric Appliances (PJ)

		10.9

		18.0

		32.7

		53.5

		84.2

		122.1

		161.2

		184.5

		195.7

		190.5

		175.9



		Air-conditioning (PJ)

		0.07

		0.40

		0.78

		2.18

		4.43

		9.63

		16.95

		24.26

		30.87

		35.08

		37.00



		Transport

		

		

		

		

		

		

		

		

		

		

		



		Air - passenger (bn.person.km)

		4.4

		11.1

		18.1

		27.8

		39.8

		53.2

		66.3

		76.8

		88.9

		99.2

		110.7



		Air - freight (bn. ton.km)

		0.1

		0.2

		0.4

		0.6

		0.9

		1.1

		1.4

		1.6

		1.8

		2.0

		2.2



		Road - passenger (bn.person.km)

		22.4

		38.6

		62.3

		94.7

		134.4

		178.3

		220.6

		253.4

		291.0

		322.1

		356.4



		Road - freight (bn .ton.km)

		8.0

		16.4

		27.1

		40.8

		57.1

		74.3

		89.9

		100.9

		113.0

		124.0

		135.9



		Rail - passenger (bn.person.km)

		3.2

		4.6

		7.7

		12.3

		18.4

		25.5

		32.9

		39.4

		47.0

		54.1

		62.1



		Rail - freight (bn.ton.km)

		2.0

		3.2

		5.9

		9.5

		14.3

		19.6

		25.0

		29.2

		34.0

		38.5

		43.5



		Water - passenger (bn.person.km)

		2.5

		3.4

		5.1

		7.1

		9.3

		11.2

		12.4

		12.6

		12.6

		11.9

		10.8



		Water - freight (bn.ton.km)

		45.6

		80.9

		124.2

		173.3

		225.8

		274.3

		310.5

		326.4

		343.0

		353.5

		364.2





Note: Based on the demand projection (as explained in section 4.4.3)

Table 4.7: Projected end-use energy demands for the ADV scenario (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Agriculture

		

		

		

		

		

		

		

		

		

		

		



		Fishing (PJ)

		19.4

		26.0

		32.9

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0



		Land preparation (PJ)

		2.6

		3.8

		5.0

		5.7

		6.3

		7.0

		7.2

		7.0

		6.9

		6.7

		6.5



		Irrigation (PJ)

		2.4

		3.0

		3.5

		4.0

		4.5

		5.0

		5.4

		5.8

		6.0

		6.5

		7.0



		Agro-processing (PJ)

		19.5

		19.7

		23.5

		31.2

		40.2

		47.4

		54.1

		59.4

		61.9

		64.7

		68.0



		Commercial

		

		

		

		

		

		

		

		

		

		

		



		Lighting

		4.4

		8.3

		15.4

		26.5

		39.2

		53.8

		71.3

		91.2

		116.1

		143.1

		173.2



		Air-conditioning

		3.1

		6.5

		13.3

		24.7

		39.0

		56.5

		78.3

		104.5

		137.9

		175.6

		218.8



		Electric appliances

		6.4

		11.7

		21.2

		35.4

		51.2

		68.6

		88.9

		111.5

		139.2

		168.5

		200.6



		Thermal use

		22.8

		38.6

		65.1

		101.3

		135.7

		168.5

		201.6

		232.7

		266.5

		294.9

		319.1



		Industry

		

		

		

		

		

		

		

		

		

		

		



		Brick (Bill. pieces)

		9.0

		16.0

		21.9

		30.0

		41.1

		43.2

		45.5

		47.8

		50.2

		52.8

		55.5



		Cement (Mill. Tons)

		13.0

		30.0

		46.0

		61.6

		71.4

		76.9

		82.8

		89.2

		96.1

		103.5

		111.5



		Steel (Mill. Tons)

		1.6

		3.4

		6.0

		10.0

		14.0

		22.6

		25.6

		29.0

		32.8

		37.1

		42.0



		Paper (Mill. Tons)

		0.4

		0.9

		2.0

		3.3

		5.4

		6.7

		8.4

		10.5

		13.0

		16.2

		20.2



		Other industries (PJ)

		111

		236

		416

		670

		931

		1293

		1698

		2230

		2819

		3564

		3564



		Residential - Urban

		

		

		

		

		

		

		

		

		

		

		



		Lighting (PJ)

		4.4

		8.3

		17.5

		29.5

		46.1

		64.8

		90.0

		107.5

		127.0

		143.2

		160.3



		Cooking (PJ)

		16.6

		22.0

		27.7

		33.7

		40.0

		45.4

		51.2

		57.1

		62.9

		68.7

		74.6



		Heating - electricity (PJ)

		0.2

		0.6

		1.7

		3.7

		6.6

		10.5

		16.0

		21.5

		27.3

		33.8

		41.3



		Heating - other fuels (PJ)

		12.7

		21.2

		38.7

		63.8

		96.9

		131.5

		168.6

		184.5

		198.2

		201.1

		200.1



		Electric Appliances (PJ)

		8.7

		15.4

		33.5

		58.9

		95.8

		139.9

		194.4

		232.1

		274.2

		309.2

		346.1



		Air-conditioning (PJ)

		0.2

		0.7

		2.5

		6.5

		14.3

		26.3

		45.2

		62.8

		82.5

		102.3

		124.9



		Residential - Rural

		

		

		

		

		

		

		

		

		

		

		



		Lighting - electricity (PJ)

		5.0

		8.1

		16.6

		27.9

		41.5

		53.9

		63.1

		66.0

		68.1

		65.1

		60.5



		Lighting - kerosene (PJ)

		2.8

		2.3

		1.6

		0.9

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Cooking (PJ)

		269.7

		289.0

		305.2

		318.8

		331.6

		331.8

		329.6

		321.6

		309.6

		286.9

		258.3



		Heating - other fuels (PJ)

		41.2

		64.0

		103.0

		157.8

		222.7

		289.2

		338.5

		354.0

		352.9

		337.5

		313.5



		Electric Appliances (PJ)

		7.3

		11.6

		39.8

		75.3

		130.9

		197.8

		270.0

		312.8

		334.2

		329.7

		306.3



		Air-conditioning (PJ)

		0.05

		0.29

		0.92

		2.78

		6.04

		13.69

		24.92

		36.08

		46.26

		53.24

		56.53



		Transport

		

		

		

		

		

		

		

		

		

		

		



		Air - passenger (bn.person.km)

		4.4

		11.1

		19.1

		31.0

		46.8

		64.9

		83.3

		97.3

		113.5

		130.9

		151.0



		Air - freight (bn. ton.km)

		0.1

		0.2

		0.4

		0.7

		1.0

		1.4

		1.7

		1.9

		2.2

		2.4

		2.7



		Road - passenger (bn.person.km)

		22.4

		38.6

		65.5

		105.8

		158.1

		217.7

		277.1

		320.8

		371.3

		424.8

		486.0



		Road - freight (bn .ton.km)

		8.0

		16.4

		28.5

		45.0

		65.6

		87.9

		108.5

		122.2

		137.5

		153.4

		170.9



		Rail - passenger (bn.person.km)

		3.2

		4.6

		8.1

		13.8

		21.6

		31.1

		41.3

		49.8

		60.0

		71.3

		84.7



		Rail - freight (bn.ton.km)

		2.0

		3.2

		6.2

		10.5

		16.4

		23.2

		30.1

		35.4

		41.3

		47.7

		54.7



		Water - passenger (bn.person.km)

		2.5

		3.4

		5.4

		8.0

		10.9

		13.6

		15.6

		16.0

		16.1

		15.6

		14.7



		Water - freight (bn.ton.km)

		45.6

		80.9

		130.2

		191.2

		259.6

		324.6

		374.6

		395.3

		417.1

		437.2

		458.1





Note: Based on the demand projection (as explained in section 4.4.3)

4.4.4 Technologies

Technologies in MARKAL model are classified into three groups, namely, Process, Conversion and Demand. Process and conversion technologies convert primary energy into final energy carries whereas demand technologies convert final energy carries into energy services. Following is a description of these technologies and associated parameters.


Process technologies


In MARKAL, the process technologies include refineries and gas processing infrastructure which convert crude oil to various forms of petroleum products, process and transport gas products. 


For the refining sector, the first refinery which has a capacity of 6.5 mn tons per year was put into operation in the last quarter of 2009. The second and third plants with capacity of 8.4 and 10 mn tons per year respectively are scheduled for commissioning by 2013 and 2014. The main parameters of these refineries are given in Table 4.8 below.


Table 4.8: Characteristics of refineries in Vietnam


		Items

		Unit

		1st refinery

		2nd refinery

		3rd refinery



		Capacity

		mn.ton/year

		6.5

		8.4

		10



		Fix O&M cost

		mn $

		0.15

		0.17

		0.2



		Capacity cost

		mn $

		1300

		1500

		2000



		Input

		ton/year

		6500000

		7000000

		8000000



		Output

		ton/year

		

		

		



		Fuel Oil

		ton/year

		260000

		170100

		194400



		Diesel

		ton/year

		0

		3294900

		3765600



		Gasoline

		ton/year

		2145000

		1883700

		2152800



		Jet fuel

		ton/year

		143000

		189000

		216000



		Kerosene

		ton/year

		260000

		81900

		93600



		LPG

		ton/year

		2808000

		333900

		381600



		Non-energy

		ton/year

		344500

		151200

		172800



		Total output

		ton/year

		5960500

		6300000

		7200000



		Efficiency

		

		0.917

		0.9

		0.9





Source: PVN (2009)

In the gas sector, Vietnam has several off-shore natural gas fields in the South, with proven reserves estimated to be enough for the next 20 years. The off-shore natural gas is transmitted to inland by gas pipelines. Then, gas is supplied to power generation plants and processed for use in other industries. The economic characteristics of the natural gas fields and corresponding pipelines in Vietnam are summarized in Table 4.9 below.


Table 4.9: Characteristics of the natural gas fields and pipelines in Vietnam

		Technology

		Fix O&M ($/GJ/a)

		Investment cost ($/GJ/a)

		Start year

		Bound (bn.m3/year)



		Cuu long gas field and pipeline

		0.027

		1.63

		2000

		81



		South Con son gas field and pipeline

		0.03

		1.83

		2010

		201



		Block B gas field and pipeline

		0.026

		1.58

		2005

		282



		PM3-CAA gas field and pipeline

		0.051

		3.11

		2015

		80.6





Source: PVN (2009)

Conversion technologies


The power generation technologies in Vietnam’s MAKARL database include conventional coal plants (pulverized fuel fired), advanced types of coal plants, such as Integrated Gasification Combined Cycle (IGCC) with and without carbon capture and sequestration (CCS), Natural Gas Combined Cycle (NGCC) plants, Gas turbines, Oil steam, Diesel, Hydro-power, biomass, wind, solar, geothermal and nuclear plants. A list of power plants and their characteristics, for example costs, life and efficiency are provided in Table 4.10 below.

In addition to power generation, electricity import is also allowed from neighboring countries: Cambodia, China and Laos.


Table 4.10: List of power plants in MARKAL database


		Plant

		Capital cost

		Fixed O&M

		Variable O&M

		Fuel delivery

		Life

		Efficiency



		

		($/kW)

		($/kW)/y

		($/PJ)

		($/PJ)

		(Year)

		



		Biomass power plant - Advanced

		1500

		21

		1.22

		

		20

		0.3



		Coal Steam - conventional (new)

		1000

		27

		0.58

		0.2

		30

		0.38



		Coal Steam - IGCC (new)

		2000

		71

		

		0.2

		30

		0.51



		Coal Steam - PFBC (new)

		1175

		71

		

		0.2

		30

		0.38



		Diesel Plant (existing)

		900

		5.3592

		0.97

		2.73

		15

		0.3



		Gas Steam (new)

		945

		14.595

		0.23

		0.2

		20

		0.38



		Gas Turbine (new)

		420

		18.48

		1.22

		0.2

		20

		0.34



		Hydro Plant (existing)

		1530

		9.79

		0.01

		

		50

		0.3



		Coal Steam (imported) (South)

		1000

		27

		0.58

		0.2

		30

		0.38



		Nuclear Plant (new)

		1740

		66.2

		0.04

		

		40

		0.3



		Oil Steam (existing)

		800

		19.5

		0.41

		0.067

		30

		0.29



		Pump Storage (new)

		800

		10.8

		

		

		50

		0.7



		Solar PV

		8000

		40

		

		

		10

		0.29



		Geothermal plant

		1863

		

		

		

		30

		0.29



		Wind farm

		1593

		

		

		

		20

		0.29



		Gas - Combine Cycle Plant (new)

		630

		22.68

		0.25

		0.2

		25

		0.48





Source: IE (2007a)

Demand technologies

Demand technologies use final energy carriers to satisfy energy service demand. They are developed in correspondence with the end-use demand sectors: Agriculture, Commercial, Industry, Residential and Transport. In some cases where end-use technologies are diverse and use the same final energy carriers (usually electricity) or where there is no expectation of reduction on fuel consumption from the end-use demand, dummy technologies are used to simply convert final energy directly into energy service with efficiency, being 1. Following is a description of various demand technologies.


Demand technologies in agriculture sector

Technologies in the agriculture include electric and diesel motors and heaters for irrigation, land preparation, fishing and agro-processing. As energy demand in this sector is relatively small, they are satisfied by using dummy technologies.


Demand technologies in commercial sector

In this sector, energy demand is divided into four categories, including lighting, electrical appliances, air-conditioning and thermal use which correspond to four demand technologies. The air-conditioning is modelled to include the existing air-conditioners and the efficient ones. Three other energy demands are satisfied by using dummy technologies. 


Demand technologies in industrial sector

There are four major energy-consuming industries: brick, cement, steel and paper production and one general, so-called “other industries” sector which includes all remaining industrial activities. Energy consumption by each industrial sector depends on technologies employed. Following is a summarized description of the main characteristics and parameters of the technologies employed by each industrial sector. 


The brick industry is now using three main types of brick making technologies. The traditional kiln which is mostly used by households has the lowest energy efficiency. The improved kiln or annular kiln with artificial drying has higher energy efficiency compared to the first one. The most energy efficient brick making technology is the tunnel kiln that produces hollow bricks. Table 4.11 presents energy consumption by different brick making technologies.

 Table 4.11: Energy consumption for different brick making technology types


		Technology type

		Type of brick

		Total energy consumption


[tce/10,000 pieces]



		

		

		



		Indigenous kiln

		Solid brick

		1.9



		Natural drying

		Clay solid brick

		0.89



		And annular kiln

		Clay hollow brick

		0.78



		

		Shale  hollow brick

		0.87



		

		Clay solid brick

		1.07



		Artificial drying

		Shale solid brick

		1.2



		and annular kiln

		Clay hollow brick

		0.88



		

		Shale hollow brick

		0.91



		Tunnel kiln

		Solid brick

		0.99



		

		Hollow brick

		0.8





Source: IE (2006)

Steel industry Steel could be produced from a variety of technologies, for example, blast furnace (BF), basic oxygen furnace (BOF), electric-arc furnace (EAF) or direct reduction iron (DRI) with electric-arc furnace. At present, the iron and steel industry in Vietnam mainly consists of the Blast Furnace (BF) and Basic Oxygen Furnace (BOF) technology. The BF/BOF technology is coal intensive because it requires coal to produce coke in the coke oven to produce iron; hence this technology results in large amounts of CO2 emissions. The EAF technology uses scrap materials to produce steel. In this process, scrap is melted and refined using strong electricity. The alternative technology to produce iron is the Direct Reduced Iron (DRI) technology, which produces sponge iron that can be used in the EAF to produce steel. This technology mainly uses natural gas as the main source of fuel and hence results in significantly less CO2 emissions, compared to the BF/BOF technology. Table 4.12 below show the energy consumption of different steel making technologies.


Table 4.12: Energy consumption of different steel production technologies


		Steel production technologies

		Energy consumption (GJ/ton)



		Basic Oxygen Furnace (BOF)

		



		Coal

		23.92



		Electricity

		1.04



		Gas

		1.04



		Total

		26



		Electric Arc Furnace (EAF)

		



		Gas

		0.79



		Electricity

		1.52



		Total

		2.31



		Direct Reduction Iron  (DRI) with EAF

		



		Gas

		14



		Electricity

		1.52



		Total

		15.52





Source: IE (2006) and Bluescope steel (2005)


Paper industry Three paper making processes are modelled in the paper industry to describe the evolution of technology in this sector. The existing process is characterized by low energy efficiency and high pollution. The improved processes which has higher energy efficiency are being installed to replace the existing processes. The advanced processes represent for future direction of the paper technology because they are highly energy efficient and more enviromental friendly. The energy consumption of these technologies are shown in the Table 4.13 below.


Table 4.13: Energy consumption of the paper production technologies


		Technology

		Energy Consumption (GJ/ton)



		Existing process

		41



		Improved process

		17.5



		ADV process

		11.8





Source: IE (2006)

Cement industry Three demand technologies, namely wet, dry and advanced dry processes are modelled in the cement industry. The wet process rotary kilns are very energy intensive. The dry process rotary kilns consume less energy and are now replacing the wet process kilns. The advanced dry process technology is a fluidized bed kiln which represents the future direction of the cement technology. Table 4.14 summaries main characteristics parameters of three cement technologies.


Table 4.14: Energy consumption of different cement production technologies


		Technology

		Energy consumption (GJ/ton)



		Wet process

		8.3



		Dry process

		4.22



		Advanced dry process

		3.4





Source: Source: IE (2006)

Other industries The “other industries” category is modelled in MARKAL using three dummy technologies to satisfy energy demands for electricity, heat and motor fuel. 


Demand technologies in the residential sector

Various technologies are available to satisfy energy service demands in the residential sector: lighting, cooking, heating, electric appliances and air-conditioning. The electric appliances and lighting are modelled in this research as dummy technologies. The cooking technologies consist of bio-mass, coal, gas, kerosene and electricity. The air-conditioning technologies include the existing air-conditioners and the efficient ones. Table 4.15 summarizes the main characteristic parameters of the demand technologies in the residential sector.


Table 4.15: Characteristic parameters of the demand technologies in the residential sector


		Technology

		Investment cost


($/GJ-year)

		O&M cost


($/GJ-year)

		Efficiency



		Electric lighting

		N/A

		N/A

		1



		Kerosene lighting

		36.82

		N/A

		0.55



		Electric cooking

		1.31

		0.65

		0.6



		Gas cooking

		4.91

		0.98

		0.7



		Wood cooking

		0.16

		0

		0.15



		Agriculture residue cooking

		0.16

		0

		0.1



		Kerosene cooking

		0.55

		0.33

		0.45



		Coal cooking

		0.33

		0

		0.225



		Electric appliances

		N/A

		N/A

		1



		Existing air-conditioning

		6.17

		N/A

		0.78



		Efficient air-conditioning

		6.56

		N/A

		1





Source: IE (2006)

Demand technologies in transport sector

The transport sector is divided, in this research, into four modes, namely, air, road, rail and water. Within each transport mode, there are two categories: passenger and freight. The end-use services demanded by the transport sector are bn.person.km for passenger transport and bn.ton.km for freight transport. The demand technologies for transport sector are modelled based on the transport mode and category that they belong to.


Among various transport modes within the transport sector, road transport is represented in greater detail in this research in terms of technologies. This is because not only does this sub-sector consume the largest amount of energy within the transport sector- about 75% of total transport (IE, 2006), but it also provides relatively greater flexibility for fuel switching, compared with other transport sub-sectors. The road transport is of two types, passenger and freight. The two major sources of data for the transport sector are Ministry of Industry and Trade (MOIT) and Vietnam Registration (VR). Table 4.16 provides end use services provided by various types of road transports per unit of energy consumption used in this research. These values are developed based on specific energy consumption for different types of road transport vehicles based on the road transport survey conducted by Institute for Transportation Engineering (ITE) in the Hanoi University of Technology (HUT) which provides data, such as distance travelled, tonnes carried and fuel consumed by different types of road transport. For other types of transport (such as road, rail, water, air), fuel consumption data are estimated from Ministry of Transport (MOT) and Institute of Energy, Vietnam (IE, 2006). 


Table 4.16: End-use service per unit of energy consumption in road transport 


		Vehicle type

		Energy



		Passenger vehicle, mn.km/PJ

		277.8



		Bus, mn.km/PJ

		99.8



		Light commercial vehicle, mn.ton.km/PJ

		44.8



		Rigid truck, mn.ton.km/PJ

		366.29



		Articulate truck, mn.ton.km/PJ

		923.46





Source (ITE, 2008)


The alternative fuels for transport considered in this research are of two type, namely, based on fossil fuel sources (of three types – CNG, hydrogen, and methanol), and based on bio-fuels (two types, ethanol and bio-diesel). The fossil-based alternative fuels will mainly use natural gas available in the country. The promising sources of bio-fuels are ethanol produced from cassava and bio-diesel produced from waste cooking oil. The technological parameters for alternative fuels for transport are estimated based on the UK study by Marsh et al. (2002), and IEA (2000) (see Table 4.17 below).


Table 4.17: Alternative fuels for passenger vehicles

		Vehicle type

		Investment cost ($/km.year)

		Efficiency    (mn.km/PJ)

		Life



		(Year)

		

		

		



		Gasoline

		1.84

		278

		10



		CNG

		2.33

		278

		10



		Methanol

		2.17

		278

		10



		Hydrogen

		8.33

		909

		10



		Hybrid

		2.2

		800

		10



		Ethanol

		2.03

		278

		10





Source: Marsh et al. (2002)


4.4.5 Environmental emissions

The CO2 emission coefficients, measured in mn tonnes of CO2, have been calculated according to carbon (C) content of fuels converted to CO2 by multiplying by (44/12).  Device efficiencies and fractional fuel inputs have then been used to calculate the coefficient for each technology (see Table 4.18 below).


Table 4.18: Emission coefficient of CO2 by fuels


		Fuel

		C content

		CO2 content



		

		(kg C/GJ)

		(thousands ton/PJ)



		ADO/IDO

		20.2

		74.1



		DSH

		20.9

		76.6



		GSL

		18.9

		69.3



		KER

		19.8

		72.6



		JTF

		19.8

		72.6



		LNG

		14

		51.3



		LPG

		17.2

		63.1



		GAS

		14

		51.3



		OIL

		20

		73.3



		LGE

		26.2

		96.1



		HCO

		26.2

		96.1





IEA (2009)

In addition there are some other emissions that have been applied just for fuel combustion in power plants such as NOX, SOX and dust (particulate emission from power plants). Details of these are given in Table 4.19 below.


Table 4.19: Emission coefficient of NOx, SOx and Particulates emissions

		Fuel

		NOx  


(000’ton/PJ)

		SOx (000’ton/PJ)

		Dust  (000’ton/PJ)



		Coal 

		0.425

		1.08

		9.24



		Coal (with pollution control systems)

		0.213

		0.432

		0.924



		Gas and LNG

		0.075

		-

		-



		Gas and LNG (with pollution control systems)

		0.038

		-

		-





IEA (2009)

4.4.6 Unit

The following units have been used for the Vietnam database:


- Monetary $(2000 base year);


- Energy PJ;


- Activity PJ/a; Electricity capacity GW;


- Useful energy demands generally PJ but bn. vehicle kilometres used for some transport demands;


- Environmental emissions thousand tonnes (except CO2 emissions, which is mn tons)


4.5 Results and discussions

This section presents the results of the modelling (based on the application of MARKAL model), undertaken in this research, aimed at assessing the energy impacts of alternative pathways (scenarios). These energy impacts are estimated, in this research in terms of primary and final energy requirements, electricity generation fuel mix, plant capacity requirements and CO2 emissions, over the period 2000-2050. 


4.5.1 Primary Energy Requirements


The primary energy requirements for the Base, MOD and ADV scenarios are summarised and illustrated in the Table 4.20 and Figure 4.6 below. 

Table 4.20: Primary energy requirements


		Base scenario

		

		

		

		

		

		

		

		

		

		

		



		Energy type (PJ)

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Coal

		165

		282

		357

		807

		1469

		2180

		3243

		4320

		5460

		6349

		7153



		Oil

		250

		425

		507

		801

		1163

		1631

		2174

		2720

		3139

		3601

		4059



		Gas

		60

		185

		486

		450

		445

		378

		348

		304

		256

		277

		261



		Hydro

		180

		181

		367

		631

		878

		965

		965

		965

		965

		965

		965



		Nuclear

		0

		0

		0

		0

		0

		327

		891

		1458

		1983

		1983

		1983



		Renewable

		375

		523

		654

		694

		760

		844

		871

		888

		909

		923

		939



		Electricity import

		0

		0

		3

		11

		29

		80

		116

		139

		159

		117

		165



		Total

		1030

		1596

		2376

		3394

		4744

		6407

		8609

		10794

		12871

		14215

		15525



		Energy Share (%)

		

		

		

		

		

		

		

		

		

		

		



		Coal

		16.0

		17.7

		15.0

		23.8

		31.0

		34.0

		37.7

		40.0

		42.4

		44.7

		46.1



		Oil

		24.2

		26.6

		21.4

		23.6

		24.5

		25.5

		25.3

		25.2

		24.4

		25.3

		26.1



		Gas

		5.8

		11.6

		20.5

		13.2

		9.4

		5.9

		4.0

		2.8

		2.0

		1.9

		1.7



		Hydro

		17.5

		11.3

		15.5

		18.6

		18.5

		15.1

		11.2

		8.9

		7.5

		6.8

		6.2



		Nuclear

		0.0

		0.0

		0.0

		0.0

		0.0

		5.1

		10.4

		13.5

		15.4

		14.0

		12.8



		Renewable

		36.4

		32.8

		27.5

		20.5

		16.0

		13.2

		10.1

		8.2

		7.1

		6.5

		6.0



		Electricity import

		0.0

		0.0

		0.1

		0.3

		0.6

		1.3

		1.4

		1.3

		1.2

		0.8

		1.1



		Total

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0



		MOD scenario

		

		

		

		

		

		

		

		

		

		

		



		Energy type (PJ)

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Coal

		165

		282

		373

		835

		1406

		2430

		3282

		3769

		4646

		4782

		5418



		Oil

		250

		425

		589

		934

		1395

		1975

		2654

		3423

		4148

		4832

		5488



		Gas

		60

		185

		495

		457

		465

		397

		397

		365

		245

		277

		254



		Hydro

		180

		181

		471

		677

		878

		965

		965

		965

		965

		965

		965



		Nuclear

		0

		0

		0

		0

		0

		1

		366

		762

		1078

		1078

		1078



		Renewable

		375

		523

		663

		759

		827

		909

		962

		1311

		1474

		1526

		1648



		Electricity

		0

		0

		0

		24

		60

		79

		140

		178

		213

		327

		309



		Total

		1030

		1596

		2591

		3686

		5030

		6756

		8767

		10772

		12770

		13787

		15161



		Energy Share (%)

		

		

		

		

		

		

		

		

		

		

		



		Coal

		16.0

		17.7

		14.4

		22.7

		28.0

		36.0

		37.4

		35.0

		36.4

		34.7

		35.7



		Oil

		24.2

		26.6

		22.7

		25.3

		27.7

		29.2

		30.3

		31.8

		32.5

		35.0

		36.2



		Gas

		5.8

		11.6

		19.1

		12.4

		9.2

		5.9

		4.5

		3.4

		1.9

		2.0

		1.7



		Hydro

		17.5

		11.3

		18.2

		18.4

		17.4

		14.3

		11.0

		9.0

		7.6

		7.0

		6.4



		Nuclear

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		4.2

		7.1

		8.4

		7.8

		7.1



		Renewable

		36.4

		32.8

		25.6

		20.6

		16.4

		13.5

		11.0

		12.2

		11.5

		11.1

		10.9



		Electricity import

		0.0

		0.0

		0.0

		0.7

		1.2

		1.2

		1.6

		1.7

		1.7

		2.4

		2.0



		Total

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0



		ADV scenario

		

		

		

		

		

		

		

		

		

		

		



		Energy type (PJ)

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Coal

		165

		282

		318

		917

		1796

		3018

		4440

		5291

		6756

		7435

		7076



		Oil

		250

		425

		652

		1119

		1754

		2610

		3659

		4920

		5817

		6988

		8409



		Gas

		60

		185

		467

		451

		456

		382

		396

		430

		244

		261

		251



		Hydro

		180

		181

		489

		663

		878

		965

		965

		965

		965

		965

		965



		Nuclear

		0

		0

		0

		0

		0

		36

		422

		422

		949

		1106

		2146



		Renewable

		375

		523

		719

		879

		1022

		1176

		1367

		1872

		2245

		2484

		2653



		Electricity

		0

		0

		9

		35

		97

		168

		200

		352

		377

		378

		441



		Total

		1030

		1596

		2654

		4063

		6002

		8354

		11449

		14253

		17354

		19618

		21941



		Energy Share (%)

		

		

		

		

		

		

		

		

		

		

		



		Coal

		16.0

		17.7

		12.0

		22.6

		29.9

		36.1

		38.8

		37.1

		38.9

		37.9

		32.2



		Oil

		24.2

		26.6

		24.6

		27.5

		29.2

		31.2

		32.0

		34.5

		33.5

		35.6

		38.3



		Gas

		5.8

		11.6

		17.6

		11.1

		7.6

		4.6

		3.5

		3.0

		1.4

		1.3

		1.1



		Hydro

		17.5

		11.3

		18.4

		16.3

		14.6

		11.6

		8.4

		6.8

		5.6

		4.9

		4.4



		Nuclear

		0.0

		0.0

		0.0

		0.0

		0.0

		0.4

		3.7

		3.0

		5.5

		5.6

		9.8



		Renewable

		36.4

		32.8

		27.1

		21.6

		17.0

		14.1

		11.9

		13.1

		12.9

		12.7

		12.1



		Electricity import

		0.0

		0.0

		0.3

		0.9

		1.6

		2.0

		1.7

		2.5

		2.2

		1.9

		2.0



		Total

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0

		100.0



		Source: Developed from modelling undertaken in this research
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Figure 4.6: Primary energy requirements


The results show that over the period 2000-2050, the primary energy requirements in Vietnam for the Base, MOD and ADV scenarios are expected to grow at annual rates of 5.6, 5.5 and 6.3%, respectively. In absolute terms, the primary energy requirements in 2050 in these scenarios will be between 15 to 20 times the requirement in the Base year (2000) (see Figure 4.6). The increased economic activities, population growth and transport needs are major contributors of such increase. Especially, in the first half of the planning horizon the energy demand increases sharply with annual growth rates of 7.6, 7.8 and 8.7% for the Base, MOD and ADV scenarios, respectively, due to the Government policy on promoting industrialisation, which is characterized by the uptake of high energy intensive technologies and changes in people’s lifestyles, as a result of improvement in income and access to modern energy, for example, rural electrification program. Compared to the annual growth rate of primary energy consumption over the period 1990-2000, which was approximately 10%, these rates (for the period 2000-2050) are much lower because at that time the economy of Vietnam was characterized by low energy efficiency, antiquated technologies, absence of Demand Side Management (DSM) and rapid population growth. 


The results also shows that despite the higher economic growth rates in the MOD and ADV scenarios, the differences between the primary energy growth rates of these two alternative scenarios (7.8 and 8.7% for MOD and ADV scenarios, respectively) and the Base scenario (7.6%) in the first half of the planning horizon (2000-2025) are not significant. In fact, the energy requirements increase by 5.5 and 5.6% in the MOD and Base scenarios over the period 2000-2050. This is so because in the MOD and ADV scenarios, energy savings of 10 and 15%, respectively, of total primary energy requirements are envisaged from 2010. This can be achieved through changes in the country’s economic structure, especially in the high energy intensive sectors. For example, in the steel industry, Blast oxygen furnace could be replaced by Electric arc furnace to reduce energy consumption. The scenario analysis results indicate that there is a significant potential to improve the security of energy supply and also to mitigate environmental damages caused by energy activities through energy savings. This is very important for Vietnam in the context of emerging concern about rapidly increasing energy demand required for economic growth and its effect in terms of environmental pollution, particularly global warming, resulting from fossil fuels burning.


· Coal. Coal is expected to play a major role in the country’s total energy mix, especially in the second half of the planning horizon (2025-2050), due to limited indigenous reserves of other energy resources, such as oil, gas and hydro. The annual growth rates of coal in the three scenarios are 7.8, 7.2 and 7.8%, respectively. These rates are even higher than the corresponding growth rates in the past period (1990-2000) which was about 7% per year (MPI 2000). If the present trends continue, as the Base scenario shows, the demand for coal would increase approximately 40 times by 2050, from 4MTOE in 2000, to 170 MTOE in 2050 (see Figure 4.7). Coal is mostly used in power generation. Especially after the year 2020, when other indigenous fuels reserves, such as gas and hydro run-out, coal will account for 65% of fuel for electricity production. With limited potential of coal exploitation, (estimated to be 60-80 mn tons per year), Vietnam is likely to become net a coal importer in the near future [19]. The shares of coal in primary mix in the Base scenario increases from 34% (in 2025) to 46% (in 2050). In the MOD scenario, it remains unchanged at 36%, and in ADV scenario it decreases from 36% (2025) to 32% (in 2050) (see Table 4.20). This is due to environmental and supply security constraints and the introduction of new and renewable energy in the MOD and ADV scenarios.
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Figure 4.7: Coal requirements


· Oil. Oil will continue to occupy an important place in the energy mix of Vietnam. The increased oil requirements are driven by economic activities, especially transportation needs, accounting for more than 40% of total oil consumption by 2050. The demand for oil in the Base, MOD and ADV scenarios is estimated to grow at annual rates of 5.7, 6.4 and 7.3%, respectively, over the period 2000-2050. These rates are even higher in the first half of the planning period (2000-2025) – about 7.6, 8.6 and 9.8% for the Base, MOD and ADV scenarios, respectively. This is mainly due to high oil demand for industrialization and low energy efficient technologies employed at this time. In the second half of the study period (2026-2050), the annual growth rates of oil demand for three scenarios drop to 3.7, 4.2 and 4.8%, as a result of energy saving measures and renewable energy promotion, for example, hybrid cars and bio-fuels.  In absolute terms, by 2050, the oil demand in all three scenarios would increase by 16, 22 and 33 times, in the Base, MOD and ADV scenarios, respectively – as compared with the 2000 levels (see Figure 4.8). It is interesting to note that over the period 2000-2050, despite measures to encourage oil savings, such as introduction of high fuel economy cars (e.g., hybrid and turbo-charge cars) and promotion of bio-fuels (e.g., methanol and bio-diesel), the share of oil in total primary energy mix still increases in both alternative scenarios and oil becomes the most significant energy source in 2050. For example, these shares are 29 and 31% in 2025, and 36 and 38% in 2050, for the MOD and ADV scenarios, respectively (see Table 4.20). This is due to increasing per capita driving activity, growing population and other forms of non-road transportation, such as shipping and air travel. Clearly, with limited indigenous oil reserves, Vietnam is likely to become a net oil importer within the next decade. It is, therefore, critical for Vietnam to have a long-term sustainable oil supply strategy to avoid vulnerability and volatility of the world oil market in both supply and prices as the recent experience has demonstrated.
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Figure 4.8: Oil requirements

· Natural Gas. Vietnam has modest proven indigenous natural gas reserves in the South - about 600 bn cubic meters. Since the mid-1990s, the use of gas has increased rapidly. Analysis suggests that gas requirement will increase by more than 20% per year in all three scenarios over the period 2000-2020. Then, as the reserves of indigenous gas deplete, gas utilisation will reduce by 1.6% per year to 2050, in all three scenarios (see Figure 4.9). The share of gas in primary energy mix in 2050 is expected to be 2% (see Table 4.20). Further, more than 90% of available gas is likely to be used for power generation up to 2020, and then this rate drops gradually to 20% by 2050. Vietnam is expected to start importing gas by 2030, especially through the Trans-ASEAN Gas Pipeline to meet its domestic demands.
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Figure 4.9: Gas requirements.


· Hydro.  Vietnam has abundant hydro resources, available in all three of the country’s main regions.  Hydroelectric power was the dominant source of power generation from the late 1980s until very recently – accounting for around 40% of total generation mix (IEA 2008b). Over the medium term, hydroelectric power will still be an important constituent of total electricity mix – it will increase by approximately 7% in all three scenarios by 2025 (see Figure 4.10). Overall, the share of hydro in the total  energy mix will decrease from 15.1, 14.3 and 11% in 2025, to 6.2, 6.4 and 4.4% in 2050 for the Base, MOD and ADV scenarios, respectively (see Table 4.20).
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Figure 4.10: Hydro requirements

· Renewable energy. The renewable energy resources in the context of this research consist of small-scale hydro-power, wind, solar and biomass. The results show that the shares of renewable energy in the total country’s primary energy mix are expected to decrease in all three scenarios, from 36.4% in the base year 2000 to 6, 11 and 12% by 2050 for the Base, MOD and ADV scenarios, respectively (see Table 4.20). This could be explained by the fact that due to improved living standards and rural electrification program a large amount of population will have access to modern energy, (e.g., coal, gas and electricity), resulting in a reduction  in biomass demand for cooking. In absolute terms, however, the use of renewable energy would increase in all three scenarios. Over the period 2000-2050, renewable energy will increase by 2.5, 4 and 7 times for the Base, MOD and ADV scenarios respectively. Compared to the Base scenario, the uses of renewable energy in two alternative scenarios are much higher as a result of renewable energy promotion measures, such as solar and wind energy in power generation and bio-fuels in transportation to increase diversity of energy supply and reduce CO2 emissions (see Figure 4.11). 
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Figure 4.11: Renewable energy requirement


· Nuclear energy. The results show that nuclear energy will be used from 2025 in all three scenarios and its shares in total energy mix will increase gradually to 13, 7 and 10% by the year 2050 for the Base, MOD and ADV scenarios, respectively (see Table 4.20). The main drivers for nuclear energy application are the need for improving the energy supply security and reducing CO2 emissions. In the sixth master plan for power development, to meet the annual electricity demand growth of 13%, the first nuclear power plant with capacity of 4,000 megawatts is scheduled to be built from 2015 and commercialized by 2020. This research, however, suggests that the construction of nuclear power plant could be delayed 5 year under the conditions that the measures for fossil fuel savings are applied as assumed in each scenario. This is very important for Vietnam, not only in terms of energy savings but also in terms of resource availability for nuclear energy application. The recent disputes in the Vietnam’s Assembly over the human resource and funds, for example, lack of qualified staff and investment capital (total estimated cost of the first nuclear power plant which has 4 reactors with a total capacity of 4,000 megawatts is $10.5bn, equal to 50% total current national foreign reserves) indicate that the country is still not ready for nuclear-based power generation as planned. 

· Energy intensity. The energy intensity measures energy required to produce a unit of economic output, represented as MJ/$. Over the period 2000-2050, the energy intensity is expected to decrease gradually across the three scenarios (see Figure 4.12). This is also in concord with the Vietnamese Government’s target of reducing energy intensity from 40 MJ/$ (0.95 kgOE/$) in 2005, to 36.5 MJ/$ (0.87 kgOE/$) in 2025 (MOIT 2003). The decrease in energy intensity is a result of applying energy efficiency programs and change in the economic structure. For example, the existing cars with low fuels economy will be replaced by hybrid cars and the shares of the high energy intensive sectors, such as steel and cement, will decline.
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Figure 4.12: Energy intensity

· Per capita primary energy consumption. Vietnam is characterised by low per capita energy consumption as compared to the World average and some neighbouring countries like Thailand and Malaysia (IEA 2008a). The results show that primary energy consumption per capita (in GJ/person) for Vietnam gradually increases in all three scenarios, reflecting the trend of energy consumption in the developing countries (see Figure. 4.13). Over the study period (2000-2050), the per capita primary energy consumption is expected to grow at annual rates of 4.6, 4.6 and 5.4% or 10, 9.5 and 14 times in absolute terms for the Base, MOD and ADV scenarios, respectively. The changes in per capita primary energy consumption are driven by increased economic activity, improved living standards and a decrease of population growth.
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Figure 4.13: Per capita primary energy consumption


· Energy diversity. Energy diversity plays a role in supply security, financial risk, energy planning and the environment. In Vietnam, increasing energy diversity is linked to decreasing relative fossil fuel dependency, as stated in the National Energy Policy. With coal and oil, constituting more than 60% of total energy mix, against the backdrop of an unlikely increase in the share of gas (see Figure 4.14), the energy consumption can only become more diverse if a greater contribution is made by non-fossil fuels. 
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Figure 4.14: Primary energy mix


The diversity of fuels in primary energy mix across the scenarios is measured in this research in terms of Herfindhal index. The Herfindhal or diversity index is calculated as follows:
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Where xi is the category fraction from source “i”. The value of H ranges between 1 and the total number of categories, and the higher the value of H, the greater the energy diversity. This analysis uses seven categories to calculate energy diversity, making the maximum possible value of H to be seven and minimum value to be one. The seven categories used in the calculation include: hydro, electricity import, coal, oil, gas, nuclear and renewable energy. Results are presented in Table 4.21.


Table 4.21: Primary energy mix and Energy diversity index 


		 

		Base            year          2000

		Base scenario    2025

		MOD scenario  2025

		ADV scenario  2025

		Base scenario    2050

		MOD scenario  2050

		ADV scenario  2050



		Hydro

		17.5%

		15.1%

		14.3%

		11.6%

		6.2%

		6.4%

		4.4%



		Electricity

		0.0%

		1.3%

		1.2%

		2.0%

		1.1%

		2.0%

		2.0%



		Oil

		24.2%

		25.5%

		29.2%

		31.2%

		26.1%

		36.2%

		38.3%



		Coal

		16.0%

		34.0%

		36.0%

		36.1%

		46.1%

		35.7%

		32.2%



		Gas

		5.8%

		5.9%

		5.9%

		4.6%

		1.7%

		1.7%

		1.1%



		Nuclear

		0.0%

		5.1%

		0.0%

		0.4%

		12.8%

		7.1%

		9.8%



		Renewable

		36.4%

		13.2%

		13.5%

		14.1%

		6.0%

		10.9%

		12.1%



		Diversity energy index (H)

		4

		4.4

		3.9

		3.8

		3.3

		3.6

		3.6





Source: Developed from modelling undertaken in this research

The table suggests that energy diversity, over the period 2000-2050, decreases in all three scenarios. For example, the energy diversity decreases from 4.4, 3.9 and 3.8 in 2025, to 3.3, 3.6 and 3.6 in 2050 for the Base, MOD and ADV scenarios, respectively. Main reasons include increase in fossil fuel use (except gas), and decrease in renewable energy (mainly biomass). Of the three scenarios, the Base scenario shows the biggest decline in energy diversity, from 4.4 to 3.3, over the period 2025-2050, due to a dramatic increase in coal consumption and significant reduction in renewable energy. On the contrary, a slight increase in oil consumption in the other two alternative scenarios, as a result of increase in transportation activity, could be compensated by the decrease in coal and increase in nuclear energy. This explains why energy diversity indices in these scenarios are higher than the Base scenario in the second half of the planning horizon (2025-2050).


This suggests that the key to increasing energy diversity is to reduce fossil fuel dependency, especially coal and oil through energy savings and renewable energy activities. Electricity generation and transportation, with their dependence on coal and oil, are prime candidates for fuel diversification. Industry and households also have a role to play. An integrated approach, combining technological improvements and good management practices is needed to increase energy diversity and hence the security of energy supply.


4.5.2 Final energy requirements


The final energy requirements for the Base, MOD and ADV scenarios are summarised in the Table 4.22 below. The table suggests that the annual total final energy requirement of agriculture, commercial, industry, residential and transport sectors is expected to increase steadily, over the period 2000-2050, by 5.1, 5.3 and 6.1% for the Base, MOD and ADV scenarios, respectively (see Figure 4.15). For the period (2000-2025), however, these growth rates are much higher (7.1, 7.5 and 8.5%) - a reflection of the existing low energy efficiency base of the Vietnamese economy. Compared to the annual final energy consumption growth rate of 12% in the period 1990-2000, these rates are much lower as some energy saving measures, for example, the application of low energy intensive technologies are envisaged for this period. 
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Figure 4.15: Final energy requirements

Table 4.22: Final energy requirements


		Base scenario

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Final consumption (PJ)

		737.5

		1286.0

		1752.1

		2367.2

		3139.8

		4076.0

		5380.0

		6652.7

		7651.3

		8328.5

		9007.3



		Growth rate (%)

		 

		11.8

		6.4

		6.2

		5.8

		5.4

		5.7

		4.3

		2.8

		1.7

		1.6



		Share by sector (%)

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Agriculture

		6.0

		4.1

		3.8

		3.3

		2.9

		2.4

		2.0

		1.7

		1.5

		1.4

		1.4



		Commercial

		5.0

		5.2

		5.7

		6.0

		5.9

		5.6

		5.0

		4.7

		4.8

		4.8

		4.8



		Industry

		24.0

		26.5

		27.6

		33.2

		39.3

		47.6

		54.4

		58.6

		59.8

		60.2

		60.4



		Residential

		50.5

		47.5

		44.8

		38.1

		32.3

		25.3

		20.9

		18.2

		16.9

		16.5

		16.2



		Transport

		14.5

		16.7

		18.1

		19.4

		19.6

		19.1

		17.7

		16.8

		17.0

		17.1

		17.1



		Shares by fuels (%)

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Coal

		14.6

		16.1

		13.8

		15.4

		16.3

		15.2

		16.8

		18.0

		17.6

		15.0

		12.4



		Oil

		33.2

		32.2

		29.9

		33.8

		35.8

		37.9

		38.1

		38.2

		38.1

		40.2

		42.1



		Gas

		0.0

		0.0

		0.7

		0.9

		1.2

		1.7

		2.9

		3.7

		2.6

		2.4

		2.2



		Electricity

		11.6

		11.4

		18.5

		21.6

		24.8

		27.7

		28.5

		28.7

		31.4

		32.7

		34.0



		Renewables

		40.6

		40.2

		37.1

		28.3

		22.0

		17.5

		13.7

		11.5

		10.3

		9.7

		9.3



		MOD scenario

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Final consumption (PJ)

		737.5

		1286.0

		1880.7

		2573.6

		3364.6

		4489.8

		5842.1

		7206.8

		8332.0

		9119.5

		9905.1



		Growth rate (%)

		 

		11.8

		7.9

		6.5

		5.5

		5.9

		5.4

		4.3

		2.9

		1.8

		1.7



		Share by sector (%)

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Agriculture

		6.0

		4.1

		3.4

		2.8

		2.5

		2.0

		1.7

		1.4

		1.3

		1.2

		1.1



		Commercial

		5.0

		5.2

		5.8

		6.5

		6.8

		6.5

		6.1

		6.0

		6.1

		6.4

		6.6



		Industry

		24.0

		26.5

		29.1

		34.1

		40.3

		45.0

		49.8

		52.7

		52.9

		52.1

		51.3



		Residential

		50.5

		47.5

		42.6

		35.6

		28.2

		24.3

		20.5

		18.0

		16.7

		16.2

		15.9



		Transport

		14.5

		16.7

		19.1

		20.9

		22.3

		22.2

		21.9

		21.9

		23.0

		24.1

		25.1



		Shares by fuels (%)

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Coal

		14.6

		16.1

		13.2

		14.8

		12.6

		14.6

		15.5

		16.0

		15.4

		12.9

		10.7



		Oil

		33.2

		32.2

		32.1

		36.1

		40.2

		41.9

		43.2

		44.8

		46.9

		49.9

		52.4



		Gas

		0.0

		0.0

		0.8

		0.9

		1.3

		2.0

		3.4

		4.4

		2.4

		2.2

		2.0



		Electricity

		11.6

		11.4

		18.9

		21.8

		25.0

		25.2

		25.0

		23.8

		25.4

		25.5

		25.9



		Renewables

		40.6

		40.2

		35.0

		26.5

		21.0

		16.3

		13.0

		10.9

		9.9

		9.4

		9.0



		ADV scenario

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Final consumption (PJ)

		738

		1286

		1949

		2859

		4073

		5653

		7738

		9835

		11526

		12956

		14466



		Growth rate (%)

		 

		11.8

		8.7

		8.0

		7.3

		6.8

		6.5

		4.9

		3.2

		2.4

		2.2



		Share by sector (%)

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Agriculture

		6.0

		4.1

		3.3

		2.6

		2.1

		1.7

		1.3

		1.1

		0.9

		0.9

		0.8



		Commercial

		5.0

		5.2

		5.9

		6.6

		6.5

		6.1

		5.7

		5.5

		5.7

		6.0

		6.3



		Industry

		24.0

		26.5

		30.3

		36.6

		43.1

		49.2

		54.5

		57.3

		57.4

		56.2

		55.1



		Residential

		50.5

		47.5

		40.9

		33.0

		26.6

		21.3

		17.5

		15.4

		14.2

		13.7

		13.4



		Transport

		14.5

		16.7

		19.6

		21.2

		21.7

		21.7

		21.0

		20.7

		21.7

		23.1

		24.3



		Shares by fuels (%)

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Coal

		14.6

		16.1

		12.6

		14.5

		14.5

		14.5

		16.2

		16.5

		17.1

		14.2

		11.4



		Oil

		33.2

		32.2

		33.9

		38.8

		41.8

		44.3

		45.4

		48.0

		48.3

		51.7

		55.9



		Gas

		0.0

		0.0

		1.2

		1.3

		1.8

		3.2

		4.2

		3.8

		1.7

		1.6

		1.4



		Electricity

		11.6

		11.4

		18.3

		21.3

		24.2

		24.7

		24.1

		23.2

		25.3

		25.4

		24.5



		Renewables

		40.6

		40.2

		34.0

		24.1

		17.7

		13.3

		10.2

		8.4

		7.6

		7.1

		6.8





Source:  Developed from modelling undertaken in this research

The share of oil in final energy is expected to increase steadily, accounting for more than 40% of total final energy requirements in all three scenarios over the planning horizon 2000-2050, as a result of increased driving activities in the transport sector. It is followed by electricity and coal which account for 25 and 10% of total final energy requirements, respectively. The demand for electricity and coal is driven by increased economic activity and rural electrification program. Despite the promotion of renewable energy in electricity generation, the share of renewable energy in total final energy still decreases as more population has access to modern energy, resulting in a reduction of the demand for biomass for cooking (see Figure 4.16). For example, the share of renewable energy in total final energy consumption would reduce from 40.6% in the Base year (2000), to 17.5, 16.3 and 13.3% in 2025, and 9.3, 9 and 6.8% in 2050, for the Base, MOD and ADV scenarios , respectively (see Table 4.22).
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Figure 4.16: Share of final energy requirements by fuels


The results also show that industry is the largest consumer of final energy - more than 45% in all scenarios. It is followed by transport and residential sectors, collectively accounting for nearly 40% (Figure 4.17). It is interesting to note that the shares of industry and transport sectors are expected to increase in all three scenarios, while the share of residential sector decreases, over the period 2000-2050. The share of the industry, for example increases from 24% in the base year (2000), to 47.6, 45 and 49.2% in 2025, and 60.4, 51.3 and 55.1% in 2050, for the Base, MOD and ADV scenarios, respectively. The absolute and relative sizes of industry and transport sector energy consumption highlight the dominant roles these sectors will continue to play in defining Vietnam’s overall energy pathways. Even under conditions of active sector reform, the overall potential for energy savings is constrained by several factors, including lack of investment capital to replace high energy intensive technologies, increasing per capita driving activity, growing population and increase in other forms of non-road transportation such as shipping and air travel. It is surprising to note that even under conditions of 10% and 15% reduction of fossil fuels set for the MOD and ADV scenarios, respectively, or competition allowed for selecting advanced technologies, such as DRI and EAF in steel production or bio-fuels and CNG in road transport, energy demand by these two sectors continues to increase. This points to the critical importance of policies for these two sectors for managing the level of absolute energy consumption in the face of continued trends of industrialisation and increasing population and driving activity. 


Compared to industry and transport sectors, the shares of final energy consumption of commercial and residential sectors are smaller. For example, the shares of final energy consumption by these two sectors are 30.9, 30.8 and 29.4% in 2025, and 21, 22.5 and 19.7% in 2050, for the Base, MOD and ADV scenarios, respectively. The commercial energy consumed by these sectors, especially electricity, however, is expected to increase as a result of the rural electrification program. It is worth paying attention to improving energy efficiency in these areas because this could lead to significant primary energy savings and CO2 reduction in power generation. 
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Figure 4.17: Share of final energy requirements by sector


4.5.3 Electricity generation


The demand for electricity is expected to increase significantly in the future, both in relative and absolute terms, from 8% in 2000, to approximately 25% of total final energy requirements in all three scenarios by the year 2025 (see Table 4.22 above). The increasing electricity demand is attributed to increased economic activities and population growth.  The industry sector, which is identified as a key dynamic for industrialisation and modernisation of the country’s economy, is primarily responsible for increased electricity demand. In 2000, this sector accounted for more than 40% of electricity consumption and this rate is expected to increase in the future due to high electricity intensive industries employed, such as, steel and aluminium. In addition, residential sector is ranked as the second biggest electricity consumer because of the improvement in people’s income and access to national electricity network. As a result, electricity generation is expected to grow at a high rate. Over the planning period 2000-2050, the annual growth rates of electricity generation in the Base, MOD and ADV scenarios are 7.3, 6.9 and 7.6%, respectively. These growth rates in the first half of the planning horizon (2000-2025) are even higher - 10.6, 10.6 and 11.5% for the Base, MOD and ADV scenarios (see Table 4.23 below). These growth rates, however, are lower than the electricity growth rate envisaged in the Sixth Master Plan for Power Development which is set at 17% per year for the period 2006-2015. For example, electricity generation over the period 2000-2025 is expected to grow at 10.6, 10.6 and 11.5% for the Base, MOD and ADV scenarios, respectively. There are two possible reasons for the low rates of electricity growth in the three scenarios. First, the electricity growth rate in the Sixth Master Plan for Power Development is set to meet the target of annual economic growth rate of 8.5 to 9% (IE 2007a) while this rate for the Base scenario is 6.5% per year. The lower economic growth rate appears to be more realistic if one takes note of the current global economic crisis
. Second, in both alternative scenarios, higher rates of energy savings (10 and 15% of fossil fuel savings for the MOD and ADV scenarios, respectively) are applied compared to current target of 3 to 5% for the period 2006-2010 and 5 to 8% for the period 2011-2015 (MOIT 2003). These assumptions would lead to a reduction in energy consumption and hence electricity growth rate in the study period 2000-2050. 

Table 4.23: Electricity generation


		Base scenario

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Electricity output (PJ)

		99.3

		166.3

		367.9

		570.2

		862.3

		1235.0

		1679.2

		2096.7

		2640.8

		2993.9

		3375.2



		Growth rate (%)

		 

		10.9

		17.2

		9.2

		8.6

		7.4

		6.3

		4.5

		4.7

		2.5

		2.4



		Share by fuels (%) 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Coal

		14.7

		13.2

		11.0

		29.0

		42.0

		48.4

		53.6

		57.4

		59.8

		65.1

		68.2



		Oil 

		3.1

		5.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Gas

		26.9

		48.5

		55.7

		32.8

		20.6

		10.8

		5.1

		1.1

		0.9

		1.0

		0.8



		Hydro

		53.4

		31.9

		29.4

		32.6

		29.9

		23.0

		16.9

		13.8

		11.1

		9.6

		8.6



		Renewables

		1.8

		1.1

		1.5

		2.2

		3.2

		3.9

		3.0

		2.4

		2.0

		1.8

		1.6



		Nuclear

		0.0

		0.0

		0.0

		0.0

		0.0

		7.8

		15.6

		20.5

		22.1

		19.5

		17.3



		Import

		0.0

		0.2

		2.5

		3.4

		4.3

		6.2

		5.9

		4.9

		4.1

		3.0

		3.7



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		MOD scenario

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Electricity output (PJ)

		99.3

		166.3

		403.2

		612.5

		917.2

		1238.5

		1596.6

		1865.7

		2309.0

		2538.5

		2795.5



		Growth rate (%)

		 

		10.9

		19.4

		8.7

		8.4

		6.2

		5.2

		3.2

		4.4

		1.9

		1.9



		Share by fuels (%) 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Coal

		14.7

		13.2

		11.1

		27.8

		40.5

		54.8

		57.2

		54.0

		56.0

		54.3

		59.5



		Oil 

		3.1

		5.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Gas

		26.9

		48.5

		51.6

		31.0

		20.4

		11.1

		5.7

		1.2

		0.9

		1.2

		0.8



		Hydro

		53.4

		31.9

		34.4

		32.5

		28.1

		22.9

		17.8

		15.2

		12.6

		11.3

		10.3



		Renewables

		1.8

		1.1

		1.6

		4.8

		4.8

		5.1

		4.6

		9.2

		9.2

		8.8

		9.1



		Nuclear

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		6.7

		12.0

		13.7

		12.5

		11.3



		Import

		0.0

		0.2

		1.4

		3.9

		6.2

		6.1

		8.0

		8.5

		7.6

		11.8

		8.9



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		ADV scenario

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Electricity output (PJ)

		99.3

		166.3

		396.2

		661.1

		1070.5

		1519.5

		2024.1

		2474.7

		3153.0

		3570.6

		3842.9



		Growth rate (%)

		 

		10.9

		19.0

		10.8

		10.1

		7.3

		5.9

		4.1

		5.0

		2.5

		1.5



		Share by fuels (%) 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Coal

		14.7

		13.2

		6.2

		28.6

		42.6

		55.4

		60.6

		57.2

		58.4

		60.0

		53.9



		Oil 

		3.1

		5.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Gas

		26.9

		48.5

		49.7

		27.4

		15.5

		5.8

		1.5

		1.0

		0.6

		0.7

		0.6



		Hydro

		53.4

		31.9

		36.3

		29.5

		24.1

		18.7

		14.0

		11.5

		9.1

		8.1

		7.5



		Renewables

		1.8

		1.1

		5.6

		9.5

		9.1

		9.0

		9.1

		13.2

		13.6

		13.7

		13.8



		Nuclear

		0.0

		0.0

		0.0

		0.0

		0.0

		0.7

		6.1

		5.0

		8.9

		9.1

		16.4



		Import

		0.0

		0.2

		2.2

		5.0

		8.6

		10.5

		8.6

		12.1

		9.5

		8.4

		7.8





Source:  Developed from modelling undertaken in this research


The fuel generation mix is expected to experience a significant change over the period 2000-2050 with more than 60% contributed by coal, hydro and gas in all three scenarios (see Figure 4.18). Over the planning horizon, total shares of gas and hydro will decrease from 80.3% in the base year (2000), to 33.8, 34 and 24.5% in 2025, and 9.4, 11.1 and 8.1% in 2050, for the Base, MOD and ADV scenarios, respectively.  At the same time, the share of coal is expected to increase from 14.7% in 2000, to 48.4, 54.8 and 55.4% in 2025, and 68.2, 59.5 and 53.9% in 2050, for the Base, MOD and ADV scenarios, respectively - because of the availability of copious coal reserves and the introduction of clean coal generation technologies. However, in order to meet the targets set for CO2 emissions limits and fossil fuel savings, the share of coal in total generation mix would decrease from 55.4% (2025), to 53.9% (2050), in the ADV scenario. Nuclear and renewable energy are substituted for coal, accounting for 16.4 and 13.8% of total generation mix by 2050. The increase of nuclear and renewable energy, both in absolute and relative terms in power generation means that these fuels have an important role to play in ensuring the security of energy supply, through a diversification of fuel mix and in making energy activities friendly to the environment. Therefore, to support the development of the Vietnam’s electricity system in this direction, it is necessary to have long-term policies, for example, policy on promoting investment in electricity infrastructure, especially power generation and policy on electricity tariffs to make electricity produced from renewable energy competitive with the conventional fuels. 
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Figure 4.18: Electricity generation mix by fuel types

In order to meet electricity demand, over the study period 2000-2050, the generation capacity is expected to increase gradually at 6.5, 6.1 and 6.9% per annum for the Base, MOD and ADV scenarios, respectively. However, for the period 2000-2025, these rates are much higher. They are 8.9% (Base scenario), 9.0% (MOD scenario) and 9.8% (ADV scenario) (see Figure 4.19). The rapid increase in generation capacity in this period is attributed to high growth of electricity demand, of which two main consumers are industry and residential sectors. For example, over the period 2000-2050, electricity demand is expected to grow at a rate of 7.1, 7.4 and 7.8% per annum for the BASE, MOD and ADV scenarios, respectively. At the same time, the collective share of electricity consumption by the industry and residential sectors is expected to be more than 70% in all three scenarios (see Table 4.22). The increase in industrial electricity use is due to the rapid growth of electricity-intensive industries, for example, steel, cement and manufacturing. Moreover, other light industry which is growing fast in Vietnam - food and beverage processing, textiles, light chemicals, and light consumer durable goods – is likely to increase power use per unit value added as development proceeds, due to increasing automation, packaging and (for food, beverages and textiles) increased use of cooling.  The sharp, steady increase in residential electricity demand is due primarily to increased household access to electricity and addition of loads other than the basic lighting load. This is supported by the fact that, despite more than 95% communes being connected to the national electricity supply network, more than 1 million households in the remote areas still do not have access to electricity services (WB 2005). Moreover, due to low living standards, especially in the rural areas, most households use electricity for lighting only. In the future, it is expected that the electricity consumption in the residential sector would increase as more electrical appliances are used as a result of economic growth. 

In contrast with the rapidly increasing electricity demand, the capacity reserve of Vietnam’s power system is very thin, about 10% (WB, 2006). The required capacity between the peak and off-peak time is also significantly different - about 80% between the peak hours (6-7pm) and the off-peak hours (3-4 am) and 25% between high season (December) and low season (January) (IE 2007a). This would make the system very vulnerable to the change in system load, especially when more than 25% of the total system capacity is made of hydro power plants which are seasonally affected by global warming.  Therefore, to overcome the power shortages that have been a recurring phenomenon in the recent times, Vietnam should have a plan to speed up the capacity development of the country’s power system in the years to come.
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Figure 4.19: Generation capacity requirements

The generating capacity mix by plant types is expected to experience a significant change in the coming years (see Figure 4.20 below). With limited indigenous resources, the share of hydro and gas would decrease in all three scenarios, collectively from 75% in the base year 2000, to 45, 44 and 37% in 2025, to 12, 15 and 11% in 2050, for the Base, MOD and ADV scenarios, respectively. The share of coal-fired plants would dominate (more than 40%) in all three scenarios due to the availability of copious domestic reserves. It is interesting to note that, over the second half of the study period 2025-2050, the share of coal-fired capacity is expected to decrease from the Base to MOD and ADV scenario, as a result of increased share of renewable-based power capacity, such as wind and solar, to reduce CO2 emissions. For example, this share in 2050 is 72.2, 63.8 and 59.2% for the Base, MOD and ADV scenarios, respectively. Finally, the share of nuclear power plant is also expected to increase in all scenarios to 13.5, 8.8 and 12.2% in 2050, for the Base, MOD and ADV scenarios, respectively, This will improve the security of power supply and benefit the environmental. 
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Figure 4.20: Capacity mix by plant types 

4.5.4 CO2 emissions 

Table 4.20 below presents the CO2 emissions produced by the Base, MOD and ADV scenarios. The table shows that the energy-related CO2 emissions are expected to increase in all three scenarios, in both the absolute and relative terms through out the study period (2000-2050) as a result of increasing use of energy resources, especially fossil fuels (see Figure 4.21).  The total emissions in the Base year (2000) were 38.02 mn tons. This value is expected to increase by 26, 24 and 34 times in absolute terms, equal to 6.6, 6.7 and 7.3% per annum, by 2050 for the Base, MOD and ADV scenarios, respectively. These rates are even higher in the first half of the planning horizon (2000-2025). They are 9.2, 9.8 and 10.8% per annum as a result of increased economic activity, high energy intensive technologies employed, and lack energy efficiency measures. Compared to the Base and MOD scenarios, the ADV scenario, which is characterized by the highest economic growth rate (7.5% per year, over the study period 2000-2050) produces the biggest quantities of CO2 emissions.  The ADV scenario, however, has the lowest CO2 emission intensity, followed by the MOD and Base scenarios. It is indicated by the fact that by 2050 the CO2 emissions intensities of the Base, MOD and ADV scenarios are 1.09, 1.18 and 1.39 Kg CO2 per $ of GDP, respectively. This is because CO2 reduction measures, for example, fossil fuels savings, renewable energy promotion and application of clean technologies are envisaged in the MOD and ADV scenarios. 


Table 4.24: CO2 emissions 


		Base scenario

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		CO2 emissions (Mill. Ton)

		38.0

		69.4

		98.2

		160.9

		249.5

		346.9

		487.3

		627.1

		764.3

		884.0

		994.5



		Growth rate (%)

		

		12.8

		7.2

		10.4

		9.2

		6.8

		7.0

		5.2

		4.0

		3.0

		2.4



		Share of CO2 emissions by sector (%)

		

		

		

		

		

		

		

		

		



		Agriculture

		8.0

		4.1

		3.1

		2.2

		1.5

		1.1

		0.8

		0.6

		0.3

		0.1

		0.1



		Commercial

		6.6

		7.8

		8.1

		7.1

		6.0

		5.1

		3.8

		3.2

		2.7

		2.6

		2.6



		Industry

		23.6

		26.8

		20.1

		21.0

		22.7

		28.0

		31.2

		32.8

		30.3

		27.3

		25.0



		Residential

		15.8

		11.3

		10.2

		9.1

		6.3

		0.9

		0.8

		0.8

		1.0

		1.3

		1.4



		Transport

		20.7

		22.7

		22.6

		20.0

		17.4

		15.8

		13.7

		12.5

		11.9

		11.2

		10.8



		Generation

		25.3

		27.3

		35.9

		40.5

		46.1

		49.0

		49.7

		50.1

		53.8

		57.5

		60.2



		

		

		

		

		

		

		

		

		

		

		

		



		MOD scenario

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		CO2 emissions (Mill. Ton)

		38.0

		69.4

		106.0

		173.3

		260.7

		396.5

		527.1

		624.6

		753.4

		814.8

		922.0



		Growth rate (%)

		

		12.81

		8.82

		10.34

		8.506

		8.748

		5.86

		3.452

		3.82

		1.581

		2.502



		Share of CO2 emissions by sector (%)

		

		

		

		

		

		

		

		

		



		Agriculture

		8.0

		4.1

		2.9

		2.0

		1.4

		1.0

		0.7

		0.5

		0.3

		0.2

		0.2



		Commercial

		6.6

		7.8

		8.2

		7.9

		7.0

		5.7

		4.6

		4.2

		4.3

		4.7

		4.7



		Industry

		23.6

		26.8

		21.4

		22.0

		24.0

		25.6

		28.6

		32.1

		29.5

		28.3

		25.7



		Residential

		15.8

		11.3

		9.5

		7.7

		1.9

		1.8

		2.3

		3.2

		3.4

		3.6

		3.7



		Transport

		20.7

		22.7

		23.6

		21.9

		20.3

		17.8

		17.1

		17.8

		17.9

		18.9

		18.8



		Generation

		25.3

		27.3

		34.5

		38.5

		45.3

		48.2

		46.7

		42.1

		44.7

		44.3

		47.0



		

		

		

		

		

		

		

		

		

		

		

		



		ADV scenario

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		CO2 emissions (Mill. Ton)

		38.0

		69.4

		103.2

		194.0

		323.8

		498.4

		712.0

		885.2

		1080.4

		1229.2

		1293.1



		Growth rate (%)

		

		12.81

		8.251

		13.45

		10.79

		9.005

		7.396

		4.45

		4.066

		2.613

		1.02



		Share of CO2 emissions by sector (%)

		

		

		

		

		

		

		

		

		



		Agriculture

		8.0

		4.1

		3.0

		1.8

		1.2

		0.8

		0.5

		0.4

		0.2

		0.1

		0.1



		Commercial

		6.6

		7.8

		9.1

		8.0

		6.5

		5.0

		4.0

		3.7

		4.0

		4.3

		4.8



		Industry

		23.6

		26.8

		23.9

		23.7

		25.3

		28.5

		31.2

		34.6

		31.9

		29.8

		30.8



		Residential

		15.8

		11.3

		9.6

		8.1

		5.0

		2.6

		3.0

		3.3

		3.2

		3.2

		3.6



		Transport

		20.7

		22.7

		25.8

		22.0

		19.3

		17.4

		16.2

		16.3

		16.4

		17.2

		19.1



		Generation

		25.3

		27.3

		28.6

		36.3

		42.7

		45.7

		45.0

		41.7

		44.3

		45.3

		41.6





Source:  Developed from modelling undertaken in this research
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Figure 4.21: CO2 emissions


The major contributors to CO2 emissions include power generation, followed by industry and transport sectors (see Figure 4.22). Collectively, these sectors account for more than 90% of total CO2 emissions. However, while the shares of CO2 emissions by these sectors increase in the BASE scenario, from 93% (2025) to 96% (2050), these figures, at the same time, remain unchanged for the MOD and ADV scenarios (91.5%). This is because of the application of measures to enhance energy efficiency (10 and 15% fossil energy savings for MOD and ADV scenarios, respectively) and promote renewable energy (10 and 15% of renewable-based electricity in generation mix) to reduce CO2 emissions in the two alternative scenarios (see scenario description, chapter 3). The results show that a large reduction in CO2 emissions could be achieved in the MOD and ADV scenarios, mainly due to the use of cleaner fuels (nuclear and renewable), penetration by more efficient plants in power generation (such as IGCC), efficiency improvements  in end-use technologies and fuel switching in the transport sector. For example, by keeping the shares of nuclear and renewable energy in power generation mix at 11.3 and 9.1 in the MOD scenario and 16.4 and 13.8 in ADV scenario, the total CO2 emissions from generation in these two alternative scenarios could be reduced by 17 and 35%, respectively, compared with the case where no measure to promote new and renewable energy in generation is taken. This result shows that the potential for emission reduction in Vietnam if appropriate policies that promote energy efficiency and efficient plants could be implemented. It also shows how renewable energy could contribute in power generation and hence help in reducing CO2 emissions. While the huge reductions in CO2 emissions could be achieved in power generation, the next important sectors that could contribute significantly in reducing CO2 emissions are transport and industry - through fuel switching (for example bio-fuels in road transport), clean technologies application (such as, DRI and EAF in steel industry) and good management practices.
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Figure 4.22: Shares of CO2 emissions by sector

4.6 Summary 

The energy implications of three possible pathways for Vietnam have been analysed, using an energy optimisation model (the MARKAL model). Some key findings of this analysis are:


· The primary energy requirements for Vietnam’s socio-economic development will increase sharply over the study period (2000-2050) in all three scenarios. Compared to the base year (2000), the energy requirements by the year 2050 will increase in the range of 15 to 21 times for the Base, MOD and ADV scenarios, respectively. If the current trends in energy policy are allowed to continue over the next fifty years without long-term policy measures taking place, the Vietnam would significantly depend on imported energy, potentially inviting energy insecurity, and the country would face serious environmental pollution caused by CO2 emissions. The MOD and ADV scenarios, underpinned by workable energy policies, demonstrate alternative pathways that could significantly reduce energy consumption and CO2 emissions. For example, in 2050 the primary energy could be reduced by 6.6 and 9.3 % as compared with the Base scenario, and CO2 emissions are kept at the 1990 emission levels, for MOD and ADV scenarios, respectively. 

· The energy mix is expected to undergo a significant change over the study period (2000-2050). Historically, the energy mix in Vietnam has been dominated by coal and oil, which make up more than 40% of total energy consumption (IEA, 2008b). This domination is expected to enhance in the future, with their combined share expected to increase to more than 70%, in all three scenarios, over the study period 2000-2050. In response to the pressure to reduce CO2 emissions to the Kyoto level, especially in the second half of the study period (2025-2050), the share of coal in total energy mix would decrease, by 2050, from the Base scenario (46.1%) to the MOD scenario (35.7%) and ADV scenario (32.2%), respectively. In contrast, the share of oil in total energy mix is expected to increase in all scenarios, from 24.2% in the base year (2000), to 26.1, 36.2 and 38.3% in 2050, for the Base, MOD and ADV scenarios, respectively. This is due mainly to the increased driving activity and the dominance of oil-based engine in the transport sector. With limited indigenous reserves, the shares of hydro and gas are expected to decrease in all scenarios, from 6 and 18%, respectively in the base year (2000), to 2 and 6%, in 2050. To compensate for the reduction of above mentioned fuels, and to comply with CO2 emissions limits (1990 Kyoto level), new and renewable energy are promoted, resulting in increase in the shares of these fuels, especially in electricity generation. For example, the share of renewable in generation mix increase from 0.6% in the base year (2000), to 5, 10 and 15% for the Base, MOD and ADV scenarios, respectively, over the second half of the study period 2025-2050. 


· Vietnam would become increasingly dependent on imported energy if current trends in energy consumption continue. For example, over the study period 2000-2050, energy import would grow at annual rates of 8.2, 8.3 and 8.9%, for the Base, MOD and ADV scenario, respectively. As a result, the share of energy import in total energy supply will increase from 25% in the base year (2000), to 44, 38 and 42% in 2025, and 84, 78 and 81% in 2050, for the Base, MOD and ADV scenarios, respectively. This would expose the country to increasing energy supply risks if one takes note of the recent volatility of the international energy market, limited domestic coal production, and the ongoing geo-political uncertainty associated with oil and gas resources in the Spratly Islands. The results of scenario analysis, however, show that by applying energy savings measures (efficiency and energy conservation), and renewable energy promotion (wind and solar in generation and alternative fuels in the road transport), the shares of energy import in total energy requirements could reduce by 7% and 8% in 2025, and 6% and 12% in 2050, for the MOD and ADV scenarios, respectively, as compared with the Base scenarios.


· The electricity sector is likely to undergo a significant shift in fuel and technology mix compared with years to come. This shift would be mainly driven by the need to ensure electricity supply security and reduce CO2 emissions. In the past, the composition of generation mix was 45, 53.5 and 1.5% for fossil, hydro and renewable energy, respectively. Over the study period (2000-2050), the share of coal, underpinned by the availability of copious coal reserves in the Red river delta, and the assumption on the penetration of clean coal technology (IGCC), would increase to more than 50% while the combined share of hydro and gas would decrease, due to their limited indigenous reserves, to approximately 10%, in all three scenarios. In response to the pressure to enhance electricity supply security and reduce CO2 emissions, nuclear and renewable-base electricity is likely to be promoted and their shares in generation mix are expected to increase, by 2050, to 11 and 9% for the MOD, and 16.4 and 13.8% for the ADV, scenarios.


· Among the end-use sectors, industry and transport are the two biggest energy consumers and CO2 emitters. Over the study period 2000-2050, these two sectors account for approximately 70% of total final energy requirements and around 40% of total CO2 emissions, in all scenarios. Therefore, these two sectors offer significant opportunities to reduce energy consumption and CO2 emissions. Such opportunities include replacement of high intensive coal-based technologies (Blast Oxygen Furnace) by more energy efficient technologies (Direct Reduction Iron) in the industry sector, and improvements in fuel economy and use of alternative fuels in road transport. In addition, the residential and commercial sectors also have an important role to play. These two sectors collectively account for only around 20% of total final energy consumption but are ranked as the second biggest electricity consumer. In the future, electricity consumed by these sectors is expected to increase as a result of improvement in residential income and change in people’s lifestyles. Therefore, these sectors offer a high potential for reduction in energy consumption and CO2 emissions, especially in the context of increasing share of coal-based electricity in total generation mix (to more than 50% in all three scenarios) (see Table 4.23). Some critical measures for reducing energy consumption by these sectors are: i) increasing energy efficiency and conservation in building and for electrical appliances, through better design and operation practices, and ii) raising people’s awareness about the need for energy savings and environmental protection, because a cleaner and more efficient energy direction depends so much on customer choices. 


· CO2 emissions are likely to increase in all three scenarios over the study period (2000-2050). Electricity generation, industry and transport sectors are major contributors, collectively accounting for more than 70% of total CO2 emissions in the base year (2000), this rate is expected to increase to 90% by 2050. Despite the introduction of some CO2 emission reduction measures, CO2 emissions from electricity generation are likely to increase in absolute term - 26, 24 and 34 times for the Base, MOD and ADV scenarios, respectively.  This sector is also the biggest CO2 emitter, contributing more than 40% of total CO2 emissions in the year 2050. This suggests that more attention would need to be paid to the power generation sector if a lage reduction in CO2 emissions to be achieved. Similarly, increased attention would need to be paid to the industry and transport sectors in order to reduce CO2 emissions. 


In summary, it is critical for Vietnam to find potential energy pathways that could meet the country’s energy needs in a balanced manner in the coming decades. For this purpose, three energy scenarios, representing possible future of the energy system that might unfold are examined, using the energy optimisation model - the MARKAL model. The examination demonstrates that plausible alternative energy pathways do exist and the questions of what forces would shape the future development of the Vietnam’s energy system and how the country will move forward in the next 50 years are also responded. Some important conclusions which could be drawn from this scenario analysis are: (i) The energy demand is expected to increase sharply over the period 2000-2050, as a result of population growth and increasing economic activities. Vietnam would become more dependent on imported energy, especially fossil fuels, such as coal and oil, which will invite energy insecurity and environmental pollution. Therefore, ensuring security of energy supply for socio-economic development and at the same time minimizing negative impacts caused by the energy activities on environment are challenging task for Vietnam; ii) The cleaner, more diversified and efficient energy pathway is likely to be a direction for development of the Vietnam’s energy system in the next 50 years; (iii) With a large fraction of the country primary energy consumption attributed to coal and oil (70%), energy consumption will only become more diverse if a greater proportion of energy consumption is made up of non-fossil fuels. The analysis of scenarios suggests that the dynamics of increasing energy diversity is to reduce dependency on coal and oil through energy savings, and the promotion of new and renewable energy activities. This is also an appropriate way to move to a friendly environmental-energy system; And, iv) In order to achieve these targets, an integrated approach, which combines changes in sectoral economic structure, technological progress, policy, and individual choice is needed. Electricity generation, industry and transport, with their direct association to coal and oil consumption, are critical sources for improving energy diversification. In these sectors, advanced technologies, for example, IGCC, DRI, Solar cell and Hybrid vehicles could constitute important means to reduce coal and oil consumption, through energy efficiency improvement and increasing share of renewable energy. The residential and commercial sectors also have an important role to play in increasing share of renewable energy consumption through the application of solar energy in heating and cooking, for example. In addition, appropriate energy policies, which are able to guide individual choice and technological progress are needed. For example, effective policy for energy pricing and mechanism for promoting renewable energy could make renewable-based electricity become competitive, carbon tax could facilitate the uptake to clean technologies. 


This chapter has examined some possible energy pathways and their impacts on the energy system in terms of primary energy supply mix, generation mix (fuel and technology), and CO2 emission limits. These results while useful for energy planning purposes, are not enough for formulating energy policies. In order to formulate effective energy policies, a comprehensive analysis is needed that will take into consideration the wider impacts of various energy options. This task will be carried out in the next chapter where an energy-oriented input-output model is employed to examine the economy-wide impacts of alternative energy options.


Chapter 5


Assessment of Economy-wide Impacts


5.1 Introduction

In Chapter 4, the energy impacts of the three energy scenarios developed for Vietnam have been assessed using an energy optimization model (The MARKAL model). These impacts include primary energy supply mix, final energy requirements, power generation (by fuel and technology) mix, and CO2 emissions. Further, this modelling suggested that the energy impacts are likely to differ considerably across the three scenarios. These energy impacts are, therefore likely to impact the country’s economy to varying degrees, due to the strong relationship that exists between energy and economy. Also, these impacts would be felt by both the energy and non-energy sectors of the economy, because of the direct and indirect links between energy and non-energy sectors (for example, non-energy sectors consume energy produced by energy sectors and they in turn provide inputs needed by the energy sectors). Hence, from a policy perspective, it would be useful to develop a deeper understanding about these impacts. For example, it would be useful to know how the implementation of policies intended to guide energy sector towards clean energy pathways (as represented by the MOD and ADV scenarios in this research) would impact different economic sectors, for example, in terms of changes in their total outputs, wages and salaries, employment, etc. Such information would assist the policy makers to determine which sectors would benefit and which sectors would suffer as a result of implementing a specific policy. This chapter aims to examine these economy-wide impacts for the three energy scenarios. 


In order to examine these impacts, this research develops and applies an energy oriented input–output model. As explained in Chapter 2, the main advantage of using an input–output model is that it helps in capturing linkages across a large number of economic sectors. Unlike other economic models, such as macro-economic and general-equilibrium, input–output model has the capacity to examine the impacts on smaller segments of the economy, in response to individual sector-specific policies. In the energy modelling component of this research (described in Chapter 4), a detailed representation of various energy technologies considered in this research is provided. If such representation could be incorporated into an input–output model, it would overcome a major drawback of economic models
. In this research, the economic input–output model is combined with the detailed energy model; this makes it possible to examine impacts at greater levels of detail, both for the energy and economic sectors. The impacts on the economic sectors are examined, in this research, in terms of changes in the total sectoral outputs (mn $), wages and salaries (mn $), employment levels (number of persons), total energy intensities (MJ/$ of economic output) and CO2 intensities (kg of CO2 emission/$ of economic output).


This chapter is organised as follows: Section 5.2 describes the basic input–output framework and its application. Section 5.3 presents the scenario modelling process using input-output analysis. Section 5.4 presents results of input–output modelling at the individual economic sector level. Section 5.5 presents the economy-wide impacts at the aggregate level that is at the level of entire economy. Section 5.6 is devoted to examining of some policy trade-offs. Section 5.7 summarises the key findings of this chapter.  


5.2 Basic input-output framework


Input-Output tables provide a complete picture of the flows of products and services in the economy for a given year. The input-output table and the coefficients derived from it form the basic elements of input-output analysis. Fundamentally, the table consists of three elements of an economic system: inter-industry transactions, primary inputs and final demand. The inter-industry table shows the flow of goods and services between production sectors; outputs from a sector form inputs for other sectors and as such this flow is commonly referred to as intermediate demand. Primary inputs are payments to factors of production. In a standard model, primary inputs include payments to households, such as salaries and wages, gross operating surplus and mix income and taxes less subsidies. Final sectors typically include household consumption, public expenditure, capital stock, investment and net exports. The basic structure of the input-output table and these elements are shown in the Figure 5.1. Normally the elements of the input-output table represent quantities of goods and services in either physical form, such as tons of steel and petajoules (PJ) of energy or monetary value (for example $’000). Where both physical quantities and monetary values are used, the resulting model is called a “hybrid” model.
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Figure 5.1: Basic structure of an Input-output table 


In figure 5.1, xij represents the flow of outputs from sector i to sector j where it is used as inputs; Yi represents final demand for sector i outputs; Xi is the total output of sector i; Xj is the total input to sector j; and vkj represents the flow of production factor inputs to sector j. The followings are the key relationships, derived from these elements:
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Eqn. 5-3


Where aij in Eqn. 5-2 is the amount of inputs required from sector i to produce 1 unit of output in sector j. The aij elements are commonly referred to as the direct coefficients. In the case of hybrid model, Xj comprises mixed units and cannot be summed. The direct coefficients aij are therefore calculated using the corresponding row sum of Xj (that is, Xi for the same sector). In Eqn. 5-3, fkj represents the amount of primary inputs vkj required to produce 1 unit of output in sector j.


The input-output table is transformed into an analytical model using the basic relationship represented by the following equations:
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Eqn. 5-4


Eqn. 5-4 is the core of fundamental matrix representation of input–output analysis. It shows that the value of total output (X) depends upon the value of final demand (Y) and technical coefficients (A). The inverse matrix, (I-A)-1 represents the total (direct and indirect) requirement for sector i outputs (X) to satisfy 1 unit of final demand in sector j(Y). It is commonly referred to as the Leontief inverse matrix (Leontief 1966).


The Leontief model exhibits a linear production function, because the inputs and outputs in the model are proportionately fixed – as represented by direct coefficients - which exclude the possibility of substitution between inputs. Further, it is assumed that each sector produces one output and that output is only produced in one sector. In reality, however, sectors often represent more than one product or service, particularly when the input-output table is highly aggregated. In such cases, the direct coefficient represents the average technology mix of the aggregated sectors. Lastly, it is assumed that investment and production occur simultaneously (Cichocki & Wojciechowski 1998; Miller & Blair 1985). Despite these inherent assumptions, the Leontief model offers a simple and insightful analytical tool, which is useful for capturing the links between the energy sector and the wider economy.


Input-output analysis is well suited for quantifying the various links between energy, economy and environment. This research examines economy-wide impacts caused by energy options on each individual economic sector of Vietnam in terms of total sectoral output, wages and salaries, employment, energy intensities and CO2 emissions intensities. Followings are detailed description of how to apply the input-output framework for quantifying the impacts in this research.


Impacts on total output


The impacts of energy activities on total sectoral outputs could be estimated by application of the input-output framework as follows: First total sectoral outputs for each scenario are calculated using the Eqn. 5-4 above. Specifically:


XBase = (I-ABase)-1 YBase                     



XMOD = (I-AMOD)-1 YMOD                           

XMODNO = (I-AMODNO)-1YMODNO        


XADV = (I-AADV)-1 YADV 


XADVNO = (I-AADVNO)-1YADVNO

Where,  


XBase, XMOD, XMODNO, XADV and XADVNO: Total outputs for Base, MOD, MODNO, ADV and ADVNO scenarios which need to be calculated.


ABase AMOD, AMODNO, AADV and AADVNO: Technical coefficients matrix for Base, MOD, MODNO, ADV and ADVNO scenarios, that are projected, using RAS technique in section 5.3 below.


YBase YMOD, YMODNO, YADV and YADVNO: Final demands for Base, MOD, MODNO, ADV and ADVNO scenarios which are projected in relation to energy supply mix (coal, oil, gas, hydro, nuclear, renewable and electricity) in Chapter 4.


Then, impacts of the energy activities on total sectoral output are calculated as follow:


XMODNO - XMOD = Difference in total output due to energy activities in MOD scenario


XADVNO  - XADV  = Difference in total output due to energy activities in ADV scenario


Finally, these differences are compared to corresponding total sectoral outputs in the Base scenario to see how much change that the energy activities of the alternative scenarios could make in total sectoral output in comparison with the Base scenario.


Impacts on wages and salaries

Similarly, the impacts of energy activities on wages and salaries could be assessed based on the differences in wages and salaries between the MOD and MODNO scenarios and between ADV and ADVNO scenarios.  The wage and salary levels are directly proportional to total outputs. Therefore, changes in wage and salaries as a result of the energy activities impacts could be estimated based on the above calculated sectoral outputs with an assumption that the proportion between wages and salaries and total output is fixed over the study period 2000-2050. 


Impacts on employment


The same procedure as applied in the previous section could be used to examine the impacts of the energy activities on employment. However, in calculating employment levels for each scenario, labour productivity should be taken into account. This research assumes that over the study period 2000-2050, the productivity growth rates for the Base, MOD and ADV scenarios are 1.7%, 2.0% and 2.5% per year, respectively. This assumption is reasonable if one takes note of the results of recent study on Vietnam’s economic performance which indicates that the average annual improvement in labour productivity during the last 18 years (1990-2008) was 1.7% (Vu & Mukul 2009) and the country’s economy is characterized by high growth rate of labour productivity as it starts from very low base.


Energy intensities


This research calculates energy intensities for each production sector for 2025 and 2050 which include direct and total energy intensities. The direct intensities refer to energy that is supplied by the energy sector in the economy while the indirect intensities refer to the energy embedded in the flow of goods and services between the sectors. The advantage of total intensities is that the indirect demand for sector outputs is captured. Direct and total energy intensities are derived from two fundamental input-output relationships using the hybrid model: the direct coefficients of A matrix and the total coefficients of the Leontief inverse matrix, (I-A)-1. Specifically, the direct and total energy intensities of each sector are computed by adding up all energy elements in the corresponding column sector of the direct coefficient matrix A and the Leontief inverse matrix (I-A)-1, respectively.


CO2 emissions intensities


In this section, CO2 emissions of various economic sectors are examined in relation to their economic outputs in terms of CO2 intensities. The total CO2 intensities are computed by taking into account both direct and indirect CO2 emissions. Direct CO2 emissions for an economic sector refer to the emissions that result from the direct consumption of fossil energy sources by the sectors. Indirect emissions are emissions associated with the energy embodied in goods and services input to these sectors. Similarly to the energy intensities section, the direct and total CO2 intensities are derived from two fundamental input-output relationships using the hybrid model: the direct coefficients of A matrix and the total coefficients of the Leontief inverse matrix, (I-A)-1. The direct and total CO2 intensities are calculated by multiplying the CO2 emissions factor of the type of energy consumed by the sector with the energy elements in the corresponding column sector of the direct coefficient matrix A and the Leontief inverse matrix (I-A)-1 and then adding them up.


5.3 Scenario modelling using input-output analysis

This research uses input-output analysis to model different scenarios for 2000-2050. There are several ways in which scenarios may be modelled, depending on whether a static or dynamic input-output model is developed. This research develops static models for 2025 and 2050 for the following reasons. Firstly, the dynamic model requires a series of input-output tables at regular intervals so that a time lag variable may be inserted. This variable captures when a capital item is produced by sector i and when it adds to capacity of sector j. At the time of developing the scenarios for this research, such a series was not available for Vietnam. Secondly, the final sectors of original input-output table upon which the 2000 model is based are highly aggregated which places restrictions on the ability to expand the final sectors to accommodate additional data (such as capital expansion and replacement requirements) required for dynamic model (Duchin, 1988). Nonetheless, the static model is well suited to explore the potential trade-offs in the future, as a result of the net economy-wide impact of decisions in the energy sector.


In the basic input–output table, the flows across the economic sectors (including energy sectors) are normally represented in monetary values (that is, in ‘000 $). To apply input–output table for energy analysis, energy sectors need to be represented in greater detail. Two approaches are commonly practiced for such purpose. One approach is to leave the intermediate transaction table of the input–output table intact (that is, keeping all flows in monetary terms), and adding extra rows below the transaction table to account for each type of energy source consumed by the economic sectors. This approach is found to be useful in computing direct and indirect energy requirements of economic sectors. This approach could be further extended for the assessment of emissions (such as CO2, SO2, particulate matters) from energy activities by adding extra rows for each of these pollutants. In this approach, since energy accounts for outside the intermediate transaction table, the flows from the non-energy sectors to energy sectors could not be accounted for. 


Another approach for developing energy oriented input–output model involves a modification of the transaction table itself, to allow for the flows from the energy sector, expressed in energy units, PJ (see Casler & Wilbur 1984; Meier 1984; Miller & Blair 1985). This is illustrated in Figure 5-2. First, the economic sectors within the transaction table are separated into non-energy and energy sectors, usually allocating non-energy sectors in the upper rows and energy sectors in lower rows of the transaction table. At first, the flows in this transaction table would still be in monetary units. In the next step, data on energy consumption (by volume and energy type) are collected for each sector for the base year from various published sources, such as energy statistics and for future year from the energy optimization model (the MARKAL model) in chapter 4. This energy data is then input into the energy sector rows to replace the flows that are previously presented in monetary units. Thus in this modified energy oriented input–output table, energy flows are now represented in energy units (PJ) and non-energy flows, in monetary units (‘000 $). The technological coefficients matrix (A), in such a table would take the form as shown in Figure 5.2, where these coefficients would be represented by four types of transactions, namely, from non-energy to non-energy sectors in ‘000 $/’000 $, from non-energy to energy sectors in ‘000 $/PJ, from energy to non-energy in PJ/’000$, and from energy to energy sectors in PJ/PJ.


One of the key steps in using input-output analysis for scenario modelling is determining the future structure of the economy which is essentially represented by the A matrix. The A matrix, as describe previously, assumes that the technical coefficients are fixed; that is, the technical coefficients do not change over time nor allow for substitution. It has been argued, therefore, that input-output analysis is only suitable for short to medium-term analyses (Miller & Blair, 1985). Despite this assumption, researchers have undertaken long-term scenario analysis with minor modification to existing technical coefficients (Cruz 2002; Lei 2000; Murthy, Panda & Parikh 1997; Proops, Faber & Wagenhals 1992). The technical coefficients may be modified in order to better represent the future structure of the economy and therefore improve the suitability of input-output analysis for long-term studies. There are several methods with which to undertake this modification, including development of marginal technical coefficients, use best practice firm data, extrapolation of past tables; and expert judgement (for further information see Allen & Gossling 1975, Duchin 1988; Miller & Blair 1985; and Wilting, Faber & Idenburg 2004).




Figure 5.2: Energy Oriented Input–output Model: A Schematic Diagram


The RAS method is an alternative to those mentioned above, which is much used by government statistical offices across the globe. This method iteratively adjusts the technical coefficients of the base year, using actual estimated data for a future year, for which the input-output table is being created. Some advantages of the RAS method are that it is mathematically straight forward, and when used in conjunction with exogenous data – such as engineering data or expert judgment – for sector of significance, the accuracy of the method improves (Allen & Gossling 1975; Miller and Blair 1985). This research uses RAS method to update the 2000 A matrix, in conjunction with exogenous data to develop new A matrix for 2025 and 2050. 


On the basics of above discussion, the scenario modelling process using input-output analysis could be divided into three following steps, as illustrated by the Figure 5.3 below.
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Figure 5.3: Steps to update the input-output model for a future year 

Step1: Modification of the original input-output table 2000

This step involves two main activities, namely the rearrangement of the original 2000 input-output table, and the aggregation of this table. The first activity aims to separate the production sectors into two major economic sectors, namely non-energy and energy sectors. The original 2000 input-output table has 113 production sectors of which 108 are non-energy sectors and 5 are energy sectors (see Appendix 3-Table A3.1 – p.323). These sectors will be rearranged so that non-energy sectors are located at the top of the intermediate table and the energy sectors, at the bottom of this table. The second activity is aggregation of the input-output table to reduce number of non-energy sectors to 30. These non-sectors are aggregated in the way that those sectors which are important from energy consumption viewpoint (that is, those that are energy intensive, such as steel and cement industry) are treated separately. In addition, those industries that have similar type of energy consumption and belong to the same one of the key following economic sectors, namely agriculture, commercial, industry and transport are put in the same group. This arrangement has some advantages. First, it would help prevent a distorted picture of energy consumption that may arise from combining sectors that are different in energy demand and technologies employed. Second, it would make the projection of sectoral outputs in the next step easier because these outputs are projected based on the sectoral economic growth rates available for each scenario (see chapter 2). Finally, the analysis later on would become easier because there is correspondence between sectors in the input-output table and the end-use sectors in the MARKAL model.


In this step, the primary inputs are also reorganized to include two main components. They are household’s income (wages and salary) and other value added (OVA) which include tax, surplus and depreciation in the original table. Similarly, final sectors are also rearranged to comprise household consumption, other final demand (OFD) and net export.


Step 2 Projection of the technical coefficients

The technical coefficients of the future A matrix are projected using RAS method which was first proposed by Stone (1961). The aim of this method is to develop a set of technical coefficients comprising the A matrix that satisfy the future intermediate supply and demand for each sector. This method assumes that changes in technical coefficients can be summarized by bi-proportional relationships in which each industry is characterized by a substitution multiplier (R), and a fabrication multiplier (S). These multipliers are assumed to operate uniformly over the rows and columns of the matrix. The substitution multiplier (R) measures how a particular commodity has been substituted by other commodities. It refers to the emergence of substitutes as production inputs, for example, the use of plastic products in place of metals. The fabrication multiplier (S) measures how the absorption of intermediate inputs as a proportion of the total input changes. It refers to the changes in the proportion of value added items in a sector’s total purchase. The RAS approach involves finding a set of values for “R” and “S”, which when applied to the base year coefficient matrix, provides a matrix whose elements comply with the observed totals of intermediate outputs and inputs, by industry, for the year for which an updated matrix is required.  


In order to use the RAS method, three parameters that are needed for the target year for which forecast of coefficients are to be made. They are, total outputs (X); intermediate demands (U); and intermediate supply (V). Normally these values are known for the past years from national accounts but not for future. If technical coefficients are to be forecasted for future years, it requires estimating these values for the target year. The values of total outputs (X), intermediate demands (U) and intermediate supply (V) for the future year may be estimated using following equations:




[image: image34.wmf](


)


(


)


(


)


n


t


t


n


i


i


i


r


t


X


t


X


Õ


-


=


+


×


=


0


1


0


1




Eqn. 5-5
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Eqn. 5-6
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Eqn. 5-7


Where:


Xi(t) and Xi(t0) are total output of sector i in future year t and base year t0, respectively


Ui(t) and Ui(t0) are intermediate demand of sector i in future year t and base year t0, respectively


Vi(t) and Vi(t0) are intermediate supply of sector i in future year t and base year t0, respectively


ri is sectoral economic growth rate of sector i (see chapter 2)


n is number of years between future year t and base year t0

Now, with Xi(t), Ui(t) and Vi(t) known the projection of technical coefficients is undertaken by multiplying the A matrix from the base year (t0 = 2000) with the total output for the future year (t), which derives an initial estimate of U(1) and V(1). This estimate is then compared to the projected future values U(t) and V(t), in order to derive ‘R’ow and ‘S’um coefficients, that are firstly used to adjust the base year A matrix, A(0), and then subsequent A matrices in an alternating pattern, as illustrated in the equation sequence below:
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Eqn. 5-8
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Eqn. 5-9
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Eqn. 5-10
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Eqn. 5-11


The A matrix are iteratively adjusted by n values of R and S in alternation until U(n) and V(n) converge to within a certain margin of U(t) and V(t), respectively. Miller & Blair (1985) suggest a margin of a small positive number, such as 0.01; that is |U(t) - U(n)| and |V(t) - V(n)| equal 0.01.


Step 3 Addition of the new energy technologies into future year A matrix

The input–output table available for Vietnam does not represent energy sectors in detail. Since this research is more interested in analysis of energy related issues, the energy sector needs to be represented comparatively in more detail. This is accomplished by disaggregating these 5 energy sectors into 19 energy sectors, to include sectors, such as, renewable-based power generation and alternative fuels production, etc. (see Appendix 3-Table A3.2 – p. 324).


The input–output model developed in this research makes an effort to represent energy technologies which are considered in the three energy scenarios, in order to investigate the economic impacts of responses to policy-induced changes in technology-mix. While it is not possible to represent each energy technology in the input–output table at the same level of detail as is possible in the energy sector model (that is, MARKAL), all energy-significant technologies have been included in this research. These technologies mainly belong to two groups, namely, technologies that generate electricity, and technologies that produce alternative fuels for transportation. For example, electricity could be generated from alternative plants such as wind and solar, which have quite different characteristics in terms of inputs required as compared to the conventional power plants, such as coal and gas. These renewable plants do not require fuel inputs, and major purchases made by these plants include equipment, fabricated metals, construction services, which are usually capital intensive inputs. The general trend in input–output analysis has been to treat hydro as a proxy for all renewable-based technologies (see, for example, Proops et al. (1993)). This could be erroneous because inputs required by different types of renewable technologies vary widely. For example, inputs required by hydropower plants are typically dominated by civil construction materials, whereas the inputs required by wind power plants are dominated by fabricated metals. Thus by treating various renewable-based plants separately would increase the accuracy of analysis. However, data at that level of detail are not readily available. In this research, these estimates (that is, inputs needed by renewable plants) have been developed from several sources (see Appendix 3-Table A3.3 – p. 325) -- for wind and biomass, they are from the UK study (ETSU 1998) and IEA (2003), and for the PV from Redding Energy Management (1999) and from Gaffney (2005). This research assumes that these data are valid for Vietnam as well. 


In the input–output table, the capital expenditure by a plant is treated as an intermediate demand rather than final demand. This assumption would introduce conservatism in the estimates of various impacts, as not only these plants buy inputs from other economic sectors, but also sells their outputs (such as electricity) to other sectors. The rationale for treating capital expenditure as part of the intermediate demand can be found in Miller et al. (1985) and Lenzen (1998). It is also explained in Miller and Blair (1985) in the context of the development of input–output models. 


The technical coefficients for various plants are computed, in this research, on the basis of the purchases that would be made by these plants per MWh of electricity generation. The purchases are then converted into annuities (annual purchases), taking into account the economic life spans of plants. There are two reasons for treating them as annual purchases. First, if these purchases are accounted for the year when the plants are actually installed, there would be a surge in economic activity for that particular year only (that year may not necessarily be the year of publication of the input–output table), and for other years the energy from these plants would be available at no costs. This would clearly distort results if one’s interest is to analyse the impacts of a long run nature. Second reason: because wind and PV plants are available in smaller capacities (compared with the conventional thermal plants), the installation of wind and PV plants can be assumed as if these plants are installed in an incremental order, with small units installed every year (rather than a huge capacity installed in a one or two year period). Thus the inputs associated with such incremental increase in capacity will not differ much from the inputs associated with the capacity spread over its life time. A similar example can also be found in Lenzen and Dey (2002), where the authors use average values of the capital cost of a solar thermal plant over its life time of 25 years, in order to compare its impacts with that of a typical fossil-based thermal plant. Thus the coefficients computed on the basis of the above noted assumption represent annualized inputs that would be purchased by various plants per unit of energy produced. In reality, when the plants are installed, the purchases are made during the construction period, typically about 3 years. 


5.4 Results and discussions

Tables 5.1 and 5.2 provide results of input–output modelling carried out in this research (as explained in Sections 5.2 and 5.3). 

5.4.1 Total sectoral outputs 


The total output of an economic sector (for example, cultivation, steel and iron, etc.), in the input–output table, is the sum of the outputs that are consumed by the intermediate sectors and by final demand sectors (that is, households, government, investments and exports sectors). Tables 5.1 and 5.2 show the impacts on sectoral outputs associated with different levels of energy outcomes (for example, energy consumption, technology and fuel mix), specific to the MOD and ADV scenarios, for the years 2025 and 2050, respectively. These impacts are presented in these tables in terms of the differences between the output values for MOD/ADV scenarios in comparison with the MODNO/ADVNO scenarios which have the same economic growth rate as MOD/ADV scenarios and the same energy evolution as the BASE scenario. (As explained in chapter 3, the purpose of developing two extra scenarios, namely MODNO and ADVNO, is to separate the impacts of energy activities and economic activities and as a result, the impacts of energy options identified by the MARKAL model in chapter 4 on other economic sectors could be analysed). The outputs for the Base scenario are also shown in the table. Then, these differences are expressed as percentage of the value of the BASE scenario’s output.  Further, the energy input–output framework used in this research is defined in hybrid units (mn$, and PJ). Hence, the outputs generated are also provided in two types of units, namely, monetary units (in mn$) for the non-energy sectors, and in physical units (PJ) for the energy sectors. Some major results are presented below:  


Table 5.1: Economic Impacts of Alternative Scenarios for 2025

		

		Sector

		

		Base

		

		

		MOD

		

		

		ADV

		



		

		

		

		

		

		Difference in1 

		Difference in1 



		

		

		Total Output (mn$)

		Wage and Salary (mn$)

		Employment (Thousand Persons)

		Total Output (000'$)

		Wage and Salary (000'$)

		Employment (Persons)

		Total Output (000'$)

		Wage and Salary (000'$)

		Employment (Persons)



		

		Non-energy sector

		

		

		

		

		

		

		

		

		



		1

		Cultivation

		12,753.0

		7,825.3

		13,037.6

		44,413

		28,550

		26,764

		164,927

		110,838

		31,697



		

		

		

		

		

		(0.25)

		(0.37)

		(0.21)

		(1.29)

		(1.42)

		(0.24)



		2

		Husbandry

		3,859.9

		1,705.3

		2,691.4

		-4,127

		-1,910

		-4,392

		-7,036

		-3,404

		-12,437



		3

		Agriculture services

		832.2

		333.6

		489.6

		-826

		-347

		-821

		-861

		-378

		-2,226



		4

		Forestry

		2,987.1

		669.2

		1,743.3

		-4,644

		-1,090

		-3,499

		-5,983

		-1,468

		-7,719



		5

		Fishing

		4,145.7

		1,563.0

		876.6

		-9,160

		-3,618

		-2,323

		-10,052

		-4,151

		-4,577



		6

		Road transport

		2,846.4

		980.1

		1,429.5

		-7,920

		-2,857

		-4,552

		-8,050

		-3,036

		-9,125



		7

		Rail transport

		389.7

		194.1

		277.5

		-1,005

		-524

		-903

		-1,079

		-588

		-2,042



		8

		Water transport

		1,050.3

		304.6

		419.2

		-2,496

		-758

		-1,317

		-2,724

		-865

		-3,208



		9

		Air transport

		2,608.7

		392.0

		139.8

		-6,189

		-974

		-405

		-6,582

		-1,083

		-937



		10

		Trade and repairing

		42,290.2

		12,134.2

		10,902.3

		-93,442

		-28,088

		-28,418

		-106,798

		-33,562

		-64,388



		11

		Hotel, restaurant and tourist

		12,073.9

		3,543.4

		1,705.2

		-24,630

		-7,572

		-4,286

		-28,313

		-9,101

		-9,803



		12

		Communication

		2,848.2

		951.7

		194.6

		-2,974

		-1,041

		-403

		-5,193

		-1,900

		-1,508



		13

		Financial services

		2,164.6

		970.2

		131.4

		-17,245

		-8,097

		-1,080

		-23,704

		-11,636

		-1,875



		

		

		

		

		

		(-0.8)

		(-0.84)

		(-0.82)

		(-1.10)

		(-1.20)

		(-1.43)



		14

		Other services

		45,337.9

		21,209.6

		5,411.6

		-74,458

		-36,491

		-12,308

		-82,181

		-42,107

		-32,125



		15

		Mining and quarrying

		1,803.4

		460.8

		322.1

		-19,638

		-5,257

		-3,450

		-23,362

		-6,537

		-4,843



		

		

		

		

		

		(-1.09)

		(-1.14)

		(-1.07)

		(-1.30)

		(-1.42)

		(-1.50)



		16

		Food and drinks

		60,192.0

		4,455.1

		3,403.0

		-88,749

		-6,882

		-7,283

		-102,117

		-8,278

		-19,960



		17

		Brick

		3,912.5

		362.5

		310.5

		-26,254

		-2,548

		-2,122

		-28,356

		-2,877

		-3,243



		

		

		

		

		

		(-0.67)

		(-0.70)

		(-0.68)

		(-0.73)

		(-0.79)

		(-1.04)



		18

		Cement

		6,459.6

		443.6

		227.4

		-51,075

		-3,675

		-1,808

		-78,553

		-5,909

		-3,305



		

		

		

		

		

		(-0.79)

		(-0.83)

		(-0.80)

		(-1.22)

		(-1.33)

		(-1.45)



		19

		Other construction materials

		3,910.3

		756.4

		302.7

		-24,963

		-5,059

		-1,980

		-33,281

		-7,051

		-3,594



		

		

		

		

		

		(-0.64)

		(-0.67)

		(-0.65)

		(-0.85)

		(-0.93)

		(-1.19)



		20

		Pulp and paper

		4,064.1

		334.1

		196.7

		-8,734

		-752

		-495

		-9,241

		-832

		-1,053





Table 5.1: Economic Impacts of Alternative Scenarios for 2025 (continued)

		

		Sector

		

		Base

		

		

		MOD

		

		

		ADV

		



		

		

		

		

		

		Difference in1 

		Difference in1 



		

		

		Total Output (mn$)

		Wage and Salary (mn$)

		Employment (Thousand Persons)

		Total Output (000'$)

		Wage and Salary (000'$)

		Employment (Persons)

		Total Output (000'$)

		Wage and Salary (000'$)

		Employment (Persons)



		

		Non-energy sector

		

		

		

		

		

		

		

		

		



		21

		Chemical products

		16,366.0

		2,983.2

		1,077.0

		-39,041

		-7,455

		-3,263

		-58,487

		-11,676

		-7,837



		22

		Manufacturing products

		31,705.8

		4,507.5

		1,792.5

		275,160

		40,981

		12,873

		545,970

		85,011

		17,243



		

		

		

		

		

		(0.87)

		(0.91)

		(0.72)

		(1.72)

		(1.87)

		(0.96)



		23

		Iron and steel

		8,052.9

		586.5

		296.0

		39,801

		3,037

		1,062

		113,056

		9,018

		1,390



		

		

		

		

		

		(0.49)

		(0.52)

		(0.36)

		(1.40)

		(1.54)

		(0.47)



		24

		Non-ferrous metal

		2,403.4

		354.4

		192.4

		16,943

		2,618

		1,100

		56,887

		9,188

		2,857



		

		

		

		

		

		(0.46)

		(0.48)

		(0.35)

		(1.12)

		(1.23)

		(0.51)



		25

		Textile

		19,671.9

		1,529.1

		1,112.2

		-34,015

		-2,770

		-2,804

		-43,942

		-3,741

		-7,953



		26

		Leather products

		16,216.2

		1,226.5

		916.8

		-27,038

		-2,142

		-2,081

		-32,640

		-2,704

		-5,435



		27

		Printing and publications

		2,905.1

		522.2

		164.2

		-5,117

		-963

		-353

		-6,318

		-1,244

		-892



		28

		Other industrial products

		4,733.4

		485.2

		267.6

		20,970

		2,252

		895

		76,520

		8,590

		2,073



		

		

		

		

		

		(0.44)

		(0.46)

		(0.36)

		(1.62)

		(1.77)

		(0.78)



		29

		Water supply

		790.7

		315.2

		42.6

		-1,472

		-615

		-101

		-1,799

		-786

		-240



		30

		Construction

		41,206.4

		5,459.0

		2,730.5

		71,532

		9,928

		2,004

		398,714

		57,852

		5,914



		

		

		

		

		

		(0.17)

		(0.18)

		(0.07)

		(0.97)

		(1.06)

		(0.23)





Table 5.1: Economic Impacts of Alternative Scenarios for 2025 (continued)

		

		

		

		

		

		Difference in1 

		Difference in1 



		

		Energy sector

		Total Output (PJ)

		Wage and Salary (mn$)

		Employment (Persons)

		Total Output (PJ)

		Wage and Salary (000'$)

		Employment (Persons)

		Total Output (PJ)

		Wage and Salary (000'$)

		Employment (Persons)



		1

		Coal 

		2,180.4

		1,301.0

		368,264

		-151.5

		-94,713

		-23,487

		-292.5

		-191,147

		-40,587



		

		

		

		

		

		(-7.0)

		(-7.3)

		(-6.4)

		(-13.4)

		(-14.7)

		(-11.0)



		2

		Petroleum

		1,631.4

		7,606.2

		187,717

		-98.7

		-482,241

		-10,456

		-196.8

		-1,005,096

		-18,827



		

		

		

		

		

		(-6.1)

		(-6.3)

		(-5.6)

		(-12.1)

		(13.2)

		(-10.0)



		3

		Gas

		377.9

		39.2

		43,952

		-9.8

		-1,069

		-1,068

		-13.8

		-1,567

		-1,409



		

		

		

		

		

		(-2.6)

		(-2.7)

		(-2.4)

		(-3.7)

		(-4.0)

		(-3.2)



		4

		Electricity

		1,235.0

		5,894.6

		357,413

		-51.9

		-259,641

		-13,869

		-63.3

		-331,119

		-15,885



		

		

		

		

		

		(-4.2)

		(-4.4)

		(-3.9)

		(-5.1)

		(-5.6)

		(-4.4)



		5

		Others

		31.9

		148.9

		4,461

		16.6

		81,162

		2,102

		27.5

		140,406

		2,970



		

		

		

		

		

		(52.0)

		(54.5)

		(47.0)

		(86.1)

		(94.3)

		(66.6)





Source: Results obtained from Input-Output Modelling in this research


Notes:


1. These values show differences in comparison with the MODNO and ADVNO scenarios which have the same economic growth rate as MOD and ADV scenarios, respectively and the same energy evolution as BASE scenario


2. Values in parentheses represent percentage differences from the corresponding values for the BASE scenario. These %ages are provided in this table for selected key sectors only (that is, for those that experience significant impacts as discussed in the text)


3. Electricity includes nine different energy technologies for power generation (such as, coal, oil, gas, hydro, nuclear, etc.)


4. Others include five different sectors characterized by energy types, namely biomass, CNG, methanol, ethanol and bio-diesel.


Table 5.2: Economic Impacts of Alternative Scenarios for 2050

		

		Sector

		

		Base

		

		

		MOD

		

		

		ADV

		



		

		

		

		

		

		Difference in1 

		Difference in1 



		

		

		Total Output (mn$)

		Wage and Salary (mn$)

		Employment (Thousand Persons)

		Total Output (000'$)

		Wage and Salary (000'$)

		Employment (Persons)

		Total Output (000'$)

		Wage and Salary (000'$)

		Employment (Persons)



		

		Non-energy sector

		

		

		

		

		

		

		

		

		



		1

		Cultivation

		17,139.9

		10,517.2

		5,531.0

		116,586

		74,944

		31,483

		228,680

		153,683

		79,514



		

		

		

		

		

		(0.68)

		(0.71)

		(0.57)

		(1.33)

		(1.46)

		(1.44)



		2

		Husbandry

		6,089.4

		2,690.3

		1,340.3

		-10,157

		-4,701

		-5,068

		-10,534

		-5,097

		-4,060



		3

		Agriculture services

		1,105.3

		443.1

		205.2

		-1,312

		-551

		-755

		-1,524

		-669

		-785



		4

		Forestry

		5,789.8

		1,297.1

		1,066.6

		-10,086

		-2,367

		-3,522

		-13,833

		-3,394

		-3,282



		5

		Fishing

		5,938.2

		2,238.9

		396.3

		-14,214

		-5,614

		-1,813

		-17,878

		-7,382

		-1,784



		6

		Road transport

		14,755.3

		5,080.8

		2,339.2

		-45,470

		-16,403

		-12,950

		-53,257

		-20,085

		-13,721



		7

		Rail transport

		1,095.0

		545.5

		246.2

		-3,185

		-1,662

		-1,826

		-3,704

		-2,021

		-2,084



		8

		Water transport

		2,872.3

		833.0

		361.8

		-8,258

		-2,509

		-2,481

		-9,527

		-3,026

		-3,152



		9

		Air transport

		11,243.1

		1,689.6

		190.1

		-33,264

		-5,237

		-1,158

		-39,713

		-6,536

		-1,288



		10

		Trade and repairing

		261,769.0

		75,108.6

		21,301.3

		-662,331

		-199,090

		-91,238

		-951,840

		-299,119

		-108,155



		11

		Hotel, restaurant and tourist

		41,337.2

		12,131.5

		1,842.8

		-110,203

		-33,882

		-9,857

		-143,276

		-46,053

		-11,387



		12

		Communication

		7,711.3

		2,576.6

		166.3

		-8,302

		-2,906

		-968

		-13,205

		-4,833

		-1,488



		13

		Financial services

		8,375.4

		3,753.7

		160.4

		-76,316

		-35,833

		-2,211

		-106,139

		-52,101

		-2,290



		

		

		

		

		

		(-0.91)

		(-0.95)

		(-1.38)

		(-1.27)

		(-1.39)

		(-1.43)



		14

		Other services

		204,840.1

		95,826.4

		7,717.7

		-442,325

		-216,778

		-40,218

		-502,270

		-257,345

		-42,663



		15

		Mining and quarrying

		13,081.5

		3,342.4

		737.6

		-154,392

		-41,326

		-10,410

		-199,039

		-55,699

		-9,246



		

		

		

		

		

		(-1.18)

		(-1.24)

		(-1.41)

		(-1.52)

		(-1.67)

		(-1.25)



		16

		Food and drinks

		173,398.1

		12,834.0

		3,094.4

		-375,600

		-29,124

		-14,256

		-455,485

		-36,923

		-19,254



		17

		Brick

		23,295.4

		2,158.1

		583.6

		-166,635

		-16,172

		-5,378

		-187,881

		-19,063

		-4,724



		

		

		

		

		

		(-0.72)

		(-0.75)

		(-0.92)

		(-0.81)

		(-0.88)

		(-0.81)



		18

		Cement

		36,124.2

		2,481.0

		401.4

		-323,350

		-23,265

		-4,482

		-502,549

		-37,802

		-4,918



		

		

		

		

		

		(-0.90)

		(-0.94)

		(-1.12)

		(-1.39)

		(-1.52)

		(-1.23)



		19

		Other construction materials

		27,547.1

		5,328.5

		673.1

		-220,633

		-44,710

		-6,881

		-276,590

		-58,597

		-6,198



		

		

		

		

		

		(-0.80)

		(-0.84)

		(-1.02)

		(-1.00)

		(-1.10)

		(-0.92)



		20

		Pulp and paper

		40,343.2

		3,316.9

		616.3

		-104,042

		-8,961

		-2,098

		-122,840

		-11,061

		-1,986





Table 5.2: Economic Impacts of Alternative Scenarios for 2050 (continued)


		

		Sector

		

		Base

		

		

		MOD

		

		

		ADV

		



		

		

		

		

		

		Difference in1 

		Difference in1 



		

		

		Total Output (mn$)

		Wage and Salary (mn$)

		Employment (Thousand Persons)

		Total Output (000'$)

		Wage and Salary (000'$)

		Employment (Persons)

		Total Output (000'$)

		Wage and Salary (000'$)

		Employment (Persons)



		

		Non-energy sector

		

		

		

		

		

		

		

		

		



		21

		Chemical products

		103,523.1

		18,870.3

		2,150.4

		-301,430

		-57,561

		-9,630

		-433,932

		-86,631

		-9,936



		22

		Manufacturing products

		201,780.3

		28,686.3

		3,600.9

		1,595,851

		237,680

		25,234

		3,120,060

		485,811

		31,354



		

		

		

		

		

		(0.79)

		(0.83)

		(0.70)

		(1.55)

		(1.69)

		(0.87)



		23

		Iron and steel

		100,613.6

		7,327.6

		1,167.5

		885,160

		67,535

		10,066

		1,141,005

		91,012

		7,502



		

		

		

		

		

		(0.88)

		(0.92)

		(0.86)

		(1.59)

		(1.74)

		(0.96)



		24

		Non-ferrous metal

		22,319.1

		3,291.4

		563.9

		175,461

		27,108

		4,277

		476,624

		76,983

		7,601



		

		

		

		

		

		(0.79)

		(0.82)

		(0.76)

		(1.37)

		(1.50)

		(0.82)



		25

		Textile

		74,908.1

		5,822.8

		1,336.8

		-173,226

		-14,107

		-6,536

		-270,521

		-23,031

		-8,057



		26

		Leather products

		90,092.1

		6,814.1

		1,607.8

		-192,584

		-15,260

		-6,536

		-259,281

		-21,478

		-6,689



		27

		Printing and publications

		24,229.8

		4,355.0

		432.4

		-63,100

		-11,881

		-1,652

		-80,371

		-15,821

		-1,629



		28

		Other industrial products

		41,904.6

		4,295.2

		747.8

		371,928

		39,938

		6,441

		553,113

		62,093

		5,705



		

		

		

		

		

		(0.89)

		(0.93)

		(0.86)

		(1.32)

		(1.45)

		(0.97)



		29

		Water supply

		6,225.8

		2,482.1

		105.9

		-13,900

		-5,806

		-375

		-18,660

		-8,148

		-399



		30

		Construction

		153,139.6

		20,287.7

		3,203.1

		881,407

		122,328

		11,048

		1,853,428

		268,924

		12,275



		

		

		

		

		

		(0.58)

		(0.60)

		(0.35)

		(1.21)

		(1.33)

		(0.78)





Table 5.2: Economic Impacts of Alternative Scenarios for 2050 (continued)


		

		

		

		

		

		Difference in1 

		Difference in1 



		

		Energy sector

		Total Output (PJ)

		Wage and Salary (mn$)

		Employment (Persons)

		Total Output (PJ)

		Wage and Salary (000'$)

		Employment (Persons)

		Total Output (PJ)

		Wage and Salary (000'$)

		Employment (Persons)



		1

		Coal 

		7,152.7

		4,267.9

		389,006

		-1,082.4

		-676,610

		-62,217

		-1,225.9

		-801,125

		-46,227



		

		

		

		

		

		(-15.1)

		(-15.9)

		(-16.0)

		(-17.1)

		(-18.8)

		(-11.9)



		2

		Petroleum

		4,058.6

		18,922.8

		200,108

		-478.0

		-2,334,693

		-18,949

		-665.8

		-3,399,647

		-17,433



		

		

		

		

		

		(-11.8)

		(-12.3)

		(-9.5)

		(-16.4)

		(-18.0)

		(-8.7)



		3

		Gas

		261.1

		27.1

		9,779

		-7.1

		-776

		-299

		-10.4

		-1,187

		-285



		

		

		

		

		

		(-2.7)

		(-2.9)

		(-3.1)

		(-4.0)

		(-4.4)

		(-2.9)



		4

		Electricity

		3,375.2

		16,110.1

		384,512

		-209.5

		-1,047,325

		-20,957

		-238.4

		-1,246,324

		-15,853



		

		

		

		

		

		(-6.2)

		(-6.5)

		(-5.5)

		(-7.1)

		(-7.7)

		(-4.1)



		5

		Others

		82.4

		384.2

		9,736

		53.2

		259,850

		2,491

		112.0

		582,000

		6,476



		

		

		

		

		

		(64.6)

		(67.6)

		(25.7)

		(135.9)

		(151.5)

		(66.8)





Source: Results obtained from Input-Output Modelling in this research


Notes:


1. These values show differences in comparison with the MODNO and ADVNO scenarios which have the same economic growth rates as MOD and ADV scenarios, respectively and the same energy evolution as BASE scenario


2. Values in parentheses represent percentage differences from the corresponding values for the BASE scenario. These %ages are provided in this table for selected key sectors only (that is, for those that experience significant impacts as discussed in the text)


3. Electricity includes nine different energy technologies for power generation (such as, coal, oil, gas, hydro, nuclear, etc.)


4. Others include five different sectors characterized by energy types, namely biomass, CNG, methanol, ethanol and bio-diesel.


· The manufacturing sector (which consists of industries such as electronic equipment, electrical equipment, other machinery and equipment) shows comparatively higher values of total outputs in the MOD and ADV scenarios as compared to the MODNO and ADVNO scenarios, respectively. For example, in 2025, the outputs of this sector are about $275 mn and $546 mn higher in the MOD and ADV scenarios, as compared to the MODNO and ADVNO scenarios, respectively. These increases in sectoral outputs are equal to 0.87% and 1.72% of total output in the BASE scenario. Other sectors, such as other industrial product and iron and steel also show comparatively higher values of outputs in the MOD and ADV scenarios, as compared with the MODNO and ADVNO scenarios. The increases in total outputs of the iron and steel sector for the year 2025 in the MOD and ADV scenarios, as compared with the MODNO and ADVNO scenarios, are approximately $39.8 mn and $113 mn, respectively which is equal to 0.5% and 1.4% of outputs in the Base scenario. This is mainly due to increased requirements for fabricated metal, by nuclear and renewable-based electricity generation sectors. Similarly, the output of the construction sector is $71.5 mn higher in the MOD scenario and $398.7 mn higher in the ADV scenario as compared to the MODNO and ADVNO scenarios, respectively. These higher values are largely due to the increased demand for their outputs by the nuclear and renewable plants – there is a considerable expansion of renewable power generation in the MOD and ADV scenarios. The contribution from renewable plants, for example, increases from 1.4 PJ in the MODNO scenario to 17 PJ in the MOD and from 1.8 PJ in the ADVNO scenario to 89.8 PJ in ADV scenario in 2025 (See chapter 4 – MARKAL results). 


· The sectors that exhibit relatively low increase in total outputs in the MOD and ADV scenarios are the cultivation, non-ferrous metal and construction. In 2025, for example, the increases in total outputs of the cultivation sector are $44.4 mn and $165 mn for MOD and ADV scenarios as compared to the MODNO and ADVNO scenarios, respectively. These increases are equal to 0.25% and 1.29% of total output in the Base scenario. The higher values of total outputs in the MOD and ADV scenarios are due to the increased use of agricultural products in biomass-based power generation, and also for producing alternative transport fuels (such as ethanol and bio-diesel). Bio-fuels production in the MOD and ADV scenarios, for example, is 16.6 and 27.5 PJ higher as compared to the MODNO and ADVNO scenarios, respectively. Further, the total requirement coefficients
 in the (I-A)-1 matrix, for the MOD scenario, in 2025 also show that the total outputs (that is, direct plus indirect) required from the cultivation sector are significantly higher for the biomass plant (852.6 thousand $/PJ) than for the coal (9.1 thousand $/PJ) and gas plants (3.9 thousand $/PJ).


· In contrast, some non-energy sectors have lower outputs in MOD and ADV scenarios as compared to MODNO and ADVNO scenarios. Among those, mining services and construction materials (brick and cement) sectors have a largest decrease in their total outputs. It is followed by financial service, transport and chemical industries. For example, in 2025, total outputs of the cement industry in MOD and ADV scenarios are $51.1 mn and $78.6 mn lower as compared to MODNO and ADVNO scenarios, respectively. The declines in total outputs of this sector are equal to 0.79% and 1.22 % of output in the BASE scenario. Similarly, at the same time total outputs of the mining service sector for the MOD and ADV scenarios are $19.6 mn and $23.4 mn lower as compared to the MODNO and ADVNO scenarios, respectively. These drops are equal to 1.09% and 1.3% of total output in the Base scenario.  The main driver for the decrease in total outputs of these sectors is the decline in energy demands resulted from energy efficiency improvement, which are envisaged to be 10 and 15% of the total energy consumption for the MOD and ADV scenarios, respectively (see chapter 3). In addition, a switch from traditional fuels, especially coal, gas and hydro to renewable in power generation, for example, 10 and 15% of renewable-based electricity in total generation mix are planned for the MOD and ADV scenarios, respectively (see chapter 3), also causes reduction in total outputs of some sectors that provide inputs for energy sectors like mining services and construction materials (such as brick and cement).


· In the year 2050 too, higher outputs are observed for the cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial products and construction sectors. In the MOD scenario, for example, the outputs of these sectors are $116.6 mn, $1596 mn, $885 mn, $175.5 mn, $372 mn and $881.4 mn higher, respectively as compared to those in the MODNO scenario. The increases in outputs of these sectors for the MOD scenario are equal to 0.7%, 0.8%, 0.9%, 0.8%, 0.9% and 0.6% of corresponding outputs in the BASE scenario.  And, in the ADV scenario, the outputs of these sectors are higher by $228.7 mn, $3120 mn, $1141 mn, $476.6 mn, $553 mn and $185 mn in comparison with those in the ADVNO scenario and these increases are equal to 1.3%, 1.6%, 1.6%, 1.4%, 1.3%, and 1.2% of the outputs in the BASE scenario. The impacts for 2050 are significantly higher than for 2025. This reflects further increases in the use of biomass in power generation in the years between 2025 and 2050 and in the production of bio-fuels for transport (5% and 10% of the alternative fuels in the total fuel consumption by road transport are envisaged for the MOD and ADV scenarios, respectively) and also increased penetration by new and renewable-based plants, for example, nuclear, wind and PV (renewable-based electricity will account for 10 and 15% generation mix for the MOD and ADV scenarios, respectively). The continued decrease in total output of the high energy intensive sectors can also be observed in this year, for example, transport, brick, cement, other construction materials and chemical industry. For example, total outputs of the road transport, cement and chemistry sectors would decrease by 53mn, 502mn and 444mn, respectively for the ADV scenario in 2050. This change is mainly driven by the further improvement in energy efficiency, which is expected to be equal to 10% and 15% of total energy consumption in the MOD and ADV scenarios, respectively (see chapter 3) by energy saving measures, such as, technology renovation, sectoral economic restructuring and good management practices. 


· Among the energy sectors, the total outputs (in PJ) of the coal and petroleum product sectors are significantly lower. In 2025, for example, the total outputs of these two sectors in the MOD scenarios are lower by 151.5 PJ and 98.7 PJ, respectively in comparison to those in the MODNO scenario. The decrease in total outputs of these sectors account for 7.0% and 6.1% of the total outputs in the BASE scenario. In 2050, the total outputs of these sectors decline even further, to 1082.4 PJ and 478 PJ, respectively which are equal to 15.1% and 11.8% of their total outputs in the BASE scenario. Similarly, the total outputs of the coal and oil sectors in the ADV scenario decline by 292.5PJ and 196.8 PJ in 2025 and by 1225.9PJ and 665.8 PJ in 2050 as compared to ADVNO scenario. These declines are equal to 13.4% and 12.1% in 2025 and 17.1% and 16.4% in 2050 in comparison with the total outputs in the Base scenario. These declines reflect reductions in the consumption of these energy types (as discussed in Section 4.5, Chapter 4) – the consumption of petroleum products, for example, reduces due to the improvements in vehicle’s fuels economy and the use of alternative transport fuels (such as, ethanol and bio-diesel) in road transport; and the consumption of coal reduces due to the decline in coal use in electricity generation and in iron and steel industry. The decline in coal consumption in the MOD and ADV scenarios also affects the mining services (though marginally), for example, by reducing its output in the ADV scenario by about $23.4 mn in 2025 and $199 mn in 2050 as compared with the ADVNO scenario. These decreases also account for 1.3% and 1.5% of the corresponding output in the BASE scenario in the same years.


· The total output of the electricity sector is lower in both MOD and ADV scenarios. For MOD scenario, it is lower by 52 PJ (2025) and 209.5 PJ (2050) as compared with its output in the MODNO scenario. These decreases account for 4.2% and 6.2% of its total output in the BASE scenario. Similarly, total outputs of this sector in ADV scenario decline by 63.3 PJ (2025) and 238.4 PJ (2050) as compared to the ADVNO scenario. These declines are equal to 5.1% and 7.1% of the corresponding output in the BASE scenario. These lower values are due mainly to decease in demand of the major consumers, such as industry and residential sectors as a result of energy saving measures, for example energy efficiency improvement of the electrical appliances and penetration of solar-based hot water heating system.


· The total outputs of the gas sector in the MOD and ADV scenarios are 9.8 PJ and 13.8 PJ (2025) and 7.1 PJ and 10.4 PJ (2050) lower than those of the MODNO and ADVNO scenarios, respectively. The main reason for decline in the gas sector’s output is Vietnam has limited indigenous gas reserves which will be depleted soon in the next decade. 


· The total output of other energy sectors (which comprise mainly biomass, methanol, ethanol, and CNG) is higher in the both MOD and ADV scenarios. For example, in 2025, it is higher by 16.6 PJ for the MOD scenario and 27.5 PJ for the ADV scenario as in comparison with the MODNO and ADVNO scenarios, respectively. These increases are equal to 52% and 86.1% total output of the sector in the BASE scenario. These high values suggest increased use of these energy types in MOD and ADV scenarios, starting from the lower base in the Base scenario.


5.4.2 Wages and salaries 
 


In the input–output model employed in this research, wages and salaries are treated in direct proportion to sectoral outputs
. Hence, as output of an economic sector changes in response to the changes in energy consumption, it would also impact wages and salaries of that sector. The absolute values of these impacts would, however, depend on not only the volume of the outputs itself, but also on the ratio of wages and salaries to the outputs of these sectors. Therefore, for the same level of impacts on total outputs, sectors that have a high value of this ratio would show large changes in wages and salaries.  Tables 5.1 and 5.3 above, provide an overview of the impacts of energy outcomes, for various scenarios, on wages and salaries, as analysed in this research.  The impacts on wages and salaries for some key sectors are shown in Figures 5.4 and 5.5. These figures show differences in the wages and salaries for MOD and ADV scenarios, in comparison with the corresponding values in the MODNO and ADVNO scenarios, respectively as well as %age of these changes compared to the value of wages and salaries in the BASE scenario. Some major findings are discussed below:


(a) Impacts for 2025
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(b) Impacts for 2050
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Figure 5.4: Income Impacts in MOD Scenario


(a) Impacts for 2025
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(b) Impacts for 2050
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Figure 5.5: Income Impacts in ADV Scenario

· The impacts on wages and salaries are most significant for cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial product and construction sectors. For the MOD scenario, the total wages and salaries paid in these sectors are higher by $28.6 mn, $41 mn, $3 mn, $2.6 mn, $2.3 mn and $9.9 mn, respectively in 2025 and $74.9 mn, $237.7 mn, $67.5 mn, $27 mn, $39.9 mn and $122 mn, respectively in 2050 compared to the MODNO. These changes are equal to 0.37%, 0.91%, 0.52%, 0.48%, 0.46% and 0.18%, respectively in 2025 and 0.71%, 0.83%, 0.92%, 0.82%, 0.93% and 0.6% in 2050, respectively in comparison with the value in the BASE scenario. For the ADV scenario, the wages and salaries paid in these sectors are even higher compared to the ADVNO scenario. For example, in 2025, wages and salaries paid in cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial product and construction sectors are $110.8 mn, $85 mn, $9 mn, $9.2 mn, $8.6 mn and $57.9 mn higher than those of the ADVNO scenario. The increases in wages and salaries of these sectors are equal to 1.42%, 1.87%, 1.54%, 1.23%, 1.77% and 1.06% as compared with the Base scenario. As can be seen, among these sectors, the cultivation, manufacturing and construction sectors are ranked the first in terms of largest amount of wages and salaries paid. This is due to the increased use of agricultural products as energy sources, mainly in biomass plants, and for the production of bio-fuels (alternative fuels would account for 5% and 10% of total fuel consumption by transport sector in the MOD and ADV scenarios, respectively – see chapter 3) and the increase in the uptake of renewable-based power plants (biomass, such as rice husk and bagasse would contribute to 10% and 15% of renewable-based electricity in total generation mix in the MOD and ADV scenarios, respectively – see chapter 3). 


· Most non-energy sectors are likely experience decline in the total wages and salaries paid in the MOD and ADV scenarios. Such declines are most significant in 2050 in the ADV scenario because this scenario is characterized by the highest rate of energy saving among three scenarios (15% of total energy consumption –see chapter 3). Some sectors that have a high decrease in wages and salaries are service (mining and financial), construction materials (cement and brick) and transport sectors. For example, for the MOD scenario wages and salaries paid in the mining service sector is $5.3mn (2025) and $41.3mn (2050) lower as compared to the MODNO scenario. These declines are equal to 1.14% and 1.24% of its wages and salaries in the Base scenario. For the ADV scenario, the decline in wages and salaries paid in this sector are even higher, $6.5 mn (2025) and $55.7 mn (2050) in comparison with the ADVNO scenarios and account for 1.42% and 1.67% of its wages and salaries in the Base scenario. The declines in the wages and salaries reflect an overall decrease in total energy requirements in the three scenarios which is resulted from energy saving activities – for example, total primary energy requirement for the MOD scenario reduces by 1024 PJ in comparison to the MODNO scenario in 2050 and at the same time total primary energy requirement by the ADV scenario is 1440 PJ lower than the ADVNO scenario. 


· The energy sectors experience considerable impact in terms of wages and salaries in both MOD and ADV scenarios because of some energy policy constraints, such as energy savings and CO2 emissions  limits, imposed on each scenario. For example, in 2025, the wages and salaries for the coal, petroleum and electricity sectors in the MOD scenario is $94. 7mn, $482 mn and $259.6 mn lower, respectively – as compared with their wages and salaries in the MODNO scenario. These declines are equal to 7.3%, 6.3% and 4.4% of wages and salaries of these sectors in the Base scenario. At the same time, the wages and salaries of these sectors in the ADV scenario are $191 mn, $1005 mn and $331 mn lower, respectively as compared to the ADVNO scenario. These declines are equal to 14.7%, 13.2% and 5.6%, respectively in comparison with the total wages and salaries in the Base scenario. In 2050, the wages and salaries for these sectors are lower even more – by $676.6 mn, $2334.7 mn and $1047 mn in the MOD scenario, respectively, and by $80 mn, $3399.6 mn and $1246 mn in the ADV scenario, respectively. In comparison with total wages and salaries of these sectors in the Base scenario, these declines are equal to 15.9%, 13.2% and 6.5%, respectively for the MOD scenario and 18.8%, 18% and 7.7%, respectively for the ADV scenario. These lower values of wages and salaries are due to the declines in coal, petroleum and electricity consumption in the two scenarios. These declines, in turn, are due to envisaged efficiency improvements in the electrical appliances in the residential sectors, the replacement of coal by nuclear and renewable energy in electricity production, and improvements in vehicle’s fuels economy and the penetration by alternative fuels (natural gas, and bio-fuels) in the transport market. The wages and salaries in the gas sector also decline in both MOD and ADV scenarios but the driver for the change is the decreased use of gas resulted from limited indigenous reserves of this fuel.


· The wages and salaries paid in the coal, petroleum and electricity sectors are comparatively lower in the ADV scenario as compared to the MOD scenario. This occurs due to the large reductions in coal, petroleum and electricity consumption in the ADV scenario as compared to the MOD scenario. For example, in 2050 the reduction of coal, petroleum and electricity consumptions in the ADV scenario are 1117.2 PJ, 1327.8 PJ and 559.5 PJ, respectively while those of MOD scenario are, 570.4 PJ, 577.7 PJ and 268 PJ respectively (see chapter 4).


· While the total wages and salaries generally decline in the conventional energy sectors (that is, coal, gas, petroleum products, and electricity), they increase in the others energy sector (which is comprised of biomass, methanol, ethanol, and bio-diesel). For example, in comparison with the MODNO and ADVNO scenarios, the wages and salaries of the others energy sector in the MOD and ADV scenarios are higher by $81 mn and $140 mn in 2025 and by $259.8 mn and $582mn in 2050, respectively. As compared to total wages and salaries of this sector in the Base scenario, these increases are also equal to 54.5% and 94.3% for MOD and ADV scenarios, respectively in 2025 and 67.6% and 151.5% for MOD and ADV scenarios, respectively in 2050. These results reflect the increased use of these energy types in the MOD and ADV scenarios, for example, biomass is increasingly used in electricity generation sector, ethanol, methanol and bio-diesel in the transport sector and solar energy in electricity generation and hot water heating. 


5.4.3 Employment 


The impact of energy outcomes (specific to the three scenarios) on employment
 in various economic sectors arises mainly from the differences in sectoral economic activities (as represented by the changes in total outputs) in these scenarios. As explained above, these changes in total outputs are the outcomes of changes in energy settings in the two scenarios. The impact on employment for each economic sector is computed, in this research, based on the ratio of employees per unit of the total output of the sector. In input-output analysis, to some extent, there is a correlation between employment and total sectoral output. The sector that has a higher employment multiplier would generate more jobs per unit of total output compared with the sector with low employment multiplier. The correlation does not refect the actual relationship between total sectoral output and employment, due to the impacts of change in economic structure and improvement of productivity, etc. Therefore, there is an error embraced in the results of this analysis. This method, however, is still valid for long-term analysis, especially at an aggregate level, because over the long-term period, the changes in sectoral level would compensate to each other and therefore the error could be reduced. In addition, in order to reduce this error, the labour productivity is taken into account when calculating sectoral employment. The labour productivity, in this research, is assumed to improve at the rate of 1.7%, 2.0% and 2.5% per year for the Base, MOD and ADV scenario, respectively over the period 2000–2050. This assumption is reasonable if one takes note of the results of recent study on Vietnam’s economy performance which indicates that the average annual improvement in labour productivity during the last 18 years (1990-2008) was 1.7% (Vu & Mukul, 2009) and the country’s economy is characterized by high growth rate of labour productivity as it starts from very low base. Tables 5.1 and 5.2 show the employment impacts across various economic sectors for 2025 and 2050, respectively. Figures 5.6 and 5.7 present these impacts for selected key sectors. Some major findings are discussed below:


(a) Impacts for 2025
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(b) Impacts for 2050
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Figure 5.6: Impacts on Employment in the MOD Scenario 


(a) Impacts for 2025
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(b) Impacts for 2050
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Figure 5.7: Impacts on Employment in the ADV Scenario

· It is observed that the cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial product and construction sectors show higher level of employment in both MOD and ADV scenarios as compared to the MODNO and ADVNO scenarios, respectively. For example, the cultivation sector employs additional 26,764 persons and 31,697 persons in the MOD and ADV scenarios as compared to the MODNO and ADVNO scenarios in 2025, respectively. The increases in employment of the cultivation sector in MOD and ADV scenarios are equal to 0.21% and 0.24% of its total employment in the Base scenario. In 2050, employment in the MOD and ADV scenarios of this sector is higher by 31,483 persons and 79,514 persons in comparison with the MODNO and ADVNO scenarios, respectively or equal to 0.57% and 0.1.44% of its employment in the Base scenario. Similarly, the employment of the manufacturing sector in MOD and ADV scenarios is higher by 12,873 persons and 17,243 persons in 2025 and 25,234 persons and 31,354 persons in 2050 as compared with the MODNO and ADVNO scenarios, respectively.  In comparison with its employment in the Base scenario, these increases are equal to 0.72% (2025) and 0.70% (2050) for the MOD scenario and 0.96% (2025) and 0.87% (2050) for the ADV scenario. In absolute terms, the cultivation, manufacturing and construction sectors are ranked the first in job creation. The iron and steel and other industrial sectors, which experiences comparatively higher amount of total outputs (as discussed in Section 5.4.1), however, generates lower levels of additional employment in both scenarios. This is because these sectors are comparatively less labour intensive than the cultivation sector. 


· Most other non-energy sectors experience a decline in employment. Among those, the services (mining and financial), construction materials (such as brick and cement), transport and chemical sectors have higher decrease rates. For example, in the ADV scenario in 2050, employment is lower by 9,246 persons in the mining services sector, by 2,290 persons in the financial service and by 4,918 persons in the cement sector as compared to the ADVNO scenario. In relative terms, these sectors are responsible for highest rate of job loss with their declines in employment being equal to 1.25%, 1.43% and 1.23% of the employment in the Base scenario. In absolute terms, however, the trade and repairing, other services and food and drink sectors are ranked the first in all scenarios. For example, the job losses of these sectors in the ADV scenario in 2050 are 108,155 persons, 42,663 persons and 19,254 persons, respectively. 


· Among the energy sectors, coal, petroleum, gas and electricity sectors experience decline in employment, in both the MOD and the ADV scenarios. For example, in 2025, employment in the coal, petroleum, gas and electricity sectors in the MOD scenario is 23,478 persons, 10,456 persons, 1,068 persons and 13,869 persons lower, respectively as compared to the MODNO scenario. The declines of employment in these sectors are equal to 6.4%, 5.6%, 2.4%, and 3.9% of their employment in the Base scenario. In 2050, the employment of these sectors decline further by 62,217 persons, 18,949 persons, 299 persons and 20,957 persons as compared to the MODNO scenario or equal to 16%, 9.5%, 3.1% and 5.5% of the employment in the Base scenario. Similarly, the employment of these sectors in the ADV scenario decrease by 40,587 persons, 18,827 persons, 1,409 persons and 15,885 persons, respectively in 2025 and 46,227 persons, 17,433 persons, 285 persons and 15,853 persons, respectively in 2050 as compared to the ADVNO scenario. The declines in employment of these sectors in the ADV scenario are equal to 11%, 10%, 3.2% and 4.4%, respectively in 2025 and 11.9%, 8.7%, 2.9% and 4.1%, respectively in 2050 as compared to their employment in the Base scenario. The employment in the others sector is higher for both MOD and ADV scenarios in 2025 and 2050. The most significant impact is in 2050 in the ADV scenario, when 6,476 additional jobs are created in this sector. 


· It can be observed from tables Table 5.1 and 5.2 that employment in the energy sectors generally declines in both scenarios, whereas for the non-energy sectors, they show an increasing trend in the sectors that are related to the new and renewable energy activities. In the ADV scenario in 2025, for example, there is net decrease in employment in the energy sectors of 73,738 persons (7.8%) and a net increase in the new energy-related sectors by 59,290 persons (0.5%) as compared to employment in these sectors in the Base scenario. These trends in employment are likely due to the switch in power generation, from fossil-based plants to renewable-based plants (such as wind, PV, and biomass) in the two scenarios and penetration of the bio-diesel production. The renewable-based plants are generally highly capital and labour intensive, hence they would generate more employment. The increase in renewable technologies, therefore causes employment generation in various other sectors from which it draws its inputs. For example, as more wind plants are installed, more inputs from manufacturing, metal and construction sectors would be required; And also more demand for bio-fuels would require more inputs from cultivation sectors; hence more employment would be generated in these sectors as well. 


5.4.4 Primary energy intensities 


Table 5.3 presents direct and total (that is, direct and indirect) primary energy intensities (MJ/$) estimated in this research on the basis of the input–output analysis. The total intensity takes into account both direct and indirect energy consumption. It indicates the total energy (MJ) needed to produce one dollar worth of output by a particular sector. Some major findings are discussed below: 


· The total energy intensities across the sectors in 2000 show wide variations. The most energy intensive sectors in that year are the iron and steel (150.5 MJ/$), road transport (138.5 (MJ/$), air transport (110.5 (MJ/$), water transport (92.5 MJ/$) and cement (91.3 MJ/$). And, the least energy intensive sectors include communication (8.2 MJ/$), financial services (9.1 MJ/$), other services (12.1 (MJ/$), Agriculture services (12.6 MJ/$) and cultivation (13.7 MJ/$). The share of direct energy in the total energy intensity is also found to vary significantly across the sectors. Transport sector has highest share of direct energy intensity with 104.4 MJ/$, 52.7 MJ/$, 75.3 MJ/$ and 74.1 MJ/$ allocated for road, rail, water and air transport, which account for 75.4%, 69.7%, 81.4% and 67% of their total energy intensity, respectively. Some sectors that have low direct energy intensity are agriculture services, other services and printing and publication. For example, in the agriculture service sector, the share of direct energy intensity (0.48 MJ/$) is only 3.8% of its total energy intensity (18.4 MJ/$) and in the printing and publication sector, the share of direct energy intensity (2.1 MJ/$) is only 4.7% of its total energy intensity (43.4 MJ/$). It is interesting that the iron and steel sector is ranked the first in term of total energy intensity (150.5 MJ/$) but its direct energy intensity is much lower (41.2 MJ/$). That is because Vietnam imports most of the cast iron for steel production.


		Table 5.3: Primary Energy Intensities (MJ/$)



		 

		Sector

		2000

		2025

		2050



		

		

		

		

		BASE

		MOD

		ADV

		BASE

		MOD

		ADV



		 

		 

		Total1

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct



		1

		Cultivation

		13.65

		3.69

		12.62

		3.40

		12.23

		3.29

		11.94

		3.23

		8.82

		2.50

		8.21

		2.34

		7.75

		2.19



		2

		Husbandry

		18.35

		3.38

		17.87

		3.26

		16.86

		3.04

		16.64

		3.04

		15.46

		4.13

		14.09

		3.81

		12.79

		3.38



		3

		Agriculture services

		12.56

		0.48

		12.44

		0.46

		11.76

		0.43

		11.32

		0.42

		11.15

		2.19

		10.50

		2.04

		9.86

		1.92



		4

		Forestry

		25.16

		4.14

		20.40

		3.32

		19.41

		3.12

		18.90

		3.12

		19.23

		4.86

		18.04

		4.55

		17.02

		4.26



		5

		Fishing

		21.83

		6.57

		18.36

		5.50

		17.02

		5.07

		16.77

		5.06

		15.31

		5.00

		13.64

		4.24

		12.85

		3.94



		

		

		

		

		

		

		(-7.3)2

		

		(-8.7)

		

		

		

		(-10.9)

		

		(-16.1)

		



		6

		Road transport

		138.53

		104.41

		124.08

		93.50

		111.78

		84.51

		104.58

		78.98

		52.98

		34.92

		44.44

		29.51

		39.52

		26.09



		

		

		

		

		

		

		(-9.9)

		

		(-15.7)

		

		

		

		(-16.1)

		

		(-25.4)

		



		7

		Rail transport

		75.62

		52.71

		68.92

		48.02

		66.11

		46.05

		61.13

		42.61

		21.33

		12.28

		19.01

		10.96

		16.03

		9.25



		8

		Water transport

		92.49

		75.30

		83.52

		67.97

		77.45

		63.00

		73.85

		60.13

		41.71

		31.86

		35.71

		27.31

		31.57

		24.09



		

		

		

		

		

		

		(-7.3)

		

		(-11.6)

		

		

		

		(-14.4)

		

		(-24.3)

		



		9

		Air transport

		110.55

		74.11

		100.87

		67.60

		97.15

		65.09

		94.55

		63.39

		55.20

		31.01

		48.39

		27.21

		43.50

		24.42



		10

		Trade and repairing

		24.14

		3.50

		21.25

		3.04

		19.89

		2.81

		19.61

		2.80

		19.02

		0.27

		16.17

		0.23

		15.58

		0.22



		11

		Hotel, restaurant and tourist

		17.64

		4.29

		14.75

		3.56

		13.93

		3.33

		13.57

		3.30

		9.42

		2.70

		8.55

		2.48

		8.25

		2.34



		12

		Communication

		8.23

		1.27

		6.88

		1.05

		6.41

		0.97

		6.17

		0.95

		3.24

		0.50

		3.01

		0.48

		2.85

		0.43



		13

		Financial services

		9.07

		2.39

		6.95

		1.82

		6.76

		1.75

		6.33

		1.68

		3.62

		0.96

		3.36

		0.91

		3.20

		0.83



		14

		Other services

		12.07

		0.69

		10.80

		0.59

		10.10

		0.56

		9.71

		0.54

		7.57

		0.21

		6.72

		0.21

		6.62

		0.20



		15

		Mining and quarrying

		35.34

		8.75

		31.34

		7.72

		29.67

		7.27

		28.47

		7.06

		19.62

		3.74

		16.60

		3.21

		15.55

		2.93



		

		

		

		

		

		

		(-5.3)

		

		(-9.1)

		

		

		

		(-15.4)

		

		(-20.7)

		



		16

		Food and drinks

		29.51

		7.31

		25.84

		6.39

		25.40

		6.26

		24.36

		6.04

		10.22

		2.49

		9.29

		2.28

		8.85

		2.13



		17

		Brick

		69.62

		25.36

		43.51

		15.85

		41.33

		15.04

		39.38

		14.35

		21.90

		4.58

		18.68

		3.92

		16.77

		3.50



		

		

		

		

		

		

		(-5.0)

		

		(-9.5)

		

		

		

		(-14.7)

		

		(-23.4)

		



		18

		Cement

		91.26

		39.31

		68.43

		29.46

		62.34

		26.80

		60.62

		26.12

		31.82

		11.13

		26.90

		9.44

		23.84

		8.31



		

		

		

		

		

		

		(-8.9)

		

		(-11.4)

		

		

		

		(-15.5)

		

		(-25.1)

		



		19

		Other construction materials

		63.01

		20.45

		46.93

		15.21

		44.55

		14.42

		43.23

		14.03

		33.12

		9.68

		28.68

		8.40

		26.56

		7.74



		20

		Pulp and paper

		71.69

		20.37

		53.29

		15.14

		52.10

		14.79

		50.10

		14.24

		29.34

		4.84

		26.07

		4.31

		24.75

		4.07



		21

		Chemical products

		51.84

		11.57

		35.91

		8.01

		35.31

		7.86

		34.54

		7.71

		17.16

		3.74

		14.68

		3.21

		13.79

		3.00



		22

		Manufacturing products

		41.65

		3.75

		31.37

		2.80

		30.46

		2.68

		29.71

		2.65

		17.61

		2.55

		15.72

		2.32

		14.91

		2.12



		Table 5.3: Primary Energy Intensities (MJ/$) (continued)



		 

		Sector

		2000

		2025

		2050



		

		

		

		

		BASE

		MOD

		ADV

		BASE

		MOD

		ADV



		 

		 

		Total

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct



		23

		Iron and steel

		150.53

		41.23

		104.36

		28.58

		91.82

		25.14

		88.08

		24.13

		48.08

		5.66

		40.60

		4.79

		39.29

		4.62



		

		

		

		

		

		

		(-12.0)

		

		(-15.6)

		

		

		

		(-15.6)

		

		(-18.3)

		



		24

		Non-ferrous metal

		46.17

		4.71

		35.35

		3.59

		33.21

		3.35

		31.61

		3.23

		23.81

		0.95

		20.38

		0.84

		19.86

		0.77



		

		

		

		

		

		

		(-6.1)

		

		(-10.6)

		

		

		

		(-14.4)

		

		(-16.6)

		



		25

		Textile

		35.52

		4.90

		28.33

		3.88

		27.83

		3.79

		26.98

		3.73

		15.00

		2.83

		13.51

		2.58

		12.73

		2.37



		26

		Leather products

		31.79

		2.23

		24.06

		1.67

		23.05

		1.58

		22.51

		1.59

		15.59

		1.19

		14.38

		1.12

		13.56

		1.02



		27

		Printing and publications

		43.35

		2.07

		31.64

		1.49

		31.26

		1.44

		30.11

		1.41

		23.08

		0.49

		20.32

		0.47

		18.77

		0.43



		28

		Other industrial products

		53.82

		7.33

		38.65

		5.25

		37.87

		5.14

		36.80

		5.01

		23.25

		1.92

		20.47

		1.70

		19.07

		1.57



		29

		Water supply

		38.09

		17.40

		26.92

		12.29

		26.06

		11.89

		24.50

		11.20

		24.20

		10.10

		19.91

		8.32

		19.78

		8.41



		30

		Construction

		41.59

		3.39

		31.71

		2.57

		29.63

		2.45

		28.58

		2.39

		11.60

		0.63

		10.13

		0.55

		10.08

		0.55





Source: Results obtained from Input-Output Modelling of This research


Notes:


1. Total energy intensity is the sum of direct and indirect energy intensities


2. Values in the parentheses represent percentage changes in relation to the corresponding values for the Base scenario. These changes are shown in this table for selected key sectors only (that is, for those sectors that experience significant intensity impacts).


· The total energy intensities of the economic sectors show declining trends to the years 2025 and 2050, for both the MOD and ADV scenarios. This reflects a declining trend in total primary energy consumption in the MOD and ADV scenarios, as compared MODNO and ADVNO scenarios, respectively. The decline in the total energy intensities in the road transport, water transport, cement, iron and steel, non-ferrous metal and fishing sectors are among the largest. In 2025, for example, the total energy intensity in the iron and steel sector (91.8 MJ/$) is lower by 12 % in the MOD scenario, and by 15.6 % (88.1 MJ/$) in the ADV scenario – as compared with the energy intensity in the Base scenario (104.4 MJ/$). Similarly, the energy intensity in the road transport sector is lower, as compared with the Base scenario (124.1 MJ/$), by 9.9 % in the MOD scenario (111.8 MJ/$) and by 15.7 % in the ADV scenario (104.6 MJ/$). The decline in the total energy intensity in these sectors is largely due to the improvement in energy efficiency resulted from technology renovation and good management practices, for example replacement of the Oxygen Blast Furnace by DRI in iron and steel making process or introduction of new car generations with high fuel economy. In addition, the increase in energy efficiency of the manufacturing sectors (such as, fabricated metal and industrial products) is also asserted by improvement in the energy embodied inputs to these sectors (such as iron and steel). 


· The total energy intensities of the service sectors, such as communication, hotel and tourist, financial services and other services in 2025 and 2050 are lower in both the ADV and MOD scenarios. In 2025, for example, the total energy intensity of the communication sector in the MOD scenario (6.4 MJ/$) and the ADV scenario (6.2 MJ/$) is 6.8% and 10.4 % lower than its total energy intensity in the Base scenario (6.9 MJ/$). Similarly, in 2050, the total energy intensity of this sector declines in the MOD and ADV scenarios by 7.1 and 11.8 %, respectively. These declines in energy intensities reflect the improvements in energy efficiency in these sectors.  


· The share of direct and indirect energy in the total primary energy intensity provides valuable insights for policy analysts. It suggests, for example, that energy efficiency measures will be more effective if they are directed at the sectors which have dominant shares of direct energy. These sectors include, for example, iron and steel, road transport, and chemical product. And, for those sectors, where the indirect energy dominates, policy should target to reduce the inputs of energy intensive materials. Otherwise, even if a sector uses the efficient appliances, the total energy consumption will not improve significantly, as the share of indirect energy will continue to be higher. These sectors, for example, include construction material, manufacturing, other industrial product, construction, and service sectors.


5.4.5 CO2 emission intensities


The total CO2 emissions (expressed in mn tons) for the Base, MOD and ADV scenarios are estimated in Section 4.5.4 (Chapter 4). These estimates are developed at the sectoral levels, such as for agriculture, commercial, industry, residential, transport and electricity generation sectors. In this section, CO2 emissions of various economic sectors are examined in relation with their economic outputs. Table 5.4 presents direct and total CO2 emission intensities (kg of CO2/$) for various economic sectors. The total CO2 intensities are computed by taking into account both direct and indirect CO2 emissions. Direct CO2 emissions for an economic sector refer to the emissions that result from the direct consumption of fossil energy sources by the sectors. Indirect CO2 emissions are the emissions associated with the energy embodied in goods and services input to these sectors. Some major findings of analysis in this research are discussed below:  


		Table 5.4: CO2 Emissions Intensities (kg of CO2 per $ of sectoral outputs)



		 

		Sector

		2000

		2025

		2050



		

		

		

		

		BASE

		MOD

		ADV

		BASE

		MOD

		ADV



		 

		 

		Total1

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct



		1

		Cultivation

		1.059

		0.130

		1.037

		0.128

		1.006

		0.124

		1.005

		0.123

		0.763

		0.052

		0.708

		0.048

		0.672

		0.046



		2

		Husbandry

		1.473

		0.042

		1.467

		0.042

		1.368

		0.040

		1.395

		0.040

		1.335

		0.056

		1.200

		0.051

		1.097

		0.046



		3

		Agriculture services

		1.162

		0.011

		1.035

		0.010

		0.974

		0.009

		0.961

		0.009

		0.958

		0.047

		0.859

		0.042

		0.851

		0.042



		4

		Forestry

		1.845

		0.123

		1.655

		0.111

		1.571

		0.106

		1.569

		0.105

		1.635

		0.137

		1.425

		0.121

		1.400

		0.118



		5

		Fishing

		1.601

		0.379

		1.473

		0.349

		1.381

		0.327

		1.363

		0.323

		1.293

		0.188

		1.154

		0.163

		1.013

		0.147



		

		

		

		

		

		

		(-6.2)2

		

		(-7.5)

		

		

		

		(-10.7)

		

		(-21.6)

		



		6

		Road transport

		10.155

		6.846

		9.362

		6.312

		8.359

		5.636

		7.887

		5.318

		4.132

		2.159

		3.346

		1.748

		2.942

		1.538



		

		

		

		

		

		

		(-10.7)

		

		(-15.7)

		

		

		

		(-19.0)

		

		(-28.8)

		



		7

		Rail transport

		5.543

		3.662

		5.234

		3.458

		4.974

		3.286

		4.656

		3.076

		1.694

		0.824

		1.465

		0.712

		1.219

		0.593



		8

		Water transport

		6.780

		4.469

		6.348

		4.185

		5.842

		3.851

		5.618

		3.704

		3.289

		1.748

		2.716

		1.444

		2.403

		1.277



		

		

		

		

		

		

		(-8.0)

		

		(-11.5)

		

		

		

		(-17.4)

		

		(-26.9)

		



		9

		Air transport

		8.103

		5.232

		7.678

		4.957

		7.332

		4.735

		7.199

		4.648

		4.339

		2.273

		3.688

		1.932

		3.321

		1.740



		10

		Trade and repairing

		1.772

		0.252

		1.771

		0.252

		1.677

		0.239

		1.657

		0.235

		1.608

		0.020

		1.432

		0.018

		1.383

		0.018



		11

		Hotel, restaurant and tourist

		1.294

		0.220

		1.154

		0.196

		1.103

		0.188

		1.095

		0.186

		0.747

		0.169

		0.678

		0.151

		0.576

		0.131



		12

		Communication

		0.603

		0.018

		0.568

		0.017

		0.528

		0.017

		0.519

		0.016

		0.272

		0.028

		0.250

		0.025

		0.240

		0.025



		13

		Financial services

		0.665

		0.030

		0.568

		0.026

		0.554

		0.025

		0.527

		0.024

		0.299

		0.054

		0.275

		0.049

		0.266

		0.048



		14

		Other services

		0.897

		0.046

		0.890

		0.046

		0.828

		0.043

		0.814

		0.042

		0.640

		0.010

		0.553

		0.008

		0.545

		0.008



		15

		Mining and quarrying

		2.592

		0.410

		2.588

		0.410

		2.443

		0.387

		2.380

		0.376

		1.691

		0.128

		1.382

		0.104

		1.323

		0.100



		

		

		

		

		

		

		(-5.6)

		

		(-8.0)

		

		

		

		(-18.3)

		

		(-21.8)

		



		16

		Food and drinks

		2.163

		0.281

		2.101

		0.273

		2.069

		0.269

		2.020

		0.262

		0.863

		0.112

		0.777

		0.100

		0.737

		0.096



		17

		Brick

		5.107

		1.423

		3.505

		0.977

		3.342

		0.932

		3.242

		0.904

		1.851

		0.276

		1.564

		0.233

		1.424

		0.213



		

		

		

		

		

		

		(-4.7)

		

		(-7.5)

		

		

		

		(-15.5)

		

		(-23.1)

		



		18

		Cement

		6.705

		2.442

		5.800

		2.113

		5.234

		1.907

		5.186

		1.889

		2.755

		0.833

		2.311

		0.699

		2.081

		0.630



		

		

		

		

		

		

		(-9.8)

		

		(-10.6)

		

		

		

		(-16.1)

		

		(-24.5)

		



		19

		Other construction materials

		4.625

		1.186

		3.915

		1.004

		3.677

		0.943

		3.642

		0.934

		2.846

		0.558

		2.438

		0.478

		2.297

		0.450



		20

		Pulp and paper

		5.256

		0.616

		4.391

		0.515

		4.263

		0.500

		4.221

		0.495

		2.514

		0.159

		2.213

		0.140

		2.115

		0.134



		21

		Chemical products

		3.803

		0.576

		3.015

		0.457

		2.991

		0.453

		2.954

		0.447

		1.478

		0.201

		1.260

		0.171

		1.194

		0.162



		22

		Manufacturing products

		3.054

		0.137

		2.588

		0.116

		2.512

		0.113

		2.499

		0.112

		1.487

		0.110

		1.315

		0.097

		1.253

		0.093



		



		Table 5.4: CO2 Emissions Intensities (kg of CO2 per $ of sectoral outputs) (continued)



		 

		Sector

		2000

		2025

		2050



		

		

		

		

		BASE

		MOD

		ADV

		BASE

		MOD

		ADV



		 

		 

		Total1

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct

		Total

		Direct



		23

		Iron and steel

		11.089

		2.696

		8.691

		2.114

		7.617

		1.853

		7.572

		1.841

		4.040

		0.393

		3.366

		0.327

		3.270

		0.318



		

		

		

		

		

		

		(-12.4)

		

		(-12.9)

		

		

		

		(-16.7)

		

		(-19.1)

		



		24

		Non-ferrous metal

		3.386

		0.166

		2.934

		0.144

		2.758

		0.136

		2.689

		0.132

		2.016

		0.065

		1.713

		0.055

		1.699

		0.055



		

		

		

		

		

		

		(-6.0)

		

		(-8.4)

		

		

		

		(-15.0)

		

		(-15.7)

		



		25

		Textile

		2.604

		0.103

		2.344

		0.093

		2.302

		0.092

		2.288

		0.091

		1.287

		0.085

		1.154

		0.076

		1.091

		0.072



		26

		Leather products

		2.331

		0.117

		1.988

		0.100

		1.910

		0.096

		1.896

		0.096

		1.322

		0.064

		1.195

		0.057

		1.134

		0.055



		27

		Printing and publications

		3.178

		0.016

		2.617

		0.013

		2.565

		0.013

		2.553

		0.013

		1.976

		0.007

		1.744

		0.006

		1.610

		0.006



		28

		Other industrial products

		3.946

		0.258

		3.201

		0.210

		3.130

		0.205

		3.122

		0.204

		1.997

		0.055

		1.760

		0.048

		1.636

		0.045



		29

		Water supply

		2.792

		0.347

		2.206

		0.274

		2.129

		0.265

		2.030

		0.252

		2.072

		0.288

		1.818

		0.249

		1.730

		0.238



		30

		Construction

		3.049

		0.133

		3.030

		0.132

		2.913

		0.127

		2.891

		0.126

		1.983

		0.031

		1.880

		0.029

		1.784

		0.028





Source: Results obtained from Input-Output Modelling of This research


Notes:


1. Total CO2 emissions intensity is the sum of direct and indirect CO2 emissions intensities


2. Values in the parentheses represent %age changes in relation to the corresponding values for the Base scenario. These changes are shown in this table for selected key sectors only (that is, for those sectors that experience significant intensity impacts).


· The total CO2 intensities in 2000 vary widely across the economic sectors. For example, from 0.603 kg/$ (communication sector) and 0.665 kg/$ (financial service) to 10.16 kg/$ (road transport) and 11.09 kg/$ (iron and steel). Other sectors with large values of CO2 intensities in 2000 are air transport (8.10 kg/$), water transport (6.78 kg/$), rail transport (5.54 kg/$), cement (6.71 kg/$), brick (5.12 kg/$), paper (5.26 kg/$), other construction material (4.63 kg/$), manufacturing (3.05 kg/$) and chemical product (3.80 kg/$). In some of these (high CO2–intensive) sectors, the share of direct CO2 intensities is, however small. For example, the direct CO2 intensity in the iron and steel sector the (2.7 kg/$) and the manufacturing sector (0.14 kg/$) is only 24.3% and 4.48 % of the total CO2 intensities, respectively. This is because these sectors either use high CO2 embodied inputs or have high share of electricity in their energy consumption. While the use of electricity does not produce CO2 emissions directly (as reflected in the lower direct CO2 intensity for these sectors), it could, however, result in large amount of emissions at the source of electricity generation (that is, at the power plant). In the road transport sector, the share of direct CO2 intensity (6.85 kg/$) is about 67 % of its total CO2 intensity, which reflects a large amount of direct consumption of fossil energy sources (petroleum products) in this sector. 


· Sectors which have low values of total CO2 intensities include communication (0.603 kg/$), financial services (0.67 kg/$), other service (0.9 kg/$), cultivation (1.06 kg/$) and agriculture service (1.16 kg/$). The share of direct CO2 intensities in these sectors are very low, for example, 3.01 % (0.02 kg/$) in communication, 4.5 % (0.03 kg/$) in financial service, 5.1 % (0.05 kg/$) in other service and 0.9 % (0.01 kg/$) in agriculture service. The low values of direct CO2 intensities in these sectors reflect smaller shares of fossil energy sources (and a large share of electricity) in their energy consumption fuel-mix. 


· The total CO2 emission intensities for the economic sectors are generally lower in both MOD and ADV scenarios, as compared to the Base scenario in 2025 and 2050. This is due to the reduced level of energy consumption in these scenarios, in particular reduced levels of coal consumption. For example, in 2025, the total CO2 intensities for the iron and steel sector in the MOD (7.6 kg/$) and in ADV scenarios (7.5 kg/$) are 12.4 % and 12.9 % lower than the corresponding intensity in the Base scenario (8.7 kg/$).  In 2050, the CO2 intensities decreases further; they are 16.7 % lower in the MOD scenario (3.37 kg/$) and 19.1 % lower in the ADV scenarios (3.27 kg/$) as compared with the intensity in the Base scenario (4.04 kg/$). The decline in total CO2 emissions intensities in the iron and steel sector is mainly due to the reduction in coal consumption by this sector, as this sector shifts from the coal-based Blast Furnace/Blast Oxygen Furnace to natural gas-based Direct Reduced Iron technology. 


· The total CO2 intensities for the sectors such as manufacturing and other industrial products (which take large inputs from the iron and steel industry) also decline in the MOD and ADV scenarios. In the ADV scenario, for example, the total CO2 intensities, in 2050, are 15.7 % lower for the manufacturing (1.25 kg/$) and 18.1 % for the other industrial product (1.64 kg/$) as compared with their corresponding values of (1.5kg/$) and 2.0 kg/$) in the Base scenario. The reduction in total CO2 intensity in these sectors is mostly due to application of energy saving measures, especially electricity which is the main energy source of the manufacturing processes.


· The total CO2 intensities for the service sectors, such as communication, finance services, hotel and tourist and other services decline in both the ADV and MOD scenarios in 2025 and 2050. The decline is more significant, however, in the ADV than the MOD scenario. In 2025, for example, in the communication sector, the CO2 intensity in the ADV scenario (0.519 kg/$) is 8.7 % lower, but in the MOD scenario (0.528 kg/$), it is only 6.7 % lower, as compared to the value in the Base scenario (0.568 kg/$). Similarly, for the finance service sector, the CO2 intensity in 2025 is 7.1 % lower in the ADV (0.527 kg/$), but only 2.4 % lower, in the MOD scenario (0.554 kg/$), as compared to the value in the Base scenario (0.568 kg/$). The hotel and tourist sector even shows more interesting results in terms of the movements in its total CO2 intensities.  For example, in 2050, while the total CO2 intensity in the MOD scenario (0.678 kg/$) declines by 9.2 %, the decline in the ADV scenario (0.576 kg/$) is very large – 22.9 %, compared to the intensity in the Base scenario (0.747 kg/$). This could be due to the differences in the rates at which fuel switching (for example, from coal to nuclear and renewable) takes place in the electricity generation sectors. Electricity is the main type of energy consumed by these service sectors, and as CO2 emissions from the electricity sector decrease (from 141.2 mn tons in the MOD scenario and 507 mn tons in the ADV scenario, as compared to the MODNO and ADVNO scenario, respectively, in 2050), the total CO2 intensities in the service sectors also decline. In addition, the application of energy saving measures in office building and introduction of the solar water heating system also contribute to decline of the total CO2 intensity, especially for hotel and tourist sector.


· The transport sector shows high potential for CO2 emissions reduction in both MOD and ADV scenarios over the planning period 2000-2050. In 2025, for example, the total CO2 intensities of the road transport sector decline by 10.7 % in MOD scenario (8.36 kg/$) and 15.7 % in ADV scenario (7.89 kg/$) as compared to the Base scenario (9.36 kg/$). In the year 2050, the decline of total CO2 intensities of this sector even higher with 19 % for the MOD scenario (3.35 kg/$) and 28.8 % for the ADV scenario (2.94 kg/$) in comparison with the Base scenario. The similar high rates of decline in total CO2 intensities are also achieved in other transport sectors, such as water and rail transport. This is due to application of good management practices and technical breakthrough in the transport sector.



5.5 Overall impacts 

In Section 5.4, the economy wide impacts of energy settings in MOD and ADV scenarios are presented in detail, at sectoral levels. This section presents these impacts at an aggregate level, that is at the level of the entire economy. This section also draws some inferences based on a comparative analysis of these impacts. 


Total Output. In sub-section 5.4.1, it was observed that there is a considerable variation in outputs across individual sectors for the MOD and ADV scenarios. The total outputs, aggregated at the level of the entire economy, are presented in Table 5.5.   


Table 5.5: Total Outputs at the entire country’s economy

		Non-energy sectors

		

		

		



		 

		BASE

		MOD

		ADV



		

		Total output

		Difference in total output1

		Difference in total output1



		 

		(mn $)

		(mn $)

		(%)

		(mn $)

		(%)



		2025

		360,581

		112

		0.031

		619

		0.17



		2050

		1,722,587

		512

		0.030

		2,989

		0.17



		

		

		

		

		

		



		Energy sectors

		

		

		

		



		 

		BASE

		MOD

		ADV



		

		Total output

		Difference in total output1

		Difference in total output1



		 

		(PJ)

		(PJ)

		(%)

		(PJ)

		(%)



		2025

		5,456

		-295

		-5.41

		-539

		-9.88



		2050

		14,930

		-1,723

		-11.55

		-2,028

		-13.59





 Source: This table is assembled from values contained in Tables 5-2 and 5-3. 


 Note: 1 Change in total outputs of the MOD and ADV scenarios as compared with the corresponding values of the MODNO and ADVNO scenarios, respectively.


The major points are summarised below:


· Despite significant variations in sector-specific outputs (as shown in Tables 5.1 and 5.2), the overall outputs of the Vietnamese non-energy sectors do not appear to change appreciably in response to the energy outcomes associated with the two scenarios, in the medium (2025) and longer terms (2050). For example, for the years 2025 and 2050, in the case of the MOD scenario, the total outputs of the non-energy sectors are merely higher by merely $112 mn $512 mn, respectively in comparison with the MODNO scenario. These increases are equal to 0.031% and 0.030% of the total outputs of the non-energy sectors in the Base scenario. For the ADV scenario, these increases are higher in absolute values in comparison with the MOD scenario but still small as compared with total outputs of non-energy sectors in the Base scenario. The increases in total output of the non-energy sectors of the ADV scenario are equal to 0.172% (2025) and 0.174% (2050) of the total outputs of these sectors in the Base scenario.


· The declines in total outputs of the energy sectors (in PJ) in MOD and ADV scenarios are noticeable as compared to the MODNO and ADVNO scenarios, respectively. For the MOD scenario, these declines are 295.4 PJ (2025) and 1723.8 PJ (2050) which are equal to 5.4% and 11.5% of the total outputs of the energy sectors in the Base scenario. For the ADV scenario, these declines are even higher, 539 PJ (2025) and 2028.5 PJ (2050), or equal to 9.9% and 13.6% of the total output of the energy sectors in the Base scenario. The large decline in the energy sectors reflects reduced level of energy consumptions in the MOD and ADV scenarios.


Wages and Salaries.  The impacts on wages and salaries at individual sector level were discussed in sub-section 5.4.2. Table 5.6 provides an overview of these impacts, aggregated at the level of the entire economy. From the table it can be observed that:


Table 5.6: Impacts on wages and salaries at aggregated level

		 

		BASE

		MOD

		ADV



		 

		Total

		Difference in wages and salaries1

		Difference in wages and salaries1



		 

		(mn $)

		(mn $)

		%)

		(mn $)

		%)



		2025

		92,547

		-801

		-0.9

		-1,277

		-1.4



		2050

		386,137

		-4,025

		-1.0

		-4,800

		-1.2





Source: This table is assembled from values contained in Tables 5-2 and 5-3. 


Note: 1 Change in total outputs of the MOD and ADV scenarios as compared with the corresponding values of the MODNO and ADVNO scenarios, respectively.


· The wages and salaries at the aggregated level are only marginally lower both for the MOD and ADV scenarios as compared to the MODNO and ADVNO scenarios, respectively. For example, the wages and salaries are lower by $801mn (2025) and $4025mn (2050) for MOD scenario and $1277mn (2025) and $4008mn (2050) for ADV scenario. These declines are equal to 0.9% (2025) and 1.0% (2050) for MOD scenario and 1.4% (2025) and 1.2% (2050) for ADV scenario as compared to the Base scenario.


Employment. Table 5.7 presents impacts on employment at the entire economy level (the impacts on employment at individual sectors are discussed in sub-section 5.4.3): 


Table 5.7: Impacts on Employment at Aggregate Level

		 

		BASE

		MOD

		ADV



		

		Total output

		Difference in total output1

		Difference in total output1



		 

		(persons)

		(persons)

		(%)

		(Persons)

		(%)



		2025

		53,765,619

		-88,244

		-0.16

		-176,954

		-0.33



		2050

		66,166,966

		-258,400

		-0.39

		-245,640

		-0.37





Source: Results obtained from input–output modelling in this research.

· Employment in the MOD scenario decreases by 88,244 persons (2025) and 258,400 persons (2050) as compared with the MODNO scenario which are equal to 0.16% (2025) and 0.39% (2050) of the total employment in the Base scenario, respectively. In the ADV scenario, these declines are 176,954 persons (2025) and 245,640 persons (2050) or account for 0.33% (2025) and 0.37% (2050) of total employment in the Base scenario, respectively.


The discussion above indicates that the impacts of energy outcomes of various scenarios (which are analysed in this research in terms of changes in total output, wages and salaries and employment) are not particularly significant at the aggregate (national) level. However, discussion in Section 5.4 has demonstrated that these impacts are comparatively higher at individual sectoral levels, particularly for some sectors such as manufacturing and construction materials. Two important conclusions can be drawn from this observation: One, adopting the MOD and ADV scenarios would not result in any significant overall losses in total outputs, wages and salaries and employment, even while these scenarios would help achieve policy goals of reducing energy consumption and CO2 emissions. Two, the disparities that exist between aggregate and individual sectoral level impacts indicate how policy recommendations made simply based upon analysis at the aggregate levels (often a normal practice in policy studies) could fail to represent the individual sector impacts, which could be significant.


Total outputs vs. energy and CO2 intensities


Table 5.8 compares percentage differences in total outputs, energy intensities and CO2 intensities, resulted from energy activities for some major sectors (which were also discussed in Section 5.4), for the MOD and ADV scenarios, as compared with the Base scenario. Figure 5.8 and 5.9 illustrate these values graphically. From the table and figures, it can be observed that:


Table 5.8: Percentage Differences1 in Total Outputs, Energy and CO2 Intensities 

		

		

		2025

		2050



		

		

		

		MOD

		

		

		ADV

		

		

		MOD

		

		

		ADV

		



		

		

		Total output

		Energy intensity

		CO2 intensity

		Total output

		Energy intensity

		CO2 intensity

		Total output

		Energy intensity

		CO2 intensity

		Total output

		Energy intensity

		CO2 intensity



		A

		Cultivation

		0.25

		-3.09

		-3.00

		1.29

		-5.44

		-3.11

		0.68

		-6.93

		-7.17

		1.33

		-12.14

		-11.88



		B

		Financial services

		-0.80

		-2.70

		-2.40

		-1.10

		-8.92

		-7.06

		-0.91

		-7.09

		-8.17

		-1.27

		-11.56

		-10.95



		C

		Mining services

		-1.09

		-5.31

		-5.63

		-1.30

		-9.13

		-8.05

		-1.18

		-15.43

		-18.26

		-1.52

		-20.74

		-21.78



		D

		Brick

		-0.67

		-5.01

		-4.65

		-0.73

		-9.48

		-7.50

		-0.72

		-14.69

		-15.54

		-0.81

		-23.40

		-23.08



		E

		Cement

		-0.79

		-8.90

		-9.76

		-1.22

		-11.41

		-10.59

		-0.90

		-15.48

		-16.12

		-1.39

		-25.09

		-24.46



		F

		Manufacturing products

		0.87

		-2.91

		-2.92

		1.72

		-5.30

		-3.43

		0.79

		-10.73

		-11.59

		1.55

		-15.34

		-15.72



		G

		Iron and steel

		0.49

		-12.02

		-12.36

		1.40

		-15.60

		-12.88

		0.88

		-15.56

		-16.67

		1.59

		-18.28

		-19.05



		H

		Other industrial products

		0.44

		-2.01

		-2.23

		1.62

		-4.78

		-2.48

		0.89

		-11.98

		-11.84

		1.32

		-17.99

		-18.08



		I

		Construction

		0.17

		-6.55

		-3.86

		0.97

		-9.86

		-4.58

		0.58

		-12.66

		-5.21

		1.21

		-13.08

		-10.06



		K

		Road transport

		-0.28

		-9.92

		-10.71

		-0.28

		-15.72

		-15.75

		-0.31

		-16.12

		-19.03

		-0.36

		-25.39

		-28.79





Source: Compiled from Tables 5.1, 5.2, 5.3, and 5.4.


Notes:


1 - The values here represent percentage differences for the MOD(MOD) and ADV (ADV) scenarios with respect to the corresponding values for the Base (BAS) scenario.
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Figure 5.8: Total Outputs vs. Energy and CO2 Intensities (2025)
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Figure 5.9: Total Outputs vs. Energy and CO2 Intensities (2050)


· Among the ten sectors listed in the table, the cultivation, manufacturing, other industrial product, construction and iron and steel are those that have an increase in total sectoral output for both MOD and ADV scenarios as compared to the MODNO and ADVNO scenarios, respectively. In these sectors, cultivation shows relatively smaller improvement in total output, energy and CO2 emissions intensities. For example, in 2050 the increase in total outputs of this sector in the MOD and ADV scenarios as compared to the MODNO and ADVNO scenarios are equal to 0.68% and 1.33% in comparison with its total output the Base scenario. And also, its energy and CO2 intensities are lower by 6.9% and 7.2% for MOD scenario and 12.1% and 11.9% for ADV scenario as compared with the Base scenario. Figures 5.8 and 5.9 illustrate this in a clearer manner. The plotting of this sector could be observed distinctly located at the upper right corner in these figures. As explained earlier in Section 5.4, the increase in economic outputs of this sector is due to the increased use of biomass for electricity generation and for producing bio-fuels. And, lower improvement in energy and CO2 intensities could be explained by the fact that the energy intensity (13.7 MJ/$ in 2000) of this sector is one of the lowest, thus it has comparatively lower room for improvement in energy efficiency. Moreover, the cultivation sector is now under process of mechanization, therefore, its demand for commercial energy is expected to increase in the future for land preparation, irrigation and harvesting activities. 


· The iron and steel sector, on the other hand, showed marginal differences in its total outputs, and the largest differences in its energy and CO2 intensities. For example, the increases in total economic output of this sector for MOD and ADV scenarios as compared to the MODNO and ADVNO scenarios are equal to 0.49% (2025) and 0.88% (2050) for the MOD scenario and 1.4% (2025) and 1.59% (2050) for the ADV scenario in comparison with the Base scenario. In the same period, its energy and CO2 intensities are lower by 12.02% and 12.36% (2025) and 15.56% and 16.67% (2050) for the MOD scenario and 15.6% and 12.88% (2025) and 18.28 and 19.05% (2050) for the ADV scenario, respectively as compared to the Base scenario. This illustrates the fact that while the scenarios would result in higher level of outputs in this sector, it could also result in lowering energy intensity and CO2 intensity significantly. This would result because of the technological shift that takes place in this sector across the scenarios, for example, from the coal-based Blast Furnace and Basic Oxygen Furnace to natural gas-based Direct Reduced Iron technology.


· Other sectors show declines in their total economic outputs and different improvement in their energy and CO2 intensities. Among these sectors, mining service has the highest decrease in total output for both MOD and ADV scenarios as compared with the MODNO and ADVNO scenarios. For example, these declines are equal to 1.09% (2025) and 1.18% (2050) for MOD scenario and 1.3% and 1.52% (2050) for ADV scenario as compared to the Base scenario. This sector also shows a high improvement in energy and CO2 intensities with 5.31% and 5.63% (2025) and 15.43% and 18.26% (2050) for MOD scenario and 9.13% and 8.05% (2025) and 20.74% and 21.78% (2050) for ADV scenario, respectively as compared with the Base scenario. The declines in total output, energy and CO2 intensities of the mining service sector are mainly due to decrease in input demands from mining sectors, especially from coal sector as a result of energy savings and increase of new and renewable energy in generation mix. 


· The road transport sector shows the lowest decline in its total economic output and highest improvement in energy and CO2 intensities. Over the study period, the declines in total output of this sector for both MOD and ADV scenarios as compared to the MODNO and ADVNO scenarios, respectively are equal to 0.28% (2025) and 0.31% (2050) for MOD scenario and 0.28% (2025) and 0.36% (2050) for ADV scenario in comparison with the Base scenario while its energy and CO2 intensities are lower by 9.92% and 10.71% (2025) and 16.12% and 19.03% (2050) for MOD scenario and 15.72% and 15.75% (2025) and 25.39% and 28.79% (2050) for ADV scenario, as compared to the Base scenario. The new vehicle generations with high fuel economy and the alternative fuels, such as methanol and bio-diesel are the main factors that contribute to improvement of energy and CO2 intensities of the road transport sector.


From the above discussion, it can be observed that the alternative scenarios (MOD and ADV) would result in outputs that would be comparatively higher for those sectors which are characterised by low energy and CO2 intensities (such as the cultivation sector). The increase in outputs from these sectors would not hence result in significant increase in energy consumptions and CO2 emissions. It is also observed that for energy intensive sectors (such as iron and steel), outputs would increase only marginally while their energy and CO2 intensities reduce significantly. As a result of this, energy and CO2 emissions from these sectors are unlikely to increase significantly. In addition, the results of the scenario analysis indicate that road transport sector has a high potential for improvement in energy CO2 intensities and hence could make a significant contribution to enhancing the security of energy supply and promoting environment.


5.6 Examination of policy trade-offs


Energy is one of the fundamental infrastructure industries that has underpinned much of the economic and social development in Vietnam. The energy activities, however, have caused environmental degradation, especially CO2 emissions, which have increased with increased energy consumption. The country’s economy and energy sector, in turn would suffer from future droughts and climate change. Much recent policy debate in this area has, therefore, focused on how to adapt to and mitigate these impacts. What, however, appears to be missing from this debate is a deeper understanding of the trade-offs that may arise between sectors in terms of their contribution to stimulating economic growth, income generation and employment. These trade-offs reflect the interplay of different policy objectives that would need to be reconciled in order to balance between moderating the growth in energy demand and the wider socio-economic objectives of the government. The purpose of this section is to examine such trade-offs for Vietnam, using multiplier analysis (Karunaratne 1981). This is undertaken by comparing the energy intensities presented in the section 5.4.4 with the sector’s output, income (wages and salaries) and employment. In brief, multipliers measure the impact on the total economy – in this case, in terms of economic output, income and employment growth – of an initial and exogenous change to the final demand of a sector. This research uses the Leontief models to calculate multipliers for the Base, MOD and ADV scenarios in 2025 and 2050, respectively. 


The trade-offs may be described with an optimization equation that aims to minimize energy intensities while maximizing output, income and employment multipliers:


OP = {minEI, maxO, maxI, maxE) 

Eqn 5-12


Where:


- EI is the energy intensities of economic sectors in the Base, MOD and ADV scenarios


- O is the output multiplier. Output multiplier may be defined as:
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Eqn. 5-13


Where the numerator represents the total effect represented by the Leontief inverse matrix coefficients and the denominator is the initial effect, representing the change in total output of sector j (ΔX = 1).

- I is the income multiplier. Using the same initial effect of ΔX = 1, income multipliers may be defined as:
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Eqn. 5-14


Where hj represents household coefficients, which are payments to households (represented by the Labour primary input category) per unit of sector j output, Xj. Income multipliers indicate the additional income generated as a result of this initial increase to the total output of sector j that is required to satisfy the final demand changes.


- E is the employment multiplier. Similarly, employment multipliers may be defined as:
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Eqn. 5-15


Where mj represents the employment coeffiecient, defined as the number of employees per unit of total output in sector j. The employment multiplier, therefore calculates the additional employment generated as a result of this an initial increase to the total output in sector j that is required to satisfy final demand changes.


In addition, the trade-offs between the energy intensities and the multipliers may be statistically validated using the Pearsons product moment correlation coefficient equation, otherwise known as the sample correlation equation. The correlation coefficient is a measure of the degree to and direction of linear relationship between two variables and may be calculated for any set of data regardless of units (Gravetter & Wallnau, 2004). Denoted by r, the correlation coefficient is defined as:
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Where N is the number of observations (in this research, this is the number of sectors), and x and y are pairs of data. The following section discusses some of the trade-offs that have been identified.


Table 5.5, 5.6 and 5.7 list the total energy intensities, multipliers and corresponding rank for each sector. In order to identify the sectors that satisfy the four criteria in Eqn. 5-12, the top ten ranking sectors for each criteria have been shaded. 


The results indicate that trade-offs between the energy use and economic output, income (wages and salaries) generation and employment growth are inevitable. There are no sectors in either year that satisfy all four optimisation conditions. There are sectors that satisfy at most three, e.g., cultivation, agriculture services, trade and repairing, and other services. These sectors are ranked low in terms of energy use and economic output but their contribution to income generation and employment growth is high. These sectors are at best growing in line with the country’s strategy for socio-economic development because they could contribute to income improvement and jobs creation, particularly for the rural areas where there is a big gap in people’s living standards and employment prospects, compared with the urban areas. As analysed in the pervious section, these impacts could partly be resulted from the diversity of energy supply strategies, especially the promotion of renewable energy use. For example, the increase of wind and solar-based electricity in generation mix would create more jobs and bring investment to the rural areas as these plants are usually located in the countryside or an increase of alternative fuels in the road transport sector would create high demand for agricultural products, such as cassava, soybean and peanut.


Table 5.9: Total energy intensities, multipliers and corresponding ranks for the Base scenario in 2025 and 2050


		 

		Base scenario (2025)

		Base scenario (2050)



		Sector

		Energy intensity

		Output

		Income

		Employment

		Energy intensity

		Output

		Income

		Employment



		 

		MJ/$

		$000/$000

		$000/$000

		Job/$000

		MJ/$

		$000/$000

		$000/$000

		Job/$000



		Cultivation

		12.62

		5

		1.52

		17

		0.61

		1

		1.02

		1

		8.82

		4

		1.28

		20

		0.61

		1

		0.33

		1



		Husbandry

		17.87

		7

		1.05

		30

		0.44

		5

		0.70

		3

		15.46

		11

		1.02

		30

		0.44

		5

		0.22

		3



		Agriculture services

		12.44

		4

		1.24

		22

		0.40

		6

		0.59

		4

		11.15

		7

		1.17

		26

		0.40

		7

		0.19

		4



		Forestry

		20.40

		9

		1.62

		16

		0.22

		15

		0.58

		5

		19.23

		16

		1.30

		19

		0.22

		15

		0.19

		5



		Fishing

		18.36

		8

		1.06

		27

		0.38

		8

		0.21

		9

		15.31

		10

		1.02

		29

		0.38

		8

		0.07

		9



		Road transport

		124.08

		30

		1.22

		24

		0.34

		9

		0.50

		6

		52.98

		30

		1.31

		18

		0.34

		9

		0.16

		6



		Rail transport

		68.92

		26

		1.03

		28

		0.50

		2

		0.71

		2

		21.33

		18

		1.02

		28

		0.50

		2

		0.23

		2



		Water transport

		83.52

		27

		1.05

		29

		0.29

		13

		0.40

		7

		41.71

		27

		1.04

		27

		0.29

		13

		0.13

		7



		Air transport

		100.87

		28

		1.17

		25

		0.15

		20

		0.05

		28

		55.20

		29

		1.19

		24

		0.15

		20

		0.02

		30



		Trade and repairing

		21.25

		10

		4.54

		4

		0.29

		12

		0.26

		8

		19.02

		15

		6.75

		4

		0.29

		11

		0.08

		8



		Hotel, restaurant and tourist

		14.75

		6

		1.27

		21

		0.29

		11

		0.14

		11

		9.42

		5

		1.25

		23

		0.29

		12

		0.05

		11



		Telecommunication

		6.88

		1

		1.46

		19

		0.33

		10

		0.07

		16

		3.24

		1

		1.26

		21

		0.33

		10

		0.02

		28



		Financial services

		6.95

		2

		1.47

		18

		0.45

		4

		0.06

		21

		3.62

		2

		1.31

		17

		0.45

		4

		0.02

		19



		Other services

		10.80

		3

		3.31

		6

		0.47

		3

		0.12

		12

		7.57

		3

		3.51

		7

		0.47

		3

		0.04

		12



		Mining and quarrying

		31.34

		15

		2.05

		12

		0.26

		14

		0.18

		10

		19.62

		17

		2.44

		11

		0.26

		14

		0.06

		10



		Food and drinks

		25.84

		12

		1.63

		15

		0.07

		30

		0.06

		20

		10.22

		6

		1.49

		16

		0.07

		30

		0.02

		20



		Brick

		43.51

		22

		1.66

		14

		0.09

		24

		0.08

		14

		21.90

		19

		1.99

		13

		0.09

		24

		0.03

		13



		Cement

		68.43

		25

		2.31

		9

		0.07

		29

		0.04

		30

		31.82

		25

		2.84

		9

		0.07

		29

		0.01

		29



		Other construction materials

		46.93

		23

		2.05

		11

		0.19

		16

		0.08

		15

		33.12

		26

		2.68

		10

		0.19

		16

		0.02

		21



		Pulp and paper

		53.29

		24

		2.74

		7

		0.08

		26

		0.05

		27

		29.34

		24

		4.10

		6

		0.08

		25

		0.02

		25



		Chemical products

		35.91

		20

		11.62

		1

		0.18

		17

		0.07

		17

		17.16

		13

		11.94

		2

		0.18

		17

		0.02

		16



		Manufacturing products

		31.37

		16

		10.25

		2

		0.14

		21

		0.06

		22

		17.61

		14

		11.00

		3

		0.14

		21

		0.02

		15



		Iron and steel

		104.36

		29

		7.69

		3

		0.07

		28

		0.04

		29

		48.08

		28

		15.02

		1

		0.07

		28

		0.01

		28



		Non-ferrous metal

		35.35

		19

		2.28

		10

		0.15

		19

		0.08

		13

		23.81

		22

		3.15

		8

		0.15

		19

		0.03

		14



		Textile

		28.33

		14

		2.68

		8

		0.08

		25

		0.06

		23

		15.00

		9

		2.10

		12

		0.08

		26

		0.02

		22



		Leather products

		24.06

		11

		1.71

		13

		0.08

		27

		0.06

		24

		15.59

		12

		1.65

		14

		0.08

		27

		0.02

		26



		Printing and publications

		31.64

		17

		1.36

		20

		0.18

		18

		0.06

		25

		23.08

		20

		1.63

		15

		0.18

		18

		0.02

		24



		Other industrial products

		38.65

		21

		3.82

		5

		0.10

		23

		0.06

		19

		23.25

		21

		5.39

		5

		0.10

		23

		0.02

		27



		Water supply

		26.92

		13

		1.14

		26

		0.40

		7

		0.05

		26

		24.20

		23

		1.26

		22

		0.40

		6

		0.02

		23



		Construction

		31.71

		18

		1.22

		23

		0.13

		22

		0.07

		18

		11.60

		8

		1.17

		25

		0.13

		22

		0.02

		17





Source: this research


Table 5.10: Total energy intensities, multipliers and corresponding ranks for the MOD scenario in 2025 and 2050


		 

		MOD scenario (2025)

		MOD scenario (2050)



		Sector

		Energy intensity

		Output

		Income

		Employment

		Energy intensity

		Output

		Income

		Employment



		 

		MJ/$

		$000/$000

		$000/$000

		Job/$000

		MJ/$

		$000/$000

		$000/$000

		Job/$000



		Cultivation

		12.23

		5

		1.52

		18

		0.64

		1

		0.93

		1

		8.21

		4

		1.27

		19

		0.64

		1

		0.34

		1



		Husbandry

		16.86

		7

		1.05

		28

		0.46

		5

		0.63

		3

		14.09

		11

		1.02

		30

		0.46

		5

		0.23

		3



		Agriculture services

		11.76

		4

		1.26

		21

		0.42

		7

		0.53

		5

		10.50

		8

		1.19

		25

		0.420

		7

		0.20

		4



		Forestry

		19.41

		9

		1.49

		19

		0.23

		15

		0.53

		4

		18.04

		17

		1.20

		22

		0.23

		15

		0.20

		5



		Fishing

		17.02

		8

		1.05

		29

		0.39

		8

		0.19

		9

		13.64

		10

		1.02

		29

		0.39

		8

		0.07

		9



		Road transport

		111.78

		30

		1.18

		24

		0.36

		9

		0.46

		6

		44.44

		29

		1.27

		20

		0.36

		9

		0.17

		6



		Rail transport

		66.11

		26

		1.03

		30

		0.52

		2

		0.65

		2

		19.01

		19

		1.03

		28

		0.52

		2

		0.24

		2



		Water transport

		77.45

		27

		1.06

		27

		0.30

		13

		0.36

		7

		35.71

		27

		1.05

		27

		0.30

		13

		0.13

		7



		Air transport

		97.15

		29

		1.17

		25

		0.16

		19

		0.05

		27

		48.39

		30

		1.21

		21

		0.16

		19

		0.02

		26



		Trade and repairing

		19.89

		10

		3.70

		4

		0.30

		12

		0.23

		8

		16.17

		15

		4.80

		4

		0.30

		12

		0.09

		8



		Hotel, restaurant and tourist

		13.93

		6

		1.23

		22

		0.31

		11

		0.13

		11

		8.55

		5

		1.20

		23

		0.31

		11

		0.05

		11



		Telecommunication

		6.41

		1

		1.67

		16

		0.35

		10

		0.06

		16

		3.01

		1

		1.48

		17

		0.35

		10

		0.02

		16



		Financial services

		6.76

		2

		1.79

		14

		0.47

		4

		0.06

		17

		3.36

		2

		1.78

		12

		0.47

		4

		0.02

		19



		Other services

		10.10

		3

		3.30

		6

		0.49

		3

		0.11

		12

		6.72

		3

		3.47

		5

		0.49

		3

		0.04

		12



		Mining and quarrying

		29.67

		16

		1.94

		11

		0.27

		14

		0.16

		10

		16.60

		16

		2.06

		11

		0.27

		14

		0.06

		10



		Food and drinks

		25.40

		12

		1.68

		15

		0.08

		27

		0.05

		25

		9.29

		6

		1.48

		16

		0.08

		29

		0.02

		20



		Brick

		41.33

		22

		1.53

		17

		0.10

		24

		0.07

		14

		18.68

		18

		1.54

		15

		0.10

		24

		0.03

		14



		Cement

		62.34

		25

		2.10

		9

		0.07

		30

		0.03

		29

		26.90

		25

		2.09

		10

		0.07

		30

		0.01

		29



		Other construction materials

		44.55

		23

		1.93

		12

		0.20

		16

		0.07

		13

		28.68

		26

		2.27

		9

		0.20

		16

		0.03

		15



		Pulp and paper

		52.10

		24

		2.23

		8

		0.09

		25

		0.04

		28

		26.07

		24

		2.37

		8

		0.09

		25

		0.02

		28



		Chemical products

		35.31

		20

		10.53

		1

		0.19

		18

		0.06

		18

		14.68

		13

		10.74

		1

		0.19

		18

		0.02

		17



		Manufacturing products

		30.46

		17

		9.93

		2

		0.15

		21

		0.05

		21

		15.72

		14

		9.63

		2

		0.15

		20

		0.02

		21



		Iron and steel

		91.82

		28

		6.79

		3

		0.08

		26

		0.03

		30

		40.60

		28

		6.79

		3

		0.08

		28

		0.01

		30



		Non-ferrous metal

		33.21

		19

		2.01

		10

		0.15

		20

		0.07

		15

		20.38

		22

		1.97

		12

		0.15

		21

		0.03

		13



		Textile

		27.83

		14

		3.58

		5

		0.08

		29

		0.05

		22

		13.51

		9

		2.53

		7

		0.08

		26

		0.02

		22



		Leather products

		23.05

		11

		1.86

		13

		0.08

		28

		0.05

		26

		14.38

		12

		1.72

		14

		0.08

		27

		0.02

		25



		Printing and publications

		31.26

		18

		1.28

		20

		0.19

		17

		0.05

		24

		20.32

		21

		1.28

		18

		0.19

		17

		0.02

		24



		Other industrial products

		37.87

		21

		3.27

		7

		0.11

		23

		0.05

		20

		20.47

		23

		3.33

		6

		0.11

		23

		0.02

		23



		Water supply

		26.06

		13

		1.13

		26

		0.42

		6

		0.05

		23

		19.91

		20

		1.14

		26

		0.418

		6

		0.02

		27



		Construction

		29.63

		15

		1.20

		23

		0.14

		22

		0.06

		19

		10.13

		7

		1.20

		24

		0.14

		22

		0.02

		18





Source: This research


Table 5.11: Total energy intensities, multipliers and corresponding ranks for the ADV scenario in 2025 and 2050


		 

		ADV scenario (2025)

		ADV scenario (2050)



		Sector

		Energy intensity

		Output

		Income

		Employment

		Energy intensity

		Output

		Income

		Employment



		 

		MJ/$

		$000/$000

		$000/$000

		Job/$000

		MJ/$

		$000/$000

		$000/$000

		Job/$000



		Cultivation

		11.94

		5

		1.47

		18

		0.67

		1

		0.80

		1

		7.75

		4

		1.22

		21

		0.67

		1

		0.22

		1



		Husbandry

		16.64

		7

		1.04

		29

		0.48

		5

		0.55

		3

		12.79

		10

		1.01

		30

		0.48

		5

		0.15

		3



		Agriculture services

		11.32

		4

		1.20

		24

		0.44

		6

		0.46

		4

		9.86

		7

		1.13

		24

		0.44

		6

		0.13

		4



		Forestry

		18.90

		9

		1.39

		19

		0.25

		15

		0.46

		5

		17.02

		19

		1.13

		25

		0.25

		15

		0.13

		5



		Fishing

		16.77

		8

		1.04

		28

		0.41

		8

		0.17

		9

		12.85

		11

		1.02

		29

		0.41

		8

		0.05

		9



		Road transport

		104.58

		30

		1.20

		23

		0.38

		9

		0.39

		6

		39.52

		29

		1.26

		19

		0.38

		9

		0.11

		6



		Rail transport

		61.13

		26

		1.03

		30

		0.55

		2

		0.56

		2

		16.03

		17

		1.03

		28

		0.55

		2

		0.16

		2



		Water transport

		73.85

		27

		1.06

		27

		0.32

		12

		0.31

		7

		31.57

		27

		1.05

		27

		0.32

		11

		0.09

		7



		Air transport

		94.55

		29

		1.17

		25

		0.16

		21

		0.04

		27

		43.50

		30

		1.20

		23

		0.16

		19

		0.01

		27



		Trade and repairing

		19.61

		10

		3.98

		5

		0.31

		13

		0.20

		8

		15.58

		16

		4.78

		4

		0.31

		13

		0.06

		8



		Hotel, restaurant and tourist

		13.57

		6

		1.22

		22

		0.32

		11

		0.11

		11

		8.25

		5

		1.21

		22

		0.32

		12

		0.03

		12



		Telecommunication

		6.17

		1

		1.58

		16

		0.37

		10

		0.05

		16

		2.85

		1

		1.54

		16

		0.37

		10

		0.01

		16



		Financial services

		6.33

		2

		1.71

		14

		0.49

		4

		0.05

		19

		3.20

		2

		1.73

		13

		0.49

		4

		0.01

		19



		Other services

		9.71

		3

		3.05

		7

		0.51

		3

		0.09

		12

		6.62

		3

		3.20

		6

		0.51

		3

		0.03

		11



		Mining and quarrying

		28.47

		15

		1.87

		12

		0.28

		14

		0.14

		10

		15.55

		15

		1.82

		12

		0.28

		14

		0.04

		10



		Food and drinks

		24.36

		12

		1.63

		15

		0.08

		30

		0.04

		20

		8.85

		6

		1.55

		15

		0.08

		30

		0.01

		25



		Brick

		39.38

		22

		1.52

		17

		0.10

		24

		0.06

		14

		16.77

		18

		1.51

		17

		0.10

		24

		0.02

		15



		Cement

		60.62

		25

		2.08

		10

		0.08

		29

		0.03

		30

		23.84

		24

		1.98

		11

		0.08

		29

		0.01

		30



		Other construction materials

		43.23

		23

		2.09

		9

		0.21

		16

		0.06

		15

		26.56

		26

		2.05

		10

		0.21

		16

		0.02

		14



		Pulp and paper

		50.10

		24

		2.46

		8

		0.09

		25

		0.04

		28

		24.75

		25

		2.45

		8

		0.09

		26

		0.01

		28



		Chemical products

		34.54

		21

		9.81

		1

		0.20

		17

		0.05

		18

		13.79

		13

		8.22

		2

		0.20

		17

		0.01

		18



		Manufacturing products

		29.71

		17

		8.82

		2

		0.16

		19

		0.04

		21

		14.91

		14

		8.96

		1

		0.16

		21

		0.01

		24



		Iron and steel

		88.08

		28

		8.10

		3

		0.08

		28

		0.03

		29

		39.29

		28

		7.45

		3

		0.08

		27

		0.01

		29



		Non-ferrous metal

		31.61

		19

		2.03

		11

		0.16

		20

		0.06

		13

		19.86

		23

		2.13

		9

		0.16

		20

		0.02

		13



		Textile

		26.98

		14

		3.31

		6

		0.09

		26

		0.04

		22

		12.73

		9

		2.80

		7

		0.09

		25

		0.01

		20



		Leather products

		22.51

		11

		1.74

		13

		0.08

		27

		0.04

		25

		13.56

		12

		1.63

		14

		0.08

		28

		0.01

		22



		Printing and publications

		30.11

		18

		1.31

		20

		0.20

		18

		0.04

		23

		18.77

		20

		1.28

		18

		0.20

		18

		0.01

		21



		Other industrial products

		36.80

		20

		4.17

		4

		0.11

		23

		0.04

		24

		19.07

		21

		3.92

		5

		0.11

		23

		0.01

		23



		Water supply

		24.50

		13

		1.12

		26

		0.44

		7

		0.04

		26

		19.78

		22

		1.12

		26

		0.44

		7

		0.01

		26



		Construction

		28.58

		16

		1.25

		21

		0.15

		22

		0.05

		17

		10.08

		8

		1.24

		20

		0.15

		22

		0.01

		17





Sources: This research


Table 5.12: Correlation matrix for 2025 and 2050
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Sectors that would significantly contribute to economic output are construction materials (brick, cement, and iron and steel industries), manufacturing (manufacturing product, chemical product) and light industry (paper production and textile). This is because these sectors are identified as decisive factors for the successful industrialization of the country by 2020 to 2025. These sectors, however, are characterized by very high energy intensities, and as a result, they are the key CO2 emitters. They are capital-intensive and their contribution to income generation and employment growth is ranked lower than other sectors in the economy. This could be explained by the fact that these sectors historically employ high energy intensive technologies, such as BF and BOF in steel industry and wet method in cement production. In addition, high energy-intensive input materials (for example, crude steel) and poor management practices are also responsible for the increase in indirect and direct energy consumption by these sectors. 


The road and rail transport sectors show a medium contribution to income generation and employment growth. This could result from improvements in people’s living standards. The transport group (including road, rail, water and air) is, however, ranked very low in terms of energy efficiency and contribution to total economic output. Both, the energy intensities and CO2 emissions intensities of this sector are high. There are some rooms for improving energy efficiency and increasing use of the alternative fuels but it is mostly limited in the road transport. Regarding to the alternative fuels promotion, particularly the bio-fuels (such as methanol, ethanol and bio-diesel) there are some concerns about the food security, which may arise as a result of population growth, climate change and limited area of cultivation land.


The service group which includes hotel and restaurant, telecommunication, financial services and other services is ranked high in terms of energy efficiency and income generation. Especially, this rank does not change in all three scenarios, through the study period 2000-2050. This reflects the advantage of the service group in applying energy saving measures, both technology renovation and management practices. Despite the apparent advantages of the service sectors over other sectoral groups in the economy, policies that encourage greater development of the services are not conducive to maintaining a balance between the economic activities in the economy. For this reason, alone, there are inherent advantages of ensuring the productive future of all major sectoral groups in the economy. The key, therefore, is to ensure that energy efficiency strategies are paramount in the development of future policies, particularly for those sectors within the groups with the highest energy intensities.


The salient findings from the investigation may be summarized as follows:


· The selection of adequate policy instruments to reduce energy consumption depends on several factors. For some sectors, the indirect component of the energy intensities is most significant and therefore higher gains are achievable by focusing on their energy-intensive inputs. In other sectors, particularly transport and construction materials sectors, more direct instruments, such as regulation and voluntary demand management are workable in reducing energy consumption. This is of particular importance for energy-intensive sectors, given the current debate over climate change and associated emphasis on CO2 emissions reduction.


· It is also apparent that there is a general trend towards increasing role of the services sectors and a decreasing role of industry sectors in the economy. This would augur well in terms of energy use, given the low energy intensities that the services sectors generally exhibit, and the greater roles these sectors are playing in terms of income generation and employment growth. However, the ability to stimulate economic output is highest amongst the industrial sectors. Strategies to decouple energy from economic output for these manufacturing sectors are therefore important for the long-term sustainability of the economy.


· Due to the strong relationship between energy, economy and environment, it is important that energy policy measures should be made in consideration of other related issues. For example, food security should be ensured when making policy measures to promote alternative fuels in road transport and phasing out of the high energy-intensive technologies should avoid any interruption of the production activities. This would prevent undesirable inverse impacts and improve effectiveness of the energy policies.



5.7 
Summary 

This chapter examined the economy-wide impacts of energy activities in the MOD and ADV scenarios. These impacts are quantified in terms of the changes in total outputs, wages and salaries, employment level, primary energy intensities, and CO2 emissions intensities across the key economic sectors. A summary of main points and major conclusions is noted below. 


Total outputs 


· The sectors that show comparatively higher values of total outputs in the MOD and ADV scenarios, as compared with the MODNO and ADVNO scenarios are cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial product and construction. The total outputs of these sectors in 2025, for example, are higher by $44.4 mn, $275.2 mn, $39.8 mn, $16.9 mn, $21 mn and $71.5 mn in MOD scenario and $164.9 mn, $546 mn, $113 mn, $56.9 mn, $76.5 mn and $398.7 mn in ADV scenario as compared to the MODNO and ADVNO scenario, respectively. These increases in total economic outputs are equal to 0.25%, 0.87%, 0.49%, 0.46%, 0.44% and 0.17% for the MOD scenario and 1.29%, 1.72%, 1.4%, 1.12%, 1.62% and 0.97% for ADV scenario - as compared with the total outputs of these sectors in the Base scenario. The use of renewable energy sources, such as biomass, wind and PV in power generation, and fuel switching from coal to nuclear energy are the major reasons behind these increases. 


· Most of the economic sectors experience a decrease in total output as a result of the changes in energy activities in the MOD and ADV scenarios, as compared to the MODNO and ADVNO scenarios. Among those, some sectors which face comparatively lower changes in total output, are financial service, mining service, brick, cement and other construction materials. For example, in 2025, total outputs from these sectors are lower by $17.3 mn, $19.6 mn, $26.3 mn, $51 mn and $25 mn in the MOD scenario, and $23.7 mn, $23.4 mn, $28.4 mn, $78.6 mn and $ 33.3 mn in ADV scenarios, as compared to the MODNO and ADVNO scenarios, respectively. The declines in total economic outputs of these sectors are equivalent to 0.8%, 1.09%, 0.67%, 0.79% and 0.64% for MOD scenario and 1.1%, 1.3%, 0.73%, 1.22% and 0.85% for ADV scenarios, in comparison with the total outputs of these sectors in the Base scenario. These reductions in total outputs result from reduced levels of energy consumption in the MOD and ADV scenarios, as compared to the MODNO and ADVNO scenarios, respectively. In addition, the decrease in input demands from the energy sectors, especially coal sector, as a result of energy savings and fuel switching (from fossil fuels to new and renewable), is also a reason for the decline in total outputs of some sectors, such as mining service and financial service.


· The total outputs (in PJ) of the energy sectors (coal, petroleum, gas and electricity) in MOD and ADV scenarios are lower than the outputs of these sectors in the MODNO and ADVNO scenarios in both 2025 and 2050. In 2025, for example, the total outputs of these sectors are lower by 151.5 PJ, 98.7 PJ, 9.8 PJ and 51.9 PJ in the MOD scenario, and 292.5 PJ, 196.8 PJ, 13.8 PJ and 63.3 PJ in the ADV scenario. The declines in these energy sectors are equal to 7%, 6.1%, 2.6% and 4.2% for MOD scenario and 13.4%, 12.1%, 3.7% and 5.1% for ADV scenario in comparison with the total outputs of these sectors in the Base scenario. These reflect reductions in electricity consumption due to the increased use of efficient appliances, petroleum products due to improvement in vehicle fuel economy and the use of alternative transport fuels, and coal consumption in electricity generation and   iron and steel industry. It is interesting to note that while total outputs of the coal, petroleum and electricity sectors decline as a result of energy savings and fuel switching, the reduction in total output of the gas sector is due to the depletion of indigenous gas reserves. 


Wages and salaries 

· The sectors that show higher values of wages and salaries in MOD and ADV scenarios as compared to the MODNO and ADVNO scenarios are cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial product and construction sectors. The wages and salaries in these sectors in 2025, for example, are higher by $28.5 mn, $41 mn, $3.04 mn, $2.62 mn, $2.25 mn and $9.93 mn for the MOD scenario, and $110.8 mn, $85.01 mn, $ 9.02 mn, $9.19 mn, $8.6 mn and $ 57.8mn for the ADV scenario. The increases in total wages and salaries of these sectors are equal to 0.37%, 0.91%, 0.52%, 0.48%, 0.46% and 0.18% for MOD scenario and 1.42%, 1.87%, 1.54%, 1.23%, 1.77% and 1.06% for ADV scenario in comparison with the wages and salaries of these sectors in the Base scenario. This is due to the increased use of agricultural products, as energy sources, mainly in biomass plants and bio-fuels production; and the increased input demands for fabric structure in renewable plants construction. 


· The sectors that experience lower values of wages and salaries are financial service, mining service, brick, cement and other construction materials. In 2025, for example, the wages and salaries of these sectors are lower in the ADV scenario, by $11.6 mn, $6.5 mn, $2.9 mn, $5.9 mn and $7.1 mn. The declines of wages and salaries in these sectors are equal to 1.2%, 1.42%, 0.79%, 1.33% and 0.93% as compared to their wages and salaries in the Base scenario. These declines in wages and salaries are a result of the overall decrease in total energy requirements in these scenarios as well as decreased input demands from energy activity-related sectors. For example, a decline in demand for coal would lead to a decrease in demand for mining service sector and hence a decrease in wages and salaries in this sector. 


· The energy sectors experience considerable changes in wages and salaries in both MOD and ADV scenarios. For example, in 2025, the wages and salaries in coal, petroleum, gas and electricity sectors are lower by $94.7 mn, $482.2 mn, $1.07 mn and $259.6 mn in the MOD scenario, and $191 mn, $1005 mn, $1.6 mn and $331 mn in the ADV scenario, as compared to the MODNO and ADVNO scenarios, respectively. These declines are equal to 7.3%, 6.3%, 2.7% and 4.4% for MOD scenario and 14.7%, 13.2%, 4.0% and 5.6% for ADV scenario in comparison with the wages and salaries of these sectors in the Base scenario. This is because of the decline in electricity consumption, in response to efficiency improvements of electrical appliances in the residential sectors; reduced coal consumption, as coal is replaced by nuclear and renewable energy in electricity production; and reduced consumption of petroleum products, as vehicle’s fuel economy improves and as alternative fuels (natural gas, and bio-fuels) penetrate in the transport market. 


· While wages and salaries generally declining in the traditional energy sectors (such as coal, gas, petroleum products, and electricity), they increase in the ‘others’ energy sector (which comprises biomass, methanol, ethanol, and CNG). For example, the wages and salaries of the other energy sector in the MOD and ADV scenarios are higher by $81.2 mn and $140.4 mn in 2025 as compared with the MODNO and ADVNO scenarios, respectively or equal to 54.5% and 94.3% in comparison with the wages and salaries of this sector in the Base scenario. This reflects increased use of these energy types in the MOD and ADV scenarios, for example, biomass in electricity generation, and ethanol and methanol in the transport sector.


Employment 

· The change in employment caused by energy activities is generally found to be declining in both energy and non-energy sectors. In the MOD scenario in 2025, for example, there is a net decline in employment in the non- energy sectors of 41,466 persons, and in energy sectors of 46,777 persons, making the total decline in employment of 88,244 persons. However, there is a shift of employment from these sectors to the others.  The shift in employment could be largely due to the switch in power generation (from fossil-based plants to renewable-based plants, such as wind, PV, and biomass) and in road transport (from oil to bio-fuel and CNG).

· The employment in cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial product and construction sectors is higher in both MOD and ADV scenarios, as compared to the MODNO and ADVNO scenarios. In 2050, for example, the cultivation sector employs additional 31,483 and 79,514 persons in the MOD and ADV scenarios, respectively. The increases in these two scenarios are equal to 0.57% and 1.44%, as compared with the employment generated in the Base scenario. Other non-energy sectors experience reductions in employment. Among those, the financial service, mining service, brick, cement and other construction material sectors will go through comparatively larger drops in employment. For example, in 2025, the number of employees in the mining service sector drops by 3,540 and 4,843 in the MOD and ADV scenarios as compared to the MODNO and ADNO scenarios. The declines in employment in this sector in two scenarios are equal to 1.07% and 1.5%, as compared with the Base scenario. This decline is due mainly to the decrease in input demands from the energy sectors, especially the coal sector, as a result of energy savings.


· The coal, petroleum and electricity sectors experience large reductions in employment in both MOD and the ADV scenarios. For example, in 2025, employment in the coal, petroleum and electricity sectors is lower by 23,487, 10,456 and 13,869 persons in the MOD scenario, and 40,587, 18,827 and 15,885 persons in the ADV scenarios, as compared with the MODNO and ADVNO scenarios, respectively. This is equal to 6.4%, 5.6% and 3.9% for the MOD scenario and 11%, 10% and 4.4% for ADV scenario in comparison with the employment in the Base scenario. In 2050, the decline in employment in these sectors is even higher, as higher energy savings rates are envisaged for this period. 


Total energy intensities 

· There exist wide variations in total energy intensities across the economic sectors. The most energy intensive sectors in 2000, for example, were the iron and steel (150.5 MJ/$), road transport (138.5 MJ/$), and air transport (110.6 MJ/$).  And, the least energy intensive sectors were communication (8.2 MJ/$), financial service (9.07 MJ/$), and other services (12.07 MJ/$).


· The total energy intensities of the economic sectors show a declining trend in the MOD and ADV scenarios. This reflects a declining trend in total primary energy consumption in the MOD and the ADV scenarios, as compared with the Base scenario. The reductions in total energy intensity in iron and steel, road transport and cement sectors are the largest. In 2025, for example, the total energy intensity in the iron and steel sector is lower by 12.6 MJ/$ (12%) in the MOD scenario, and by 16.3 MJ/$ (15.6%) in the ADV scenario, as compared with the intensity in the Base scenario (104.4 MJ/$). Similarly, energy intensity in the transport sector is 12.3 MJ/$ (9.9%) lower in the MOD scenario, and 19.5 MJ/$ (15.7%) lower in the ADV scenario. This decrease is largely due to the improvement in technologies employed and good management practices.


· The total energy intensities of the service sectors, such as financial service, communication and other services are lower than the Base scenario, in both ADV and MOD scenarios, in 2025 and 2050. In 2025, for example, the total energy intensity of the communication sector in the MOD scenario is 0.47MJ/$ (6.8%) and the ADV scenario is 0.71 MJ/$ (10.3%) - lower than the corresponding energy intensity in the Base scenario (6.88 MJ/$).


Total CO2 intensities 


· The sectors with high values for CO2 intensities in 2000 are iron and steel (11.09 kg/$), road transport (10.16 kg/$), air transport (8.1 kg/$), and cement (6.7 kg/$). And, sectors with low values are communication (0.603 kg/$), financial service (0.665 kg/$), and other services (0.897 kg/$).


· The total CO2 emission intensities for the economic sectors are generally lower in both MOD and ADV scenarios, in comparison with the CO2 intensities in the Base scenario, in 2025 and 2050. This is due to energy savings in these scenarios, in particular reduced coal consumption. For example, in 2025, total CO2 intensities for the iron and steel sector in the MOD and ADV scenarios are 1.07 kg/$ (12.4%) and 1.12 kg/$ (12.9%) lower than the corresponding CO2 intensity in the Base scenario (8.69 kg/$). The total CO2 intensities for manufacturing and other industrial product sectors which take inputs from the iron and steel sector also decline in the MOD and ADV scenarios in 2025 and 2050. In the ADV scenario, for example, the total CO2 intensities in 2025 are lower by 0.089 kg/$ (3.4%) for the manufacturing sector and by 0.089 kg/$ (2.7%) for other industrial product sector - with respect to the CO2 intensities in the Base scenario. While the improvement in CO2 intensity of the iron and steel sector is obtained by changing technologies, such as from Blast Oxygen Furnace to DRI, the CO2 intensities in the manufacturing and other industrial sectors reduce mainly due to the decrease in indirect CO2 emissions from the iron and steel sector.


· An improvement in CO2 intensities is also observed in transport and construction material sectors. For example, in 2050, CO2 intensities of road transport sector in the MOD and ADV scenarios are 0.79 kg/$ (19%) and 1.19 kg/$ (28.8%), respectively lower than the CO2 intensities in the Base scenario (4.132 kg/$). This is due mainly to technical breakthrough (for example, introduction of new vehicles with high fuel economy) and penetration of alternative fuels (such as, methanol and bio-fuels). 


· The total CO2 intensities of the service sectors, such as communication, financial service and other services are lower in both, the MOD and ADV scenarios, in 2025 and 2050 – in comparison with the Base scenario. In 2025, for example, for the communication sector, the CO2 intensities in the MOD and ADV scenarios, are 0.04 kg/$ (7%) and 0.05 kg/$ (8.6%), lower than the CO2 intensities in the Base scenario. Electricity is the energy consumed by these service sectors, and as CO2 emissions from the electricity sector decrease, CO2 intensities in the service sectors reduce

Overall impacts at aggregate level 

· At the aggregate level, that is, at the level of the national economy, the total outputs of the non-energy sectors (in mn$) are only modestly higher in both MOD and ADV scenarios, in 2025 and 2050. For example, total outputs of the non-energy sectors in 2025, for the MOD and ADV scenarios, are higher by merely $112.4 mn (that is, by 0.03%) and $619.4 mn (0.17%), respectively, in comparison with the Base scenario. The higher output of the non-energy sectors is likely to be the result of higher outputs of cultivation, manufacturing, other industrial product sectors, resulting from increased use of renewable based energy plants (as discussed above). 


· The total outputs of the energy sectors (in PJ), however, are lower both in the MOD and ADV scenarios, as compared with the MODNO and ADVNO scenarios. For example, in 2025, total outputs of the energy sectors in the MOD and ADV scenarios are lower by 295.4 PJ and 539 PJ, as compared to the MODNO and ADVNO scenarios. These declines are equal 5.4% and 9.9%, as compared with the outputs in the Base scenario. The lower outputs of the energy sectors reflect reduced energy consumptions in the MOD and ADV scenarios.


· At the aggregate level, the wages and salaries are marginally lower both for the MOD and ADV scenarios. For example, they are lower, respectively, by $802 mn and $1,278 mn in 2025 and $4,026 mn and $4,009 mn in 2050. These declines are equal to 0.9% and 1.4% in 2025 and 1.0% and 1.2% (2050) of total wages and salaries in the Base scenario.


· Employment is marginally lower in MOD and ADV scenarios, as compared with the MODNO and ADVNO scenarios. Employment in the MOD scenario, for example, decreases by 88,244 persons (2025) and 258,400 persons (2050) as compared with the MODNO scenario which are equal to 0.16% (2025) and 0.39% (2050) of the total employment in the Base scenario, respectively. The decline in employment is mainly due to decrease in demand for labour in the energy sectors, e.g., coal which are highly labour intensive. 


· The economy-wide impacts are more significant at individual sectoral levels (such as cultivation, construction materials, manufacturing and other industrial product sector) than at the aggregate level. This disparity between aggregate and individual sectoral level impacts indicates that policy recommendations made simply based upon analysis at the aggregate levels (often a normal practice in policy studies) could fail to represent individual sectoral level impacts, which could be significant.


· Some sectors that experience increased total outputs differ in improvements in energy and CO2 intensities. For example, in 2025, the total outputs of the cultivation and iron and steel sectors in the MOD scenario are $44.4 mn and $39.8 mn higher, as compared to the MODNO scenario. The increases in total outputs of these sectors are equal to 0.25% and 0.49% of the total outputs in the Base scenario. At the same time, however, the iron and steel sector has bigger improvements in energy and CO2 intensities, as compared to the cultivation sector. In the MOD scenario in 2025, for example, while the energy and CO2 intensities of the iron and steel sector decline by 12% and 12.4% as compared to the Base scenario, the corresponding improvements in the cultivation sector are 3.1% and 3% only. This is because of the differences in technologies employed and the economic structure of these sectors. The iron and steel sector, for example, is highly energy intensive and a shift from traditional technologies like Blast Oxygen Furnace to DRI would create big reductions in energy and CO2 intensities. The cultivation sector is labour intensive and due to the emphasis on mechanization, is less amenable to energy and CO2 intensity improvement.


· The energy activities associated with the alternative scenarios (MOD and ADV) would make marginal impacts on the economy (in terms of total outputs, wages and salaries and employment) at the aggregate level, even while these scenarios would help achieve policy goals of reducing energy consumption and CO2 emissions. At the individual sectoral level, however, the impacts could be significant, for example, it could result in significantly lower income (wages and salaries) and employment in energy sectors but higher in some non-energy sectors. Also the loss of employment that would be experienced by the traditional energy sectors (coal, petroleum, gas and electricity) could be compensated by the additional employment in non-energy sectors, due to increased use of renewable energy sources (for example, biomass, solar and wind). This could also benefit rural areas where more than 70 % of people live and the poverty reduction is priority in the country’s sustainable development strategy.


· The trade-offs analysis demonstrates that agriculture and services sectors are ranked low in terms of energy intensities and economic output.  However, these sectors, in particular, cultivation and trade, make significant contributions to income and employment generation. In contrast, the industrial sectors are major contributors to economic growth but are highly energy intensive. The results suggest that in the long-term, Vietnam’s economic structure should be changed in the direction towards the increasing service sectors. This will promote sustainable development, reduce energy consumption and generate more income and jobs. In the short and medium-terms, Vietnam’s economic growth should be given priority. Therefore, industry sectors have a role to play and account for a large share in the economy. To achieve energy savings target, appropriate measures should be applied, depending on the energy intensities in each sector. For example, sectors with high direct energy intensities (such as transport, cement, iron and steel) should be given attention on technologies employed and management practices while those have high indirect energy intensities (printing and manufacturing) the energy saving measures should be focused on the material input. 


Chapter 6

Policy Perspective for Vietnam’s Energy Future


6.1 
Introduction 




In chapter 4 and 5, the energy and economic impacts associated with the Base, MOD and ADV scenarios were quantified, using the energy optimization model (the MARKAL model) and an energy-oriented input–output model. In these chapters, some analyses, in particular, of the underlying reasoning, associated with such impacts, were also carried out. The energy impacts were quantified in terms of primary energy requirements, final energy requirements, fuels and technology mix in power generation, and CO2 emissions, for the period of 2000-2050. The economic impacts were quantified in terms of changes in total economic outputs, salaries and wages, employment, and energy and CO2 intensities. 


This chapter aims to extend the above noted analysis by providing a more complete policy perspective. This extension is achieved as follows: (i) key scenario impacts are reviewed in the context of historical trends (for example, in coal use) and current policy settings (for example, on enhancing security of energy supply and reducing CO2 emissions); (ii) an assessment is made to identify policy measures that would be needed to achieve these scenario outcomes, and (iii) a perspective is offered on the potential barriers to achieve such outcomes. A trade-off analysis is also carried out, taking into account the losses and gains associated with different choices that may arise from the scenarios analyses.


6.2 
Key policy implications of scenario analyses

a.  If the present energy policy trends continue, by 2050, Vietnam’s primary energy requirements and CO2 emissions would increase almost fifteen and twenty six times, respectively, and the country would depend upon imported energy, for almost all of its oil needs. There is, therefore an urgent need to enhance security of energy supply and environmental protection through diversification of primary energy supply, improvement of energy efficiencies on both supply and demand sides, and increased use of alternative technologies and fuels. 


The scenario analysis results indicate that the continuation of the current trends, as represented by the Base scenario in this research, could result in three major consequences over the next fifty years: 


· The primary energy requirements for Vietnam are likely to increase by fifteen times, (from 1030 PJ in 2000, to 15,525 PJ in 2050). High economic growth, as the country starts development from a very low base and lack of effective energy saving measures are the main drivers for the increased energy demand. Such an increase – it is argued – is likely to place a big pressure on the country’s energy system, supply sources and other issues such as, social stability and pollution.


· Vietnam will increasingly become dependent on energy import. The country will become a net energy importer from 2017. The shares of imported energy in total energy consumption would be 35% and 84% by 2025 and 2050, respectively. Vietnam will have to depend on 100% of oil import from 2030. This is likely to raise the issue of security of energy supply, especially in the context of increasing competition for this resource and the conflicts in the main oil supply regions like the Middle East. 


· Energy related CO2 emissions are expected to increase from 38 mn tons in 2000, to 995 mn tons in 2050 – an increase of more than twenty six times. This increase is primarily due to the fact that, in 2050, more than 70% of primary energy supply is likely to be fossil fuel-based, with coal and oil accounting for 46% and 26%, respectively. 


The analysis has also indicated that the country will need to diversify its energy mix in the coming decades. Historically, Vietnam has relied upon two types of energy sources: coal, for most of its stationary energy needs (such as electricity generation and industrial use), and oil, for non-stationary energy needs (such as transport). However, this research has demonstrated that such reliance would not be desirable from an environmental or security of supply perspectives. The dominance of coal in the primary energy mix, for electricity generation and industrial use, is not desirable because it would result in large amounts of CO2 emissions. It would be impossible for natural gas to become the long-term dominant source of energy in Vietnam due to limited indigenous reserves. And, renewable energy sources are unlikely to become dominant sources of energy supply in Vietnam because of the limitation in resources (hydro, wind and biomass), higher costs (such as PV), and intermittent characteristics (such as wind, PV). Similarly, in the non-stationary sector, namely, transport, too much reliance on oil would be undesirable because its supply is linked with imports from a volatile oil market. Hence, it is important for Vietnam to diversify energy mix both in the stationary and non-stationary sectors of the economy. 


The MOD and ADV scenarios, developed in this research, have demonstrated how alternative energy paths could enable Vietnam to achieve reductions in primary energy requirements and CO2 emissions. In 2050, total primary energy requirements for MOD and ADV scenarios would reduce by 1024 PJ and 1440 PJ as compared to the MODNO and ADVNO scenarios, respectively. These decreases are equal to 6.6% and 9.3% of total primary energy requirements in the Base scenario. At the same time, total CO2 emissions of the MOD and ADV scenarios would reduce by 115 mn and 137 mn tons as compared to the MODNO and ADVNO scenarios, respectively. In comparison with total CO2 emissions of the Base scenario, these decreases are equal to 11.6% and 13.8%. 


In order to diversify energy supply mix, reduce energy consumption and limit CO2 emissions, the country would need - as the scenario outcomes in this research demonstrate - the following policy strategies: 


· Improve energy efficiency on both, supply and demand sides, through the application of advanced technologies. For example, GTCC and IGCC technologies in power generation, hybrid car technology in road transport and DRI in iron and steel industry would help reduce energy consumption by 10 and 15% in the MOD and ADV scenarios, respectively in 2050. 


· Change economic structure and apply good management practices. Vietnam’s economy is characterized by high energy intensive sectors, for example, iron and steel, cement and chemicals. A large amount of energy would be saved by changing the country economy in the direction that reduces the above mentioned energy intensive sectors and increase the service sectors. 


· Shift the energy system from currently coal- and oil-based system, to the one which would be more diverse in energy resources (with increased use of low carbon energy sources, such as nuclear and renewable energy), for example, increase share of renewable energy in power generation and introduction of solar hot water heaters in the residential sector.


The practicability of these strategies would depend on appropriate policies, the availability of the technologies and resources, and above all - government’s commitment. This issue will be discussed in more detail in the next sections.


b. The alternative energy pathways (as represented by the MOD and ADV scenarios in this research) envisage a decline in the role of coal in Vietnam’s energy mix in the coming decades, as compared to the Base scenario. The future of coal would depend upon the rate of adoption of advanced coal technologies.


In Vietnam, coal has historically been the most important source of energy, accounting for about more than 30% of the total commercial energy requirements over the past two decades (IEA, 2008b). In the coming decades, the dominant role of coal in total primary energy mix is likely to be continued. However, as concerns about climate change increase, its share in the energy mix is likely to decrease from the Base to MOD and ADV scenarios. For example, in 2050 this share is expected to decline from 46.1% in the Base scenario, to 35.7% and 32.2% in the MOD and ADV scenarios, respectively (see chapter 4). Such decline is due primarily to the constraints on CO2 emission limits, which is set at the 1990 Kyoto level (see chapter 3).


In order for coal to maintain its role in the energy supply-mix, its use would need to become more competitive in terms of cost and efficiency in the coming decades. For example, as the current ageing power plants retire, they could be replaced by more efficient coal plants (such as IGCC), thus allowing coal to maintain its role in power production. This would particularly be important after 2025 as more plant capacity is needed to meet the increased electricity demand growth and to compensate the decreased electricity generation from gas because most of the indigenous gas reserves are expected to deplete by that time. For example, the Base scenario shows that 10 GW of coal-based capacity would need to be added by 2025. The role of coal in the coming decades would hence very much depend upon how advanced clean coal technologies, particularly, IGCC and carbon capture and sequestration (CCS), penetrate the technology-mix, which, in turn would depend upon how these technologies evolve in the next few years in terms of cost, efficiency and applicability. The current status of these technologies is that the IGCC plant has been successfully demonstrated in the US, but carbon capture and sequestration technologies are yet to be proved successful. In Vietnam, neither of these technologies have yet been demonstrated (IE, 2007a). It would be useful for the Vietnamese governments to examine the feasibility of these technologies in the local context. 

c. The demand for oil would continue to rise in Vietnam. To reduce oil consumption, transport sector–focused measures would be necessary. These might include, for example, mandating higher vehicle fuel economy standards, and promoting alternative vehicle technologies and alternative transport fuels.


Vietnam is likely to face continual challenges in meeting oil demand in the coming decades, as transportation activity increases. If the present trends continue, (the Base scenario), the demand for oil in 2025 and 2050 would increase by 6.5 and 16.2 times, respectively, as compared with the base year (2000) consumption levels. While oil consumption rises in Vietnam, indigenous oil production is expected to gradually decline from the current rate of production because of limited availability of oil reserves
. It is supported by the fact that from 2000 Vietnam’s oil production grew at 5.5% per annum and reached 20 mn tons in 2004. Since then, oil production has dropped gradually and, in 2008, only 15 mn was exploited (GSO, 2008f). Moreover, at present, Vietnam still has to import almost all of its petroleum product needs. The construction of the first refinery, with a capacity of 6.5 mn tons per year (Dung Quat), has been completed. The second and third refineries which have a capacity of 8.4 mn and 10 mn tons, respectively, are scheduled to be commissioned by 2013 and 2014. These three refineries could meet almost all the country’s demand for petroleum products, but due to limited indigenous oil reserves, Vietnam will have to import 100% of its crude oil needs from 2025.  It implies that Vietnam would increasingly become dependent upon imported oil from overseas, which could increase the exposure of the country to the traditionally unstable world oil market. 


It is therefore important for Vietnam to introduce measures to reduce its dependency on imported oil. Petroleum products are mainly consumed in road (mainly passenger vehicles, and trucks), and air (domestic and international transport). The scenario results in this research show that demand for petroleum products in road transport could be significantly reduced through the introduction of new vehicles with high fuel economy, for example, with increased use of hybrid cars, and increased use of alternative fuels, such as methanol, ethanol and bio-diesel, etc. In the MOD scenario, for example, these measures would reduce petroleum product consumption in road transport in 2025 and 2050 by 5% and 10%, respectively, as compared with the MODNO scenario. The corresponding reductions in the ADV scenario would be 10% and 15%, respectively. The following measures could be helpful in reducing oil consumption in the road transport sector: 


· Set mandated fuel economy standard for road transport vehicles. The fuel economy in road transport in Vietnam is very low at present. For example, the average rate of fuel consumption in Vietnam, in 2000, was 12.4 L/100km (ITE, 2008), which is significantly high as compared with the fuel consumption levels in the European Union (6.35 L/100km) and in Japan (5.07 L/km). If this situation continues, in the long-term, Vietnam would face high costs for transportation activities, both fuel supply security and environmental pollution caused by exhaust emissions. However, it is difficult for Vietnam to follow fuel economy standards of the developed countries because: (i) Most vehicles in operation in Vietnam now are old and their fuel economy could not be technically improved. If high fuel economy standards are applied, more than 50% of total vehicles population in Vietnam would have to be prohibited from operations. This would obviously cause a collapse of the transportation system and hence serious set-back for the economy; (ii) Vietnam is a poor, developing country and therefore it needs investment capital for its economic modernization in general, and the modernization of its car industry, in particular. If high fuel economy standards are used, it would prevent international car-makers investing in the Vietnam car’s industry. Hence, with all of the above mentioned issues taken into consideration, it would be important for Vietnam to set fuel consumption target at least comparable with some developing countries like China and Thailand.


· Increase the use of alternative fuels, such as CNG, ethanol, methanol, bio-fuel and hydrogen in the transport sector. The MOD and ADV scenarios in this research, for example, suggest that these fuels would need to contribute at least 5% to 10% of the total consumption by road transport, by 2050. The target for the contribution of alternative fuels in road transport sector (in this research) is made with the consideration on food security issue that may arise as a result of increased use of cereals for fuel production while the total area of cultivated land stays limited to 5 mn ha.


· Increase the uptake of advanced vehicle technologies, such as hybrid and hydrogen cars. Hybrid cars consume nearly half of the energy consumed by conventional cars. The hybrid vehicles offers not only a near term potential for energy and CO2 emission reduction, the experience gained through its commercial success could also be beneficial in the long term, to transition towards hydrogen-based technologies.


· Improve road transport system, both road quality and public transport service quality. The poor road transport system, especially the bad quality of the road surface has prevented vehicles operating at their optimum speeds and as a result more fuel is wasted. In addition, lack of convenient public transport system would lead to increased number of private motorcycles and cars and therefore increase amount of fuel consumption. Therefore, the planning, organization and management activities play an important role in improving energy efficiency of this sector.


d.   The electricity sector would need to go through a significant transformation in the coming decades. The generation–mix would need to become more diverse, with a decrease in the share of coal-based plants, and an increase in the share of new and renewable-based plants.

Historically, coal-based plants have accounted for a medium share (of 20%) in the generation mix. In the coming decades, however, as this research has shown, this sector would need to go through a major transformation. The need to increase security of electricity supply and reduce CO2 emission would be the key drivers for this change. Since coal is the most carbon-intensive fuel, power generation would need to switch to less carbon-intensive fuels, for example hydro, natural gas and renewable. As more capacity is added to meet increasing electricity demand in the coming years, it would also provide more opportunities to increase the diversity of fuel- and technology-mix. Due to limited indigenous reserves of hydro and natural gas resources, coal is still the major fuel for power generation but nuclear and renewable energy would also have more important roles to play. It is indicated by the fact that over the planning period 2000-2050, the share of coal in total generation mix has increased in all three scenarios. However, with the participation of nuclear and renewable energy in power generation, the share of coal in this sector has reduced from 68.2% in the Base scenario, to 59.5% and 53.9% in the MOD and ADV scenarios, respectively, in 2050.


The electricity sector would need to increase the use of cleaner energy sources such as nuclear and renewable. In the MOD scenario, for example, the share of electricity generation from renewable-based plants would increase from 5% in 2025, to about 10% in 2050. In the ADV scenario, the share of renewable energy in power generation is envisaged to be even higher - 10% in 2025 and 15% in 2050. The share of renewable-based generation would need to be increased in order to enhance the security of energy supply (through diversification of energy sources) and to reduce the negative impacts on environment caused by energy activities, especially CO2 emissions from power generation.


While the share of coal-based plants declines from Base to MOD and ADV scenarios, coal could still continue to play an important role in power generation. As the MOD and ADV scenarios have demonstrated, this would require coal-based technologies to shift from the current combustion-based technologies to more efficient gasification-based technologies, particularly after 2025. This is because, during that period, the existing coal plants would begin to retire. This means that they could be replaced with more efficient advanced coal plants such as IGCC. Around 2025, for example, two major coal power plants, Pha Lai 1 and Pha Lai 2 plants, commissioned in the late 1980s and 1990s, with a combined capacity of 1,040 MW, are expected to retire (IE 2007a). This could provide a good opportunity for replacing them with more efficient plants. In the longer term, for example, in the ADV scenario, in 2050, with the increased use of efficient plants, such as IGCC with CCS, coal plants could increase their share in the overall generation while maintaining low levels of CO2 emissions.


The scenario analysis results of this research show that in the context of depletion of indigenous natural gas and limited hydro reserves as well as increasing pressure from global warming caused by fossil fuel burning, nuclear is a desirable energy option for Vietnam for enhancing the security of energy supply and reducing CO2 emissions. However, this research also indicates that if energy saving measures are applied, the first nuclear power could be put in operation by 2025 - 5 years later than the existing plan (According to the Sixth Master Plan for Power Development made by Institute of Energy, Vietnam, the first nuclear power plant with capacity of 4000 MW, named Ninh Thuan will be commissioned by 2020 (IE 2007a)). This is very important for Vietnam as the country would have more time for preparation activities, such as investment capital mobilization and human resources training, etc. In terms of investment capital, it is estimated that the first nuclear power plant will cost $10 bn to build of which 75% would be mobilized from international sources. 


On the end-use side, the industrial, residential and commercial sectors offer large potential to reduce electricity consumption, through efficiency improvements. These three sectors consume more than 90% of total electricity. The scenario results have shown that changing sectoral economic structure, improvement in building envelope design, expansion of solar water heating, and efficiency improvement in electrical appliances could reduce electricity consumption in these sectors by 13% in the MOD scenario and by 20% in the ADV scenario in 2050, as compared with the MODNO and ADVNO scenarios, respectively. The key areas, where electricity consumption could be reduced are manufacturing and construction materials in the industry sector and space heating and cooling, and water heating in the residential and commercial sectors. The electricity consumption in the industry sector could be reduced by employing low energy-intensive technologies while the electricity demand for space heating could be reduced with the improvement of building design. Also, there exists a large potential to increase solar water heating. 


e.   The share of renewable energy in the energy-mix would need to be increased. This could be achieved through enhancing people’s awareness about clean energy choices and encouraging government commitment through appropriate policy development.

Despite the high potential for renewable-based power generation in Vietnam, currently renewable provides a very small fraction of total electricity. The major sources of renewable generation in Vietnam are small hydro, biomass, geothermal, wind, and solar PV. In 2005, these sources provided about 2.5% of the total electricity (IE, 2008). If the share of small hydro is excluded, the total share of remaining sources – biomass, wind and solar – amounted to only 1.3%. There still exists very high potential for further development of renewable-based power plants in Vietnam. According to the Master Plan for Renewable Energy Development, by 2025 the electricity generation from renewable energy would account for 5% of total electricity production which is equal to 15,980 GWh. The small hydro, biomass, biogas, solar, wind, geothermal, tidal and solid waste would account for 66%, 11%, 0.03%, 9.3%, 8.2%, 0.3% and 4.9% of total renewable-based electricity production, respectively. With the penetration of new advanced technologies, especially more efficient solar cell, the share of renewable energy in power generation would even be higher. For example, this research assumes that by 2050 renewable energy would contribute 10% and 15% of electricity production in MOD and ADV scenario, respectively. 


To increase the share of renewable energy in power generation, there is a need for a major policy commitment. At present, some policy measures are in place in Vietnam, to support renewable energy development. These are reflected in, for example, the National Energy Policy (2005), Master Plan for Renewable Energy Development (2008), National Energy Master Plan (2008) and The Sixth Master Plan for Power Development (2007). In these policies/plans, renewable energy is identified as an important factor to enhance security of energy supply (through diversification of energy resources) and to reduce negative impacts to environment caused by energy activities by reducing CO2 emissions from power generation. However, these measures alone might not be sufficient to increase the share of renewable energy in the Vietnam’s energy-mix significantly. The commitment under the Sixth Master Plan for Power Development, for example, is very low for Vietnam to bring about a rapid development of renewable-based generation. The nationwide target set at 4051 MW or 2.4% of the total system capacity by 2025 in this plan is far lower as compared with the potential of this energy resource.  In the Master Plan for Renewable Energy Development, the target for renewable-based electricity generation is even lower, only 3,709 MW or 2.1% of total system capacity in 2025. This target is much lower than the collective target set for the ASEAN region where, by 2015, renewable-based capacity is expected to be 15% of total power installed capacity (APAEC, 2010). Therefore, there is a need for integration and consistency among these policy measures. Especially, some of the issues that should be made clear in order to support the development of renewable-based generation include: incentives (loan and access to the renewable energy development fund) for renewable-based power projects in the remote areas, and the mechanism (electricity pricing, selling and buying contract) for grid connection of power generation from renewable energy.


f.   The extent to which the share of renewable energy in the primary energy-mix could be increased (thereby displacing fossil energy sources) would depend upon several factors, including resource availability, environment, cost, and employment generation. These factors would need to be taken into consideration in policy decisions. 

As discussed in the previous sections, there is a need to increase the share of renewable energy in the energy-mix, the choice between fossil and renewable energy sources would depend upon several factors (as listed below) that would need to be taken into consideration in policy decisions:

· Resource availability: In terms of the availability of resources, renewable energy could face limitations. So far, only small hydro has been exploited as a commercial energy source but due to limited potential reserves (of 4000 MW) this resource will be fully exploited by 2025 (IE, 2007a). Biomass, including agriculture residue, rice husk and bagasse is estimated to be exploitable at 14 MTOE per year. It is mostly used for cooking purpose in the rural areas. Other sources, such as solar, wind and tidal, are available in abundance but limited in exploitability due to high investment costs and lack of access to advanced technologies. In addition, the avenues for alternative fuels (methanol, ethanol and bio-diesel) for road transport are also constrained by the concern about food security.


· Employment: In terms of employment generation, renewable-related activities have an advantage because they are generally employment-intensive. This could be particularly beneficial in view of the future declining trend in employment in the fossil-based energy systems, as indicated in the input-output analysis in chapter 5. For example, employment in the conventional energy sectors (coal, oil, gas and electricity) in the ADV scenario would reduce by 40,587, 18,827, 1,409 and 15,885 persons, respectively, in 2025 and 46,227, 17,433, 285 and 15,853 persons, respectively, in 2050, as compared to the ADVNO scenario. These declines (in the ADV scenario) are equal to 11%, 10%, 3.2% and 4.4%, respectively, in 2025 and 11.9%, 8.7%, 2.9% and 4.1%, respectively, in 2050 - as compared to their employment in the Base scenario. The employment in renewable-related activities is higher for both MOD and ADV scenarios in 2025 and 2050. The most significant impact is in 2050 in the ADV scenario, when 6,476 additional jobs are created in the renewable-related activities.


· Cost: In terms of cost competitiveness, renewable based plants are in a disadvantageous position because their generation cost (0.06–0.40 $/kWh) are high due to their relatively higher capital costs (for example, from 1400 $/kW for a wind plant to 10,500 $/kW for a PV). Electricity generation cost from fossil-based plants, on the other hand, are generally lower (0.03-0.04 $/kWh) due to the lower investment cost (for example, 1200 $/kW for coal plant) and fuel cost (~0.56 $/GJ for coal) (IEA/NEA 2005).  In terms of production cost, the fossil-based fuels are much cheaper as compared with bio-fuels. For example, one gallon of ethanol costs $1.1 to produce while the cost of one gallon of gasoline is only 90 cents (OREGON 2010). However, if a carbon tax is applied and all costs for repairing environmental damage caused by energy activities are included, the renewable energy development would become more cost competitive.


· Meeting Load Demand: The fossil-based plants are generally considered to be suitable for both base (coal plants) and peak loads (gas turbine plants), whereas renewable plants have the characteristics of being intermittent (particularly wind and solar) in nature and hence limited in terms of their ability to meet any of these loads reliably. 


g. CO2 emissions would increase 26 times in 2050 under the Base scenario. Reducing CO2 emissions would need strategies that would target not only power generation but also the industrial and transport sectors.


Vietnam is currently one of the lowest per capita emitters of carbon emissions. In 2007, the country’s CO2 emissions per capita were 1.07 tons - 25% of the world average. At the same time, however, CO2 emissions per unit of GDP are very high - about 2 times the world average (IEA 2008a). This suggests that energy is not being effectively used for economic activities in Vietnam. Consequently, the natural environment suffers. Further, the CO2 emissions are expected to grow rapidly as Vietnam industrialises and the economy utilises more carbon intensive fuels, substituting traditional non-commercial fuels including biomass. Under the Base scenario, CO2 emissions would increase by 26 times in 2050 as compared with the base year (2000). Major sources for such emissions are electricity generation (60.2% of the total), industry (25%), and transport (10.8%) sectors. The results show that due to limited reserves of other energy resources, from second half of the planning period 2025-2050, coal will account for a dominant share in the total generation mix in all three scenarios and therefore, electricity sector will still be the biggest CO2 emitter in Vietnam. The industry sector is expected to experience a significant structural change, with a reduction in the energy-intensive sectors like iron and steel that directly consume fossil fuels (such as coal and gas). In the country’s strategy for the socio-economic development, however, this sector is identified as a decisive factor for successful industrialization and therefore, is planned to grow at highest rate and account for largest share of the economy. As a result, this sector is the biggest energy consumer, especially electricity consumption for manufacturing and aluminium production industries. That means that this sector will produce more indirect CO2 emissions. The transport sector consumes directly fossil fuels, such as gasoline and diesel. Due to improvements in people’s living standards, the per capita driving activities are likely to increase, resulting in increased CO2 emissions. In order to reduce CO2 emissions, it is necessary to have an appropriate strategy for each sector. If large reductions in CO2 emissions become necessary, as envisaged in the MOD and ADV scenarios, there would be a need for developing policies aimed at achieving fuel switching (for example, from fossil fuels to the new and renewable energy), efficiency improvements in power generation (for example, introduction of IGCC plants); improvement in end-use efficiencies; and wider use of efficient vehicles such as hybrid cars. 


The electricity sector shows the highest potential for reducing CO2 emissions. This is because coal is the major source of fuel in this sector which means that there is a large room for fuel switching to reduce CO2 emissions, for example, by shifting towards cleaner energy sources such as nuclear and renewable (mainly biomass, solar and wind). 


In the industrial sector, energy intensive industries, particularly, iron and steel and cement, would need to be given priority from the view point of reducing CO2 emissions. These two industries produce large emissions (accounting for more than 36% total emissions in the industrial sector) because of the process technologies they use, for example, the technology used by iron and steel industry is coal intensive, and that used by aluminium industry is electricity intensive (electricity being produced dominantly by coal based plants). To reduce CO2 emissions, there is a need to shift process technology in the iron and steel industry sector from the current coal based BF/BOF technology to DRI technology (which uses natural gas instead of coal). In the aluminium industry, while there is less scope for technology switch, emphasis should be upon improving energy efficiency. For example, there exists a potential for improving average energy consumption in the electrolysis process from the current level of 52 MJ/kg of Al, to the full potential that can be achieved with technology available at present (47 MJ/kg of Al) (AACL 2001). 


The transport sector, which is one of the key CO2 emitting sectors in the Vietnam’s economy, would need to be given priority from a policy view point. The scenario results have demonstrated that a significant CO2 emissions reduction from this sector could be achieved by 2050 – 10 % in MOD and 15 % in ADV scenario, with a mix of policies that target increasing fuel economy standards for passenger and freight vehicles, and policies that support alternate vehicle technologies (such as hybrid vehicles) and alternative fuels (such as bio-fuels, natural gas-based fuels and even coal to liquid fuels).


h. Adopting energy pathways as represented by the MOD and ADV scenario would result in a transfer of wages and salaries and employment, from the energy to the non-energy sectors. These implications will need to be taken into consideration when making energy policies.


As discussed in Chapter 5, the differences in energy consumption across the three scenarios in terms of quantity, fuels mix and technology mix would result in economy-wide impacts which are measured in terms of total sectoral outputs, wages and salaries and employment, both across the energy and non-energy sectors. A comparison of these impacts between the MOD/ADV and MODNO/ADVNO scenarios and the Base scenario provides valuable insights that would be of interest from a policy viewpoint, for example, to help understand the implications of adopting alternative energy paths in place of the current energy path (as represented by the Base scenario). Some potential implications of adopting policy strategies (as in the MOD and ADV scenarios) are listed below:


· Some conventional energy sectors would experience a decline in wages and salaries and employment. 


The total outputs of the conventional energy sectors in the MOD and ADV scenarios are lower as compared with the MODNO and ADVNO scenarios by 10.6 and 15.8%, respectively in 2050, Energy savings (through phasing out high energy intensive-technologies and better management practices) and replacing fossil fuels with renewable energy, this would result in a decline in wages and salaries and employment in these energy sectors. In the MOD scenario, for example, the total wages and salaries in the energy sectors would be $756.5 mn lower and total employment 46,777 persons lower, in comparison with the MODNO scenario in 2025. These declines are equal to 5.1% and 4.9% of total wages and salaries and employment in the Base scenario.


Among the energy sectors that show significant differences are coal, oil and electricity. For example, in 2025, the wages and salaries in the coal, oil and electricity sectors in the MOD scenario would be $94 mn, $482 mn and $260 mn lower, in comparison with the corresponding wages and salaries in the MODNO scenario. These declines are equal to 7.3%, 6.3% and 4.4% of total wages and salaries of these sectors in the Base scenario. And, in the ADV scenario, it would be lower by $191 mn, $1,005 mn and $331 mn, respectively as compared to the ADVNO scenario or equal to 14.7%, 13.2% and 5.6% of total wages and salaries in the Base scenario. Similarly, employment in the coal, oil and electricity sectors in the MOD scenario in 2025 would be lower by 23,487, 10,456 and 13,900 persons, in comparison with the employment in the MODNO scenario. These declines are equal to 6.4%, 5.6% and 3.9% of total employment in the Base scenario.


· Some non-energy sectors would benefit as the wages and salaries and employment in these sectors rise.


While conventional energy sectors would experience declines in their incomes and employment, some non-energy sectors that provide inputs to the new and renewable-related energy activities would experience benefits. The key non-energy sectors that would experience such gain would be cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial product and construction. For example, the wages and salaries in these sectors in the MOD scenario in 2025 would be higher by $28 mn, $41 mn, $3 mn and $1.7 mn, $2.3 mn and $9.9 mn in comparison with the MODNO scenario. These increases are equal to 0.37%, 0.91%, 0.52%, 0.48%, 0.46% and 0.18% of total wages and salaries in the Base scenario. This suggests that if alternative scenarios are adopted, it would result in a transfer of income (wages and salaries) and employment from the energy to the non-energy sectors. 


·  Higher levels of outputs in some of the non-energy sectors could be favourable for the domestic economy. 


The higher levels of outputs in the alternative scenarios for some of the non-energy sectors, such as cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial products and construction could positively impact the domestic economy because these sectors rely mostly on the inputs produced within the country itself. For example, in 2000, import constituted approximately only 1.1% of the purchases made by the cultivation, and 4% by the other industrial product, sectors. The higher level of outputs in these sectors, in the MOD and ADV scenarios, means they would purchase more of domestically produced goods (instead of imported goods), thus helping the domestic economy. 


On the contrary, the higher outputs in the manufacturing sector, in the MOD and ADV alternative scenarios, may not be desirable from an economic viewpoint, because this sector imports large share of its inputs. This share, for example, was 27.8% in 2000. Thus, as the output of this sector expands, as in the MOD and ADV scenarios, so would imports – that could worsen the balance of payments situation for the country. However, the situation would be improved as manufacturing is identified as one of the key industries for successful industrialization in Vietnam. More investment and favourable policies would be implemented to enhance domestic production capacity of this industry.


·  Increased use of renewable energy sources (such as biomass, solar and wind), in the MOD and ADV scenarios, could generate additional employment that could compensate for the job losses in other traditional energy sectors. 


The results of this research show that the levels of employment in some non-energy sectors in the MOD and ADV scenarios are higher than those of the MODNO and ADVNO scenarios, respectively. In the MOD scenario, for example, in 2025, job losses in the energy sectors are expected to be 46,777. In contrast, as a result of increased renewable-based energy activities, 48,982 new jobs would be created in the non-energy sectors in that year. One of the reasons for this is the increased use of labour-intensive renewable plants in the MOD and ADV scenarios. This, in turn, is due to the fact that the manufacture of renewable plants generally involves light manufacturing sectors (such as fabricated metal, construction) which are known to be employment-intensive. The net effects on employment, as analysed in this research, are a result of employment generation in various economic sectors, from which these renewable plants purchase inputs. For example, as solar and wind plants are added, more inputs are required from the construction and fabricated metal sectors, which results in more employment in these sectors. Such increase in employment could compensate for the loss of employment in the conventional energy sectors. 


· Rural areas could benefit from increased use of renewable energy sources as more jobs are created and higher prices of the agricultural products are expected


The advantage of increased use of renewable energy sources is that it could help generate more employment and income for rural areas. For example, increased demand for biomass could generate employment in the rural-based agriculture sectors. Similarly, renewable-based plants such as solar and wind are usually installed in rural areas. This could bring investment and jobs to these rural communities. Light manufacturing sectors (such as fabricated metal, construction) that are needed for renewable-based plants are suitable to be located in rural areas. The capital expenditure on the installation of these plants and their operation by the contractors could provide many local jobs in the life of these plants. In addition, the increased demands for agricultural products, such as peanut, soybean and cassava in producing bio-fuels would generate not only employment in the cultivation sector but also more income for rural people because according to the market law of demand and supply, more demand means higher prices of these products. This is very important from sustainable socio-economic development point of view because in the rural areas of Vietnam lives more than 70% of population and the gap of living standards between rural and urban areas is ever widening.


i.   Energy intensities across the economic scenarios could be reduced through adopting appropriate policy strategies (as in the MOD and ADV scenarios) 


This research has shown that alternative strategies (as in the MOD and ADV scenarios) could result in a significant lowering of energy intensities in the economic sectors, as compared with the intensities in the Base scenario. This would be due to the improvements in either direct energy intensity, or indirect energy intensity, or both. The sectors that would experience significant improvements in their energy intensities are iron and steel, road transport and cement. In 2025, for example, the total energy intensity in the iron and steel industry is 12% lower in the MOD scenario (91.8 MJ/$) and 15.6% lower in the ADV scenario (88.1 MJ/$) than the corresponding intensity in the Base scenario (104.4 MJ/$). Similarly, the energy intensity in the road transport sector is 9.9% lower in the MOD scenario (111.8 MJ/$) and 15.7% lower in the ADV scenario (104.6 MJ/$) as compared to the total energy intensity of this sector in the Base scenario (124.1 MJ/$). The lower levels of total energy intensity in the road transport sector are largely due to the improvements in direct energy intensity, reflecting an improvement in the fuel economy of the new vehicle generations.


Further, the shares of direct and indirect energy in the total primary energy intensity could provide valuable insights for policy makers which could be useful for designing policy measures to improve energy efficiencies. For example, if direct energy is dominant in the total energy consumption, efficiency improvement in the production technology should be promoted. These sectors include, for example, iron and steel, road transport, and basic chemical. And, if indirect energy accounts for a major share, policy should be directed towards reducing the input of energy intensive materials. Otherwise, in such sectors, even if efficient appliances are used to improve efficiency, the total energy consumption would not improve significantly because the share of indirect energy consumption would continue to be higher. These sectors, for example, include construction, and service sectors. In the manufacturing sector, for example, indirect energy contributes about 91% to its total energy intensity, which illustrates the importance of indirect energy consumption in this particular sector. 


k. CO2 emission intensities across the economic sectors could be significantly lowered through adopting alternative policy strategies 

The total CO2 emission intensities of various sectors in 2025 and 2050 for the MOD and ADV scenarios are found to be lower than the corresponding values in the Base scenario. This is due to the overall reduction in energy consumption in these alternative scenarios, and in particular due to the lower levels of coal consumption. Hence, by adopting alternative strategies, total CO2 emission intensities for the economic sectors could be significantly lowered in 2025 and 2050. For example, in 2025, the total CO2 intensities for the iron and steel sector in the MOD (7.6 kg/$) and in ADV scenarios (7.5 kg/$) is lower by 12.4% and 12.9%, respectively, than the Base scenario (8.7 kg/$). Similarly, total CO2 intensities for the service sectors, such as communication, finance other services are lower both in the ADV and MOD scenarios in 2025 and 2050. In 2025, for example, in the other service sector, the CO2 intensity in the ADV scenario (0.814 kg/$) is lower by 9% compared with the value in the Base scenario (0.89 kg/$). Electricity is the main type of energy consumed by these service sectors, and as CO2 emissions from the electricity sector lowers, it results in a lower value of the total CO2 intensities in the service sectors.



6.3 Summary

In this chapter, some policy perspectives associated with the MOD and ADV scenarios, are presented. These perspectives are, then taken into consideration in identifying the policy trade-offs that will be needed in order to improve the efficacy of the energy policies in Vietnam. Major conclusions include the following:


· If the current trends of energy policies continue, by 2050, Vietnam would experience a fifteen times increase in its primary energy requirements; twenty six times increase in CO2 emissions; and increased dependency on imported energy, to the extent of 84% of total energy needs (primarily coal and oil). The severity of the impacts of such outcomes could, however, be reduced by adopting appropriate policy strategies (as described in the MOD and ADV scenarios). These strategies emphasize increasing the diversity of primary energy-mix, improving demand and supply-side efficiencies, and increasing the use of alternative fuels and technologies.


· Coal will play increasingly important role in total energy supply mix as indigenous reserves of other energy resources are limited. However, with the concern about climate change increasing, the share of coal is likely to diminish from the Base, to MOD and ADV scenarios, as a result of increased use of alternative fuels, such as nuclear and renewable energy. For example, in 2050, the shares of coal in primary requirements in the Base, MOD and ADV scenarios are estimated to be 46.1, 35.7 and 32.2%, respectively. These changes in coal consumption would significantly impact total output, wages and salaries, and employment of not only the coal sector but also other sectors that provide inputs to the coal sector. For example, in 2050, total output, wages and salaries, and employment in the coal sector would decrease by 17%, 19% and 12%, respectively for the ADV scenario as compared to the Base scenario.  For coal to maintain its importance in the energy supply mix, it must improve its competitiveness in terms of cost and efficiency in the coming decades, for example, with the increased use of advanced types of clean coal technologies (such as IGCC plants and geo-sequestration).


· The demand for oil would continue to rise with increase in transportation activity. For example, oil demand would increase from 24.2% in 2000, to 26.1, 36.2 and 38.3% of total primary energy mix in the Base, MOD and ADV scenarios, respectively, in 2050. Policies focusing on the transport sector would therefore be necessary. Such policies could include, for example, providing incentives to vehicles with high fuel economy standards, promoting alternative vehicle technologies such as hybrid cars, and alternative cleaner fuels, such as bio-fuels and CNG. In addition, due to the dominant role of fossil fuel-based vehicles in the future, it is important for Vietnam to adopt appropriate strategies to enhance the security of supply of this fuel. Some of these strategies to achieve this could include: promoting oil exploration, both in land and off-shore to firm up the indigenous reserves, increasing domestic petroleum product processing and stockpiling capacity, and strengthening international cooperation in oil exploration and exploitation activities.  


· The share of natural gas in energy supply is likely to increase, in the first half of the study period, from 5% in the base year 2000, to 9% in 2025, across the three scenarios as more gas fields are exploited for power generation. Then, the share of natural gas would decrease in all (Base, MOD and ADV) scenarios due to the limited availability of indigenous reserves of natural gas. In addition, the potential for gas import from Trans-ASEAN Gas Pipeline System is not high because there is an increasing concern from the gas exporting countries in the region about the security of energy supply as their own gas reserves deplete due to their developmental pressure. Further, gas is a relatively cleaner as compared to other fossil fuels, such as coal and oil. All of these issues would create political pressure in the gas exporting countries to set aside gas resource for domestic consumption. 


· The electricity sector would undergo a significant transformation in the coming decades in terms of fuels mix and technology mix. The pressure for such transformation comes from the need to reduce CO2 emissions, and concerns about the rapid depletion of some of the traditional energy resources, such as hydro and gas. In order to compensate for the decreased shares of gas and hydro in total generation mix, the shares of coal, nuclear and renewable energy are expected to increase in all three scenarios. For example, the shares of gas and hydro in the generation mix over the study period, especially in the second half 2025-2050, are expected to decrease from 26.9 and 53.4 (2000) to 0.8 and 8.6% (2050), respectively, under the Base scenario, while the shares of coal, nuclear and renewable energy would increase from 14.7, 0 and 1.8 (2000) to 68.2, 17.3 and 1.6% (2050) under the same scenario. At the same time, the share of coal is expected to decrease and the share of renewable energy would increase through the Base to MOD and ADV scenarios to meet the CO2 emissions reduction requirements. For example, in 2050, the share of coal in total generation mix is expected to decrease from 68.2% in the Base scenario to 59.5% and 53.9% in the MOD and ADV scenarios, respectively. In contrast, the share of renewable energy would increase from 1.6% in the Base scenario, to 9.1% in the MOD scenario, and 13.8% in the ADV scenario. Therefore, to maintain the key role of coal and to increase the share of new and renewable energy in electricity generation mix, policies to promote investment in advanced coal-based and renewable-based generation technologies are needed.


· There is a need for political commitment to increase renewable-based technologies. The current renewable energy policy settings, namely, the Renewable Energy Action Plan, the Master Plan for Renewable Energy Development, the National Energy policy and the National Energy Master Plan, are important but might not be sufficient to increase the share of renewable energy in Vietnam’s energy-mix significantly. The main barrier that prevents investment in renewable energy is the lack of long-term strategy for development of this resource. Most of the current renewable energy policy settings focus on short and medium terms only.  In addition, the absence of incentives and support, such as the access to bank loans and renewable energy technologies supply are other obstacles, to renewable energy development.


· The continuation of current trends would result in significant increase in CO2 emissions over next 50 years - about twenty six times CO2 emissions in 2000. In order to contain these emissions, appropriate policy measures are needed, which target not only on power generation, but also industry and transport activities. In the power generation sector, fuel and technology diversification through penetration of cleaner fuels (nuclear and renewable) and more efficient technologies is regarded as a strategic means for reducing CO2 emissions. In the industrial sector, energy intensive industries, particularly, iron and steel and aluminium, would need to be given priority for reducing CO2 emissions. The transport sector, especially road transport, would emerge as a key CO2 emitter due to rapidly increasing per capita travel activity. Improvements in vehicle fuel economy and better road transport system organisation are promising measures to reduce energy consumption and hence CO2 emissions in this sector. As demonstrated in the MOD and ADV scenarios, there are significant declines in CO2 intensities in almost sectors as a result of appropriate energy measures (such as, saving and renewable energy promotion). For example, in 2050 the CO2 intensities of the steel and iron industry decrease by 17% and 19% for the MOD and ADV scenario, respectively as compared with the Base scenario.

· Adopting energy strategies, as considered in the alternative (MOD and ADV) scenarios, would result in a shift in wages and salaries and employment from the energy sectors to some of the non-energy sectors. In the MOD scenario, for example, the total wages and salaries in the energy sectors are lower by $757 mn and total employment is lower by 46,777 in 2025, compared with the MODNO scenario. These declines are equal to 5.1 and 4.9% of the corresponding wages and salaries and employment in the Base scenario. However, the wages and salaries and employment in select non-energy sectors (cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial product and construction) would be higher by $86 mn and 48,982, respectively, as compared with the MODNO scenario. These increases are equal to 0.45 and 0.27% of the corresponding wages and salaries and employment in the Base scenario.


· The increased use of renewable energy sources (such as biomass and wind) could generate additional employment that could compensate for the loss of employment in the traditional energy sectors. In the MOD scenario, for example, in 2025, while 48,880 jobs are lost in the traditional energy sectors, it is compensated by 48,982 and 2102 new jobs in the non-energy sectors (cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial product and construction), and the other energy sectors, respectively.


· The alternative scenarios could help reduce energy intensities of the economic sectors significantly. This would be due to the improvements in either direct energy intensity, or indirect energy intensity, or both. In 2025, for example, the total energy intensity in the iron and steel sector declines by 12% in the MOD scenario (91.8 MJ/$) and by 15.6% in the ADV scenario (88.1 MJ/$), compared with the energy intensity in the Base scenario (104.4 MJ/$). Some policy measures that could help achieve these results are promotion of high energy efficiency technologies, restructuring economic sectors in the direction that reduces the shares of energy intensive industries and the application of good management practices.


· Alternative scenarios could help lower total CO2 emission intensities for the economic sectors significantly in 2025 and 2050, as integrated measures are applied, for example, increased use of high energy efficiency technologies and promotion of cleaner energy (nuclear and renewable energy). For example, in 2025, the total CO2 intensities for the iron and steel sector, in the MOD (7.62 kg/$) and in ADV scenarios (7.57 kg/$), would lower by 12.4% and12.9%, compared with the Base scenario (8.69 kg/$).


The discussion in this chapter suggests that Vietnam would need new energy strategies with long-term focus – to avoid adverse consequences that are likely to result from a continuation of the current energy policy trends. These new strategies, at a macro level, should place increased emphasis on lowering of the total primary energy requirements, reducing dependency on imported energy, and reducing CO2 emissions while minimising the negative impacts on the economy. To achieve these macro level goals, however, significant adjustments will need to be made at the micro level, that is, at the level of individual sectors (agriculture, commercial, industrial, residential, transport and electricity). The MOD and ADV scenarios, examined in this research, reflect the nature of such adjustments. This examination has shown, for example, that the electricity sector, a major source of CO2 emissions in Vietnam, would need significant transformation in terms of – increasing the diversity in fuel mix, technological shift and increased use of new and renewable energy. The industrial sector would need increased focus on energy intensive industries, such as iron and steel, non-ferrous metal (aluminium) and construction materials (cement and brick), because they provide greater opportunities for energy savings from improvements in process technologies and efficiency. The transport sector – a strategically important sector from the consideration of reducing dependency on imported oil – would need mandated fuel efficiency standards and increased use of alternative fuels such as CNG and bio-fuels (ethanol, methanol and bio-diesel) and increased uptake of advanced vehicle technologies such as hybrid cars as well as better organization and management of the transport system, especially the road system and public transport. The residential and commercial sectors – relatively minor consumers of final energy, but significant electricity consumers – would need energy efficiency and conservation measures, such as efficiency improvements in electrical appliances, expansion of solar water heating and better building design and construction to reduce energy for heating and air-conditioning.


One of the key measures to reduce negative impacts of energy activities on the environment would be increased use of low carbon energy sources, such as natural gas and renewable energy. In the Vietnamese context, due to the availability of limited indigenous natural gas reserves, low potential of gas import from the Trans-ASEAN Gas Pipeline System, and the intermittent characteristics of renewable energy, a desirable energy pathway would be increased use of new and renewable energy, in combination with other available domestic energy resources. This will also enhance the security of energy supply. The nuclear and renewable energy are clean resources in terms of CO2 emissions but special attention should be paid to increase the safety aspects of nuclear technology and measures to enhance the competitiveness of renewable energy. Among other energy sources, coal is the only fossil fuel that is available domestically, and in abundance, but it has the disadvantage of being the largest source of CO2 emissions. To continue to benefit from the availability of this domestic resource, its use would need to be made more competitive, in terms of cost and efficiency, by gradually shifting coal technologies from the current combustion-based technologies, to efficient gasification-based technologies (IGCC), from 2025 onwards.


To achieve the policy goals as set in the alternative scenarios (MOD and ADV), the country’s economy would need to bear some positive and some negative impacts. The impacts at the aggregate level, measured in terms of the changes in total outputs, wages and salaries, and employment would be marginally negative. At the individual sectoral level, however, some of the sectors, particularly energy sectors, would need to endure significant negative impacts in terms of loss in income (wages and salaries) and employment. Some of the non-energy sectors (cultivation, manufacturing, iron and steel, other industrial product and construction) on the other hand would benefit. Hence, the loss of income and employment in the traditional energy sectors (coal, oil, gas and electricity), could be compensated by the generation of additional income and employment in non-energy sectors, mainly due to the increased use of renewable energy sources (such as biomass, solar and wind). This indicates a significant transfer of income (wages and salaries) and employment, from the energy to the non-energy sectors (which do not show up at the aggregate level analyses). This additional employment resulting from the increased use of renewable energy sources could also benefit rural areas.


Chapter 7

Conclusions and Recommendations



7.1 Summary and Conclusions





Three energy scenarios (Base, MOD and ADV) were developed in this research, taking into account different strategies for Vietnam in the period (2000–2050). Then, an analysis was carried out in order to examine the energy and economic impacts associated with these scenarios. The objective of the analysis is to identify long-term energy policies and strategies that would be needed by the country in order to deal with the energy challenges in a balanced manner. Such challenges include meeting rapidly increasing future energy demand while promoting reduced dependency on imported energy (oil and coal), and CO2 emission reduction – without compromising economic growth.


As a backdrop for developing the above noted scenarios, this research reviewed the country’s existing energy policies and their analytical and philosophical underpinnings. The review suggested that the existing energy policy settings are typified by a narrow sectoral - or issue-specific, short-term perspective, and fragmented and internally inconsistent viewpoints. These policies therefore – this research argues, are incapable of addressing long-term energy challenges facing the country. In order to overcome this shortcoming and to provide meaningful insights into policy issues, this research has developed an analytical framework which integrates technical, economic and social dimensions of energy policy in the Vietnamese context. The key elements of this framework are a scenario-based approach, energy options (MARKAL model) and economic analysis (Energy-oriented Input-Output model).

The three scenarios developed in this research revolve around five key variables that have the potential to influence the evolution of Vietnam’s energy sector. They are energy diversity, dependency on energy import, advancement of technologies, socio-economic and political factors, and CO2 emissions. In addition, the issues arising from, for examples, the ongoing debate at the international level on CO2 emissions reduction and technological break-throughs (such as, IGCC and carbon capture in power generation and hybrid and bio-fuels in transport sector) were also taken into consideration in developing these scenarios.


The salient features of the three energy scenarios include:


· The Base scenario reflects the situation in which both, the levels of commitments to climate-friendly-energy production, socio-economic development and technological breakthroughs are low. The scenario represents a continuation of the current trends in economic and energy policies without any major change taking place. This scenario is characterized by no restriction on fossil fuels use in power generation and industries, no specific commitment to limit on CO2 emissions. Some major features of the MOD scenario are: 1) economic growth rate: 6% per annum, over the period 2000-2050; 2) energy savings: 3 to 5% (2006-2010) and 5 to 8% (2011-2015); 3) share of renewable-based electricity in generation mix: 5% (2025) and 10% (2050).


· The MOD scenario represents the situation where there is a MOD level of commitments to climate-friendly-energy production, economic development and technological breakthroughs. The scenario is constructed to reflect a future in which there would be a MOD level of urgency to promote energy diversity, energy efficiency and renewable energy, to reduce fossil fuel consumption and to limit CO2 emissions. This could result from several possibilities, such as emerging issue of security of energy supply for economic growth and pressure from international community (for example, Kyoto Protocol and Bali Agreement) and public opinion on environmental protection due to new scientific evidences on climate change and pollution from energy activities. This scenario expects some initiatives to be taken to shift from the current state of high carbon intensive fuels to the mix with higher share of new and renewable energy. Also there would be a moderate level of advanced and energy efficient technologies employed in both conversion and end-use sector. Some major features of the MOD scenario are: 1) economic growth rate: 6.5% per annum, over the period 2000-2050; 2) energy savings: 5% (2015-2025) and 10% (2025-2050); 3) share of renewable-based electricity in generation mix: 5% (2015-2025) and 10% (2025-2050); 4) share of alternative fuels in total fuel consumption by road transport: 5% over period 2015-2050; and 5) CO2 emissions limits: 1990 Kyoto level. 


· The ADV scenario reflects the situation where levels of commitments to climate-friendly-energy production, economic development and technological breakthrough are higher than the MOD scenario. Therefore, this scenario is developed to represent a future in which there would be a higher level of urgency to increase diversity of energy supply mix, to reduce dependency on imported energy, to promote the use of ADV technologies and to lower CO2 emissions even further than the MOD scenario. The scenario assumes that under the international pressure resulted from international commitments, for example Kyoto Protocol and Bali Agreement, and strong public opinions driven by change in people’s consciousness towards environmentally-friendly energy, the government would support to shift the fossil-dominated fuel mix towards cleaner fuels, such as renewable energy and bio-fuels. Also, there would be more restrictions on high energy intensive technologies, for example old coal-fired plants and coal-based metal production technologies, to improve energy efficiency and reduce CO2 emissions. Some major features of the MOD scenario are: 1) economic growth rate: 7.5% per annum, over the period 2000-2050; 2) energy savings: 10% (2015-2025) and 15% (2025-2050); 3) share of renewable-based electricity in generation mix: 10% (2015-2025) and 15% (2025-2050); 4) share of alternative fuels in total fuel consumption by road transport: 10% over period 2015-2050; and 5) CO2 emissions limits: 1990 Kyoto level. 


Major energy and economic impacts of the three scenarios are presented in the next sections. The illustration of the selected key impacts and policy implications is shown in Figure 7.1 below. 
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Energy impacts


· If the current energy policy trends continue, as represented by the Base scenario, in the year 2050  Vietnam’s primary energy requirement and CO2 emissions would increase by fifteen times (from 1030 PJ in 2000 to 15,525 PJ in 2050) and twenty six times (from 38 mn tons in 2000 to 995 mn tons in 2050) , respectively. This would result in a big pressure on security of energy supply and environmental protection as the country’ economy tends to depend heavily on fossil fuels and energy import (coal and oil) The MOD and ADV scenarios, on the other hand, show alternative energy paths for Vietnam that could help meet the energy demands for even higher economic growth rates (The average economic growth rate in the study period 2000-2050 for the MOD and ADV scenarios are 6.5% and 7.5% while that of the Base scenario is 6%) and reduce CO2 emissions to the acceptable levels. In 2050, total primary energy requirements for MOD and ADV scenarios would reduce by 1024 PJ and 1440 PJ as compared to the MODNO and ADVNO scenarios, respectively. These decreases are equal to 6.6% and 9.3% of total primary energy requirements in the Base scenario. At the same time, total CO2 emissions of the MOD and ADV scenarios would reduce by 115 and 137 mn tons as compared to the MODNO and ADVNO scenarios, respectively. In comparison with total CO2 emissions of the Base scenario, these decreases are equal to 11.6% and 13.8%. These results could be achieved through diversity of energy supply mix, promotion of energy efficiency, restructuring the country’s economy and application of advanced technologies.


· In the coming decades, the dominant role of coal in total primary energy mix is likely to be continued. However, as the concern about climate change increases, its share in the energy mix is likely to decrease from the Base to MOD and ADV scenario. For example, in 2050 this share is expected to decline from 46.1% in the Base scenario to 35.7% and 32.2% in the MOD and ADV scenario, respectively. Such decline is due primarily to the country’s policy on CO2 emissions reduction. In order for coal to ensure a longer-term survival, it would need to improve its competitiveness in terms of cost and efficiency. This could be achieved, for example, by replacing the retiring conventional coal plants by efficient plants (such as IGCC). This replacement would particularly be important after the year 2025; in the Base scenario, for example, an additional 10 GW of capacity would be needed by 2025. The role of coal in the coming decades would hence very much depend upon how the competitiveness of emerging clean coal technologies, particularly IGCC, and carbon capture and sequestration (CCS) would improve. It would therefore be valuable for the Vietnamese government to investigate the feasibility of these technologies in the context of the country. 


· Gas is relatively cleaner compared to other fossil fuels, such as coal and oil but due to limited indigenous reserves, it is mostly used for power generation. The share of gas-based electricity production in total generation mix would increase in all three scenarios up to 2025, then decrease as its reserve depletes. Importing gas from outside, for example the ASEAN-TRANS-Gas pipeline system is an option. However, under the political pressure from increasing concern about security of energy supply, the governments of gas exporting countries would set aside of gas resource for their domestic consumption. Therefore, for security of energy supply reason, gas import is not considered as a supply option in this research.


· If the present trends continue, as the Base scenario demonstrated, the demand for oil in 2025 and 2050 would increase by 6.5 and 16.2 times, respectively as compared with the 2000 consumption level. The oil reserves in Vietnam are declining, which means that domestic supply could fall further in the coming years. At the current rate of production (around 18 mn to 20 mn tons per year), the current reserves (161 mn tons) can last for the next 15 years only. This would inevitably expose the country to the volatile world oil market (such as, the Middle East). 


It would be important for Vietnam to introduce various measures to reduce dependency on imported oil. These may include, for example, setting mandated fuel economy standards for road transport vehicles, comparable to developing countries, such as China and Thailand (6.4 l/km); increase the use of alternative fuels such as CNG, ethanol, methanol, and bio-diesel in the transport sector; and increase the uptake of advanced vehicle technologies, such as hybrid and hydrogen cars. These measures could significantly slowdown the demand for petroleum products. For example, these measures would reduce the petroleum product consumption in the road transport by 5% and 10%, in 2025 and by 10% and 15% in 2050, for the MOD and ADV scenarios, respectively as compared with the MODNO and ADVNO scenarios. 


· As increase of energy supply security and reduction of CO2 emissions becomes urgent in the coming decades, the electricity sector would need to undergo a major transformation, away from the historically fossil-dominant system, towards the system with more participation of the new and renewable energy. For example, in 2050, share of coal-based electricity production in total generation mix would decrease from 68.2% in Base scenario to 59.5% and 53.9% in MOD and ADV scenario, respectively. Similarly, share of electricity generation from oil would decline from 3.1% in 2000 to 0% in 2050 in all three scenarios. In an opposite direction, the share of renewable-based electricity production in 2050 would increase from 1.6% in the Base scenario to 9.1% and 13.8% in the MOD and ADV scenario, respectively. In addition, the nuclear power is also expected to increase in all three Base, MOD and ADV scenarios from 0% in 2000 to 17.3%, 11.3% and 16.4%, respectively in 2050.


While the share of coal-based plants declines, coal could still continue to play an important role in power generation due to limited indigenous reserves of natural gas and hydro as well as intermittent characteristics of renewable energy. As the MOD and ADV scenarios have demonstrated, this would require coal-based technologies to shift from the current combustion-based technologies to more efficient gasification-based technologies, particularly after 2025. This is because, during that period, the existing coal plants would begin to retire. This means that they could be replaced with highly efficient advanced types of coal plants such as IGCC. Around 2025, for example, two major coal power plants, Pha Lai 1 and Pha Lai 2 plants, commissioned in late 1980s and 1990s, with a combined capacity of 1,040 MW, are expected to retire. This could provide a good opportunity for replacing them with more efficient plants. In the longer term, for example, in the ADV scenario, in 2050, with the increased use of efficient plants, such as IGCC with CCS, coal plants could increase their share in overall generation while maintaining low level of CO2 emissions.


· The major sources of renewable generation in Vietnam are small hydro, biomass, wind, and solar PV. The share of renewable energy in power generation in the MOD and ADV scenarios would increase to 5% and 10%, respectively, over the period 2015-2025, and to 10% and 15%, respectively, over the period 2025- 2050. The largest increment would occur in small hydro, biomass and wind plants, contributing about 2.5%, 5.5% and 5%, respectively, in 2050, in the ADV scenario. 


The promotion of renewable-based power generation would need a policy commitment by the Government of Vietnam. Despite the huge potential for renewable-based power generation in the country, currently, they provide a very small fraction of electricity generated in Vietnam (less than 2%, if small hydro is excluded). At present, four key policy measures that favour renewable-based power generation are: (i) The Master Plan for Renewable Energy Development for the period up to 2015 with perspective to 2025; (ii) The National Energy Policy, (iii) National Master Plan for Energy Development and (iv)The Sixth Master Plan for Power Development.  However, these measures might not be sufficient to increase the share of renewable energy in Vietnam’s energy-mix significantly. The MOD and ADV scenarios in this research, for example, have shown that there would be a need to increase the share of generation from renewable-based plants from less than 2 % (excluding small hydro plants) to 5% and 10% over the period 2015- 2025, and to 10% and 15% over the period 2025- 2050, respectively. 


· On the end-use side, the industry, residential and commercial sectors would offer large potential to reduce electricity consumption, through efficiency improvements. These three sectors consume more than 90% of total electricity. The scenario analysis results have shown that changing sectoral economic structure, improvement in building envelope design, expansion of solar water heating, and efficiency improvement in refrigerators and lighting could reduce electricity consumption in these sectors by 13% in the MOD scenario and by 20% in the ADV scenario in 2050 as compared with the MODNO and ADVNO scenarios, respectively. The key areas where electricity consumption could be reduced are manufacturing and construction materials in the industry sector and space heating and cooling, and water heating in the residential and commercial sectors. The electricity consumption could be reduced by phasing out the energy intensive technologies employed in the industry sector, for example, the Blast Oxygen Furnace in the iron and steel industry and the wet method in the cement production. Also, there exists a large potential to increase solar water heating in the residential sector. 


· The results of scenario analysis have indicated that CO2 emissions would increase sharply in the future. Under the Base scenario, CO2 emissions would increase by 26 times in 2050 as compared with the base year 2000. Major sources for such emissions are electricity generation (60.2% of the total) industry (25%) and transport (10.8%) sectors. In order to reduce CO2 emissions, it is necessary to have appropriate strategies for each sector, for example, fuel switching and efficiency improvements.


The electricity sector shows the highest potential for reducing CO2 emissions. This is because coal is the major source of fuel in this sector which means that there is a large room for fuel switching to reduce CO2 emissions, for example, by shifting towards cleaner energy sources such as nuclear and renewable (mainly biomass, solar and wind). In addition, advanced technologies, such as IGCC and CCS could also help in reducing CO2 emissions.


In the industrial sector, energy intensive industries, particularly, iron and steel and aluminium, would need to be given priority from the view point of reducing CO2 emissions. These two industries produce large emissions because of the process technologies they use, for example, the technology used by iron and steel industry is coal intensive, and that used by aluminium industry is electricity intensive (electricity being produced dominantly by coal based plants). To reduce CO2 emissions, there would be a need to shift process technology in the iron and steel industry sector from the current coal based BF/BOF technology to DRI technology (which uses natural gas instead of coal). In the aluminium industry, while there is less scope for technology switch, emphasis should be upon improving energy efficiency. For example, there exists a potential for improving average energy consumption in the electrolysis process from the current level of 52 MJ/kg of Aluminium, to the full potential that can be achieved with technology available at present (47 MJ/kg of Aluminium). 


The transport sector, which is one of the key CO2 emitting sectors in the Vietnam’s economy, would need to be given priority from a policy view point. The scenario results have demonstrated that a significant CO2 emissions reduction from this sector could be achieved by 2050 – 10 % in MOD and 15 % in ADV scenario, with a mix of policies that target increasing fuel economy standards for passenger and freight vehicles, and policies that support alternate vehicle technologies (such as hybrid vehicles) and alternative fuels (such as bio-fuels, natural gas-based fuels and even coal to liquid fuels).


Economic impacts


· The cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial product and construction sectors would experience noticeable increase in their economic outputs in the MOD and ADV scenarios. In 2050, for example, the total outputs of these sectors in the MOD scenario are higher by $117 mn, $1,596 mn, $885 mn, $176 mn, $372 mn and $881 mn, respectively as compared to those in the MODNO scenario. The increases in outputs of these sectors for the MOD scenario are equal to 0.7%, 0.8%, 0.9%, 0.8%, 0.9% and 0.6% of their outputs in the BASE scenario. The use of renewable energy sources, such as biomass, wind and PV in power generation, and fuel switching from coal and oil to new and renewable energy are the major reasons behind such increases in sectoral outputs. 


On the other hand, the construction materials (cement and brick), financial service and mining services sectors would experience modestly negative economic impacts in the two scenarios. For example, in 2025, the total outputs of these sectors in the MOD scenario would be $51 mn, $26 mn, $20 mn and $17 mn lower, respectively as compared to the MODNO scenario. The declines in total outputs of these sectors are equal to 0.79%, 0.67%, 1.09% and 0.8% in comparison with their total outputs in the Base scenario. The main driver for the decrease in total outputs of these sectors is the decline in their energy demands, resulted from energy efficiency improvement. In addition, the switch from traditional fossil fuel-based power generation, especially coal-based plants also causes reduction in total outputs of some sectors that provide inputs for energy sectors like mining services and construction materials (such as, brick and cement).


The higher level of total outputs for some of the non-energy sectors such as, cultivation, iron and steel, other industrial product and construction in the alternative scenarios could have positive impacts on the domestic economy because these sectors rely mostly on the inputs produced within the state itself. For example, in 2000 import constituted approximately only 1.1% of the purchases made by the cultivation and 4% by the other industrial product sectors. The higher level of outputs in these sectors, in the MOD and ADV scenarios, means they would purchase more of domestically produced goods (instead of imported goods), thus helping domestic economy. 


Among the energy sectors, total outputs (in PJ) would be lower for the coal, oil, gas and electricity sectors, both in the MOD and ADV scenarios, as compared with the MODNO and ADVNO scenarios, in 2025 and 2050. In 2025, for example, the total outputs of these sectors in the MOD scenario would be lower by 151.5PJ, 98.7PJ, 9.8PJ and 51.9PJ, respectively as compared with the MODNO scenario. These declines are equal to 7%, 6.1%, 2.6% and 4.2% of their total outputs in the Base scenario. These lower outputs reflect lower levels of electricity consumption, that, in turn, are due to the increased use of efficient appliances; lower levels of petroleum products consumption, improvements in vehicle efficiency and use of alternative transport fuels; and due to a decline in coal use in electricity generation and in the iron and steel industry. 


· The cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial product and construction sectors would experience higher levels of wages and salaries in the MOD and ADV scenarios, as compared with the MODNO and ADVNO scenarios, respectively. The wages and salaries in the cultivation sector in the MOD and the ADV scenarios, for example, would be $27 mn and $111 mn higher, respectively as compared to the MODNO and ADVNO scenarios in 2025. These increases in wages and salaries are equal to 0.37% and 1.42% of its total output in the Base scenario. This is due to the increased use of agricultural products as energy sources, mainly for power generation and bio-fuel production.


The trade and repairing and services sectors (financial, mining and other services), on the other hand, would experience some decline in the wages and salaries. In 2025, for example, in the ADV scenario, the trade and repairing and other service sectors would have highest declines in wages and salaries in absolute terms which are $33.6 mn and $42 mn, respectively as compared to the ADVNO scenario. In relative terms, the financial service and mining service sectors would have highest decline rates. For example, in 2025, the wages and salaries of these two sectors in the ADV scenario would decrease by $11.6 mn and $6.5 mn as compared to the ADVNO scenario. These declines are equal to 1.2% and 1.42% of their wages and salaries in the Base scenario. 


Among the energy sectors, coal, oil and electricity would be significantly disadvantaged as there would be a decline in wages and salaries and employment in these sectors. For example, in 2025, the wages and salaries in the coal, oil and electricity sectors in the MOD scenario are lower by $94.7 mn, $482 mn, $259.6 mn as compared to the MODNO scenario. The declines in wages and salaries of these sectors are equal to 7.3%, 6.3% and 4.4% of their wages and salaries in the Base scenario. 


· The employment in cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial product and construction sectors would be higher, both in MOD and ADV scenarios in comparison to the MODNO and ADVNO scenarios, respectively. In 2025, for example, the employment of these sectors in the MOD scenario would be higher by 26,764 persons, 12,783 persons, 1,062 persons, 1,100 persons, 895 persons and 2004 persons, respectively as compared to the MODNO scenario. The increases in employment of these sectors are equal to 0.31%, 0.72%, 0.36%, 0.35%, 0.36% and 0.07% in comparison with their employment in the Base scenario. The increases in employment in these sectors are driven by the increased demands from new and renewable energy activities, such as wind and solar-based generation and alternative fuels production. On the other hand, the employment in the trade and repairing and service sectors would comparatively lower in both MOD and ADV scenarios. For example, in 2025, employment of the financial and mining service sectors in the ADV scenario would be 1,875 and 4,843 persons lower as compared to the ADVNO or equal to 1.43% and 1.5% of their employment in the Base scenario. This is mostly because of decrease in input demands from traditional energy sectors.  


The coal, oil and electricity sectors would experience higher job losses, both in MOD and ADV scenarios, as compared with the MODNO and ADVNO scenarios. For example, in 2025, the employment of these sectors in the MOD scenario would reduce by 23,478 persons, 10,456 persons and 13,869 persons, respectively in comparison with the MODNO scenario. These declines are equal to 6.4%, 5.6% and 3.9% of their total employment in the Base scenario. 


The policy strategies reflected in alternative scenarios would generally result in a loss of employment in the energy sectors and increase in the some non-energy sectors. For example, in 2025, job losses in the energy sectors are expected to be 46,777 in the MOD scenario. In contrast, 48,982 new jobs would be created in the cultivation, manufacturing, iron and steel, non-ferrous metal, other industrial product and construction sectors in that year. The shift in employment from energy to non-energy sectors could be largely due to the switch in power generation, from low labour-intensive fossil-based plants to relatively more labour intensive renewable-based plants (such as wind, PV, and biomass). Such increase in employment could compensate for the loss of employment in the conventional energy sectors. Further, employment generation due to the increased use of renewable energy sources could help generate employment in rural areas. For example, increased demand for biomass could generate employment in the cultivation sectors. Similarly, renewable-based plants such as wind and solar, are usually installed in rural areas. This could bring investment and jobs to these rural communities. 


· The MOD and ADV scenarios suggest that the energy intensities of all economic sectors are generally experiencing a declining trend. This is due to the decline in primary energy consumption in these scenarios, as a result of improvement in either direct energy intensity, or indirect energy intensity or both. The sectors that would experience significant decline in their energy intensities are the iron and steel, road transport and construction materials (cement and brick). In 2025, for example, the total energy intensity in the iron and steel industry is 12% lower in the MOD scenario (91.8 MJ/$) and 15.6 % lower in the ADV scenario (88.1 MJ/$) than the corresponding energy intensity in the Base scenario (104.4 MJ/$).  


The shares of direct and indirect energy intensities in the total primary energy intensity could provide useful insights into what types of energy efficiency measures would be more effective. For example, if the direct energy is dominant in the total energy consumption, policies should target improving energy efficiency in the industrial process technologies. These sectors include, for example, iron and steel, road transport, and cement. And, if indirect energy accounts for a major share, policy should be directed towards reducing the input of energy intensive materials. Otherwise, in such sectors, even if efficient appliances are used, the total energy consumption would not improve significantly, because the share of indirect energy consumption would continue to be higher. These sectors, for example, include construction, printing and publication, and service sectors. In the printing and publication sector, for example indirect energy contributes about 95.3% to its total energy intensity, which illustrates the importance of indirect energy consumption in this particular sector. 


· The total CO2 intensities for various economic sectors would be lower in both MOD and ADV scenarios, in comparison with the Base scenario, in 2025 and 2050. This is due to the lower levels of energy consumption in these scenarios. For example, in 2025, the total CO2 intensities for the iron and steel sector in the MOD (7.62 kg/$) and in ADV scenarios (7.57 kg/$) would be 12.4% and 12.9% lower than the Base scenario (8.69 kg/$).


The total CO2 intensities of the service sectors, such as communication, financial and other services, would be lower in both the ADV and MOD scenarios, in 2025 and 2050. In 2025, for example, in the communication sector, the CO2 intensity in the ADV scenario (0.519 kg/$) would be lower by 8.6%, and in the MOD scenario (0.528 kg/$) by 7%, as compared with the corresponding value in the Base scenario (0.568 kg/$). Electricity is the main type of energy consumed by these service sectors, and as CO2 emissions from the electricity sector decrease, so do CO2 intensities. 


· The economy wide impacts are found to be more significant at the individual sectoral levels (such as cultivation, manufacturing, iron and steel, other industrial product and construction sector) than at the aggregate level. For example, in 2025 the declines in wages and salaries of the MOD and ADV scenarios as compared to the MODNO and ADVNO scenarios, respectively at an aggregate level would be equal to approximately 0.9 and 1.4% of the wages and salaries in the Base scenario. At the sectoral level, however, in the case of the manufacturing sector, the increase in wages and salaries in the MOD and ADV scenarios in 2025 as compared to the MODNO and ADVNO scenarios, respectively would be equal to by 0.9 and 1.9% of the wages and salaries of the Base scenario. This disparity between aggregate and individual sector level impacts indicates that policy recommendations made simply based upon analysis at the aggregate level (often a normal practice in policy studies) could fail to represent individual sectoral impacts, which could be significant.


Policy trade-offs


· The results of exploration of policy trade-offs show that the industrial group, which includes construction materials sectors (brick, cement, steel and iron) and manufacturing sectors (industrial product, chemical product) has a high ranking in terms of energy intensities and output contribution. These sectors are however, ranked lower than other economic sectors in terms of income generation and jobs creation. In the country’s strategy for socio-economic development, they are identified as a key factor for successful industrialization and account for large share of total GDP (more than 40%). Therefore, if the appropriate energy policy measures are applied in this area this would lead to huge energy savings and hence, improvement of energy supply security. The results also suggest that energy policy measures would become effective when they are directed at the sectoral level. Some sectors in this group, such as manufacturing product and other industrial products have high total energy intensities but low direct energy intensities. In these sectors, more attention should be paid on reduction of energy-intensive energy materials inputs. For the construction materials sectors, which have dominant share of direst energy intensities, the energy efficiency measures should be focused on improving technological processes and good management practises. 


· The transport group (including road, rail, water and air), particularly the road and rail transport sectors are ranked medium in terms of income and jobs generation. This direction is expected to continue in the future due to improvement in living standards. This group is however, ranked low in terms of energy intensities and output contribution. Among transport sectors, the road transport has more advantages in energy intensity improvement and hence CO2 emissions reduction, with number of feasible measures, such as, energy efficiency improvement and use of alternative fuels. Due to dominant share of the direct energy intensity in total energy intensity of this sector, the best ways to improve its energy efficiency is investment in renovating road transport technologies. In addition, the energy consumption by this sector could be reduced by improvement in the road transport system. For example, better road quality could help increase vehicle fuel economy and the convenient public transport services could help reduce number of cars on road. Regarding to the alternative fuels promotion measures, the concern about food security, which may arise from population growth, climate change and limited area of cultivation land should be taken into consideration.


· The service and agricultural groups are ranked low in terms of energy intensities and total output contribution as compared with the industrial group. These groups, however, are characterized by higher contribution to income generation and employment growth. Among those, the agricultural group is expected to have a significant contribution to the country’s energy diversity strategy, through supplying inputs to bio-fuels production. On the other hand, the government’s program to promote renewable energy would bring more jobs and income to the rural areas. For the services sectors, with policies to encourage greater development of the services, the energy consumption by these sectors would increase. In order to increase energy efficiency of this group, the energy saving measures should be targeted to some sectors, such as, hotel and restaurant and trade and repairing, which have high energy intensities, especially the direct energy intensities. These measures are improving building design and introducing solar hot water heating system.


7.2 Limitations of this research and recommendations for further research 

In this section, some limitations of this research are presented and recommendations on how these limitations could be overcome in future research are made. Some of these limitations are due to the very nature of the research methods applied, others are due to the time and resource constraints, still others due to the unavailability of required information. Accordingly, a number of areas exist where this research could be extended.

Energy Impact Assessment 


Improvement of end-use demand estimates. This research projected energy services demand for Vietnam over the period 2000-2050. These projections were needed for the energy optimization model - the MARKAL model. The forecast of energy services demand for the economic sectors was carried-out based on the basis of energy-economic elasticity and the energy intensity models. The macro indicators, such as population growth rate and economic growth rates (both at aggregate and sectoral levels) were taken from the current study on the Sixth Master Plan for Power Development (IE, 2007a). The energy-elasticity indicator for each economic sector and individual industry were obtained from the Study on National Energy Master Plan (JICA, 2008). The forecast was made for each individual industry of the economic sector. Whenever available, the energy elasticity (or intensity) of the industry was used. If this indicator was not available, a sectoral indicator was applied. This could have caused some distortion in the projections. In addition, the impact of changes in the economic structure on energy-elasticity indicator was not taken into consideration in developing forecasts. Future research could consider improving this aspect - this would require a separate energy demand modelling exercise that would be able to generate end-use data at various levels of end use services exclusively to feed into the MARKAL model framework developed in this research.


Endogenisation of end-use demands. Since economic and energy demand projections are exogenous in the MARKAL model, there is no feedback between technology-mix and technology-drivers. For example a change in technology-mix towards improved efficiency can not reduce total demand or change in fuel price. An implication of this is that price effects on demand are ignored. Future research could consider endogenising end-use demands. 


Refinement in technological database. The energy modelling framework developed in this research has placed specific emphasis on key energy intensive end-use sectors, that is, they constitute core of technologies/sectors considered in the Reference Energy System (RES). Such technologies/sectors include, for example, iron and steel, road transport and construction materials. It is recommended that this RES be expanded to include other end-use technologies including non energy intensive technologies, for example agro-processing technologies in the agricultural sector, textile and leather in the light industry. This would also enable one to capture more comprehensively the interactions between various technologies in the analysis of various policy questions. In addition, the MARKAL framework could be used to answer the following questions: when to invest in new generating units; what type of generating units to install; and what should be the capacity of new generating units. However, it will still be unable to answer the questions: where to invest in new generating units; and how to combine various generation plants in off-grid areas. Therefore, the results should be used in co-ordination with other planning activities.


Economic Impact Assessment 


Aggregation and disaggregation of the economic sectors. The input–output tables in Vietnam are developed by the General Statistics Office (GSO 2000), usually at intervals of 5 years or more. These tables are, however, not in the same format. The 1989 input-output table, for example, has 52 sectors while there are 97 sectors and 112 sectors in the 1996 and 2000 tables, respectively. Although the disaggregation of economic sectors in the 2000 input-output table – the most up-to-date version at the time this research was being carried out - is quite high but some sectors which are important for the purpose of economy-wide impacts analysis, for example, the electricity and gas sectors, are still represented at aggregated levels. The disaggregation of electricity and gas sectors was carried out by the National Account Department in GSO for another project, focusing on the evaluation of electricity industry impacts on economic sectors. Further disaggregation of electricity sector into fossil, new and renewable energy-based generation was done based on energy and technology specific data from various sources. In addition, some sectors that are similar in energy consumption, for example banking and financial services were aggregated. Therefore, the accuracy of the analysis results depends on the quality of the previous studies, such as aggregation and disaggregation of the economic sectors.


Extension of Energy sector. An implication of the aggregated nature of the input–output table (as discussed above) is that it is not capable of considering energy resources/sectors at disaggregated levels. Hence its analytical power gets somewhat restricted. This research has made considerable progress in overcoming this limitation, for example, by including energy consumption data and technology specific data from various other sources (as discussed in Chapter 5). Significant scope however still exists for further extension of this table. 


Making energy and input-output models compatible. Various sectors in the input–output table are classified in different way as compared to those in the energy model (MARKAL model). In the MARKAL model, various sectors are classified based on their end-uses requiring energy as outputs, regardless of the nature or magnitude of their economic output, whereas in the input–output table, sectors are classified based on the nature/magnitude of economic outputs (usually expressed in terms of product types and aggregated in $). These different classifications generate difficulties in making a consistent link between the two modelling approaches. This research has attempted to overcome this obstacle by including a detailed representation of energy intensive industries (e.g., iron and steel, road transport, construction materials, electricity) in the input–output framework. This however was not possible for all energy industries. Further research should pay more attention to the issue. 


Dynamic consideration in the projection of Input-output coefficients. One of the challenges in a study of a long term nature, using economic approach, is to realistically estimate and represent the evolution of economic sectors over a long time period. The input–output model also suffers from this limitation because of its reliance on fixed technical coefficients (Technical coefficients in the input–output analysis represent relationship between various inputs and outputs within an economy at a certain period of time). This research used input–output model for a period extending 50 years into the future. The technical coefficients were updated in the research based on the well established RAS method. However, economic sectors represented in the input–output table are diverse in nature, which may undergo significant changes over such a long period. These changes are unlikely to have been satisfactorily captured in the RAS method. This is another area for potential future research. 


Applying closed type of input–output table. The current research has used an open type of input–output table, that is, household sector has been kept as exogenous. In future, this could be extended by using a closed type of input–output table. In the closed type of input–output table, the household sector is treated as a production sector within the transaction table. This allows one to examine the impacts of the changes in personal income (that is wages and salaries) on the total outputs, income and employment. 


Data issue.

One of the difficulties in conducting this research was the provision of reliable data on the energy sector, due to the fact that there does not exist any systematic practice of collecting energy statistics in Vietnam. Therefore, data used in this research has been collected from different sources, for examples, Electricity of Vietnam (EVN), VINACOMIN, PetroVietnam, General Statistics Office (GSO), Institute of Energy, Vietnam (IE), and international energy databases (IEA and EIA). In the course of processing these datasets, special attention has been paid to make the data consistent. In order to improve the quality of future energy studies and energy planning activities, this research strongly recommends that further efforts be undertaken to ensure data consistency.

Appendix 1

Detailed Mathematical Description of the Objective Function and Constraints in the Markal Model

1. Features of MARKAL Model


MARKAL (MARKet Allocation) was developed in a cooperative effort between Brookhaven National Laboratory (BNL), USA and Kernforschungsanlage Juelich, Germany. About 15 countries belonging to the International Energy Agency (IEA) contributed to the joint effort within the frame work of the Energy Technology System Analysis Project (ETSAP) (Kleemann and Wilde 1990).


MARKAL is a multi-time period model of the National energy system that allows technology and policy options to be analyzed in a consistent manner (Fishbone et al., 1981).  MARKAL provides a representation of the energy system by means of a Reference Energy System (RES) that tracks energy flows from primary sources through transformation, transmission and distribution processes until used in demand devices that provide the ultimate energy services required by consumers (see Figure A1.1 below).  
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Figure A1.1: MARKAL Reference Energy System


MARKAL is a demand driven model (Fishbone et al., 1983).  The useful energy categories in MARKAL are chosen so that competing devices provide the same energy service.  


For a MARKAL scenario, the required level of each useful energy service in each time period is set exogenously and MARKAL determines the overall system configuration to meet all services.  The mix of technologies and fuels is an output rather than an input to the model although choices are often constrained for various reasons by applying upper, lower or fixed limits on some choices (AAECP Energy Policy and Systems Analysis Project, 2003).  


MARKAL is a linear programming model that represents the energy system by a large set of equations that governs system operation according to the technologies and data input (Kleemann and Wilde, 1990).  The objective of MARKAL is to optimize a chosen objective function subject to meeting all system constraints that are defined.  A variety of such objectives are available within MARKAL but the one normally used is the minimum of total system discounted cost.  The MARKAL solution is obtained by using a linear programming optimizer that finds the minimum objective function value while simultaneously satisfying all constraints that have been defined.


Formally, MARKAL is a partial equilibrium model that provides a market clearing solution for the energy sub-sector but does not have an explicit connection to other economic sectors (Fishbone et al., 1981).  The output from the MARKAL solution is dual.  Primary solution details the technologies used each year, the extraction, importing and exporting of energy, the investments required, the fuel flows, system costs etc.  While dual solution provides shadow prices for all fuels that are consistent with the primary solution. A dual solution implies if fuels are valued at the shadow prices then there would be no excess demand for any fuel (supply “equals” demand).


The shadow prices indicate the opportunity cost of each fuel to the system.  Fuels in unlimited supply will have a shadow price equal to the input cost but if supply is limited or there is other constraint (e.g. emission constraint) then the model may impute a higher “scarcity” value to the fuel. 


MARKAL is very strong on analyzing environment impacts and policies (Intelligent Energy System, 2002).  Different types of emissions can be defined and associated with each technology at the point of release.  Limitations can also be placed on the level of emissions on either an annual or cumulative basis. Environmental tax can be applied to achieve predetermined emission targets.


2.  Overview of Computing System


The utilization of the MARKAL model requires a number of software elements to be in place. These are:


· The MARKAL model itself in which data is entered by users about energy supply sources, conversions, demand requirements and utilization technologies;


· An optimizing package which performs the calculations within the MARKAL model that produce least cost solutions. The most widely-used software for this purpose is General Algebraic Modelling System (GAMS) model generator software. There are two versions of the optimizer: MINOS and OSL.


· An interface to the MARKAL model allowing user-friendly access to it. Nowadays ANSWER is an integrated Windows-based system designed specifically for working with MARKAL models that allows the user to manage model input data, initiate model runs, and compare and graph model results.


· A standard operating environment upon which all elements run. Examples in the case of IBM type computers are Windows, DOS or UNIX.


These elements are represented diagrammatically in the Figure A1.2 below:
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Figure A1.2:  Simplified MARKAL software system diagram


3.  MARKAL optimization program


This section is heavily withdrawn from Documentation for the MARKAL Family of Models by Loulou, R., Goldstein, G. & Noble, K. (2004).


An optimization problem formulation consists of three types of entities:


· Decision variables: i.e. the unknowns, to be determined by the optimization,


· Objective function: expressing the criterion to minimize or maximize, and


· Constraints: equalities or inequalities involving the decision variables, which must be satisfied by the optimal solution.


The model variables and equations use the following indexes:


· r, r’: indicates the region (omitted when a single region is modeled);


· t: time period;

· k: technology;


· s: time-slice;


· c: commodity (energy or material);

· l: price level (used only for multiple sources of the same commodity distinguished only by their unit cost)


Decision Variables


The decision variables represent the choices made by the model. The various kinds of decision variables in a MARKAL model are elaborated here.


· INV(r,t,k): new capacity addition for technology k, in period t, in region r. 


· CAP(r,t,k): installed capacity of technology k, in period t, in region r. Typical units: same as for investments.


· ACT(r,t,k,s): activity level of technology k, in period t, in region r, during time-slices. 

· MINING(r,t,c,l): quantity of commodity c (PJ per year) extracted in region r at price level l in period t.


· IMPORT(r,t,c,l), EXPORT(r,t,c,l): quantity of commodity c, price level l, (PJ per year) exogenously imported or exported by region r in period t. 


· TRADE(r,t,c,s,imp) and TRADE(r,t,c,s,exp):) quantity of commodity c (PJ per year) sold (exp) or purchased (imp) by region r to/from all other regions in period t, for time-slice s (for electricity). 


· D(r,t,d): demand for end-use d in region r, in period t. In non-reference runs, D(r,t,d) may differ from the reference case demand for d, due to the responsiveness of demands to their own prices (based on each service demand’s own-price elasticity).


· ENV(r,t,p): Emission of pollutant p in period t in region r.


Objective function


As explained in the previous section, the objective function is the sum over all regions of the discounted present value of the stream of annual costs incurred in each year of the horizon. Therefore:
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where:


· NPV is the net present value of the total cost for all regions (the MARKAL objective function)


· ANNCOST(r,t) is the annual cost in region r for period t, discussed below


· d is the general discount rate


· NPER is the number of periods in the planning horizon


· NYRS is the number of years in each period t


· R is the number or regions


Note: the last factor in the expression is the intra period discount factor


The total annual cost ANNCOST(r,t) is the sum over all technologies k, all demand segments d, all pollutants p, and all input fuels f, of the various costs incurred, namely: annualized investments, annual operating costs (including fixed and variable technology costs, fuel delivery costs, costs of extracting and importing energy carriers), minus revenue from exported energy carriers, plus taxes on emissions, plus cost of demand losses.


Mathematically, ANNCOST(r,t) is expressed as follows:


ANNCOST(r,t)   = 
Σk {Annualized_Invcost(r,t,k) *INV(r,t,k)


+Fixom(r,t,k) *CAP(r,t,k)


+ Varom(r,t,k) *Σs,s ACT(r,t,k,s)


+ Σc [Delivcost(r,t,k,c)*Input(r,t,k,c)* Σs ACT(r,t,k,s)] }


+ Σc,s { Miningcost(r,t,c,l)*Mining(r,t,c,t)


+ Tradecost(r,t,c)* TRADE(r,t,c,s,i/e)


+ Importprice(r,t,c,l)*Import(r,t,c,l)


- Exportprice(r,t,c,l)*Export(r,t,c,l) }


+ Σc {Tax (r,t,p) * ENV(r,t,p)}


+ Σd {DemandLoss(r,t,d)} (1.4-1)


where:


· Annualized_Invcost(r,t,k) is the annual equivalent of the lump sum unit investment cost, obtained by replacing this lump sum by a stream of equal annual payments over the life of the equipment, in such a way that the present value of the stream is exactly equal to the lump sum unit investment cost, for technology k, in period t. Note carefully that by stopping the summation over t at the end of the horizon, the objective function automatically accounts for the salvage value of all assets stranded at the end of the horizon.


· Fixom(k,t,r), Varom(r,t,k), are unit costs of fixed and operational maintenance of technology k, in region r and period t;


· Delivcost(r,t,k,c) is the delivery cost per unit of commodity c to technology k, in region r and period t;


· Input(r,t,k,c) is the amount of commodity c required to operate one unit of technology k, in region r and period t;


· Miningcost(r,t,c,l) is the cost of mining commodity c at price level l, in region r and period t;


· Tradecost(r,t,c) is the unit transport or transaction cost for commodity c exported or imported by region r in period t;


· Importprice(r,t,c,l) is the (exogenous) import price of commodity c, in region r and period t; this price is used only for exogenous trade, see below;


· Exportprice(r,t,c,l) is the (exogenous) export price of commodity c, in region r and period t; this price is used only for exogenous trade, see below;


· Tax(r,t,p) is the tax on emission p, in region r and period t; and


· DemandLoss(r,t,d) represents the welfare loss (in non reference scenarios) incurred by consumers when a service demand d, in region r and period t, is less than its value in the reference case.


Constraints (equations)


EQ_DEM(r,t,d) - Satisfaction of Demands


For each time period t, region r, demand d, the total activity of end-use technologies servicing that demand must be at least equal to the specified demand. Hence:


Sum {over all end-use technologies k, such that k supplies service d} of CAP(r,t,k) ≥ D(r,t,d)


EQ_CPT(r,t,k) - Capacity transfer


For each technology k, region r, period t, the available capacity in period t is equal to the sum of investments made by the model at past and current periods, and whose physical life has not ended yet, plus capacity in place prior to the modelling horizon and still in place.


CAP(r,t,k) = Sum {over t and all periods t’ preceding t and such that


t-t’< LIFE(k)} of INV(r,t’,k) + RESID(r,t,k)

where RESID(r,t,k) is the capacity of technology k due to investments that were made prior to the initial model period and still exist in region r at time t.


EQ_UTL(r,t,k,s) - Use of capacity


For each technology k, period t, region r, and time-slice s, the activity of the technology may not exceed its available capacity, as specified by a user defined availability factor


ACT (r,t,k,s) ≤ AF(r,t,k,s)* CAPUNIT* CAP(r,t,k) (1.4-4)


EQ_BAL(r,t,c,s) - Energy Balance


For each commodity c, time period t, region r, (and time-slice s in the case of electricity and low-temperature heat), this constraint requires that the disposition of each commodity may not exceed its supply. The disposition includes consumption in the region plus exports; the supply includes production in the region plus imports.


Sum {over all k} of: Output(r,t,k,c)*ACT(r,t,k,s) + Sum {over all l} of: MINING(r,t,c,l) + Sum {over all l} of: FR(s)*IMP(r,t,c,l)* + XCVT(c,i)* TRADE(r,t,c,s,i) ≥ or = XCVT(c,o) *TRADE(r,t,c,s,e) + Sum {over all l} of: FR(s) *EXP(r,t,c,l) + Sum {over all k} of: Input(r,t,k,c)*ACT(r,t,k,c,s)


where:


· Input(r,t,k,c) is the amount of commodity c required to operate one unit of technology k, in region r and period t;


· Output(r,t,k,c) is the amount of commodity c produced per unit of technology k, and


· FR(s) is the fraction of the year covered by time-slice s (equal to 1 for non-seasonal commodities).


· XCVT(c,i) and XCVT(c,o) are transaction or transport costs of importing or exporting one unit of commodity c. The constraint is ≥ for energy forms and = for materials.


EQ_EPK/HPK(r,t,c,s) - Electricity and heat Peak Reserve Constraint


For each time period t and for region r, there must be enough installed capacity to exceed the required capacity in the season with largest electricity (heat) commodity c demanded by a safety factor E called the peak reserve factor.


Sum {over all k} of CAPUNIT * Peak(r,t,k,c) * FR(s) *CAP(r,t,k) +


XCVT(c,i) * TRADE(r,t,c,s,i) + FR(s) * IMPORT(r,t,c)


≥ [1+ERESERVE(r,t,c )] * [ Sum {over all k} of Input(r,t,k,c) *


FR(s) * ACT(r,t,k,s) +XCVT(c,o) * TRADE(r,t,c,s,e) + FR(s) * EXPORT(r,t,c) ]


where:


· ERESERVE(r,t,c) is the region-specific reserve coefficient, which allows for unexpected down time of equipment, for demand at peak, and for uncertain hydroelectric, solar, or wind availability.


· Peak(r,t,k,c) (never larger than 1) specifies the fraction of technology k’s capacity in a region r for a period t and commodity c (electricity or heat only) that is allowed to contribute to the peak load. Many types of generating equipment are predictably available during peak load and thus have a peak coefficient equal to unity, whereas others such as wind turbines or solar plants are attributed a peak coefficient less than 1 since they are on average only fractionally available at peak.


EQ_ENV(r,t,p) - Emission constraint or tax (optional)


In each region r, for each time period t, this constraint ensures that the total emission of pollutant p will not be greater than a user-selected upper bound, if such is provided. In MARKAL, pollutants may be emitted when a technology is active, but also when it is inactive (for example a hydro reservoir may emit methane even if no electricity is being produced). Emissions may also occur at the time of construction of the technology, in some instances. In each of these three cases, the emission coefficient is applied to the activity variable, to the capacity variable, or to the investment variable, respectively. This flexibility allows the accurate representation of various kinds of emissions. Technologies may also sequester or otherwise remove emissions as well via the use of a negative emission coefficient.


ENV(r,t,p) = Sum [over all technologies k of {Eminv(r,t,p,k)* INV(r,t,k) + Emcap(r,t,k,p)*CAP(r,t,k) + Emact(r,t,,k,p)* Sum {over s of ACT(r,t,k,s)}]


and


ENV(r,t,p) ≤ ENV_Limit(r,t,p)

where:


· Eminv, Emcap, Emact are emission coefficients for pollutant p (possibly negative) linked respectively to the construction, the capacity, and the operation of a technology, and


· ENV_LIMIT(r,t,p) is the upper limit set by the user on the total emission of pollutant p in region r at period t.


Instead of an emission limit, the user may specify an emission tax Etax(r,t,p). If so, the quantity ENV(r,t,p) * E tax(r,t,p) is added to the ANNCOST expression, penalizing emissions at a constant rate.


Note that emission caps may be set globally for all regions, or for a group of regions, or by sector, etc. It is also possible to set a cumulative emission cap (for a group of time periods).


EQ_BAS(r,t,c) - Electricity Base load constraint


For electricity c, in region r and period t, electricity generating technologies that are labelled as Base load must produce the same amount of electricity at night as in the day. They may, however, vary their production from season to season. Therefore, for Base load technologies there are only three ACT variables (one per season) instead of 6 for other electric generation technologies. The base load constraint then ensures that only a maximum percentage of the total night-time demand for electricity is met by such plants.


Sum {over all technologies k consuming electricity c at night of: input(r,t,k,c)* Baseload(r,t,c)*ACT(r,t,k,’N’) }


≥ Sum {over all baseload technologies k producing electricity c at night of: Output(r,t,k,c)*ACT(r,t,k,’N’) }

where:


· Baseload(r,t,c) is the maximum share of the night demand for electricity c in region r and period t.


EQ_UDC(r,t,u) - User-defined constraints


In addition to the standard MARKAL constraints discussed above, the user interested in developing reference case projections of energy market behaviour typically introduces many additional linear constraints to express special conditions.


User defined constraints may serve many functions in MARKAL. Their general purpose is to constrain the optimization problem in some way to account for factors based either on policy or on market behaviour that affect investment decisions. For example, there may a user defined constraint limiting investment in new nuclear capacity (regardless of the type of reactor), or dictating that a certain percentage of new electricity generation capacity must be powered by renewable energy sources.


In order to facilitate the creation of a new user constraint, MARKAL provides a template for indicating a) the set of variables involved in the constraint, and b) the user-defined coefficients needed in the constraint.

Appendix 2


End-use energy demand forecast


1. Overview


The objective of this section is to forecast energy services demands for Vietnam during the period 2000-2050 to provide input for the energy optimization model - the MARKAL model.


Future demands for energy services are forecasted at five-year intervals up to the year 2050. The forecast of energy service demand for economic sectors is carried-out based on energy-economic elasticity model and energy intensity model. The energy-economic elasticity is the ratio of energy consumption growth rate to economic growth rate, typically growth rate of the sectoral economic value added. Thus, energy-economic elasticity may be interpreted as an indicator of how many percent increase in energy consumption in a given period to get one percent increase in the sectoral economic value added. Energy intensity is the ratio of aggregate energy consumption to some aggregate measure of economic activity, typically GDP. In this way, energy intensity can be figured out as an indicator of how much energy was consumed in any given activity versus the expense of the activity. To project energy demand for the residential sector, the energy-economic elasticity model is also applied but the growth rate of sectoral economic value added is replaced by the GDP per capita growth rate, representing the connection between energy consumed by this sector with change in people’s lifestyle as a result of their income improvement. This method is highly selected because it reflects the relationship between energy consumption and economic activities (or income in the residential case). Future energy-economic elasticity and energy intensity are forecasted on the ground of:


· Historical trends in energy-economic elasticity and energy intensity,


· Forecast of GDP and sectoral economic value added,


· Assumptions on trends that could effect the demand for energy, and


Trends affecting the demands for energy assumed in this study are:


· Rapidly growing commercial energy consumptions pushed by a rapid pace of economic growth, industrialization, urbanization, rural electrification and improved living conditions.


· Fuel substitutions in the demand side that allow competition among fuels and technologies.


· Improved efficiency of energy fuel utilization, particularly in the industrial, residential and transport sectors. 


Energy requirement depends on the structure of each sector. To better capture the structure effects, demands are classified into five standard consumption sectors:


· Agriculture


· Commercial


· Industry


· Residential


· Transportation


Within each sector, major end-uses are identified and analyzed separately. End-use demands are presented in terms of their activities or useful energy. These are then fed into MARKAL and depend on the assumed scenario that a variety of demand technologies providing different levels of output per unit of input energy are available for MARKAL to select from. Thus, MARKAL will decide the mix of energy and final energy demand itself. Three scenarios assumed in this study are: the Base, Moderate and Advanced scenario. These scenarios, as developed in chapter 3, are different in both, level of techno-economic development and commitment to environmental protection. Among these drivers, economic growth plays an important role in end-use energy consumption. Hence, energy services demands are separately forecasted for each scenario, corresponding to their economic growth scenario. The same procedure could be applied in forecasting energy service demands for all three scenarios, therefore, only the forecast for the Base scenario is presented in detail and the forecasting results for two other scenarios are attached at the end of this section. 


2. Forecast of energy service demands for the Base scenario


2.1 General assumptions

The general assumptions underlying energy service demand projections for Vietnam are the growth rates of sectoral economic value added and GDP per capita. These forecasted figures for the period 2000-2050 are taken from recent study “Economic Development Forecast, serving study on Energy Development for the period up to 2050” by a group of experts in Vietnam. The results of this study are also used as assumptions for some recent studies, such as, The sixth master plan for power development (IE, 2007) and A study on national energy master plan (JICA, 2008).

Table A2.1 presents these assumptions in detail below.


Table A2.1: General assumptions underlying energy service demand projections in Vietnam for the period 2000-2050


		    Indicator

		2000-2005

		2006-2010

		2011-2020

		2021-2030

		2031-2040

		2041-2050

		2006-2050



		1. GDP growth rate (%) 

		7.5

		6.2

		7.0

		7.0

		6.5

		5.0

		6.0



		· Industry

		10.3

		8.0

		8.5

		8.5

		7.0

		6.0

		7.6



		· Agriculture

		3.8

		3.5

		3.0

		2.5

		2.0

		2.0

		2.5



		· Service

		7.0

		5.5

		6.5

		6.0

		6.5

		3.4

		5.6



		2. Population growth rate (%)

		1.4

		1.2

		1.1

		1.0

		0.9

		0.7

		1.0



		3. GDP per capita growth (%)

		11

		6

		7

		7

		6

		5

		6





Source: (IE, 2007a)

2.2 Energy service demand projection

2.2.1 Agriculture sector

In Vietnam, agriculture is one of the main production activities which involve more than 70% population (GSO, 2008). However, due to poor mechanization, the commercial energy consumed by this sector in the last ten year accounts for 3% of the total country’s energy consumption only. For example, in the year 2000, the agriculture sector consumed 820 KTOE of which about 400 KTOE was commercial energy while the total end-use energy consumption by all economic sectors was 12200 KTOE (IE, 2007a). In the future, it is expected that the energy consumption by this sector would experience a significant change due to rural modernization programs, such as mechanization and rural electrification but its share in the total nation energy demand would still remain small because according to the socio-economic development plan for the period 2000-2050, the share of the agriculture sector in the country’s GDP would reduce from 20% at present to 5% by the year 2050 (IE, 2007a). The agriculture sector includes three main activities, namely fishing, cultivation and agro-processing. The projection of energy demand by each sub-sector is presented below.


Fishing. The energy requirement for fishing is forecasted based on total fish output and the energy requirements per ton of fish caught. The total fish production is limited by the potential sustainable yield. According the Research Institute for Marine Fisheries (RIMF 2003), the standing stock of the marine fish in the South China Sea is 3.5 to 4.0 mn tons but the potential sustainable yield is 1.5 to 1.7 mn tons only. In the year 2008, total marine fish production was 1.475 mn Tons and the average growth rate of fishing production in the last ten year was 5.6%, therefore it is expected that by the year 2011 the fish output would reach the potential sustainable yield of 1.7 mn tons and then remain stable at that output to the end of the planning horizon 2050. The energy requirements per ton of fish caught for the year 2000 and 2005 were 0.018 and 0.019 PJ/ton, respectively.  It is expected that this figure would remain at the 2008 level – about 0.02PJ/ton for the rest of the study period. This assumption could be explained by the fact that energy savings from improvement of fuel economy in the boat engine would compensate to more fuel needed per trip as a result of decreased catch rate due to reduction of the fish population. The projected energy requirements for fishing during the period 2000-2050 are presented in the table A2.2 below.


Table A2.2: Final energy demand for fishing


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Fish output (1000' ton)

		1075

		1368

		1646

		1700

		1700

		1700

		1700

		1700

		1700

		1700

		1700



		Energy use per ton of fish

		0.018

		0.019

		0.020

		0.020

		0.020

		0.020

		0.020

		0.020

		0.020

		0.020

		0.020



		Final energy demand (PJ)

		19.4

		26.0

		32.9

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0





Source: This research


Cultivation. The cultivation activity includes two categories, namely land preparation and irrigation. Basically, the energy consumption in cultivation depends on the total cultivated land, mechanization rate and technologies employed, for example electric or diesel pump. In order to forecast the energy requirements for cultivation activity some assumptions on area of cultivated land, irrigated land and energy consumption per unit of cultivated land, etc. are made as follows:


· Total cultivation land is expected to remain at the current level - about 8.2 mn ha (GSO, 2008c) - for whole planning period 2000-2050 because the Central Government has put a strict control on the cultivated land as a result of concerns about food security. In addition, currently in most of the cultivated land there are only one or two crops per year. In the future, number of crops would be increased due to change in cultivation habits and application of the new crops with short lifetime. This would compensate to the area of cultivated land that is taken for development of the residential areas, road system and industrial parks. 


· The area of land prepared by machine would depend on the mechanization rate. This rate in the year 2000 was 35% and is assumed to increase to 95% by the year 2030. This assumption is made in accordance with the Government policy on the rural industrialization and modernization specified in the 5-year socio-economic development plan 2006-2010 with visions to 2020 (MPI, 2005).


· The area of irrigated land is projected based on the targets of the rural industrialization and electrification programs. In the year 2000, about 25% of the total cultivated land was irrigated by either diesel or electric pumping stations. It is expected that this rate would increase to 60% by the year 2050. As currently 97.7% of total communes in the country have access to the national electricity network (EVN, 2009), therefore it is assumed that the cultivated land that is irrigated by electric pumps would account for 95% total irrigated land and this rate would remain unchanged to the end of the planning period. 


· In terms of energy consumption per unit of cultivated land, there are two categories, corresponding to land preparation by machine and irrigation. For land preparation, all cultivation land is prepared by farm machines, such as tractors and tillers which are mainly powered by diesel. In the year 2000, the amount of energy consumption on land preparation was 25 kgOE per ha. It is expected that this rate would decrease by 2% over the planning period 2000-2050, as a result of fuel economy improvement in combustion engines. Similarly, the amount of electricity and diesel consumption on irrigation per ha of the irrigated land would also decrease by 2% per year, from 300 kWh/ha and 120 kgOE/ha to 306 KWh/ha and 102 kgOE/ha for electric and diesel pump, respectively in the same period (HUT, 1999). 


The projected energy requirements of the cultivation activity are presented in Tables A2.3 and A2.4 below.


Table A2.3: Projected energy requirements for land preparation


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Total cultivated land (mn. ha) 

		8.2

		8.2

		8.2

		8.2

		8.2

		8.2

		8.2

		8.2

		8.2

		8.2

		8.2



		Rate of land prepared by machines (%)

		35

		45

		60

		70

		80

		90

		95

		95

		95

		95

		95



		Total land prepared by machines (mn. ha)

		2.9

		3.7

		4.9

		5.7

		6.6

		7.4

		7.8

		7.8

		7.8

		7.8

		7.8



		Per ha energy use (kgOE/ha)

		25.0

		24.6

		24.3

		23.9

		23.5

		23.1

		22.8

		22.4

		22.0

		21.6

		21.3



		Final energy demand (KTOE)

		71.8

		90.9

		119.3

		137.0

		154.2

		170.7

		177.2

		174.3

		171.4

		168.5

		165.5



		Final energy demand     (PJ)

		3.0

		3.8

		5.0

		5.8

		6.5

		7.2

		7.4

		7.3

		7.2

		7.1

		7.0





Source: This research


Table A2.4: Projected energy requirements for irrigation


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Total cultivated land (mn. ha) 

		8.2

		8.2

		8.2

		8.2

		8.2

		8.2

		8.2

		8.2

		8.2

		8.2

		8.2



		Rate of irrigated land    (%)

		25

		27

		30

		33

		37

		42

		45

		48

		52

		56

		60



		Total irrigated land     (mn. ha)

		2.1

		2.2

		2.5

		2.7

		3.0

		3.4

		3.7

		3.9

		4.3

		4.6

		4.9



		Land irrigated by electric pump (mn. ha)

		1.9

		2.1

		2.3

		2.6

		2.9

		3.3

		3.5

		3.7

		4.1

		4.4

		4.7



		Per ha electricity use (kWh/ha)

		360.0

		354.6

		349.2

		343.8

		338.4

		333.0

		327.6

		322.2

		316.8

		311.4

		306.0



		Total electricity use     (PJ)

		2.5

		2.7

		2.9

		3.2

		3.5

		3.9

		4.1

		4.3

		4.6

		4.9

		5.1



		Land irrigated by diesel pump(mn. ha)

		0.1

		0.1

		0.1

		0.1

		0.2

		0.2

		0.2

		0.2

		0.2

		0.2

		0.2



		Per ha fuel use    (kgOE/ha)

		120.0

		118.2

		116.4

		114.6

		112.8

		111.0

		109.2

		107.4

		105.6

		103.8

		102.0



		Total fuel use               (PJ)

		0.5

		0.5

		0.6

		0.7

		0.7

		0.8

		0.8

		0.9

		0.9

		1.0

		1.1



		Total final energy demand    (PJ)

		3.0

		3.2

		3.5

		3.8

		4.2

		4.7

		5.0

		5.2

		5.6

		5.9

		6.2





Source: This research


Agro-processing. The agro-processing activity includes cleaning, drying, packaging and etc. The energy consumption by this activity is expected to experience a significant change in the future as more post-harvest technologies to be employed to improve quality of the agricultural products. The energy-economic elasticity model is employed to project the energy requirements for this activity. In order to use this model, it is assumed that the energy demand by this activity would grow in proportion to the growth rate of the agriculture sector output. The energy-economic elasticity is expected to decrease from 1.3 at present to 0.2 by the year 2050. Table A2.5 below presents the results of energy requirements projection for the agro-processing activity with 5-year interval in the period 2000-2050.


Table A2.5: Projected energy requirements for agro-processing 


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Growth rate of the agriculture sector output (%)

		4.4

		3.8

		3.5

		3.0

		3.0

		2.5

		2.5

		2.0

		2.0

		2.0

		2.0



		Energy-economic elasticity

		

		1.3

		1.3

		1.4

		1.3

		1.3

		1.2

		0.9

		0.8

		0.5

		0.2



		Growth rate of end-use energy demand for agro-processing (%)

		

		5.1

		4.7

		4.3

		4.0

		3.3

		3.0

		1.8

		1.6

		1.1

		0.4



		Final energy demand    (PJ)

		18.7

		19.7

		24.8

		35.3

		44.9

		52.8

		61.3

		67.0

		72.5

		76.5

		78.1





Source: This research


2.2.2 Commercial sector


The energy demand by commercial sector includes four categories: lighting, air-conditioning, electrical appliances and thermal use (e.g., hot water and space heating). In order to project energy demand by each category, first the commercial sector energy demands are forecasted, using the energy-economic elasticity model. Then, the total energy requirements by the commercial sector are broken down into four categories based on historical trend and assumptions on their future shares of energy consumption. 


During the period 2000-2005, the energy consumption by commercial sector grew at annual rate of 12.8 %, from 36.8 PJ in 2000 to 67.2 PJ in 2005 (IEA, 2008b). The annual economic growth rate of the commercial sector in the year 2005 was 7% (MPI, 2005). Therefore, the energy-economic elasticity of this sector in the year 2005 was 1.8 (= 12.8%/7%). Assume that the energy efficiency is improved over time, making the elasticity decreases from 1.8 in 2005 to 0.5 by the year 2050. The energy demand growth rate of the commercial sector could be calculated based on assumptions of the sectoral economic growth and the energy-economic elasticity.  Finally, the energy requirements by the commercial sector could be estimated as shown in the Table A2.6 below.


Table A2.6: Final energy requirements by commercial sector


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Sectoral economic growth rate (%)

		5.7

		7

		5.5

		6.5

		6.5

		6

		6

		5.5

		5.5

		3.4

		3.4



		Energy-economic elasticity

		

		1.8

		1.5

		1.1

		0.9

		0.7

		0.5

		0.6

		0.5

		0.5

		0.5



		Sectoral energy demand growth rate (%)

		

		12.8

		8.1

		7.3

		5.6

		4.2

		3.3

		3.3

		2.9

		1.8

		1.8



		Final energy demand by commercial sector (PJ)

		36.8

		67.19

		99.34

		141.5

		185.7

		228.5

		268.6

		315.5

		363.6

		398.2

		436





Source: This research


In the year 2000, the shares of energy consumption by lighting, air-conditioning, electric appliances and thermal use were 12, 8.5, 17.5 and 62%, respectively. It is expected that during the study period, the shares of energy consumption by lighting, air-conditioning and electric appliances would increase to 19, 24 and 22%, respectively while the share of the thermal use would decrease to 35% as a result of increasing commercial floor area. Based on these assumptions, the energy requirements by each categories could be estimated in 5-year interval in the Table A2.7 below.


Table A2.7: Energy requirement by categories


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Final energy demand by commercial sector (PJ)

		36.8

		67.19

		99.34

		141.5

		185.7

		228.5

		268.6

		315.5

		363.6

		398.2

		436



		Share of energy demand by categories (%)

		

		

		

		

		

		

		

		

		

		

		



		Lighting

		12.0

		12.7

		13.4

		14.1

		14.8

		15.5

		16.2

		16.9

		17.6

		18.3

		19.0



		Air-conditioning

		8.5

		10.1

		11.6

		13.2

		14.7

		16.3

		17.8

		19.4

		20.9

		22.5

		24.0



		Electric appliances

		17.5

		18.0

		18.4

		18.9

		19.3

		19.8

		20.2

		20.7

		21.1

		21.6

		22.0



		Thermal use

		62.0

		59.3

		56.6

		53.9

		51.2

		48.5

		45.8

		43.1

		40.4

		37.7

		35.0



		Energy demand by categories (PJ)

		

		

		

		

		

		

		

		

		

		

		



		Lighting

		4.4

		8.5

		13.3

		20.0

		27.5

		35.4

		43.5

		53.3

		64.0

		72.9

		82.8



		Air-conditioning

		3.1

		6.8

		11.5

		18.6

		27.3

		37.1

		47.8

		61.0

		76.0

		89.4

		104.6



		Electric appliances

		6.4

		12.1

		18.3

		26.7

		35.8

		45.1

		54.3

		65.1

		76.7

		85.8

		95.9



		Thermal use

		22.8

		39.8

		56.2

		76.3

		95.1

		110.8

		123.0

		136.0

		146.9

		150.1

		152.6





Source: This research


 2.2.3 Industry sector 

In the 5 year socio-economic development strategy (2006-2010), industry is identified as a key driver for successful modernization of the Vietnamese economy. It is expected that the industry sector would experience a significant change, both economy of scale and structure. This would have a substantial impact on energy consumption by this sector. In order to forecast energy requirements by the industry sector for the study period (2000-2050) with all above noted impacts taken into consideration, this sector is divided into 2 major groups of sub-sectors. The first group includes brick, iron and steel, cement and paper industries which are characterized by high energy intensity. In this group, the industry outputs are projected rather than energy and a variety of demand technologies (depending on assumed scenario), providing different levels of output per unit of input energy are available for MARKAL to select from. Thus, MARKAL will decide the mix of energy input and therefore its final energy demand itself. The second group, called “other industries” comprises most light industries. The energy demands of this group are modeled as single entity and projected, using the energy-economic elasticity model.


Brick industry. Brick is one of the major traditional construction materials in Vietnam. The brick outputs in the year 2000 and 2005 were 9 and 16 bn pieces, respectively, making an annual growth rate of 12%. According to the construction material development strategy for the period 2000-2020, Vietnam would produce 22 and 41 bn pieces of bricks by the year 2010 and 2020, respectively representing 6.5% per year to meet high demand from the country’s socio-economic development. Beyond that time, it is expected that the brick output would grow at lower rate of 1% per year to reach 55.5 bn pieces at the end of the planning horizon  because after 2020, Vietnam would become an industrialized country with population stable at 120 mn people. Currently, the brick making technologies which are being used in Vietnam have some disadvantages. They are fossil burning-based processes (coal or gas) and therefore consume a lot of energy and cause pollutions to environment. This method also uses a lot of soil – one of the non-renewable natural sources - for brick production and as a result the area of food crops would be affected, raising the concerns about food security supply. It is expected that a non-heated process which consumes less energy and soil for making brick would replace a part of the existing fossil-based one in the near future. The projected brick outputs for the planning period 2000-2050 are summarized in the Table A2.8 below.


Cement industry In Vietnam, cement production is one the important industries. During the period 2000-2005, the cement consumption grew at more than 18% per annual from 13 mn tons in 2000 to 30 mn tons in 2005 (GSO, 2008f). For the period 2010-2020, the Vietnam Cement Association estimated that the cement consumption would be 46, 62 and 69 mn tons by the year 2010, 2015 and 2020, respectively or equal to an annual growth rate of 4.5% per year. In the last few years, Vietnam cement industry has gained a rapid growth, both total output and installed capacity because the country has a plenty of natural resources, such as limestone and clay for the industry development. For example, by the year 2009, total number of cement plants in Vietnam is 105 with total installed capacity of 61 mn tons per year (VNCA, 2009). At present, Vietnam is ranked among 10 countries that have highest cement production outputs, for examples, China (1370 mn tons per year), India (160 mn tons per year), USA (113 mn tons per year) Japan (68 mn tons per year), Thailand (65.7 mn per year), etc. In average by the year 2020, the per capita cement production of Vietnam will be 900 kg. For sustainable development, Vietnam would not increase this rate for the remaining time of the planning period (2021-2050).  Therefore, it is expected that from 2020 onwards, the cement production would grow at 1.5% per annual and reach total output of 112 mn tons by the year 2050. 


The technologies that are being used in cement production in Vietnam include both, wet and dry process. The wet process consumes more energy to produce the same unit of output compared to the dry method and is mostly installed in the old and small size cement plants. The dry method which is characterized by high energy efficiency is applied in the most newly-built plants. As a result, the energy intensity of this sub-sector is expected to improve over the study period 2000-2050. The projected cement outputs for the planning period 2000-2050 are summarized in the Table A2.8 below.


Steel industry The steel industry has an important role to play in the Vietnam’s industrialization process because the industry provides substantial input to not only construction sector but also machine manufacturing. In the year 2000, total output of this sector was 1.6 mn tons equal to 3 and 14 times compared to those of 1995 and 1990, respectively. During the period 2000-2005, the steel output grew at 16% per annual and reached 3.4 mn tons by the year 2005 (GSO 2008f). According to the strategic plan for steel industry development up to the year 2020, the estimated steel demands would be 10, 16 and 20 mn tons by the year 2010, 2015 and 2020, respectively equal to 7% per year. During this period, the steel industry is capable of supplying 61, 62 and 70% of steel demand by the year 2010, 2015 and 2020, correspondingly. It is assumed that from the year 2021, the steel demand would grow at annual growth rate of 2.5% and reach 42 mn tons by the year 2050. It is also expected that all steel demands would be met by the domestic production. 


In terms of technologies employed, the first large scale steel production was introduced in Vietnam from 1963 under assistance of the Chinese Government and then the Democratic Republic of Germany. This iron and steel complex with capacity of 100,000 tons per year uses the traditional technology, called Blast Furnace. In 1970s, the Electric Arc Furnace was brought into the South of Vietnam to make use of available scrap steel. Since 1995, after USA lifted embargo the steel technologies have been improved dramatically to increase productivity and reduce energy consumption per unit of steel output. As specified in the master plan for the steel industry development, up to the year 2020 the traditional technologies still play a key role in steel production. At the same time, some advanced technologies, such as Direct Reduction Gas would be step by step applied in the steel making industry. This would lead to significant change in energy consumption in this sub-sector. The projected steel outputs for the planning period 2000-2050 are summarized in the Table A2.8 below.


Paper industry The challenging task that the paper industry is now facing is how to meet the paper demand of more than 80 mn people. The Vietnam’s Paper Association estimated that demand for paper during the period 2000-2010 would increase by 10% per year. The paper industry produced 400,000 and 900,000 tons of paper product in the year 2000 and 2005, respectively (GSO, 2008f). According to the master plan on paper industry development up to 2010 with vision towards 2020, the paper industry’s output would be 1,980,000 and 5,400,000 tons of paper, respectively, making the annual growth rate of 11.6%. Assuming that at the end of the planning period 2050, paper consumption per capita in Vietnam would be 200 Kg which is the current average level of the industrialized countries, total paper consumption at that time would be 24 mn tons. To satisfy 80% of this total consumption, the paper industry’s output would have to increase by 4.5% per annual during the period 2020-2050. 


Currently, the energy intensity of the Vietnam’s paper industry is 1000 kgOE/ton - much higher than those of other countries in the region like China (420 kgOE/ton) and Philippine (425 kgOE/ton). This is because most of the paper plants in Vietnam are ranked as small size and equipped with oil technologies. It is expected that in the energy consumption by this sector would be improved when the new plants are built with advanced technologies. The projected paper outputs for the planning period 2000-2050 are summarized in the Table A2.8 below.


Table A2.8: Projected outputs of the brick, cement, steel and paper industry (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Brick industry

		

		

		

		

		

		

		

		

		

		

		



		Annual growth rate (%)

		

		12

		6.5

		6.5

		6.5

		1

		1

		1

		1

		1

		1



		Output                         (bn. Pieces)

		9

		16

		21.9

		30.0

		41.2

		43.3

		45.5

		47.8

		50.2

		52.8

		55.5



		Cement industry

		

		

		

		

		

		

		

		

		

		

		



		Annual growth rate (%)

		

		18

		9

		6

		3

		1.5

		1.5

		1.5

		1.5

		1.5

		1.5



		Output                       (mn. tons)

		13

		30

		46

		61.6

		71.4

		76.9

		82.8

		89.2

		96.1

		104

		112



		Steel industry

		

		

		

		

		

		

		

		

		

		

		



		Annual growth rate (%)

		

		16

		12

		11

		7

		2.5

		2.5

		2.5

		2.5

		2.5

		2.5



		Output                       (mn. tons)

		1.6

		3.4

		6

		10

		14

		22.6

		25.6

		29

		32.8

		37.1

		42



		Paper industry

		

		

		

		

		

		

		

		

		

		

		



		Annual growth rate (%)

		

		18

		17

		11

		11

		4.5

		4.5

		4.5

		4.5

		4.5

		4.5



		Output                       (mn. tons)

		0.4

		0.9

		1.98

		3.34

		5.4

		6.73

		8.39

		10.5

		13.0

		16.2

		20.2





Source: This research


Other industries In this study, the “other industries” group includes light industries (such as beverage, tobacco, textile, etc.), machine manufacturing and electronics. In the socio-economic development strategy for the period 2006-2020 with vision towards 2025, these sub-sectors are identified as a decisive factor for the growth of the industry in particular and the country’s economy in general. The industry sector would be restructured in the direction to increase share of these sub-sectors in the total industry output. Therefore, it is assumed that during the study period 2000-2050, the average growth rate of these sub-sectors is the same as the industry’s growth rate and the energy-economic elasticity model is used for forecasting the energy demands by “other industries”. 


During the period 2000-2005, the energy consumption by the “other industries” increased from 111 PJ to 236 PJ (JICA, 2008), representing an annual growth rate of 16%. At the same time, the industry sector grew at 10.3% per annual (IE, 2007b). Therefore, the energy-economic elasticity for this period was 1.6. It is expected that the energy consumption by these sub-sectors would experience a significant change during the study period as a result of applying energy efficiency improvement measures. It is assumed that the energy-economic elasticity would gradually reduce to 0.8 by the year 2025 and then stay constant at that value until the year 2050. This assumption is inline with the energy efficiency and conservation program which sets a target to bring energy intensity from current level of 1.46 (kgOE/$) to 0.8 (kgOE/$) by the year 2020 onwards (JICA, 2008). The projected energy requirements by the “other industries” group for the period 2000-2050 are summarized in the Table A2.9 below.


Table A2.9: Projected energy requirements by “other industries” (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Economic growth rate (%)

		10.6

		10.3

		8.0

		8.5

		8.5

		8.5

		8.5

		7.0

		7.0

		6.0

		6.0



		Energy-economic elasticity

		

		1.6

		1.5

		1.2

		1.0

		0.8

		0.8

		0.8

		0.8

		0.8

		0.8



		Energy demand growth rate (%)

		

		16.3

		12.0

		10.2

		8.5

		6.8

		6.8

		5.6

		5.6

		4.8

		4.8



		Final energy demand (PJ)

		111

		236

		383.5

		576.7

		801.4

		1113

		1462

		1920

		2427

		3069

		3069





Source: This research


2.2.4 Residential sector

Energy requirement in the residential sector is expected to undergo a significant change, both amount of energy consumption and energy mix. Some of the key drivers for this change are improvement in the people’s income, urbanization, rural electrification and technological progress. In order to include all these trends into the forecasting model, the energy demands are projected separately for the rural and urban area. Further, within each residential sub-sector, the energy requirements are forecasted for five categories, namely: lighting, cooking, heating (water and space heating), electrical appliances (TV, iron, computer, etc.) and air-conditioning. The energy demand of each category is projected independently to account for differences in technologies employed and change in saturation of demands by these categories


a) Energy demand for the urban residential area

Lighting.  Lighting in the urban residential area is solely satisfied by electricity, using either incandescent or mercury vapor lamp. The lighting service demand for this sub-sector is projected based on the forecasted number of urban households and the estimated per urban household’s electricity demand for lighting. The number of urban households could be calculated on the basic of population in the year 2000, population growth rate of the study period 2000-2050 and the family size (number of person per urban household) of which the first two figures are in the Table 3.1: Major characteristics of the Base scenarios, chapter 3 of this study while the last one come from the statistic database of the Ministry of Planning and Investment, Vietnam (GSO, 2008b). The electricity demand per urban household for lighting is projected, using the electricity-economic elasticity model with the assumption that this demand would increase in proportion to the economic growth rate of the Base scenario. During the period 2000-2005, the electricity consumption for lighting per urban household increased from 1 to 1.4 GJ/hh/year, making an annual growth rate of 7.5% (IE, 2007a). At the same time, the annual economic growth rate was 7.5%. Therefore, the electricity-economic elasticity in this period was 1.0 (=7.5%/7.5%). It is assumed that this figure would gradually increase to 1.2 by the year 2010 and then steady drop to 0.1 by 2050, leading to corresponding decrease in electricity demand for lighting from 7.5 to 0.5% over the period 2000-2050. This assumption could be justified as follows: the growth rate of electricity demand for lighting is high in the first half of the study period (2000-2025) due to increased per capita floor area and the lighting time as a result of improved living standards of the urban resident while this rate in the second half (2025-2050) is low, reflecting the saturation of demand for lighting from urban resident and the improved efficiency of the lighting technologies.  The projected energy demand for lighting in the urban area for the period 2000-2050 is summarized in the Table A2.10 below.


Table A2.10: Projected energy demand for lighting in the urban area (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Urban population (mn. People)

		18.8

		24.4

		29.9

		35.5

		41.0

		46.6

		52.6

		58.6

		64.5

		70.5

		76.5



		Number of person per urban household

		4.3

		4.2

		4

		3.9

		3.7

		3.5

		3.2

		3.2

		3.2

		3.2

		3.2



		Number of urban households (mn)

		4.4

		5.8

		7.5

		9.1

		11.1

		13.3

		16.4

		18.3

		20.2

		22.0

		23.9



		Economic growth rate %)

		7

		7.5

		6.2

		7

		7

		7

		7

		6.5

		6.5

		5

		5



		Electricity-economic elasticity

		

		1

		1.2

		0.8

		0.6

		0.4

		0.3

		0.2

		0.2

		0.1

		0.1



		Per household electricity demand growth rate (%)

		

		7.5

		7.4

		5.6

		4.2

		2.8

		2.1

		1.3

		1.3

		0.5

		0.5



		Per household electricity demand (GJ/hh/year)

		1.0

		1.4

		2.1

		2.7

		3.3

		3.8

		4.2

		4.5

		4.8

		4.9

		5.1



		Urban electricity demand for lighting  (PJ)

		4.4

		8.3

		15.4

		24.6

		36.8

		50.7

		69.4

		82.4

		96.9

		108.6

		120.8





Source: This research


Cooking Energy demand for cooking service in the urban area is satisfied by gas, electricity, kerosene, coal and wood. The energy demand for cooking depends on urban population and the per capita energy consumption which represents for improved living conditions. In the year 2000, this figure was 15 kgOE/person/year. It is assumed that the figure would increase by 0.5% per year until completion of the industrialization process which is expected to be by 2020 to cover increased demand for cooking and then be stable at 23.2 kgOE/person/year due to full saturation for cooking demand. Table A2.11 below summarizes the projected useful energy demand for cooking in urban area in Vietnam for the period 2000-2050.


Table A2.11: Projected useful energy demand for cooking in urban area in Vietnam (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Urban population (mn. People)

		18.8

		24.4

		29.9

		35.5

		41.0

		46.6

		52.6

		58.6

		64.5

		70.5

		76.5



		Per capita energy demand for cooking growth rate (%)

		0.5

		0.5

		0.5

		0.5

		0.5

		0

		0

		0

		0

		0

		0



		Per capita energy demand for cooking (kgOE/person/year)

		21.00

		21.53

		22.07

		22.63

		23.20

		23.20

		23.20

		23.20

		23.20

		23.20

		23.20



		Urban energy demand for cooking(PJ)

		16.6

		22.0

		27.7

		33.7

		40.0

		45.4

		51.2

		57.1

		62.9

		68.7

		74.6





Source: This research


Heating Energy demands for heating in the urban area of Vietnam is mainly for water and space heating which are mostly generated from electricity and other fuels such as LPG, coal and wood. This demand depends on the number of urban households in the cooler region which is in the north of the country and the type of heaters used. The number of urban households in the cooler region could be calculated based on total number of urban households and the share of household in the cooler region, of which the first figure has already calculated in the previous section (the lighting section) and the second one is taken from the database of the Ministry of Planning and Investment, Vietnam (GSO, 2008b). In terms of heating technologies employed, in the year 2000, about 10% of the urban households used electrical heater and this figure is expected to increase gradually to 60% by the year 2050 as the living standard of urban resident is improved. The remaining part of the northern urban households would use other fuels, such as LPG, coal and wood for heating. In the year 2000, the energy consumptions were 300 kWh/household/year and 1600,000 kcal/household/year for electric heater and other fuel-based ones, respectively. It is assumed that those figures would increase in proportion with the economic growth and reach 1279 kWh/household/year and 8142000 kcal/household/year, respectively by 2050. This assumption is made to reflect the situation in which demand for heating could be met by increase in people’s income during the study period 2000-2050. The energy demands for heating are summarized in the Table A2.12 below.


Table A2.12: Projected energy demand for heating in urban area of Vietnam (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Number of urban households (mn)

		4.4

		5.8

		7.5

		9.1

		11.1

		13.3

		16.4

		18.3

		20.2

		22.0

		23.9



		Share of northern urban household (%)

		48

		48

		48

		48

		48

		48

		48

		48

		48

		48

		48



		Number of northern urban household (mn)

		2.1

		2.8

		3.6

		4.4

		5.3

		6.4

		7.9

		8.8

		9.7

		10.6

		11.5



		Share of northern urban household using electrical heater (%)

		10

		15

		20

		25

		30

		35

		40

		45

		50

		55

		60



		Number of urban households using electrical heater (mn. People)

		0.2

		0.4

		0.7

		1.1

		1.6

		2.2

		3.2

		4.0

		4.8

		5.8

		6.9



		Economic growth rate %)

		7

		7.5

		6.2

		7

		7

		7

		7

		6.5

		6.5

		5

		5



		Electricity-economic elasticity

		

		0.9

		1.2

		0.8

		0.5

		0.3

		0.2

		0.2

		0.1

		0.1

		0.1



		Per household electricity demand growth rate (%)

		

		6.8

		7.4

		5.6

		3.5

		2.1

		1.4

		1.3

		0.7

		0.5

		0.5



		Per household electricity demand (kWh/hh/year)

		300

		416

		595

		782

		929

		1030

		1104

		1178

		1217

		1248

		1279



		Urban electricity used for heating (PJ)

		0.2

		0.6

		1.5

		3.1

		5.3

		8.3

		12.5

		16.8

		21.2

		26.1

		31.7



		Number of urban households using other fuels for heating   (mn. People)

		1.9

		2.4

		2.9

		3.3

		3.7

		4.2

		4.7

		4.8

		4.8

		4.8

		4.6



		Economic growth rate %)

		7

		7.5

		6.2

		7

		7

		7

		7

		6.5

		6.5

		5

		5



		Energy-economic elasticity

		

		0.9

		1

		0.9

		0.7

		0.5

		0.3

		0.2

		0.2

		0.1

		0.1



		Per household energy demand growth rate (%)

		

		6.75

		6.2

		6.3

		4.9

		3.5

		2.1

		1.3

		1.3

		0.5

		0.5



		Per household's other fuels demand for heating                ('000 kcal/hh/year)

		1600

		2218

		2996

		4067

		5166

		6135

		6807

		7261

		7741

		7941

		8142



		Urban other fuels demand for heating (PJ)

		12.7

		22.0

		36.0

		55.8

		80.6

		106.7

		134.8

		146.8

		156.9

		158.2

		156.4





Source: This research


Electrical appliances The urban household’s electrical appliances include TV, fridge, washing machine, computer, radio, iron, etc. The energy consumption by this category depends on number of urban households and per household’s electricity consumption for electrical appliances. The number of urban households could be taken from the previous sections. In order to estimate the per household’s electricity consumption for electrical appliances, the electricity-economic elasticity model is used with the assumption that this demand would increase in proportion to the economic growth rate over the study period.  The annual growth rate of final energy demand per urban household for electrical appliances in the period 2000-2005 was 6%, from 550 (2000) to 736 (2005) kWh/household/year, while in the same period the annual economic growth rate was 7.5%, making the energy-economic elasticity of 0.8. It is assumed that this figure would increase to 1.3 by 2010, gradually reduce to 0.1 by 2045 and remain stable at this value to the end of the study period. This assumption could be justified as follows: In the first period 2000-2010, due to increase in the people’s income, number of households that could equip themselves with electrical appliances would increase accordingly. At this time, however, the energy efficiency of these technologies has not been improved much, leading to high growth rate of energy consumption and as a result, the energy-economic elasticity is high. The elasticity, in the next period (2010-2045) is expected to decreases because the appliances are assumed to be more efficient due to effective application of energy efficiency measures and management practices, resulting in more energy savings. The last period (2045-2050) is characterized by low economic growth but the energy consumption by this category at this time is also expected to increase slowly, reflecting the saturation of demand for these appliances from urban resident. Therefore, the energy-economic elasticity stays at the low value as at the end of the previous period. The projected energy demands by urban households for electrical appliances are summarized in the Table A2.13 below.


Table A2.13: Projected electricity demand for electrical appliances in urban area (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Urban population (mn. People)

		18.8

		24.4

		29.9

		35.5

		41.0

		46.6

		52.6

		58.6

		64.5

		70.5

		76.5



		Family size (person/household)

		4.3

		4.2

		4

		3.9

		3.7

		3.5

		3.2

		3.2

		3.2

		3.2

		3.2



		Number of household (mn)

		4.4

		5.8

		7.5

		9.1

		11.1

		13.3

		16.4

		18.3

		20.2

		22.0

		23.9



		Economic growth (%)

		7

		7.5

		6.2

		7

		7

		7

		7

		6.5

		6.5

		5

		5



		Energy-economic elasticity

		

		0.8

		1.3

		0.9

		0.7

		0.5

		0.3

		0.2

		0.2

		0.1

		0.1



		Per household electricity demand growth rate (%)

		

		6.0

		8.1

		6.3

		4.9

		3.5

		2.1

		1.3

		1.3

		0.5

		0.5



		Per household electricity demand (kWh/hh/year)

		550

		736

		1084

		1471

		1869

		2220

		2463

		2628

		2803

		2874

		2946



		Urban electricity demand for appliances (PJ)

		8.7

		15.4

		29.2

		48.2

		74.7

		106.4

		145.7

		173.1

		203.5

		228.0

		253.6





Source: This research


Air-conditioning Electricity demand for the urban household’s air-conditioning depends on number of urban household using air-conditioning and the per urban household’s electricity consumption for air-conditioning. The number of urban households using air-conditioning could be estimated based on total number of urban households and the share of urban households with air-conditioning. It is assumed that the share of urban households using air-conditioning would increase gradually from 10% in 2000 to 60% in 2050. The electricity consumption for air-conditioning per household per year is projected, using electricity-economic elasticity model with the assumption that this demand per household would increase in proportion to the economic growth rate. The average electricity consumption per urban household for air-conditioning was 180 and 260 kWh for the year 2000 and 2005, respectively, making an annual rate of 7.5% for this period. At the same time the economic growth rate was 7.5%. Therefore, the electricity-economic elasticity of this year was 1.0.  It is assumed that, the elasticity would increase to 1.5 by 2010, reflecting the high growth rate of electricity consumption, due to increased operating time of the air-conditioning which is driven by the improved income of the urban resident.  This value is expected to gradually decrease to 0.1 by 2045 and then remain stable at this value until the end of the study period 2050 due to the saturation of demand for air-conditioning and its operating time from urban resident. Table A2.14 summarizes the projected electricity demand for air-conditioning by the urban resident.


Table A2.14: Projected electricity demand for the urban household’s air-conditioning (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Number urban households (mn)

		4.4

		5.8

		7.5

		9.1

		11.1

		13.3

		16.4

		18.3

		20.2

		22.0

		23.9



		Share of urban households having air-conditioning (%)

		10

		15

		20

		25

		30

		35

		40

		45

		50

		55

		60



		Number of households having air-conditioning (mn)

		0.4

		0.9

		1.5

		2.3

		3.3

		4.7

		6.6

		8.2

		10.1

		12.1

		14.3



		Economic growth (%)

		7

		7.5

		6.2

		7

		7

		7

		7

		6.5

		6.5

		5

		5



		Electricity-economic elasticity

		

		1.0

		1.5

		1.3

		1.0

		0.7

		0.5

		0.3

		0.2

		0.1

		0.1



		Per household electricity demand growth rate (%)

		

		7.5

		9.3

		9.1

		7.0

		4.9

		3.5

		2.0

		1.3

		0.5

		0.5



		Per household electricity demand (kWh/hh/year)

		180

		260

		403

		623

		874

		1110

		1318

		1452

		1549

		1588

		1628



		Urban electricity demand for air-conditioning (PJ)

		0.3

		0.8

		2.2

		5.1

		10.5

		18.6

		31.2

		43.0

		56.2

		69.3

		84.1





Source: This research


b) Energy demand for rural area

Lighting Energy demands for rural lighting are satisfied by either electric or kerosene lamps, depending on the availability of electricity. Therefore, it is necessary to make separate projections for this demand in the electrified and non-electrified areas. 


In the electrified area, electricity demand for lighting depends on the number of rural households using electricity for lighting and the electricity consumption per rural household for lighting. The number of rural households using electricity for lighting could be estimated based on the total number of rural households and the rate of rural households, having access to electricity. It is worth noting that even at this time 97.9% communes in Vietnam have been covered by electricity network (EVN, 2009) but in fact, the number of households that could access to electricity supply is low. In the year 2000, the rate of rural households having access to electricity network was 80%. It is assumed that with the support of the rural electrification program, especially the off-grid electricity supply this rate would increase gradually to 100% by 2020. In terms of per household electricity consumption for lighting, it is expected that this demand would increase in proportion with the economic growth rate. During the period 2000-2005, the electricity consumption per household for lighting increased from 0.6 to 0.8 GJ, equal to 6.8% per annual. In the same period, the annual economic growth rate was 7.5%. Therefore, the electricity-economic elasticity was 0.9. It is assumed that this figure would increase to 1.5 by 2010, then gradually drop to 0.1 by 2045 and remain stable at this value until 2050. This assumption is made to reflect the situation in which the electricity demand increases sharply in the first half of the study period due to rural electrification program, improvement of the rural living standards and low energy efficiency of the lighting technologies employed. In the second half (2025-2050), the electricity demand is expected to decrease due to energy efficiency improvement of the lighting technologies and full access of the rural households to electricity supply. Finally, the figure is expected to remain constant in the period 2026-2050, to represent for saturation of electricity demand for lighting from rural households.


In the non-electrified rural areas, the energy demand for lighting is expected to be covered by kerosene. According to statistic data, the kerosene demand for lighting per rural household is 3 litters per month or 36 litters per year. It is assumed that this figure would remain unchanged during the study period 2000-2050. The projected energy demands for lighting in the rural area in the period 2000-2050 are summarized in the Table A2.15 below.


Table A2.15: Projected energy demand for lighting in rural area (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Rural population (mn people)

		58.8

		61.5

		63.3

		64.5

		65.5

		65.5

		65.1

		63.5

		61.1

		56.7

		51.0



		Number of persons per rural household

		5.6

		5.4

		5.2

		5

		4.8

		4.5

		4.3

		4.3

		4.3

		4.3

		4.3



		Number of rural households (mn)

		10.5

		11.4

		12.2

		12.9

		13.6

		14.6

		15.1

		14.8

		14.2

		13.2

		11.9



		Coverage of electrification (%)

		80

		85

		90

		95

		100

		100

		100

		100

		100

		100

		100



		Number of rural households having access to electricity (mn)

		8.4

		9.7

		11.0

		12.3

		13.6

		14.6

		15.1

		14.8

		14.2

		13.2

		11.9



		Economic growth rate (%)

		7

		7.5

		6.2

		7

		7

		7

		7

		6.5

		6.5

		5

		5



		Electricity-economic elasticity

		

		0.9

		1.5

		1

		0.7

		0.5

		0.3

		0.2

		0.2

		0.1

		0.1



		Per household electricity demand growth rate (%)

		

		6.8

		9.3

		7.0

		4.9

		3.5

		2.1

		1.3

		1.3

		0.5

		0.5



		Per rural household electricity consumption (GJ/hh/year)

		0.6

		0.8

		1.3

		1.8

		2.3

		2.7

		3.0

		3.2

		3.5

		3.6

		3.6



		Rural electricity demand for lighting (PJ)

		5.0

		8.1

		14.2

		22.3

		31.5

		40.0

		46.1

		48.0

		49.3

		46.8

		43.2



		Number of households using kerosene for lighting (mn)

		2.1

		1.7

		1.2

		0.6

		0

		0

		0

		0

		0

		0

		0



		Per household's kerosene demand (litter)

		36

		36

		36

		36

		36

		36

		36

		36

		36

		36

		36



		Rural kerosene demand for lighting (PJ)

		2.8

		2.3

		1.6

		0.9

		0

		0

		0

		0

		0

		0

		0





Source: This research


Cooking Energy for cooking in the rural area is mostly satisfied by biomass (agriculture residue and wood). This fuels mix is expected to undergo a significant change in the direction of increased share of commercial energy, such as coal and gas. The energy demand for rural cooking depends on the rural population and per capita energy consumption for cooking. According to the recent surveys, the per capita useful energy consumption for cooking in the rural area is 3000 kcal/person/day. It is assumed that this figure would increase by 0.5% per year until 2020 to cover the increased demand for cooking as a result of improved living standards of the rural population during the industrialization process. Then, the figure is expected to remain stable at 3315 kcal/person/year due to full saturation of cooking demand. Total energy demand for cooking is projected and summarized in the Table A2.16 below.


Table A2.16: Projected energy demand for rural cooking in Vietnam (2000-2050)

		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Rural population (mn people)

		58.8

		61.5

		63.3

		64.5

		65.5

		65.5

		65.1

		63.5

		61.1

		56.7

		51.0



		Per capita energy demand growth rate (%)

		0.5

		0.5

		0.5

		0.5

		0.5

		0

		0

		0

		0

		0

		0



		Per capita energy demand for cooking (kcal/person/day)

		3000

		3076

		3153

		3233

		3315

		3315

		3315

		3315

		3315

		3315

		3315



		Rural energy demand for cooking (PJ)

		269.7

		289.0

		305.2

		318.8

		331.6

		331.8

		329.7

		321.6

		309.7

		286.9

		258.3





Source: This research


Heating Energy for heating in the rural area is similar to energy for cooking which includes biomass, coal and gas. The energy demand for heating in the rural area depends on number of rural households in the cooler region and energy demand per rural household for heating. The number of rural households in the cooler region could be calculated based on total number of rural households and the share of rural household in the cooler region which are both taken from the MPI’s database (GSO, 2008b). The energy consumption for heating per rural household in the year 2000 was 1950,000 kcal/household/year. It is assumed that this figure would increase in proportion with the economic growth to 10244000 kcal/household/year by 2050 as a result of improvement in people living standard. The energy demands for heating are summarized in the Table A2.17 below.

Table A2.17: Projected energy demand for heating in the rural area (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Number of rural households (mn)

		10.5

		11.4

		12.2

		12.9

		13.6

		14.6

		15.1

		14.8

		14.2

		13.2

		11.9



		Share of northern rural households (%)

		48

		48

		48

		48

		48

		48

		48

		48

		48

		48

		48



		Number of northern rural households (mn)

		5.0

		5.5

		5.8

		6.2

		6.5

		7.0

		7.3

		7.1

		6.8

		6.3

		5.7



		Economic growth rate (%)

		7

		7.5

		6.2

		7

		7

		7

		7

		6.5

		6.5

		5

		5



		Energy-economic elasticity

		

		1

		1.1

		0.9

		0.7

		0.5

		0.3

		0.2

		0.1

		0.1

		0.1



		Per household energy demand growth rate (%)

		

		7.5

		6.8

		6.3

		4.9

		3.5

		2.1

		1.3

		0.7

		0.5

		0.5



		Per household's energy demand for heating 


('000 kcal/hh/year)

		1950

		2799

		3893

		5285

		6712

		7972

		8845

		9435

		9746

		9992

		10244



		Rural  energy demand for heating (PJ)

		41.2

		64.0

		95.3

		137.1

		184.0

		233.2

		269.0

		279.9

		278.4

		264.5

		244.2





Source: This research


Electrical Appliances Energy for the rural electrical appliances in Vietnam depends on number of rural households, which have access to electricity supply network and the electricity consumption per household for electrical appliances. The first figure could be taken from previous section (the lighting section). The electricity demands per rural household for electrical appliances are projected using electricity-economic elasticity model with the assumption that the electricity demand would increase in proportion to the economic growth rate during the study period. The electricity consumption per household for electrical appliances was 360 and 520 kWh/household/year in the year 2000 and 2005, respectively, representing an annual growth rate of 7.5% (IE 2006). At the same time, the economic growth rate was 7.5%. Therefore, the electricity-economic elasticity in this period was 1.0. It is assumed that this figure would increase to 1.4 by 2010 and then gradually decrease to 0.1 by 2050. In the first ten years of the study period the rural electricity demand for electrical appliances would increase dramatically due to improvement of the rural people living standards and low energy efficiency of the technologies used. Then, this figure would gradually drop as a result of improved energy efficiency and full saturation of demand for electrical appliances from rural households. The projected electricity demands for rural electrical appliances are summarized in the Table A2.18 below.


Table A2.18: Projected electricity demand for rural electrical appliances (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Number of rural households having access to electricity (mn households)

		8.4

		9.7

		11.0

		12.3

		13.6

		14.6

		15.1

		14.8

		14.2

		13.2

		11.9



		Economic growth (%)

		7

		7.5

		6.2

		7

		7

		7

		7

		6.5

		6.5

		5

		5



		Energy-economic elasticity

		

		1

		1.4

		1.1

		1

		0.9

		0.7

		0.5

		0.3

		0.2

		0.1



		Per household electricity demand growth rate (%)

		

		7.5

		8.7

		7.7

		7.0

		6.3

		4.9

		3.3

		2.0

		1.0

		0.5



		Per household electricity demand (kWh/hh/year)

		360

		520

		784

		1135

		1593

		2162

		2746

		3222

		3548

		3729

		3823



		Rural electricity demand for appliances  (PJ)

		10.9

		18.0

		30.9

		50.1

		78.2

		113.3

		149.6

		171.3

		181.6

		176.9

		163.3





Source: This research


Air-conditioning Energy demand for rural air-conditioning depends on the number of rural households, having air-conditioning and the electricity consumption per household for air-conditioning. The number of rural households that have air-conditioning could be calculated based on number of rural household having access to electricity network which have been estimated in the previous sections and the share of rural households with air-conditioning. The electricity demand for rural air-conditioning is projected using electricity-economic elasticity model with the assumption that during the study period, the electricity demand for rural air-conditioning would increase in proportion to the economic growth rate. The electricity demand per rural household for air-conditioning was 160 and 230 kWh/household/year in the year 2000 and 2005, respectively, representing an annual growth rate of 7.5%. In the same period, the economic growth rate was 7.5%. Therefore, the electricity-economic elasticity was 1.0. It is assumed that this figure would increase to 1.5 by 2010, reflecting the increased electricity demand as a result of improved living standards of the rural population and low energy efficiency of the air-conditioning in the rural area over the first half of the study period 2000-2025. The elasticity, then, would decrease gradually to 0.1 by the year 2050 due to increase in energy efficiency of the air-conditioning technologies employed, full saturation of demand for air-conditioning and its operating time. The projected electricity demand for rural air-conditioning is summarized in the Table A2.19 below.


Table A2.19: Projected electricity demand for rural air-conditioning in Vietnam (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Number of rural households having access to electricity (mn households)

		8.4

		9.7

		11.0

		12.3

		13.6

		14.6

		15.1

		14.8

		14.2

		13.2

		11.9



		Share of households having air-conditioning (%)

		1.5

		5

		8.5

		12

		15.5

		19

		22.5

		26

		29.5

		33

		40



		Number of household having air-conditioning (mn)

		0.1

		0.5

		0.9

		1.5

		2.1

		2.8

		3.4

		3.8

		4.2

		4.3

		4.7



		Economic growth (%)

		7

		7.5

		6.2

		7

		7

		7

		7

		6.5

		6.5

		5

		5



		Electricity-economic elasticity

		

		1

		1.5

		1.3

		1.1

		0.9

		0.7

		0.5

		0.3

		0.2

		0.1



		Per household electricity demand growth rate (%)

		

		7.5

		9.3

		9.1

		7.7

		6.3

		4.9

		3.3

		2.0

		1.0

		0.5



		Per household electricity demand (kWh/hh/year)

		160

		230

		358

		554

		803

		1089

		1384

		1624

		1788

		1879

		1927



		Rural electricity demand for air-conditioning  (PJ)

		0.1

		0.4

		1.2

		2.9

		6.1

		10.8

		17.0

		22.4

		27.0

		29.4

		32.9





Source: This research


2.2.5 Transport sector

Energy demand in transport sector is expected to increase significantly in the future due to increased driving activities which are resulted from high economic growth and improved living standards. The energy demand by the transport sector depends on not only volumes of passenger and freight to be carried but also the technical progress of technologies employed. In order to include all of these factors in the forecasting model, first, the activity rather than final energy demand is separately projected for passenger and freight transport sub-sector with the assumption that each sub-sector activity would increase in proportion to the growth rate of the transport sector economic output. This projection allows better comparison of different end-use technologies. Then these energy demands are broken down into four categories, namely air, road, rail and water transport based on the historical trends and assumptions on each category development. 


Freight transport During the period 2000-2005, the freight transportation volume grew at annual rate of 12.6%, from 55.6 bn. ton.km (2000) to 100.7 bn ton.km (2005). At the same time the growth rate of the sectoral economic output was 7% per annual. Therefore, the freight-economic elasticity was 1.8. It is assumed that this figure would remain at the value greater than 1 before the year 2015, which represents a high growth rate of freight transportation driven by high economic activities. Then this figure would decrease below 1 by 2020 and stay at constant value of 0.2 from 2035 to the end of the study period 2050, representing saturation of the demand for freight transportation from this sub-sector. The demand of freight volume for transport sector is projected and summarized in the Table A2.20 below.


The proportions of freight transport volume by mode were 0.21, 14.3, 3.5 and 82 % in 2000 and 0.24, 16.3, 3.2 and 80.3% in 2005 for the air, road, rail and water transport, respectively (GSO, 2008g). It is expected that this rate for the air, road and rail would gradually increase to 0.4, 25 and 8%, respectively by the year 2050 while that of the water transport would decrease to 67%. This assumption is made based on strategic plans to improve transportation capacity of each respective sub-sector. The total freight volume is broken down into the air, road, rail and water transport and summarized in the Table A2.20 below.


Table A2.20: Projected freight t transport volume by mode (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Economic growth rate (%)

		5.7

		7

		6.2

		7

		7

		7

		7

		6.5

		6.5

		5

		5



		Elasticity

		

		1.8

		1.3

		1

		0.8

		0.6

		0.4

		0.2

		0.2

		0.2

		0.2



		Freight volume growth rate (%)

		

		12.6

		8.06

		7

		5.6

		4.2

		2.8

		1.3

		1.3

		1

		1



		Freight volume (bn.ton.km)

		55.6

		101

		148

		208

		273

		336

		385

		411

		439

		461

		484



		Proportion of freight transport by mode (%)



		Air

		0.21

		0.24

		0.26

		0.28

		0.29

		0.31

		0.33

		0.35

		0.36

		0.38

		0.4



		Road

		14.3

		16.3

		17.2

		18.2

		19.2

		20.1

		21.1

		22.1

		23.1

		24

		25



		Rail

		3.5

		3.2

		3.72

		4.26

		4.79

		5.33

		5.86

		6.4

		6.93

		7.47

		8



		Water

		82

		80.3

		78.8

		77.4

		75.9

		74.4

		72.9

		71.4

		70

		68.5

		67



		Freight transport volume by mode (bn ton.km)



		Air

		0.12

		0.24

		0.38

		0.57

		0.8

		1.04

		1.27

		1.43

		1.6

		1.76

		1.94



		Road

		7.97

		16.4

		25.6

		37.9

		52.4

		67.6

		81.4

		90.8

		101

		111

		121



		Rail

		1.95

		3.21

		5.53

		8.86

		13.1

		17.9

		22.6

		26.3

		30.4

		34.4

		38.8



		Water

		45.6

		80.9

		117

		161

		207

		250

		281

		294

		307

		316

		325





Source: This research


Passenger transport The passenger transportation volume in the period 2000-2005 grew at an annual rate of 12.2%, from 32.5 bn.passenger.km (2000) to 57.7 bn.passenger.km (2005). At the same time, the sectoral economic growth rate was 7% per annual. Therefore the passenger transport activity-economic elasticity in this period was 1.7. It is expected that this figure would remain at the high value until 2020, reflecting increase in passenger transportation activity which is driven the improved living standards and population growth in this period. Then this figure would decrease to below 1 by the year 2025 and remain at constant value of 0.4 for the period 2035-2050. This assumption is made to represent a situation in which there is a saturation of demand for passenger transportation, both the per capita driving activity and the population growth. The projected passenger transportation volume is summarized in the table A2.21 below.


The proportion of passenger transportation by mode was 13.5, 68.9, 9.9and 7.7% in 2000 and 19.3, 66.9, 7.9 and 5.9% in 2005 for the air, road, rail and water transport, respectively. It is assumed that the passenger transportation volume would continue to increase in absolute terms for all transport modes. However, in relative terms, these values of the road and water transport would decrease from 68.9 and 7.7% in 2000 to 66 and 2% by 2050, respectively while those of air and rail transport would increase accordingly from 13.5 and 9.9% in 2000 to 20.5 and 11.5% by 2050. The projected passenger transportation volumes for all transport modes in the period 2000-2050 are summarized in the Table A2.21 below.


Table A2.21: Projected passenger transportation volume by transport modes (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Economic growth rate (%)

		5.7

		7

		6.2

		7

		7

		7

		7

		6.5

		6.5

		5

		5



		Elasticity

		

		1.74

		1.4

		1.2

		1

		0.8

		0.6

		0.4

		0.4

		0.4

		0.4



		Passenger volume growth rate (%)

		

		12.2

		8.68

		8.4

		7

		5.6

		4.2

		2.6

		2.6

		2

		2



		Passenger volume (bn.person.km)

		32.5

		57.7

		87.5

		131

		184

		241

		296

		337

		383

		423

		467



		Proportion of passenger transport by mode (%)



		Air

		13.5

		19.3

		19.4

		19.6

		19.7

		19.8

		20

		20.1

		20.2

		20.4

		20.5



		Road

		68.9

		66.9

		66.8

		66.7

		66.6

		66.5

		66.4

		66.3

		66.2

		66.1

		66



		Rail

		9.9

		7.9

		8.3

		8.7

		9.1

		9.5

		9.9

		10.3

		10.7

		11.1

		11.5



		Water

		7.7

		5.9

		5.47

		5.03

		4.6

		4.17

		3.73

		3.3

		2.87

		2.43

		2



		Passenger transport volume by mode (bn .ton.km)



		Air

		4.39

		11.1

		17

		25.6

		36.2

		47.8

		59.1

		67.7

		77.5

		86.1

		95.7



		Road

		22.4

		38.6

		58.4

		87.3

		122

		160

		197

		223

		254

		279

		308



		Rail

		3.22

		4.56

		7.26

		11.4

		16.7

		22.9

		29.3

		34.7

		41

		46.9

		53.7



		Water

		2.5

		3.4

		4.78

		6.59

		8.45

		10

		11.1

		11.1

		11

		10.3

		9.34





Source: This research


2.3 Summary 


Table A2.22: Projected end-use demands for the Base scenario (2000-2050)

		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Agriculture

		

		

		

		

		

		

		

		

		

		

		



		Fishing (PJ)

		19.4

		26.0

		32.9

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0



		Land preparation (PJ)

		3.0

		3.8

		5.0

		5.8

		6.5

		7.2

		7.4

		7.3

		7.2

		7.1

		7.0



		Irrigation (PJ)

		3.0

		3.2

		3.5

		3.8

		4.2

		4.7

		5.0

		5.2

		5.6

		5.9

		6.2



		Agro-processing (PJ)

		18.7

		19.7

		24.8

		35.3

		44.9

		52.8

		61.3

		67.0

		72.5

		76.5

		78.1



		Commercial

		

		

		

		

		

		

		

		

		

		

		



		Lighting (PJ)

		4.4

		8.5

		13.3

		20.0

		27.5

		35.4

		43.5

		53.3

		64.0

		72.9

		82.8



		Air-conditioning (PJ)

		3.1

		6.8

		11.5

		18.6

		27.3

		37.1

		47.8

		61.0

		76.0

		89.4

		104.6



		Electric appliances (PJ)

		6.4

		12.1

		18.3

		26.7

		35.8

		45.1

		54.3

		65.1

		76.7

		85.8

		95.9



		Thermal use (PJ)

		22.8

		39.8

		56.2

		76.3

		95.1

		110.8

		123.0

		136.0

		146.9

		150.1

		152.6



		Industry

		

		

		

		

		

		

		

		

		

		

		



		Brick (bn. pieces)

		9.0

		16.0

		21.9

		30.0

		41.1

		43.2

		45.5

		47.8

		50.2

		52.8

		55.5



		Cement (mn. tons)

		13.0

		30.0

		46.0

		61.6

		71.4

		76.9

		82.8

		89.2

		96.1

		103.5

		111.5



		Steel (mn. tons)

		1.6

		3.4

		6.0

		10.0

		14.0

		22.6

		25.6

		29.0

		32.8

		37.1

		42.0



		Paper (mn. tons)

		0.4

		0.9

		2.0

		3.3

		5.4

		6.7

		8.4

		10.5

		13.0

		16.2

		20.2



		Other industries (PJ)

		111

		236

		384

		577

		801

		1113

		1462

		1920

		2427

		3069

		3069



		Residential - Urban

		

		

		

		

		

		

		

		

		

		

		



		Lighting (PJ)

		4.4

		8.3

		15.4

		24.6

		36.8

		50.7

		69.4

		82.4

		96.9

		108.6

		120.8



		Cooking (PJ)

		16.6

		22.0

		27.7

		33.7

		40.0

		45.4

		51.2

		57.1

		62.9

		68.7

		74.6



		Heating - electricity (PJ)

		0.2

		0.6

		1.5

		3.1

		5.3

		8.3

		12.5

		16.8

		21.2

		26.1

		31.7



		Heating - other fuel (PJ)

		12.7

		22.0

		36.0

		55.8

		80.6

		106.7

		134.8

		146.8

		156.9

		158.2

		156.4



		Electric Appliances (PJ)

		8.7

		15.4

		29.2

		48.2

		74.7

		106.4

		145.7

		173.1

		203.5

		228.0

		253.6



		Air-conditioning (PJ)

		0.3

		0.8

		2.2

		5.1

		10.5

		18.6

		31.2

		43.0

		56.2

		69.3

		84.1



		Residential - Rural

		

		

		

		

		

		

		

		

		

		

		



		Lighting - electricity (PJ)

		5.0

		8.1

		14.2

		22.3

		31.5

		40.0

		46.1

		48.0

		49.3

		46.8

		43.2



		Lighting - kerosene (PJ)

		2.8

		2.3

		1.6

		0.9

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Cooking (PJ)

		269.7

		289.0

		305.2

		318.8

		331.6

		331.8

		329.7

		321.6

		309.7

		286.9

		258.3



		Heating - other fuel (PJ)

		41.2

		64.0

		95.3

		137.1

		184.0

		233.2

		269.0

		279.9

		278.4

		264.5

		244.2



		Electric Appliances (PJ)

		10.9

		18.0

		30.9

		50.1

		78.2

		113.3

		149.6

		171.3

		181.6

		176.9

		163.3



		Air-conditioning (PJ)

		0.07

		0.40

		1.20

		2.93

		6.11

		10.85

		16.96

		22.44

		27.00

		29.41

		32.91



		Transport

		

		

		

		

		

		

		

		

		

		

		



		Air - passenger (bn.person.km)

		4.4

		11.1

		16.2

		23.8

		32.9

		41.8

		50.2

		56.4

		63.3

		68.1

		73.4



		Air - freight (bn. ton.km)

		0.1

		0.2

		0.4

		0.5

		0.7

		0.9

		1.1

		1.2

		1.4

		1.5

		1.6



		Road - passenger (bn.person.km)

		22.4

		38.6

		55.9

		81.2

		111.1

		140.2

		167.1

		186.0

		207.0

		221.2

		236.3



		Road - freight (bn.ton.km)

		8.0

		16.4

		24.5

		35.5

		48.1

		60.4

		71.2

		78.7

		86.8

		93.6

		100.7



		Rail - passenger (bn.person.km)

		3.2

		4.6

		6.9

		10.6

		15.2

		20.0

		24.9

		28.9

		33.5

		37.1

		41.2



		Rail - freight (bn.ton.km)

		2.0

		3.2

		5.3

		8.3

		12.0

		16.0

		19.8

		22.8

		26.1

		29.1

		32.2



		Water - passenger (bn.person.km)

		2.5

		3.4

		4.6

		6.1

		7.7

		8.8

		9.4

		9.3

		9.0

		8.1

		7.2



		Water - freight (bn.ton.km)

		45.6

		80.9

		112.1

		150.7

		190.5

		222.9

		246.0

		254.6

		263.3

		266.6

		269.9





Source: This research


Table A2.23: Projected end-use demands for the MOD scenario (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Agriculture

		

		

		

		

		

		

		

		

		

		

		



		Fishing (PJ)

		19.4

		26.0

		32.1

		33.2

		33.2

		33.2

		33.2

		33.2

		33.2

		33.2

		33.2



		Land preparation (PJ)

		2.6

		3.8

		5.0

		6.1

		6.7

		7.0

		7.2

		7.0

		6.9

		6.7

		6.5



		Irrigation (PJ)

		2.4

		3.0

		3.5

		4.0

		4.5

		5.0

		5.4

		5.8

		5.5

		6.0

		6.4



		Agro-processing (PJ)

		19.2

		19.6

		22.5

		29.9

		38.5

		45.6

		52.0

		56.3

		59.5

		62.4

		65.5



		Commercial

		

		

		

		

		

		

		

		

		

		

		



		Lighting (PJ)

		4.4

		8.2

		14.7

		23.7

		33.7

		45.3

		57.9

		72.6

		90.1

		106.6

		124.3



		Air-conditioning (PJ)

		3.1

		6.5

		12.7

		22.1

		33.5

		47.5

		63.6

		83.1

		107.0

		130.7

		157.0



		Electric appliances (PJ)

		6.4

		11.7

		20.1

		31.7

		43.9

		57.8

		72.2

		88.7

		108.1

		125.5

		143.9



		Thermal use (PJ)

		22.8

		38.5

		61.9

		90.6

		116.6

		141.9

		163.6

		185.0

		206.9

		219.6

		229.0



		Industry

		

		

		

		

		

		

		

		

		

		

		



		Brick (bn. pieces)

		9.0

		16.0

		21.9

		30.0

		41.1

		43.2

		45.5

		47.8

		50.2

		52.8

		55.5



		Cement (mn. tons)

		13.0

		30.0

		46.0

		61.6

		71.4

		76.9

		82.8

		89.2

		96.1

		103.5

		111.5



		Steel (mn. tons)

		1.6

		3.4

		6.0

		10.0

		14.0

		22.6

		25.6

		29.0

		32.8

		37.1

		42.0



		Paper (mn. tons)

		0.4

		0.9

		2.0

		3.3

		5.4

		6.7

		8.4

		10.5

		13.0

		16.2

		20.2



		Other industries (PJ)

		111

		236

		377

		560

		749

		1002

		1291

		1664

		2032

		2482

		2482



		Residential - Urban

		

		

		

		

		

		

		

		

		

		

		



		Lighting (PJ)

		4.4

		8.3

		16.6

		26.7

		40.3

		55.5

		76.0

		90.3

		106.1

		118.9

		132.2



		Cooking (PJ)

		16.6

		22.0

		27.7

		33.7

		40.0

		45.4

		51.2

		57.1

		62.9

		68.7

		74.6



		Heating - electricity (PJ)

		0.2

		0.6

		1.6

		3.0

		5.3

		8.2

		12.4

		16.5

		20.9

		25.8

		31.3



		Heating - other fuel (PJ)

		12.7

		22.8

		50.7

		79.1

		115.2

		152.4

		192.7

		209.8

		224.3

		226.1

		223.5



		Electric Appliances (PJ)

		8.7

		15.4

		30.7

		52.8

		82.3

		117.4

		160.7

		190.9

		224.4

		251.4

		279.6



		Air-conditioning (PJ)

		0.3

		0.8

		2.4

		5.7

		11.8

		20.9

		35.0

		48.4

		63.2

		77.8

		94.4



		Residential - Rural

		

		

		

		

		

		

		

		

		

		

		



		Lighting - electricity (PJ)

		5.0

		8.1

		15.1

		23.9

		34.0

		43.2

		49.8

		51.8

		53.2

		50.6

		46.7



		Lighting - kerosene (PJ)

		2.8

		2.3

		1.6

		0.9

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Cooking (PJ)

		269.7

		289.0

		305.2

		318.8

		331.6

		331.8

		329.6

		321.6

		309.6

		286.9

		258.3



		Heating - other fuel(PJ)

		41.2

		64.0

		95.4

		133.7

		174.6

		214.0

		246.8

		256.8

		255.4

		242.7

		224.0



		Electric Appliances (PJ)

		10.9

		18.0

		32.7

		53.5

		84.2

		122.1

		161.2

		184.5

		195.7

		190.5

		175.9



		Air-conditioning (PJ)

		0.07

		0.40

		0.78

		2.18

		4.43

		9.63

		16.95

		24.26

		30.87

		35.08

		37.00



		Transport

		

		

		

		

		

		

		

		

		

		

		



		Air - passenger (bn person.km)

		4.4

		11.1

		18.1

		27.8

		39.8

		53.2

		66.3

		76.8

		88.9

		99.2

		110.7



		Air - freight (bn. ton.km)

		0.1

		0.2

		0.4

		0.6

		0.9

		1.1

		1.4

		1.6

		1.8

		2.0

		2.2



		Road - passenger (bn.person.km)

		22.4

		38.6

		62.3

		94.7

		134.4

		178.3

		220.6

		253.4

		291.0

		322.1

		356.4



		Road - freight (bn .ton.km)

		8.0

		16.4

		27.1

		40.8

		57.1

		74.3

		89.9

		100.9

		113.0

		124.0

		135.9



		Rail - passenger (bn.person.km)

		3.2

		4.6

		7.7

		12.3

		18.4

		25.5

		32.9

		39.4

		47.0

		54.1

		62.1



		Rail - freight (bn.ton.km)

		2.0

		3.2

		5.9

		9.5

		14.3

		19.6

		25.0

		29.2

		34.0

		38.5

		43.5



		Water - passenger (bn.person.km)

		2.5

		3.4

		5.1

		7.1

		9.3

		11.2

		12.4

		12.6

		12.6

		11.9

		10.8



		Water - freight (bn.ton.km)

		45.6

		80.9

		124.2

		173.3

		225.8

		274.3

		310.5

		326.4

		343.0

		353.5

		364.2





Source: This research


Table A2.24: Projected end-use demands for the ADV scenario (2000-2050)


		

		2000

		2005

		2010

		2015

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Agriculture

		

		

		

		

		

		

		

		

		

		

		



		Fishing (PJ)

		19.4

		26.0

		32.9

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0

		34.0



		Land preparation (PJ)

		2.6

		3.8

		5.0

		5.7

		6.3

		7.0

		7.2

		7.0

		6.9

		6.7

		6.5



		Irrigation (PJ)

		2.4

		3.0

		3.5

		4.0

		4.5

		5.0

		5.4

		5.8

		6.0

		6.5

		7.0



		Agro-processing (PJ)

		19.5

		19.7

		23.5

		31.2

		40.2

		47.4

		54.1

		59.4

		61.9

		64.7

		68.0



		Commercial

		

		

		

		

		

		

		

		

		

		

		



		Lighting (PJ)

		4.4

		8.3

		15.4

		26.5

		39.2

		53.8

		71.3

		91.2

		116.1

		143.1

		173.2



		Air-conditioning (PJ)

		3.1

		6.5

		13.3

		24.7

		39.0

		56.5

		78.3

		104.5

		137.9

		175.6

		218.8



		Electric appliances (PJ)

		6.4

		11.7

		21.2

		35.4

		51.2

		68.6

		88.9

		111.5

		139.2

		168.5

		200.6



		Thermal use (PJ)

		22.8

		38.6

		65.1

		101.3

		135.7

		168.5

		201.6

		232.7

		266.5

		294.9

		319.1



		Industry

		

		

		

		

		

		

		

		

		

		

		



		Brick (bn. pieces)

		9.0

		16.0

		21.9

		30.0

		41.1

		43.2

		45.5

		47.8

		50.2

		52.8

		55.5



		Cement (mn. tons)

		13.0

		30.0

		46.0

		61.6

		71.4

		76.9

		82.8

		89.2

		96.1

		103.5

		111.5



		Steel (mn. tons)

		1.6

		3.4

		6.0

		10.0

		14.0

		22.6

		25.6

		29.0

		32.8

		37.1

		42.0



		Paper (mn. tons)

		0.4

		0.9

		2.0

		3.3

		5.4

		6.7

		8.4

		10.5

		13.0

		16.2

		20.2



		Other industries (PJ)

		111

		236

		416

		670

		931

		1293

		1698

		2230

		2819

		3564

		3564



		Residential - Urban

		

		

		

		

		

		

		

		

		

		

		



		Lighting (PJ)

		4.4

		8.3

		17.5

		29.5

		46.1

		64.8

		90.0

		107.5

		127.0

		143.2

		160.3



		Cooking (PJ)

		16.6

		22.0

		27.7

		33.7

		40.0

		45.4

		51.2

		57.1

		62.9

		68.7

		74.6



		Heating - electricity (PJ)

		0.2

		0.6

		1.7

		3.7

		6.6

		10.5

		16.0

		21.5

		27.3

		33.8

		41.3



		Heating - other fuel (PJ)

		12.7

		21.2

		38.7

		63.8

		96.9

		131.5

		168.6

		184.5

		198.2

		201.1

		200.1



		Electric Appliances (PJ)

		8.7

		15.4

		33.5

		58.9

		95.8

		139.9

		194.4

		232.1

		274.2

		309.2

		346.1



		Air-conditioning (PJ)

		0.2

		0.7

		2.5

		6.5

		14.3

		26.3

		45.2

		62.8

		82.5

		102.3

		124.9



		Residential - Rural

		

		

		

		

		

		

		

		

		

		

		



		Lighting - electricity (PJ)

		5.0

		8.1

		16.6

		27.9

		41.5

		53.9

		63.1

		66.0

		68.1

		65.1

		60.5



		Lighting - kerosene (PJ)

		2.8

		2.3

		1.6

		0.9

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Cooking (PJ)

		269.7

		289.0

		305.2

		318.8

		331.6

		331.8

		329.6

		321.6

		309.6

		286.9

		258.3



		Heating - other fuel (PJ)

		41.2

		64.0

		103.0

		157.8

		222.7

		289.2

		338.5

		354.0

		352.9

		337.5

		313.5



		Electric Appliances (PJ)

		7.3

		11.6

		39.8

		75.3

		130.9

		197.8

		270.0

		312.8

		334.2

		329.7

		306.3



		Air-conditioning (PJ)

		0.05

		0.29

		0.92

		2.78

		6.04

		13.69

		24.92

		36.08

		46.26

		53.24

		56.53



		Transport

		

		

		

		

		

		

		

		

		

		

		



		Air - passenger (bn.person.km)

		4.4

		11.1

		19.1

		31.0

		46.8

		64.9

		83.3

		97.3

		113.5

		130.9

		151.0



		Air - freight (bn. ton.km)

		0.1

		0.2

		0.4

		0.7

		1.0

		1.4

		1.7

		1.9

		2.2

		2.4

		2.7



		Road - passenger (bn.person.km)

		22.4

		38.6

		65.5

		105.8

		158.1

		217.7

		277.1

		320.8

		371.3

		424.8

		486.0



		Road - freight (bn.ton.km)

		8.0

		16.4

		28.5

		45.0

		65.6

		87.9

		108.5

		122.2

		137.5

		153.4

		170.9



		Rail - passenger (bn.person.km)

		3.2

		4.6

		8.1

		13.8

		21.6

		31.1

		41.3

		49.8

		60.0

		71.3

		84.7



		Rail - freight (bn.ton.km)

		2.0

		3.2

		6.2

		10.5

		16.4

		23.2

		30.1

		35.4

		41.3

		47.7

		54.7



		Water - passenger (bn.person.km)

		2.5

		3.4

		5.4

		8.0

		10.9

		13.6

		15.6

		16.0

		16.1

		15.6

		14.7



		Water - freight (bn.ton.km)

		45.6

		80.9

		130.2

		191.2

		259.6

		324.6

		374.6

		395.3

		417.1

		437.2

		458.1





Source: This research


Appendix 3: Economic impacts


Table A3.1: Aggregation of economic sectors


		1

		Cultivation

		

		16

		Food and drinks



		

		Rice

		

		

		Meat processing and preservation



		

		Rubber

		

		

		Animal and vegetable oil processing



		

		Café

		

		

		Milk and butter products



		

		Sugar cane   

		

		

		Bakery and candy



		

		Tea

		

		

		Vegetable processing and preservation



		

		Other crops

		

		

		Alcohol



		2

		Husbandry

		

		

		Beer



		

		Cattle and buffalo

		

		

		Soft drinks



		

		Poultry

		

		

		Sugar



		

		Other husbandry

		

		

		Coffee



		3

		Agriculture services

		

		

		Tea



		

		Irrigation

		

		

		Tobacco processing



		

		Other agriculture service

		

		

		Sea-food products



		4

		Forestry

		

		

		Rice milling 



		

		Forestry

		

		

		Other food processing



		

		Timber and other forestry product

		

		

		Animal feed



		5

		Fishing

		

		17

		Brick



		

		Off-shore fishing

		

		18

		Cement



		

		Aquatic farming  

		

		19

		Other construction materials



		6

		Road transport

		

		

		Glass and glass products



		7

		Rail transport

		

		

		Ceramic and earthen wares



		8

		Water transport

		

		

		Concrete and cement-based products



		9

		Air transport

		

		

		Other construction materials



		10

		Trade and repairing

		

		20

		Pulp and paper



		

		Trade

		

		21

		Chemical products



		

		Repairing vehicle and house-wares

		

		

		Basic organic chemicals



		11

		Hotel, restaurant and tourist

		

		

		Basic non-organic chemicals



		

		Hotel

		

		

		Fertilizer



		

		Restaurant

		

		

		Other agriculture fertilizer



		

		Tourist

		

		

		Pesticide



		12

		Communication

		

		

		Veterinary medicine



		13

		Financial services

		

		

		Drugs and medicines



		14

		Other services

		

		

		Rubber and rubber products



		

		Lotto

		

		

		Soap



		

		Insurance

		

		

		Perfume and other cleaning products



		

		Science and Technology

		

		

		Plastic products



		

		Property business

		

		

		Other plastic-based products



		

		Other business and consulting services

		

		

		Paint



		

		State administration, defence and social security

		

		

		Painting and polishing products



		

		Education and training

		

		

		Other unallocated chemical products



		

		Health care

		

		

		



		

		Cultural and sport activities

		

		

		



		

		Associations

		

		

		



		

		Other services

		

		

		



		15

		Mining and quarrying

		

		

		



		

		Metal ore mining

		

		

		



		

		Stone mining

		

		

		



		

		Sand and gravel mining

		

		

		



		

		Mining services

		

		

		





Table A3.1: Aggregation of economic sectors (Continued)


		22

		Manufacturing products

		

		26

		Leather products



		

		Medical equipment

		

		

		Leather products



		

		Accurate, optical equipment and gauges

		

		

		Leather-based products



		

		House wares and spare parts

		

		27

		Printing and publications



		

		Motorbike and spare parts

		

		

		Printing products



		

		Bicycle and spare parts

		

		

		Publishing products



		

		Machine-tool

		

		28

		Other industrial products



		

		Other normal machines

		

		29

		Water supply



		

		Machine for special purposes

		

		30

		Construction



		

		Automobile

		

		

		Civil construction 



		

		Other transportation facilities

		

		

		Other construction



		

		Transformer

		

		31

		Coal



		

		Other electrical equipment

		

		32

		Petroleum products



		

		Media equipment

		

		33

		Gas



		23

		Iron and steel

		

		34

		Electricity



		24

		Non-ferrous metal

		

		

		



		25

		Textile

		

		

		



		

		Weaving

		

		

		



		

		Spinning

		

		

		



		

		Clothing

		

		

		



		

		Carpets and rugs 

		

		

		



		

		Other textile products

		

		

		





Source: This research

Table A3.2: Disaggregation of energy sectors


		1

		Coal 



		2

		Oil



		3

		Gas



		4

		Electricity



		5

		Coal-fired plant



		6

		Oil-fired plant



		7

		Gas-fired plant



		8

		Hydro-power plant



		9

		Nuclear power plant



		10

		Nuclear fuel



		11

		Solar power plant



		12

		Wind power plant



		13

		Geothermal plant



		14

		Biomass power plant



		15

		Biomass 



		16

		CNG



		17

		Methanol



		18

		Ethanol



		19

		Bio-diesel





Source: This research

Note: The four energy sectors (coal, petroleum, gas and electricity) as listed in the previous Table1 are disaggregated and expanded into 16 sectors. For example, the electricity sector now receives electricity generated by various power plants (such as, coal, gas, wind and nuclear plants) and then supplies to other sectors.

Table A3.3: Purchase Share from renewable-based generation plants


		Purchase made from sectors

		PV Plant

		Wind Plant

		Biomass Plant



		Manufacturing product

		0.05

		0.15

		0.15



		Other industrial product

		0.75

		0.69

		0.50



		Construction

		0.19

		0.15

		0.25



		Financial service

		0.01

		0.01

		0.01



		Property and business

		

		

		0.09





Sources: IEA/NEA (2005)

Table A3.4: Total output in the Base scenario

		

		

		2000  


 (mn $)

		2025             


(mn $)

		2050     


(mn $)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		7,126.8

		12,753.0

		17,139.9



		2

		Husbandry

		1,884.6

		3,859.9

		6,089.4



		3

		Agriculture services

		457.6

		832.2

		1,105.3



		4

		Forestry

		1,325.4

		2,987.1

		5,789.8



		5

		Fishing

		1,919.8

		4,145.7

		5,938.2



		6

		Road transport

		437.2

		2,846.4

		14,755.3



		7

		Rail transport

		89.3

		389.7

		1,095.0



		8

		Water transport

		298.3

		1,050.3

		2,872.3



		9

		Air transport

		459.7

		2,608.7

		11,243.1



		10

		Trade and repairing

		6,204.6

		42,290.2

		261,769.0



		11

		Hotel, restaurant and tourist

		1,992.1

		12,073.9

		41,337.2



		12

		Communication

		806.8

		2,848.2

		7,711.3



		13

		Financial services

		508.6

		2,164.6

		8,375.4



		14

		Other services

		8,143.6

		45,337.9

		204,840.1



		15

		Mining and quarrying

		247.7

		1,803.4

		13,081.5



		16

		Food and drinks

		9,958.6

		60,192.0

		173,398.1



		17

		Brick

		539.2

		3,912.5

		23,295.4



		18

		Cement

		962.0

		6,459.6

		36,124.2



		19

		Other construction materials

		393.3

		3,910.3

		27,547.1



		20

		Pulp and paper

		504.2

		4,064.1

		40,343.2



		21

		Chemical products

		2,214.1

		16,366.0

		103,523.1



		22

		Manufacturing products

		3,243.8

		31,705.8

		201,780.3



		23

		Iron and steel

		1,141.6

		8,052.9

		100,613.6



		24

		Non-ferrous metal

		261.9

		2,403.4

		22,319.1



		25

		Textile

		3,310.0

		19,671.9

		74,908.1



		26

		Leather products

		2,312.1

		16,216.2

		90,092.1



		27

		Printing and publications

		322.8

		2,905.1

		24,229.8



		28

		Other industrial products

		612.6

		4,733.4

		41,904.6



		29

		Water supply

		96.8

		790.7

		6,225.8



		30

		Construction

		6,444.8

		41,206.4

		153,139.6



		

		Energy sectors

		2000                (PJ)

		2025                (PJ)

		2050                (PJ)



		1

		Coal 

		165.3

		2180.4

		7152.71



		2

		Petroleum

		249.7

		1631.4

		4058.61



		3

		Gas

		60.0

		377.92

		261.14



		4

		Electricity1

		99.3

		1234.96

		3375.2



		5

		Others2

		0.0

		31.9

		82.4





Sources: GSO (2000), IE (2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.

Table A3.5: Total output of the MOD scenario


		

		

		2000            

   (mn $)

		2025           

(mn $)

		2050                  (mn $)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		7,126.8

		14529.39

		20265.91



		2

		Husbandry

		1,884.6

		3,905.5

		5,937.8



		3

		Agriculture services

		457.6

		988.6

		1,300.1



		4

		Forestry

		1,325.4

		2,724.4

		4,070.8



		5

		Fishing

		1,919.8

		4,090.5

		5,844.0



		6

		Road transport

		437.2

		2,872.8

		16,154.3



		7

		Rail transport

		89.3

		544.0

		2,302.3



		8

		Water transport

		298.3

		1,583.5

		5,303.9



		9

		Air transport

		459.7

		2,970.9

		16,054.9



		10

		Trade and repairing

		6,204.6

		38,929.8

		201,804.4



		11

		Hotel, restaurant and tourist

		1,992.1

		12,241.3

		50,428.3



		12

		Communication

		806.8

		4,895.9

		17,548.9



		13

		Financial services

		508.6

		3,275.5

		16,538.1



		14

		Other services

		8,143.6

		54,388.4

		290,148.5



		15

		Mining and quarrying

		247.7

		2,285.9

		9,629.1



		16

		Food and drinks

		9,958.6

		73,851.0

		193,930.5



		17

		Brick

		539.2

		4,460.9

		17,899.7



		18

		Cement

		962.0

		7,691.5

		28,305.6



		19

		Other construction materials

		393.3

		4,480.4

		22,419.4



		20

		Pulp and paper

		504.2

		3,518.9

		12,791.0



		21

		Chemical products

		2,214.1

		21,670.9

		69,104.8



		22

		Manufacturing products

		3,243.8

		33,590.6

		141,495.8



		23

		Iron and steel

		1,141.6

		11,031.0

		37,918.0



		24

		Non-ferrous metal

		261.9

		2,495.9

		8,832.0



		25

		Textile

		3,310.0

		28,652.3

		88,386.4



		26

		Leather products

		2,312.1

		18,779.7

		78,291.4



		27

		Printing and publications

		322.8

		2,449.5

		12,277.3



		28

		Other industrial products

		612.6

		4,875.1

		17,667.4



		29

		Water supply

		96.8

		835.2

		3,511.5



		30

		Construction

		6,444.8

		52,995.8

		201,390.8



		

		Energy sectors

		2000                  (PJ)

		2025                (PJ)

		2050                  (PJ)



		1

		Coal 

		165.3

		2430.33

		5418.34



		2

		Petroleum

		249.7

		1974.62

		5488.27



		3

		Gas

		60.0

		396.66

		254



		4

		Electricity1

		99.3

		1238.49

		2795.47



		5

		Others2

		0.0

		49.9

		124.2





Sources: GSO (2000), IE(2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.

Table A3.6: Total output of the MODNO scenario 

		

		

		2000   


(mn $)

		2025   


(mn $)

		2050   


(mn $)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		7,126.8

		14484.98

		20149.33



		2

		Husbandry

		1,884.6

		3909.596

		5947.925



		3

		Agriculture services

		457.6

		989.4614

		1301.451



		4

		Forestry

		1,325.4

		2729.087

		4080.933



		5

		Fishing

		1,919.8

		4099.657

		5858.201



		6

		Road transport

		437.2

		2880.677

		16199.75



		7

		Rail transport

		89.3

		545.0018

		2305.474



		8

		Water transport

		298.3

		1586.009

		5312.205



		9

		Air transport

		459.7

		2977.043

		16088.14



		10

		Trade and repairing

		6,204.6

		39023.29

		202466.7



		11

		Hotel, restaurant and tourist

		1,992.1

		12265.91

		50538.48



		12

		Communication

		806.8

		4898.897

		17557.16



		13

		Financial services

		508.6

		3292.759

		16614.39



		14

		Other services

		8,143.6

		54462.89

		290590.8



		15

		Mining and quarrying

		247.7

		2305.556

		9783.532



		16

		Food and drinks

		9,958.6

		73939.72

		194306.1



		17

		Brick

		539.2

		4487.135

		18066.31



		18

		Cement

		962.0

		7742.583

		28628.99



		19

		Other construction materials

		393.3

		4505.36

		22640.07



		20

		Pulp and paper

		504.2

		3527.606

		12895.03



		21

		Chemical products

		2,214.1

		21709.93

		69406.19



		22

		Manufacturing products

		3,243.8

		33315.41

		139900



		23

		Iron and steel

		1,141.6

		10991.24

		37032.8



		24

		Non-ferrous metal

		261.9

		2484.938

		8656.515



		25

		Textile

		3,310.0

		28686.35

		88559.67



		26

		Leather products

		2,312.1

		18806.78

		78483.97



		27

		Printing and publications

		322.8

		2454.642

		12340.38



		28

		Other industrial products

		612.6

		4854.149

		17295.47



		29

		Water supply

		96.8

		836.6698

		3525.383



		30

		Construction

		6,444.8

		52924.27

		200509.4



		

		Energy sectors

		2000   


(PJ)

		2025  


 (PJ)

		2050  


 (PJ)



		1

		Coal 

		165.3

		2581.847

		6500.74



		2

		Petroleum

		249.7

		2073.351

		5966.26



		3

		Gas

		60.0

		406.493

		261.14



		4

		Electricity1

		99.3

		1290.415

		3004.92



		5

		Others2

		0.0

		33.27

		111





Sources: GSO (2000), IE(2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.

Table A3.7: Total output of the ADV scenario


		

		

		2000           

(mn $)

		2025              


 (mn $)

		2050          


(mn $)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		7,126.8

		15860.78

		30657.09



		2

		Husbandry

		1,884.6

		3,740.7

		5,595.9



		3

		Agriculture services

		457.6

		944.7

		1,593.3



		4

		Forestry

		1,325.4

		2,590.3

		4,123.4



		5

		Fishing

		1,919.8

		4,176.6

		7,189.4



		6

		Road transport

		437.2

		3,598.4

		24,910.9



		7

		Rail transport

		89.3

		613.9

		3,368.4



		8

		Water transport

		298.3

		1,792.6

		9,258.5



		9

		Air transport

		459.7

		3,742.2

		24,418.4



		10

		Trade and repairing

		6,204.6

		50,395.1

		335,622.2



		11

		Hotel, restaurant and tourist

		1,992.1

		14,333.3

		78,396.4



		12

		Communication

		806.8

		5,472.3

		30,096.0



		13

		Financial services

		508.6

		3,717.8

		22,990.8



		14

		Other services

		8,143.6

		62,190.7

		394,053.9



		15

		Mining and quarrying

		247.7

		2,650.0

		12,827.5



		16

		Food and drinks

		9,958.6

		82,943.5

		383,553.7



		17

		Brick

		539.2

		5,634.9

		29,093.9



		18

		Cement

		962.0

		9,736.7

		46,756.5



		19

		Other construction materials

		393.3

		6,149.2

		30,805.7



		20

		Pulp and paper

		504.2

		4,403.0

		22,400.0



		21

		Chemical products

		2,214.1

		22,217.8

		88,779.1



		22

		Manufacturing products

		3,243.8

		38,052.1

		208,512.1



		23

		Iron and steel

		1,141.6

		15,587.5

		74,696.8



		24

		Non-ferrous metal

		261.9

		2,743.1

		15,345.4



		25

		Textile

		3,310.0

		32,270.0

		132,503.1



		26

		Leather products

		2,312.1

		21,427.4

		97,854.7



		27

		Printing and publications

		322.8

		3,283.9

		17,802.9



		28

		Other industrial products

		612.6

		7,181.2

		32,834.3



		29

		Water supply

		96.8

		925.6

		5,265.5



		30

		Construction

		6,444.8

		68,400.1

		353,804.8



		

		Energy sectors

		2000                (PJ)

		2025                (PJ)

		2050                (PJ)



		1

		Coal 

		165.3

		3017.66

		7075.57



		2

		Petroleum

		249.7

		2610.03

		8409.42



		3

		Gas

		60.0

		382.29

		250.7



		4

		Electricity1

		99.3

		1519.49

		3842.9



		5

		Others2

		0.0

		122.5

		351.9





Sources: GSO (2000), IE(2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.

Table A3.8: Total output of the ADVNO scenario


		

		

		2000   


(mn $)

		2025   


(mn $)

		2050   


(mn $)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		7,126.8

		15695.85

		30428.41



		2

		Husbandry

		1,884.6

		3747.762

		5606.439



		3

		Agriculture services

		457.6

		945.5857

		1594.775



		4

		Forestry

		1,325.4

		2596.31

		4137.246



		5

		Fishing

		1,919.8

		4186.622

		7207.263



		6

		Road transport

		437.2

		3606.472

		24964.12



		7

		Rail transport

		89.3

		614.9698

		3372.083



		8

		Water transport

		298.3

		1795.329

		9268.023



		9

		Air transport

		459.7

		3748.745

		24458.13



		10

		Trade and repairing

		6,204.6

		50501.88

		336574.1



		11

		Hotel, restaurant and tourist

		1,992.1

		14361.63

		78539.64



		12

		Communication

		806.8

		5477.517

		30109.22



		13

		Financial services

		508.6

		3741.531

		23096.95



		14

		Other services

		8,143.6

		62272.86

		394556.2



		15

		Mining and quarrying

		247.7

		2673.327

		13026.49



		16

		Food and drinks

		9,958.6

		83045.64

		384009.1



		17

		Brick

		539.2

		5663.219

		29281.75



		18

		Cement

		962.0

		9815.261

		47259.07



		19

		Other construction materials

		393.3

		6182.465

		31082.31



		20

		Pulp and paper

		504.2

		4412.252

		22522.84



		21

		Chemical products

		2,214.1

		22276.28

		89213.04



		22

		Manufacturing products

		3,243.8

		37506.16

		205392



		23

		Iron and steel

		1,141.6

		15474.46

		73095.76



		24

		Non-ferrous metal

		261.9

		2716.25

		15038.75



		25

		Textile

		3,310.0

		32313.92

		132773.6



		26

		Leather products

		2,312.1

		21460.04

		98114.02



		27

		Printing and publications

		322.8

		3290.25

		17883.31



		28

		Other industrial products

		612.6

		7104.653

		32281.24



		29

		Water supply

		96.8

		927.3562

		5284.127



		30

		Construction

		6,444.8

		68001.36

		351951.4



		

		Energy sectors

		2000   

(PJ)

		2025   

(PJ)

		2050   

(PJ)



		1

		Coal 

		165.3

		3310.15

		8301.44



		2

		Petroleum

		249.7

		2806.86

		9075.18



		3

		Gas

		60.0

		396.08

		261.14



		4

		Electricity1

		99.3

		1582.83

		4081.31



		5

		Others2

		0.0

		95

		139.9





Sources: GSO (2000), IE(2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.

Table A3.9: Household’s incomes in the Base scenario (mn $)


		

		

		2000               


(mn $)

		2025                   (mn $)

		2050                    (mn $)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		4,164.8

		7,825.3

		10,517.2



		2

		Husbandry

		793.0

		1,705.3

		2,690.3



		3

		Agriculture services

		174.7

		333.6

		443.1



		4

		Forestry

		282.8

		669.2

		1,297.1



		5

		Fishing

		689.3

		1,563.0

		2,238.9



		6

		Road transport

		143.4

		980.1

		5,080.8



		7

		Rail transport

		42.4

		194.1

		545.5



		8

		Water transport

		82.4

		304.6

		833.0



		9

		Air transport

		65.8

		392.0

		1,689.6



		10

		Trade and repairing

		1,695.5

		12,134.2

		75,108.6



		11

		Hotel, restaurant and tourist

		556.8

		3,543.4

		12,131.5



		12

		Communication

		256.7

		951.7

		2,576.6



		13

		Financial services

		217.1

		970.2

		3,753.7



		14

		Other services

		3,628.2

		21,209.6

		95,826.4



		15

		Mining and quarrying

		60.3

		460.8

		3,342.4



		16

		Food and drinks

		702.0

		4,455.1

		12,834.0



		17

		Brick

		47.6

		362.5

		2,158.1



		18

		Cement

		62.9

		443.6

		2,481.0



		19

		Other construction materials

		72.5

		756.4

		5,328.5



		20

		Pulp and paper

		39.5

		334.1

		3,316.9



		21

		Chemical products

		384.4

		2,983.2

		18,870.3



		22

		Manufacturing products

		439.2

		4,507.5

		28,686.3



		23

		Iron and steel

		79.2

		586.5

		7,327.6



		24

		Non-ferrous metal

		36.8

		354.4

		3,291.4



		25

		Textile

		245.0

		1,529.1

		5,822.8



		26

		Leather products

		166.5

		1,226.5

		6,814.1



		27

		Printing and publications

		55.3

		522.2

		4,355.0



		28

		Other industrial products

		59.8

		485.2

		4,295.2



		29

		Water supply

		36.7

		315.2

		2,482.1



		30

		Construction

		813.1

		5,459.0

		20,287.7



		

		Energy sectors

		2000                     (mn $)

		2025               


(mn $)

		2050                   (mn $)



		1

		Coal 

		93.9

		1,301.0

		4,267.9



		2

		Petroleum

		1,108.8

		7,606.2

		18,922.8



		3

		Gas

		5.9

		39.2

		27.1



		4

		Electricity1

		451.3

		5,894.6

		16,110.1



		5

		Others2

		0.0

		148.9

		384.2





Sources: GSO (2000), IE (2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.


Table A3.10: Household’s incomes in the MOD scenario (mn $)


		

		

		2000                 (mn $)

		2025                  (mn $)

		2050                   (mn $)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		4,164.8

		9,339.9

		13,027.4



		2

		Husbandry

		793.0

		1,807.6

		2,748.2



		3

		Agriculture services

		174.7

		415.2

		546.1



		4

		Forestry

		282.8

		639.5

		955.5



		5

		Fishing

		689.3

		1,615.7

		2,308.3



		6

		Road transport

		143.4

		1,036.3

		5,827.4



		7

		Rail transport

		42.4

		283.9

		1,201.4



		8

		Water transport

		82.4

		481.1

		1,611.4



		9

		Air transport

		65.8

		467.7

		2,527.5



		10

		Trade and repairing

		1,695.5

		11,701.9

		60,660.4



		11

		Hotel, restaurant and tourist

		556.8

		3,763.6

		15,504.3



		12

		Communication

		256.7

		1,713.8

		6,142.9



		13

		Financial services

		217.1

		1,538.0

		7,765.1



		14

		Other services

		3,628.2

		26,655.1

		142,198.1



		15

		Mining and quarrying

		60.3

		611.9

		2,577.5



		16

		Food and drinks

		702.0

		5,726.3

		15,037.2



		17

		Brick

		47.6

		432.9

		1,737.2



		18

		Cement

		62.9

		553.4

		2,036.6



		19

		Other construction materials

		72.5

		907.9

		4,543.2



		20

		Pulp and paper

		39.5

		303.1

		1,101.7



		21

		Chemical products

		384.4

		4,138.3

		13,196.3



		22

		Manufacturing products

		439.2

		5,002.8

		21,073.8



		23

		Iron and steel

		79.2

		841.6

		2,893.0



		24

		Non-ferrous metal

		36.8

		385.6

		1,364.5



		25

		Textile

		245.0

		2,333.3

		7,197.7



		26

		Leather products

		166.5

		1,488.0

		6,203.5



		27

		Printing and publications

		55.3

		461.2

		2,311.8



		28

		Other industrial products

		59.8

		523.5

		1,897.1



		29

		Water supply

		36.7

		348.8

		1,466.6



		30

		Construction

		813.1

		7,355.1

		27,950.4



		

		Energy sectors

		2000                    (mn $)

		2025                  (mn $)

		2050                   (mn $)



		1

		Coal 

		93.9

		1,519.2

		3,387.0



		2

		Petroleum

		1,108.8

		9,644.8

		26,806.9



		3

		Gas

		5.9

		43.1

		27.6



		4

		Electricity1

		451.3

		6,192.9

		13,978.4



		5

		Others2

		0.0

		243.7

		606.6





Sources: GSO (2000), IE (2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.


Table A3.11: Household’s incomes in the MODNO scenario (mn $)


		

		

		2000  


 (mn $)

		2025   


(mn $)

		2050  


 (mn $)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		4,164.8

		9,311.3

		12,952.5



		2

		Husbandry

		793.0

		1,809.5

		2,752.9



		3

		Agriculture services

		174.7

		415.6

		546.6



		4

		Forestry

		282.8

		640.5

		957.8



		5

		Fishing

		689.3

		1,619.3

		2,313.9



		6

		Road transport

		143.4

		1,039.2

		5,843.8



		7

		Rail transport

		42.4

		284.4

		1,203.1



		8

		Water transport

		82.4

		481.8

		1,613.9



		9

		Air transport

		65.8

		468.7

		2,532.8



		10

		Trade and repairing

		1,695.5

		11,730.0

		60,859.5



		11

		Hotel, restaurant and tourist

		556.8

		3,771.2

		15,538.1



		12

		Communication

		256.7

		1,714.8

		6,145.8



		13

		Financial services

		217.1

		1,546.1

		7,801.0



		14

		Other services

		3,628.2

		26,691.6

		142,414.9



		15

		Mining and quarrying

		60.3

		617.1

		2,618.8



		16

		Food and drinks

		702.0

		5,733.2

		15,066.3



		17

		Brick

		47.6

		435.5

		1,753.3



		18

		Cement

		62.9

		557.1

		2,059.8



		19

		Other construction materials

		72.5

		913.0

		4,587.9



		20

		Pulp and paper

		39.5

		303.8

		1,110.7



		21

		Chemical products

		384.4

		4,145.7

		13,253.9



		22

		Manufacturing products

		439.2

		4,961.9

		20,836.1



		23

		Iron and steel

		79.2

		838.6

		2,825.5



		24

		Non-ferrous metal

		36.8

		383.9

		1,337.4



		25

		Textile

		245.0

		2,336.0

		7,211.8



		26

		Leather products

		166.5

		1,490.2

		6,218.8



		27

		Printing and publications

		55.3

		462.2

		2,323.6



		28

		Other industrial products

		59.8

		521.2

		1,857.2



		29

		Water supply

		36.7

		349.4

		1,472.4



		30

		Construction

		813.1

		7,345.2

		27,828.1



		

		Energy sectors

		2000   


(mn $)

		2025  


 (mn $)

		2050   


(mn $)



		1

		Coal 

		93.9

		1,613.9

		4,063.6



		2

		Petroleum

		1,108.8

		10,127.1

		29,141.6



		3

		Gas

		5.9

		44.2

		28.4



		4

		Electricity

		451.3

		6,452.5

		15,025.7



		5

		Others

		0.0

		162.5

		542.2





Sources: GSO (2000), IE (2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.


Table A3.12: Household’s incomes in the ADV scenario (mn $)


		

		

		2000               


(mn $)

		2025                (mn $)

		2050                    (mn $)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		4,164.8

		10,659.1

		20,602.9



		2

		Husbandry

		793.0

		1,810.0

		2,707.7



		3

		Agriculture services

		174.7

		414.8

		699.6



		4

		Forestry

		282.8

		635.6

		1,011.8



		5

		Fishing

		689.3

		1,724.6

		2,968.7



		6

		Road transport

		143.4

		1,357.1

		9,394.7



		7

		Rail transport

		42.4

		334.9

		1,837.6



		8

		Water transport

		82.4

		569.4

		2,940.6



		9

		Air transport

		65.8

		615.9

		4,019.0



		10

		Trade and repairing

		1,695.5

		15,836.8

		105,470.5



		11

		Hotel, restaurant and tourist

		556.8

		4,607.1

		25,198.7



		12

		Communication

		256.7

		2,002.6

		11,013.8



		13

		Financial services

		217.1

		1,825.0

		11,285.6



		14

		Other services

		3,628.2

		31,864.3

		201,899.0



		15

		Mining and quarrying

		60.3

		741.6

		3,589.6



		16

		Food and drinks

		702.0

		6,723.7

		31,092.2



		17

		Brick

		47.6

		571.7

		2,951.9



		18

		Cement

		62.9

		732.4

		3,517.0



		19

		Other construction materials

		72.5

		1,302.7

		6,526.4



		20

		Pulp and paper

		39.5

		396.5

		2,017.0



		21

		Chemical products

		384.4

		4,435.6

		17,723.9



		22

		Manufacturing products

		439.2

		5,924.9

		32,466.5



		23

		Iron and steel

		79.2

		1,243.3

		5,958.2



		24

		Non-ferrous metal

		36.8

		443.1

		2,478.5



		25

		Textile

		245.0

		2,747.3

		11,280.7



		26

		Leather products

		166.5

		1,775.0

		8,106.1



		27

		Printing and publications

		55.3

		646.5

		3,504.6



		28

		Other industrial products

		59.8

		806.2

		3,686.0



		29

		Water supply

		36.7

		404.1

		2,299.1



		30

		Construction

		813.1

		9,924.5

		51,335.5



		

		Energy sectors

		2000                   (mn $)

		2025                      (mn $)

		2050                     (mn $)



		1

		Coal 

		93.9

		1,972.1

		4,624.0



		2

		Petroleum

		1,108.8

		13,327.9

		42,942.0



		3

		Gas

		5.9

		43.5

		28.5



		4

		Electricity1

		451.3

		7,943.4

		20,089.3



		5

		Others2

		0.0

		625.5

		1,796.9





Sources: GSO (2000), IE (2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.


Table A3.13: Household’s incomes in the ADVNO scenario (mn $)


		

		

		2000   (M$)

		2025   (M$)

		2050   (M$)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		4,164.8

		10,548.3

		20,449.2



		2

		Husbandry

		793.0

		1,813.4

		2,712.8



		3

		Agriculture services

		174.7

		415.2

		700.3



		4

		Forestry

		282.8

		637.1

		1,015.2



		5

		Fishing

		689.3

		1,728.8

		2,976.1



		6

		Road transport

		143.4

		1,360.1

		9,414.8



		7

		Rail transport

		42.4

		335.5

		1,839.6



		8

		Water transport

		82.4

		570.2

		2,943.7



		9

		Air transport

		65.8

		617.0

		4,025.5



		10

		Trade and repairing

		1,695.5

		15,870.4

		105,769.6



		11

		Hotel, restaurant and tourist

		556.8

		4,616.2

		25,244.7



		12

		Communication

		256.7

		2,004.5

		11,018.7



		13

		Financial services

		217.1

		1,836.6

		11,337.7



		14

		Other services

		3,628.2

		31,906.4

		202,156.4



		15

		Mining and quarrying

		60.3

		748.1

		3,645.3



		16

		Food and drinks

		702.0

		6,732.0

		31,129.1



		17

		Brick

		47.6

		574.6

		2,971.0



		18

		Cement

		62.9

		738.3

		3,554.8



		19

		Other construction materials

		72.5

		1,309.8

		6,585.0



		20

		Pulp and paper

		39.5

		397.3

		2,028.1



		21

		Chemical products

		384.4

		4,447.3

		17,810.6



		22

		Manufacturing products

		439.2

		5,839.9

		31,980.7



		23

		Iron and steel

		79.2

		1,234.3

		5,830.5



		24

		Non-ferrous metal

		36.8

		438.7

		2,429.0



		25

		Textile

		245.0

		2,751.1

		11,303.8



		26

		Leather products

		166.5

		1,777.7

		8,127.6



		27

		Printing and publications

		55.3

		647.7

		3,520.4



		28

		Other industrial products

		59.8

		797.6

		3,623.9



		29

		Water supply

		36.7

		404.9

		2,307.3



		30

		Construction

		813.1

		9,866.7

		51,066.6



		

		Energy sectors

		2000   (M$)

		2025   (M$)

		2050   (M$)



		1

		Coal 

		93.9

		2,163.2

		5,425.1



		2

		Petroleum

		1,108.8

		14,333.0

		46,341.6



		3

		Gas

		5.9

		45.0

		29.7



		4

		Electricity1

		451.3

		8,274.5

		21,335.7



		5

		Others2

		0.0

		485.1

		714.3





Sources: GSO (2000), IE (2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.


Table A3.14: Employment in the Base scenario (Persons)


		

		

		2000        (Persons)

		2025           (Persons)

		2050            (Persons)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		17,749,993

		13,037,562

		5,530,978



		2

		Husbandry

		3,201,514

		2,691,442

		1,340,273



		3

		Agriculture services

		655,770

		489,579

		205,241



		4

		Forestry

		1,884,424

		1,743,287

		1,066,562



		5

		Fishing

		988,900

		876,561

		396,323



		6

		Road transport

		535,000

		1,429,546

		2,339,189



		7

		Rail transport

		155,000

		277,522

		246,183



		8

		Water transport

		290,000

		419,173

		361,840



		9

		Air transport

		60,000

		139,753

		190,119



		10

		Trade and repairing

		3,896,800

		10,902,306

		21,301,346



		11

		Hotel, restaurant and tourist

		685,400

		1,705,170

		1,842,777



		12

		Communication

		134,300

		194,613

		166,317



		13

		Financial services

		75,200

		131,368

		160,442



		14

		Other services

		2,368,100

		5,411,622

		7,717,749



		15

		Mining and quarrying

		107,800

		322,128

		737,586



		16

		Food and drinks

		1,371,649

		3,403,039

		3,094,442



		17

		Brick

		104,274

		310,545

		583,644



		18

		Cement

		82,504

		227,395

		401,404



		19

		Other construction materials

		74,173

		302,694

		673,096



		20

		Pulp and paper

		59,446

		196,685

		616,288



		21

		Chemical products

		354,958

		1,076,979

		2,150,364



		22

		Manufacturing products

		446,791

		1,792,530

		3,600,946



		23

		Iron and steel

		102,233

		296,024

		1,167,460



		24

		Non-ferrous metal

		51,073

		192,380

		563,927



		25

		Textile

		455,905

		1,112,181

		1,336,802



		26

		Leather products

		318,460

		916,805

		1,607,773



		27

		Printing and publications

		44,462

		164,244

		432,403



		28

		Other industrial products

		84,374

		267,609

		747,824



		29

		Water supply

		12,700

		42,602

		105,879



		30

		Construction

		1,040,400

		2,730,466

		3,203,094



		

		Energy sectors

		2000             (Persons)

		2025            (Persons)

		2050           (Persons)



		1

		Coal 

		68,000

		368,264

		227,536.2



		2

		Petroleum

		70,000

		187,717

		687,287.7



		3

		Gas

		17,000

		43,952

		994.9



		4

		Electricity1

		70,000

		357,413

		1,471,720.3



		5

		Others2

		0.0

		4,461

		16,945.8





Sources: GSO (2000), IE (2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.


Table A3.15: Employment in the MOD scenario (Persons)


		

		

		2000       (Persons)

		2025         (Persons)

		2050           (Persons)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		17,749,993

		13,466,992

		6,970,419



		2

		Husbandry

		3,201,514

		2,468,999

		1,392,966



		3

		Agriculture services

		655,770

		527,309

		257,329



		4

		Forestry

		1,884,424

		1,441,563

		799,301



		5

		Fishing

		988,900

		784,156

		415,724



		6

		Road transport

		535,000

		1,308,117

		2,729,637



		7

		Rail transport

		155,000

		351,279

		551,678



		8

		Water transport

		290,000

		572,972

		712,165



		9

		Air transport

		60,000

		144,295

		289,366



		10

		Trade and repairing

		3,896,800

		9,099,174

		17,503,279



		11

		Hotel, restaurant and tourist

		685,400

		1,567,433

		2,396,105



		12

		Communication

		134,300

		303,303

		403,423



		13

		Financial services

		75,200

		180,229

		337,676



		14

		Other services

		2,368,100

		5,885,896

		11,651,877



		15

		Mining and quarrying

		107,800

		370,207

		578,684



		16

		Food and drinks

		1,371,649

		3,785,511

		3,688,791



		17

		Brick

		104,274

		321,017

		477,994



		18

		Cement

		82,504

		245,485

		335,240



		19

		Other construction materials

		74,173

		314,447

		583,882



		20

		Pulp and paper

		59,446

		154,400

		208,265



		21

		Chemical products

		354,958

		1,292,951

		1,529,970



		22

		Manufacturing products

		446,791

		1,721,812

		2,691,420



		23

		Iron and steel

		102,233

		367,648

		468,954



		24

		Non-ferrous metal

		51,073

		181,134

		237,851



		25

		Textile

		455,905

		1,468,684

		1,681,216



		26

		Leather products

		318,460

		962,627

		1,489,196



		27

		Printing and publications

		44,462

		125,560

		233,529



		28

		Other industrial products

		84,374

		249,893

		336,055



		29

		Water supply

		12,700

		40,797

		63,651



		30

		Construction

		1,040,400

		3,183,860

		4,489,745



		

		Energy sectors

		2000            (Persons)

		2025         (Persons)

		2050         (Persons)



		1

		Coal 

		68,000

		372,159

		307,892.4



		2

		Petroleum

		70,000

		206,000

		212,465.8



		3

		Gas

		17,000

		41,825

		9,938.5



		4

		Electricity1

		70,000

		324,976

		272,196.6



		5

		Others2

		0.0

		6,320

		5,838.4





Sources: GSO (2000), IE (2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.


Table A3.16: Employment in the MODNO scenario (Persons)


		

		

		2000   

(Persons)

		2025   

(Persons)

		2050   

(Persons)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		17,749,993

		13,435,509

		6,943,655



		2

		Husbandry

		3,201,514

		2,473,391

		1,398,034



		3

		Agriculture services

		655,770

		528,130

		258,084



		4

		Forestry

		1,884,424

		1,445,062

		802,823



		5

		Fishing

		988,900

		786,479

		417,537



		6

		Road transport

		535,000

		1,312,670

		2,742,588



		7

		Rail transport

		155,000

		352,182

		553,504



		8

		Water transport

		290,000

		574,289

		714,647



		9

		Air transport

		60,000

		144,700

		290,523



		10

		Trade and repairing

		3,896,800

		9,127,592

		17,594,517



		11

		Hotel, restaurant and tourist

		685,400

		1,571,720

		2,405,962



		12

		Communication

		134,300

		303,706

		404,391



		13

		Financial services

		75,200

		181,309

		339,887



		14

		Other services

		2,368,100

		5,898,204

		11,692,095



		15

		Mining and quarrying

		107,800

		373,657

		589,094



		16

		Food and drinks

		1,371,649

		3,792,794

		3,703,047



		17

		Brick

		104,274

		323,140

		483,372



		18

		Cement

		82,504

		247,293

		339,722



		19

		Other construction materials

		74,173

		316,427

		590,763



		20

		Pulp and paper

		59,446

		154,895

		210,363



		21

		Chemical products

		354,958

		1,296,215

		1,539,600



		22

		Manufacturing products

		446,791

		1,708,939

		2,666,186



		23

		Iron and steel

		102,233

		366,585

		458,888



		24

		Non-ferrous metal

		51,073

		180,470

		233,574



		25

		Textile

		455,905

		1,471,488

		1,687,753



		26

		Leather products

		318,460

		964,708

		1,495,732



		27

		Printing and publications

		44,462

		125,913

		235,181



		28

		Other industrial products

		84,374

		248,997

		329,614



		29

		Water supply

		12,700

		40,899

		64,026



		30

		Construction

		1,040,400

		3,181,856

		4,478,697



		

		Energy sectors

		2000   

(Persons)

		2025   

(Persons)

		2050  

 (Persons)



		1

		Coal 

		68,000

		395,646

		370,109.6



		2

		Petroleum

		70,000

		216,456

		231,414.6



		3

		Gas

		17,000

		42,893

		10,237.6



		4

		Electricity1

		70,000

		338,845

		293,153.9



		5

		Others2

		0.0

		4,218

		5,228.0





Sources: GSO (2000), IE (2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.


Table A3.17: Employment in the ADV scenario (Persons)


		

		

		2000        (Persons)

		2025         (Persons)

		2050         (Persons)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		17,749,993

		12,718,673

		6,864,468



		2

		Husbandry

		3,201,514

		2,045,963

		854,616



		3

		Agriculture services

		655,770

		435,942

		205,289



		4

		Forestry

		1,884,424

		1,185,782

		527,067



		5

		Fishing

		988,900

		692,692

		332,944



		6

		Road transport

		535,000

		1,417,601

		2,740,245



		7

		Rail transport

		155,000

		342,959

		525,448



		8

		Water transport

		290,000

		561,165

		809,292



		9

		Air transport

		60,000

		157,249

		286,511



		10

		Trade and repairing

		3,896,800

		10,190,643

		18,950,591



		11

		Hotel, restaurant and tourist

		685,400

		1,587,827

		2,424,995



		12

		Communication

		134,300

		293,298

		450,406



		13

		Financial services

		75,200

		176,982

		305,600



		14

		Other services

		2,368,100

		5,822,714

		10,301,831



		15

		Mining and quarrying

		107,800

		371,295

		501,854



		16

		Food and drinks

		1,371,649

		3,678,282

		4,749,493



		17

		Brick

		104,274

		350,821

		505,781



		18

		Cement

		82,504

		268,856

		360,503



		19

		Other construction materials

		74,173

		373,373

		522,294



		20

		Pulp and paper

		59,446

		167,143

		237,435



		21

		Chemical products

		354,958

		1,146,834

		1,279,584



		22

		Manufacturing products

		446,791

		1,687,491

		2,581,977



		23

		Iron and steel

		102,233

		449,455

		601,409



		24

		Non-ferrous metal

		51,073

		172,234

		269,034



		25

		Textile

		455,905

		1,431,071

		1,640,768



		26

		Leather products

		318,460

		950,237

		1,211,722



		27

		Printing and publications

		44,462

		145,632

		220,451



		28

		Other industrial products

		84,374

		318,462

		406,583



		29

		Water supply

		12,700

		39,115

		62,135



		30

		Construction

		1,040,400

		3,555,193

		5,134,865



		

		Energy sectors

		2000        (Persons)

		2025        (Persons)

		2050           (Persons)



		1

		Coal 

		68,000

		399,786

		261,744



		2

		Petroleum

		70,000

		235,572

		211,935



		3

		Gas

		17,000

		34,874

		6,386



		4

		Electricity1

		70,000

		344,945

		243,596



		5

		Others2

		0.0

		13,425

		10,769





Sources: GSO (2000), IE (2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.


Table A3.18: Employment in the ADVNO scenario (Persons)


		

		

		2000   

(Persons)

		2025  

 (Persons)

		2050   

(Persons)



		

		Non-energy sectors

		

		

		



		1

		Cultivation

		17,749,993

		12,639,159

		6,832,771



		2

		Husbandry

		3,201,514

		2,058,401

		858,676



		3

		Agriculture services

		655,770

		438,167

		206,074



		4

		Forestry

		1,884,424

		1,193,501

		530,349



		5

		Fishing

		988,900

		697,269

		334,727



		6

		Road transport

		535,000

		1,426,726

		2,753,965



		7

		Rail transport

		155,000

		345,001

		527,532



		8

		Water transport

		290,000

		564,373

		812,444



		9

		Air transport

		60,000

		158,186

		287,798



		10

		Trade and repairing

		3,896,800

		10,255,031

		19,058,747



		11

		Hotel, restaurant and tourist

		685,400

		1,597,630

		2,436,382



		12

		Communication

		134,300

		294,806

		451,894



		13

		Financial services

		75,200

		178,857

		307,889



		14

		Other services

		2,368,100

		5,854,839

		10,344,494



		15

		Mining and quarrying

		107,800

		376,138

		511,100



		16

		Food and drinks

		1,371,649

		3,698,242

		4,768,747



		17

		Brick

		104,274

		354,064

		510,504



		18

		Cement

		82,504

		272,161

		365,421



		19

		Other construction materials

		74,173

		376,966

		528,492



		20

		Pulp and paper

		59,446

		168,195

		239,420



		21

		Chemical products

		354,958

		1,154,671

		1,289,520



		22

		Manufacturing products

		446,791

		1,670,249

		2,550,623



		23

		Iron and steel

		102,233

		448,065

		590,204



		24

		Non-ferrous metal

		51,073

		171,260

		264,413



		25

		Textile

		455,905

		1,439,024

		1,648,825



		26

		Leather products

		318,460

		955,672

		1,218,411



		27

		Printing and publications

		44,462

		146,524

		222,081



		28

		Other industrial products

		84,374

		316,389

		400,879



		29

		Water supply

		12,700

		39,355

		62,533



		30

		Construction

		1,040,400

		3,549,280

		5,122,590



		

		Energy sectors

		2000  

 (Persons)

		2025   

(Persons)

		2050   

(Persons)



		1

		Coal 

		68,000

		440,373

		307,971.8



		2

		Petroleum

		70,000

		254,399

		229,368.5



		3

		Gas

		17,000

		36,284

		6,670.9



		4

		Electricity1

		70,000

		360,830

		259,449.1



		5

		Others2

		0.0

		10,455

		4,292.9





Sources: GSO (2000), IE (2007a) and results obtained from input-output analysis of this research


Note:


1 Electricity includes nine different energy sectors related to power generation (for example: coal plant, gas plant, hydro, nuclear, etc.)


2 Others include five different energy sectors related to energy types such as biomass, CNG, methanol, ethanol, and bio-diesel.
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Figure 7.1: Summary of Energy and Economic Impacts and Policy Implications
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Figure 4.2:   MARKAL Reference Energy System
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� Energy policy instruments in this research refer to various energy policy measures that have the imprimatur of the Government of Vietnam



� Research Framework in this research refers to methodologies employed in energy studies. These methodologies include scenarios development, energy and economic models which are used for examining impacts of various energy pathways.



� The GDP and population growth scenarios are taken from the Sixth Master Plan for Power Development (IE 2007a). 



� Energy indicators and their features are adapted from National Energy Policy (MOIT 2005). 



� Master Plan for Renewable Energy Development



� Same as 3



� This figure is made up with reference to target set for energy savings in the energy efficiency and conservation program (MOIT 2003).



� This figure is made up with reference to target set for share of renewable energy in generation mix in the



   National Renewable Energy Master Plan up to 2015 with vision to 2025. Renewable energy here refers



to small hydro, wind, solar and bio-mass. It does not include large hydroelectric generation (IE 2008).



� Adapted from Energy Saving and Efficiency Program (MOIT 2003).



� Same as 5



� Expert’s estimation adapted from other study carried-out by Institute of Energy, Vietnam.



� Kyoto Protocol, Annex 1 (IEA 2009) – At this stage of development, Vietnam is not in the list of countries that are required to limit CO2 emissions in the Kyoto Protocol. However, according to socio-economic development plan, Vietnam will become industrial country by 2020. Therefore, this study assumes that by that time, Vietnam also has to comply with Kyoto protocol.



� Same as 3



� This figure is made up with reference to target set for energy savings in the energy efficiency and 



   conservation program (MOIT 2003). 



� Same as 7



� Same as 8



� Same as 8



� Same as 10



� Same as 11



� The GDP and population growth scenarios are taken from the Sixth Master Plan for Power Development (IE 2007a). 



� Energy indicators and their features are adapted from National Energy Policy (MOIT 2005). 



� These figures are taken from the energy efficiency and conservation program (MOIT 2003)



� The GDP and population growth scenarios are taken from the Sixth Master Plan for Power Development (IE 2007a) 



� Energy indicators and their features are adapted from National Energy Policy (MOIT 2005). 



� These figures are taken from the energy efficiency and conservation program (MOIT 2003)



� Due to the global economic crisis starting from 2008, the Vietnam’s GDP is expected to grow at lower rate of 5% (GSO 2008e)



� The economic models (such as the general equilibrium model) generally suffer from a poor representation of energy technologies. This limitation is critical for analysing energy related issues because energy sector is characterized by a diverse types of technologies (such as power plants, refineries, boilers, furnaces, appliances, etc.) which are constantly evolving. 



� Total requirement coefficient represents the cumulative (that is direct and indirect) outputs that must be produced by a sector in response to one unit increase in the final demand for the output of that sector (see Section 5-2). 



� It refers to payments made by producers to their employees for services rendered and imputed income for employers and self employed persons (that is for non-wage and salary earners).



� The analysis of impacts of energy outcomes of various scenarios, on wages and salaries, in this research, is based on an open type of input–output table (that is, household sector is kept exogenous). Hence, it does not take into account further effects of changes in income on consumption. Such effects could be analysed in a closed type of input–output model. In this model, the consumer (household) sector is treated as a production sector inside the transaction matrix itself. Since, consumption is closely related to personal income, changes in personal income will induce changes in consumption. This process would generate another round of impacts on outputs, personal income and consumption. 



� Employment here represents the number persons employed in a given sector.



� Based on the two-tailed test, the probability is less than five per cent that a correlation could be occurred by chance for N=30 when r ≥ 0.445; for one per cent significance level, r ≥ 0.556.



� According to PetroVietnam (2008), the indigenous oil reserve is enough for exploitation up to 2025.
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