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Abstract 

The COVID-19 pandemic, which appeared as an unexpected global crisis, has severely influenced 

almost every aspect of human life including socioeconomic and demographic activities. As countries 

faced the continual proliferation of the virus and resulting lockdowns, various industries encountered 

substantial complications, including the renewable energy sector. Given the complexity of the 

pandemic, it is crucial that governments and politicians evaluate the COVID-19 pandemic effects on 

communities and economies in order to plan for recovery and future pandemics. While the health 

sectors have acquired the uppermost priorities during this pandemic, other challenges, such as higher 

electricity demand and reducing carbon emission goals, cannot be overlooked as the drastic effects of 

global warming still prevail, which may result in continual and detrimental bushfires in Australia. 

Therefore, the importance of enlarging Australia's clean energy sources has become even more 

pronounced. In the context of solar energy market in Australia, residential solar comprises one-fourth 

of Australia's total renewable energy resource and is indispensable to the economy. However, the 

effect of COVID-19 on the residential solar market has yet to be explored. 

This research aims to analyse the effect of COVID-19 lockdown on residential solar PV adoption in 

Australia, while considering the influence of other important socioeconomic and demographic factors 

using the cross-section regression method.  

To underpin lockdown's impact comprehensively, two main model types are employed. The first 

model called the contemporaneous model is used to determine the immediate effect of lockdowns. 

This model indicates the varied impact of active lockdown duration on residential solar adoption across 

the states suggesting curtailment in Victoria. In contrast, there is a rising trend in the postcodes for 

New South Wales and the Australian Capital Territory. Conversely, Queensland, Northern Territory, 

South Australia, and Tasmania showed no significantly conclusive results. The second model called a 

lag model is employed to study the medium-term lockdown impacts which showed a significantly 

sustained but variable association of solar adoption with lag lockdown duration. 

The inclusion of socioeconomic and demographic factors is performed considering the factors that 

might be linked to COVID-19-driven higher electricity consumption thus affecting the decision to adopt 

solar during this period, for example, the number of children and different variables for house 

ownership with and without a mortgage. These variables are not studied previously in similar studies. 

The study implied that separate houses, older age, larger household size, greater number of 

bedrooms, level of education, and higher proportion of females in a postcode were motivating the 

solar uptake during the pandemic. Further analysis suggests that the married individuals and families 
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with more children were less likely to install solar during this period. Furthermore, to analyse the full-

scale impact of COVID-19 lockdowns on the solar energy uptake, individual interaction models for 

active and lagged lockdown duration are integrated into the study to estimate the influence of 

socioeconomic and demographic characteristics associated with lockdown duration effect on 

residential solar diffusion in Australia during the pandemic. The findings showed a rise in uptake was 

suggestively associated with separate houses, dwellings with a larger number of bedrooms, a greater 

number of persons in a household, married individuals, and homes that are owned with mortgages 

were more likely to install solar in postcodes with longer active lockdowns. In contrast, individuals with 

a university level of education living in longer active lockdown postcodes were less likely to install solar 

during the pandemic. However, the lag interaction model has signified a more persistent yet similar 

association except for houses owned outright, which showed no evidence of correlation and Small-

scale Renewable Energy Scheme (SRES) zone rating, with a strong suggestive correlation for solar 

adoption in postcodes with longer past lockdowns.  

The uptake might be enhanced through climate change and sustainability-aimed educational 

programmes for university-educated people, while financial incentives like subsidised loans, 

competitive Feed-in-Tariff, tax credits, and tax deduction policies may encourage solar adoption 

among people with larger households and spacious residences. The study reassesses the factors 

affecting the residential solar uptake in the wake of the catastrophic event of COVID-19, changing 

individuals' lifestyles and hence might have altered the determinants of solar adoption decision-

making. This study's findings can assist in formulating the post-pandemic residential solar energy 

regulations by identifying the relationships between variables in the pandemic context.  
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Chapter 1 - Introduction 

1.1 Background 

Global warming has ended up being the focus of the world ecological problems, specifically in the last 

few years. This escalating global climate crisis, is now a nearly unanimous agreement among scientists 

that the Earth's average temperature and ocean levels are increasing as a result 

anthropogenic greenhouse gas emission, with carbon dioxide (CO2) being the primary source(1, 2). 

Significant implications result from this concerning pattern, such as instabilities in agriculture 

productivity, creating threats to food sustainability and the escalation of global warming, more regular 

instances of drought, and geopolitical conflicts arising from water resource crises (3). These discoveries 

emphasise the pressing necessity for a substantial transformation in energy generation and 

consumption methods. Fossil fuels, being a predominant energy source, significantly contribute to the 

carbon dioxide (CO2) emissions associated with energy, accounting for almost 60 per cent of the total 

greenhouse gases (GHG) (4), (5). Hence, a global shift in energy from fossil fuels to renewable sources 

has become fundamentally imperative. Among the methods to manage global warming that creates 

environmental adjustment is embracing the renewable resource power strategy. Various clean energy 

resources: solar, geothermal, wind, bioenergy, hydro, and aquatic are presently the foundation of 

lasting and eco-friendly energy alternates. The successful commissioning of these renewable resources 

depends on several factors such as geographical placements, weather conditions, technological 

restrictions, and governmental and public support. Although these several renewable energy 

resources may fulfil current energy needs, the challenges of increasing demand for electricity, air 

pollution and global warming are also increasing (6). Therefore, the world inhabitants need to resource 

renewable energy sources to reduce the carbon emissions whose targets were presented at the Paris 

climate agreement (7). Although Australia is recognised as a chief contender to assist upsurging 

renewable energy resources to decrease dependence on fossil-fuel based power stations (8), it still 

has large amounts of greenhouse gas (GHS) emissions per capita in the environment (9), thus 

emphasising the need for cost-effective and nationwide acceptable renewable energy source such as 

solar energy.  

1.1.1 Rising demands of electricity generation 

The usage of electricity is an essential part of our daily life as billions of items worldwide work on 

electricity. Traditionally, it has been generated using fossil fuel such as coal-based generation systems. 

The world has also been working to alternate resources with minimal carbon emissions to achieve an 

eco-friendly environment. As revealed in a recent prestigious study on electricity requirement 
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forecast, a fleet of 350 million electric vehicles will be produced by 2050, increasing annual electricity 

demand to 41% of recent levels (10). It is also concluded that only converting fuel type for millions of 

vehicles to electric is not enough to meet the climate change targets. There is a severe need for 

reprioritising the actions and effective parameters for electricity generation and consumption [1]. 

Therefore, there is a strong need of studying all the technological, social, and environmental factors 

to make a strategic framework and roadmap for clean energy resources such as solar energy. 

 

1.2 Energy as a global issue 

Energy is generally defined as a fundamental physical quantity that is paired with the ability to perform 

and/or drive a work or cause a change in the physical system. It considered as an elementary force 

that impels most of the activities in our contemporary society. From supplying power to businesses, 

industries, and residences to fuelling our modern scientific, agricultural, medical and transportation 

systems, energy plays a crucial role in fostering human advancement in every field of the modern 

lifestyle. While there are numerous ways of employing different forms of energy for our practical use, 

the detailed study of acquiring, converting, and utilizing energy for practical purposes requires 

knowledge from a wide range of fields, including physics and engineering, as well as economics, 

geography, and social sciences.  

Energy can manifest in diverse forms and can be categorised into distinct classifications based on the 

characteristics of its expression. Thermal energy is a form of energy that is associated with the 

temperature and heat of a system. Chemical energy is a type of energy that is stored in the chemical 

bonds of molecules. Mechanical energy is a form of energy that is associated with the position or 

motion of objects. Electrical energy is a type of energy that is carried by electric charges. Nuclear 

energy is a form of energy that is released during nuclear reactions. As per the principle of the 

conservation of energy, energy cannot be created or destroyed yet can be converted from one form 

to another form of energy. Altogether, energy can be interconverted and sourced from either form of 

thermal, nuclear, chemical, mechanical, or electrical processes. 
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Figure 1.World's total renewable energy installed capacity vs on-grid non-renewable energy installed capacity
(11).

While there are numerous sources of energy generation and conversion methodologies developed 

especially is recent few centuries, these energy sources can be broadly classified as renewable and 

non-renewable energy sources. Generally, energy acquired from utilising fossil fuels (coal, oil, and 

natural gas) and nuclear fuels is classified as non-renewable energy sources while renewable energy 

sources are those that are naturally regenerated and are almost impossible to deplete completely.

Majorly, renewable energy sources offer a sustainable and environmentally friendly alternative to 

conventional fossil fuels-based energy sources which has proven to cast detrimental effects on our 

planet. Lately, there has been a significant upsurge in renewable energy sources development needs 

due to mounting climate change, vulnerabilities in energy supply, and the desire for a more sustainable 

future. Therefore, renewable energy sources are regarded as sustainable and abundant sources that 

not only have the potential to satisfy a sizeable amount of the world's energy requirements, but also 

represent a significant step towards a green and secure future for our planet.
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Figure 2. Global renewable energy capacity by technology (11).

There are various types of renewable energy sources that exhibit unique characteristics and practical 

applications, primarily determined by the natural abundance of these sources. Renewable energy 

sources such as wind power, hydropower, biomass, and geothermal energy are widely acknowledged. 

Another form of converting energy is called solar energy which is the process of converting sunlight 

into usable electricity or thermal energy. The harnessing of solar energy can be accomplished through 

diverse technological means, including photovoltaic (PV) systems, concentrated solar power (CSP) 

plants, and solar water heating systems. Due to its decentralized and abundance throughout the globe, 

solar energy generation and employing possesses significant implications across various aspect of our 

modern life ranging from environmental and economic to social and demographic aspects.

1.3 Why generating solar energy is important

Solar power has become a significant element of Australia's sustainable energy domain, vital in 

meeting the country's energy demands and environmental objectives. The ingrained adaptability and 

accessibility of solar power make it an intriguing choice, especially in residential settings. Solar energy 

can be effectively utilised on a small scale by installing residential solar without the need for complex 

infrastructure or geographic limitations (12).   Ensuring accessibility is crucial since it guarantees that 

a broader range of inhabitants can actively engage in the shift towards renewable energy alternatives. 

Not all households can install wind turbines on their premises, making solar energy a more accessible 

and practical option for homeowners and companies (13). Small-scale solar generation improves 

individual energy self-sufficiency and significantly contributes to reducing greenhouse gas emissions 

on a larger scale (4). The versatility and scalability of solar power, primarily through rooftop 

0

500

1000

1500

2000

2500

3000

2015 2016 2017 2018 2019 2020 2021 2022

In
ta

lle
d 

Ca
pa

cit
y (

GW
h)

Global Renewable Energy Capacity by Technology 

Hydropower Marine
Wind Solar
Bioenergy Renewable municipal waste
Geothermal



17 
 

installations, highlight its crucial role in Australia's renewable energy transition (14) (15)and the 

achievement of research goals focused on renewable energy diffusion. 

1.4  Solar energy for electricity generation 

In the cluster of many renewable energy technologies, solar energy is regarded as the most rapidly 

expanding clean energy sector globally (16). This type of energy generates the opportunity for the 

industrial practice of innovative technologies, resources and development structures of the solar 

energy market. Although the cost of solar system installation has dropped over the last decade, it still 

possesses a higher initial installation to electricity generation cost ratio than for conventional energy 

technologies. From the governmental perspective, solar energy markets benefit from the economic 

and governing enticements and mandates, feed-in tariff (FiTs) (17), tax breaks (18), renewable 

electricity standards (RES), privileged interest rates (19), and voluntary programs for green power 

procurement in numerous countries (20). Feed-in Tariffs (FiTs) were first introduced at higher rates to 

encourage the rapid adoption of renewable energy sources, specifically residential solar.  Incentive 

programmes like these were introduced as a response to the growing concerns over climate change 

and the pressing necessity to mitigate greenhouse gas emissions (21, 22). They were first introduced 

in the 1990s in different European countries and in Australia starting from 2008 (23). Studies showed 

that states with financial incentives like grants and rebates observed greater and faster adoption of 

solar PV technology than states without them (24, 25). Meanwhile, continuous progress in solar 

technology resulted in decreased costs of photovoltaic (PV) systems, making them more feasible to a 

broader demographic of consumers. Nevertheless, the escalating number of installations and the 

mounting financial strain on governments and utilities prompted governments worldwide to curtail 

the incentives to uphold the long-term viability of the programmes and ensure equitable allocation of 

costs among energy customers (26, 27) (28). In addition, with the development of solar energy 

technology, there has been a continues decline in the prices for solar system, making it more 

affordable to adopt (29), (30). Regardless of the immense development and technological potential, 

the worldwide market-led disposition of solar power technologies has countless technical and 

monetary obstructions. 

1.5 Solar cell technology 

There are several and diverse approaches to harnessing energy from cosmological radiation. Sunlight 

is enormous, innocuous, and clean energy to incorporate into the world clean energy resources list. 

Converting the sunlight into electricity is one of the most valuable and productive ways to harness it 

as an energy source. Solar power technology encompasses three types solar photovoltaic (PV) cells, 
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concentrating solar power (CSP) and solar heating & cooling system (SHC). Photovoltaics generates 

electricity directly from sunlight, whereas CSP systems employ thermal energy from solar radiations 

to drive turbines for electricity generation. Lastly, SHC is used for residential, commercial, and 

industrial space heating and water heating. Solar cooling systems have two types: absorption chiller 

systems and desiccant systems former uses a collector, and an absorber for air-conditioning collectors 

are solar water heaters. The latter one passes over cooled air using silica gel as desiccant solar heat is 

used to dry the desiccant. Solar heating systems also are of two types, passive solar heating systems 

and active solar heating systems. An active solar system is typically used for space and water heating 

applications like solar hot water systems. Whereas this process of utilising solar energy can decrease 

electrical consumption for heating systems, systems of these kinds are usually impractical for large 

scales. They have characteristic effectiveness and cost challenges (31). However, CSP technologies 

employ mirrors to collect and transform sunlight into heat, which is used to spin a steam turbine that 

produces electricity (32). Therefore, PV technology has an advantage over CSP systems for residential 

and commercial applications with the lesser initial installation cost. 

The photovoltaic (PV) solar cell was initially developed at Bell Telephone Laboratories in 1954. The 

word “photovoltaics” is descended from the procedure that converts the incident energy that is 

photons of light into the flow of electric current or voltage and is attributed as the “PV effect”. The 

device is called the PV cell. Primarily, most PV cells possess a similar working principle of transforming 

photons of light to the flow of electric charge that governs electric potential. In PV cells, semiconductor 

material film absorbs the incident photons of light or solar radiations, causing a flow of electrons and 

positively charged cavities known as holes. In a closed-circuit configuration, electrons start flowing, 

resulting in electric potential before reuniting with the holes on the positively charged side of the cell. 

This flow of current is generally called a photocurrent. In simple terms, this charge flow is considered 

an electricity generation phenomenon that can supply electric power to numerous domestic and 

industrial devices or equipment by converting solar panel generated direct current into alternating 

current using equipment called an inverter (33). 

1.6 Solar energy at the global scale 

In principle, the earth receives enough solar radiation that could be harnessed to generate enough 

electricity to supply global demand if technological barriers can be fulfilled. In the twentieth century, 

the global PV installed capacity has dramatically increased from less than 10 GW to nearly 1500 GW 

with an exponential rise due to various technological, policy, business and market developments. The 

data of a globally installed system to generate solar energy is shown in Figure 3, published by the 

International Renewable Energy Agency (IRENA) (34). The data illustrates that solar power installed 



19 
 

capacity has significantly soared in the last decade. This data demonstrates that China dominates the 

solar energy market as it amplified its generation capacity by nearly 60 gigawatts in the single year of 

2017 (35), which represented 58 % of the world’s total PV installed capacity, followed by Europe (25 

%), America (15 %), the Middle East and Africa (2%). The continual trend of solar system installation 

kept increasing till 2020, when the global solar system installation capacity soared by nearly 700% in 

the last decade. As of 2020, Asia dominates the overall solar installed capacity comprising ~57%, 

followed by Europe (23%), North America (12%), Australia and South America (2%) and other regions 

with less than 1% contribution to the global solar energy installed capacity. Although Asian countries 

contribute more to the global installed capacity, when comparing the Asian population with the 

European population, Europe dominates the solar energy utilisation per capita. 

 

Figure 3. Global solar energy system installed capacity in the last decade. An exponential rise in the trend is 
visible, with Asian countries taking the lead in installation, followed by Europe, North America, Australia, and 

Central America. Data has been taken data taken from reference (34). 

As the global solar system installation capacity depends upon numerous ecological, geographical, 

socio-economic factors, Australia possesses a top position of utilising solar energy amount relative to 

other renewable energy sources. As per data from IRENA (34), Australia generates nearly 50% of its 

renewable energy from solar energy sources, emphasising the larger solar energy business market in 

Australia. Solar system installation in Australia had continued to increase in the last decade, with peak 

installation until the start of 2020 before the COVID-19 pandemic affected the overall economy. 
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Figure 4. %age of solar energy installation capacity among all available renewable resources. The data shows 
an overall trend of utilising solar energy as means of renewable energy Australia has a higher % than the 

regions shown. Data has been taken from reference (34). 

Currently, the total PV solar power generation capacity of the US is approximately 60 gigawatts. At the 

start of the last decade, the American government took many encouraging steps in the solar energy 

market by spending heavy expenditures on its development, especially in the previous decade. The US 

government adopted the policy to reinforce green electricity generation containing a combination of 

economic rebates and authorised merits to sustain the solar power competitiveness among other 

renewable energy resources. In the last decade, regardless of solar energy’s fast technological and 

business expansion within the United States, a trivial volume of energy utilisation has been assigned 

to solar power.  In this regard, the higher installation and production cost of PV panels is considered 

the primary reason behind this small volume and conversion of solar power utilisation in the USA. 

Although the levelized cost of electricity (LCOE) produced from solar energy has been reduced 

significantly in the last decade can still be higher than for other sources. Another main obstacle in the 

past was the lack of political interest to legislate reductions in carbon emissions utilising renewable 

energy. A significant example of this leaving from the Paris climate agreement might have a 

detrimental effect on our climate and the solar energy market in the present decade (36). 

European nations have made significant progress in the advancement of solar energy. The outcomes 

are of significant interest to stakeholders, policymakers, and commercial businesses in enlarging 

photovoltaic power stations. In addition, to acquire cost-effective equipment for solar systems, 

European countries have also laid a particular focus to provide publicly and quickly accessible technical 

assistance in evaluating a suitable positioning site for solar panels based on the solar irradiance 
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measurement (37). It is a great initiative to help the local market and even individual householders. 

Solar power accounts for approximately 4% of the total demand for electricity in Europe on average, 

and in the most developed solar markets like Germany, this figure reaches approximately 8%. 

Significant growth was observed in the European solar market in the year 2015. There was a 15% 

increase in demand relative to the preceding year. In Europe, solar energy demand is primarily driven 

by the United Kingdom, Germany, and France. The solar markets of these countries fulfil 75% of the 

demand of solar power, or 6 GW, whereas in 2014 they produced 75%, but only 5.3 GW. Besides, only 

twelve out of forty-four countries total more than 1 GW. The cumulative on-grid capacity of Europe 

was 92 GW. However, in the United Kingdom, solar energy installed during 2016 was half as of 2015. 

The decline in solar panel installations was attributed to the government's significant reduction in 

incentives for residential solar uptake and the discontinuation of solar farm subsidies (38). In addition, 

solar energy is not limited to fulfilling the electricity demands for residential or industrial sectors; 

instead, it may accomplish the rapidly increasing electric vehicle-based transport industries (39). For 

European countries are primarily technological driven, there is an emphasis on industrialising and 

deploying electric vehicles (EV) to reduce carbon emissions from fossil fuel-based vehicles. As stated 

in the Europe Roadmap 2050 for energy, 100% electrification of light-duty vehicles (LDVs) and 

medium-duty vehicles (MDVs) is set as an achievable target which suggests using solar energy for 

charging systems of electric vehicles (40). 

As for now, there are numerous diverse policy schemes for distributed solar generation in Europe. For 

example, some European countries implement a tax levy for selling electricity produced from 

conventional resources; however, electricity produced from green sources is exempted from this tax 

levy. Some countries are reducing excise duties on solar energy equipment to encourage solar uptake. 

In Austria and Germany, self-consumption schemes have been implemented both for residential and 

commercial solar systems. A few European countries, such as Portugal and Italy, have employed net-

billing schemes but still have partial accomplishment, while the Netherlands has introduced net-

metering for domestic buildings. Furthermore, it is found that a tax credit may significantly decrease 

the solar power typical life cycle budget. Based on this, currently several European nations employ this 

form of tax enticement. Additionally, a few countries have legislated reduced property tax to stimulate 

the uptake of solar energy (41). 

1.7 COVID-19 Impact on Global PV Market 

Due to the current globalisation era, the coronavirus (COVID-19) outbreak in Dec 2019 rapidly engulfed 

the world at a breathtaking pace by the middle of February 2020 and created a pandemic situation in 

the whole world. This pandemic has cast a pronounced threat to human health and has instigated 
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colossal damage to the global economy, particularly to the supply chain of industrial sectors and their 

related financial markets (42). During the epidemic situation, the capability of companies and 

industries to contend supply chain disruptions due to enforced lockdowns were affected drastically. 

Most businesses and industries couldn’t be relocated to remote areas during this short period of 

massive virus spread across the globe. In energy sections, renewable energy is managed well 

compared to the conventional energy sources; however, numerous uncertainties, transport 

interruptions and sudden decline in employability scattered the overall renewables value chain and 

end-use sector.  

According to the International Renewable Energy Agency (IRENA) study, the renewable energy sector 

created more than 11.5 million direct or indirect job opportunities worldwide. In particular, solar PV 

technology created the most jobs, with 3.75 million jobs worldwide until the COVID-19 outbreak (43).  

Despite the COVID-19 epidemic, the renewable energy sector managed to grow until early 2020 

because of the previously implemented policies and limited availability of equipment in stock. 

However, the complete understanding of the direct or indirect impact of the COVID-19 on the solar 

energy division is not yet clear, as the global supply chain in all industries was impacted drastically by 

repeated lockdowns and international travel restrictions (44-46). Specifically, recent studies testified 

the significant deferments in the supply chain of solar energy equipment availability and installation 

occurred due to this pandemic situation (47, 48). As the world relies on China to supply 65-75% of the 

solar energy equipment in the international market, China’s industrial and supply chain disruptions 

impacted the global solar energy installation targets (46-48). 

Regarding the impact of the COVID-19 epidemic on solar power technology, a recent study states that 

governments are granting more capital to fight the COVID-19 pandemic, which indirectly cutbacks the 

clean energy activities funds. Consequently, retailers of various clean energy technology have reduced 

their functional capacity and replaced workers, damaging the progress of clean energy technologies 

(22). Furthermore, the COVID-19 pandemic has unsettled clean energy advancements by undercutting 

the financial grants for technological research and business development. Similarly, strict lockdown 

rules have also affected production activities, which caused an increase in material prices, although 

they have been expected to be temporary (47). 

In another study, the short term and long term bearings of the COVID-19 on the energy market have 

been examined, which suggest that the energy sector may continue to rise for a short period while the 

long-term impact depends on the lasting period of pandemic (49). Another study reported that the 

first plunge over the last three decades in the solar power equipment demand came about in 2020 by 

16% (50). The COVID-19 pandemic has unquestionably disturbed the price determination model of the 
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renewable energy industries, services, and related businesses, which as the energy sector is crucial for 

worldwide economic growth. (51-53). In addition to supply chain disruptions, some analyses aimed at 

understanding the stock market response to the pandemic proved that unforeseen incidents such as 

natural catastrophes could impact the stock market (54). Similarly, the COVID-19 pandemic, because 

of implementing a government’s prevention policy for COVID-19, many solar power resources share 

prices have changed, conforming to at length parameter estimation (53, 55, 56). Some studies indicate 

a co-integration relation between COVID-19 cases and the solar businesses share prices and between 

COVID-19 restrictions and their share prices (52). 

1.8 Outline of the thesis 

Chapter 1 highlights the capacity of global energy concerns, stressing the growing demand for 

electricity and the significance of renewable power generation. It examines solar cell technology, solar 

energy advancement globally, particularly in the United States and Europe, and the effects of the 

COVID-19 pandemic on the solar energy industry. Finally, the chapter emphasises the significance of 

the study in sustainable energy transition. 

Chapter 2 discusses the solar energy industry in Australia, emphasising the advantageous 

environmental circumstances that make it suitable for solar energy production, given 

the abundant sunlight. It examines market trends, technical improvements, government assistance, 

and the industry's response to the pandemic. Moreover, it evaluates the social and economic variables 

to comprehend the prospects and obstacles of solar energy uptake in Australia. 

Chapter 3 thoroughly reviews previous studies on the rooftop solar energy industry. It investigates the 

relationship between the solar energy market and key effecting parameters such as GDP, 

demographic variables, advertising, and costs. The study examines how socioeconomic factors and 

economic variables influence the adoption of solar energy. It also investigates the role of legal 

frameworks and environmental factors in this process. The chapter culminates by evaluating the 

impact of the COVID-19 pandemic on the Australian solar energy markets, explicitly examining its 

effects on businesses, capital markets, logistics, supply chains, and transportation. 

Chapter 4 explores various statistical models employed in forecasting solar energy uptake and 

analysing its responsible influencing factors, encompassing Linear Regression, Logit, Probit, SEM, 

Spatial Econometric Panel, Decision Tree, Time Series, Geographically Weighted Regression, and 

Cross-Sectional Models. The chapter delivers insights into each model's features, uses, and limitations, 

assisting in choosing a suitable model based on research goals and data characteristics. 
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Chapter 5 explains the study's methodology, explicitly outlining the objectives and selected 

econometric approach, the cross-section regression model. The study aims to evaluate the impact of 

COVID-19 on the uptake of residential solar in Australia, considering the important socioeconomic and 

demographic aspects. The methodology entails stringency level associated attributes, duration of 

lockdowns, and COVID-19 instances to systematically examine the impact of the pandemic on the 

adoption of solar energy. The chapter also states the reliable sources used for data acquisition, 

including the Australian Bureau of Statistics, the Australian Government Clean Energy Regulator, and 

APVI. 

Chapter 6 introduces the preliminary analysis using New South Wales data to examine the model's 

effectiveness, and modifications were implemented to strengthen the model using the insights 

acquired from the test analysis. The chapter elaborates on the approach used to account for the 

transient nature of the pandemic, employing variables including the COVID variable, demographic 

parameters, and socioeconomic indicators, yielding intricate conclusions regarding residential solar 

adoption during the pandemic. 

Chapter 7 addresses the refinement of the approach for the National model developed in the light 

of the preliminary analysis results. This involves substituting the COVID variable with the Lockdown 

duration variable, optimising the model's accuracy.   Additional models are added to the study to 

determine the lockdown's short-term and medium-term impacts, including interaction models to 

inspect the effects of COVID-associated socioeconomic and demographic variables. Furthermore, a 

construction ban variable is included to assess the construction industry's forced shutdown effects on 

residential solar adoption. 

Chapter 8 presents the National model analysis results. In Queensland, Northern Territory, South 

Australia, and Tasmania, which had shorter lockdowns, home solar adoption was positively correlated 

with active lockdown length. The pattern differs in New South Wales and Victoria. The data also shows 

how the construction restriction affected different locations. During the pandemic, separate dwellings, 

older age, larger households, more education, and small-scale renewable scheme ratings drive solar 

uptake. 

Chapter 9 presents the study's conclusions, policy propositions, and limitations. The research 

suggests that active lockdown duration curtails rooftop solar uptake in Victoria whilst increasing it in 

New South Wales and the Australian Capital Territory. Solar deployment was impeded by university-

level education and marital status. In contrast, high-school-level education, household demographics, 

and government policies promoted it. The research recognises aggregated data limitations and 

proposes policies to stimulate adoption and future research paths.  
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Since the study aims to inspect the COVID-19’s effect on solar PV deployment in Australia, an 

unprecedented global crisis, the methodology of the study is determined by an extensive analysis of 

the existing literature review spanning a broad spectrum of research objectives focusing on the global 

solar energy market, including its development trajectory and the associated support policies, a 

rigorous examination of the Australia residential solar market framework, scrutiny of global and 

Australian key influential factors affecting the uptake and subsequent review of the potential 

pandemic effect on the uptake. The sequential steps in this research progress is shown in Figure 5. 

The variables are selected given their significance in the literature for the uptake, and the COVID-19 

associated factors that may have affected the uptake during the pandemic. Given the nature and 

availability constraints of the data, the cross-sectional regression model is chosen for this study with 

additional discrete models utilizing interaction terms for individual control variables to illustrate the 

COVID-19-associated effect of these variables on the uptake. Statistical tests are used to validate the 

model's robustness. 

Additionally, the model is tested by an initial analysis that uses data from New South Wales, the most 

populous state in Australia. Based on the findings of the preliminary analysis, a national model for the 

whole of Australia is created, incorporating additional models for comprehensive investigation and 

making the necessary amendments. The findings demonstrated the effect of COVID-19 on household 

solar uptake and the direct and pandemic-related relationship of the control variables with the uptake 

during the pandemic as per the study's objectives. Conclusively, the study identifies the driving factors 

and the barriers to the adoption of residential solar during the pandemic while suggesting policies for 

market expansion. Moreover, by highlighting its limitations, the study paved the path for further 

research.  



26 
 

 

Figure 5. Project Methodology Flowchart. 
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1.9 Significance of the project 

Australia is currently facing worsening climate change catastrophe droughts, flooding, storms, and 

bushfires draining the economy and declining productivity, damaging the properties, and spiking 

mental and physical health expenses (57). Australia contributes roughly 1.3% of the total yearly world 

greenhouse gas (GHG) emissions. In alignment with the Paris Agreement, the nation has committed 

to reducing these emissions by 43% compared to their 2005 levels. Additionally, individual states 

within Australia have set their own GHG emissions reduction targets, with New South Wales targeting 

a 50% reduction, the Australian Capital Territory aiming for 65-75% compared to 1990 levels, 

Queensland targeting a 30% reduction, Western Australia striving for an 80% reduction, and South 

Australia aiming for a 50% reduction. Tasmania has already achieved its net-zero emissions target in 

2015. 

Australia has made significant commitments to international agreements and working parties, aiming 

to generate 82% of its electricity from renewable sources by 2030. To achieve this, the government 

has developed various strategies and plans. These initiatives include the National Electric Vehicle 

Strategy, the National Reconstruction Fund, which supports the transition from fossil fuels, and the 

Rewiring the Nation program dedicated to boosting household solar energy deployment by investing 

in community batteries and solar banks. Notably, Australia has already achieved a 21.6% reduction in 

emissions and boasts the highest level of residential solar uptake globally (58). 

This project's significance lies in its contribution to the broader discourse on climate change mitigation. 

It offers valuable insights into how unexpected disruptions, such as the COVID-19 pandemic, can 

impact the adoption of renewable energy. It underscores the importance of adaptability and resilience 

in achieving climate targets, both domestically and as part of the global effort to combat climate 

change. 

In addition, implementing solar panels in Australian households yields substantial advantages for the 

broader society. One of the significant benefits is the favourable influence on individuals and families. 

Solar panels offer a pragmatic solution for lowering electricity costs, relieving financial strain on 

households (59) (60). Homeowners who generate their own power reduce their susceptibility to 

potential price increases in conventional energy sources, protecting their financial stability (61). 

Preluding the desideratum for a zero-emission clean environment and rooftop solar empower 

households to play their role in achieving this goal individually by saving their energy bills which is 

another significant edge (62). The residential solar PV demand makes the Australian solar market 

sustain its position among the world's top ten photovoltaic markets (63).  Moreover, photovoltaic 
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systems, based on their off grid on the point of demand power generation capabilities saving 

transmission and distribution costs, have unparalleled significance, especially for remote areas. Apart 

from its growing dependence on government policies, several investigations, data analyses, and 

mathematical models have been done to understand the spatial distribution and the socioeconomic 

factors associated with rooftop solar PV adoption for global and Australian solar energy markets (64-

69). The study aim to re-evaluate the key socioeconomic and demographic factors in the existing 

literature in the light of COVID-19 as a Force Majeure Event with continual low PV system costs, rapid 

escalation of work from home configuration, and a change in domestic spending on upgrading 

households to evince the vulnerabilities and gaps in the current solar PV market (70). Discerning the 

area of concern and strength through this study can help frame the solar energy policies concentrating 

on eradicating the barriers to solar PV diffusion and rejuvenating and maintaining the adoption drivers 

to residential solar uptake. 

The study indicates that extended lockdowns have had a negative effect on the uptake, while shorter 

lockdowns have resulted in increased uptake and no discernible influence of restrictions outside the 

lockdown on the uptake, suggesting that governments should avoid implementing prolonged 

lockdowns to mitigate a pandemic outbreak. Instead, they should consider implementing more 

comprehensive and stringent restrictions to control the disease spread without negatively impacting 

uptake. Furthermore, the study suggests that construction bans, especially the shutdown of residential 

solar installations, should be avoided. This is because installations can typically be carried out without 

any physical interaction with residents while maintaining physical distancing among workers. 

However, it is challenging to predict the potential results for other countries with different COVID-19 

policies. The number of COVID-19 cases can be another factor affecting uptake in the context of the 

pandemic. Still, it was excluded from this study due to the unavailability of data. Additionally, it is 

imperative to acknowledge that number of cases in Australia was relatively small compared to many 

other countries, where the numbers were significantly higher and could have impacted uptake. 

Nonetheless, other studies have suggested a negative impact of the pandemic on the global solar 

energy sector. Factors such as solar panel equipment delays, supply chain disruptions, and 

construction delays have been identified as contributing to this impact (71) (72) (73). Remarkably, the 

effect of COVID-19 policies on uptake in other countries is yet to be analysed. 
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Chapter 2: Solar energy in Australia 

2.1 The geographical location of Australia for solar energy utilisation 

Due to the geographical location, Australia receives the highest solar radiation intensity per square 

unit (4-6 kWhm−2) estimate, around 10,000 times its annual energy intake. This radiation intensity 

governs Australia substantially by implementing CH3NH3Pb0.75Sn0.25I3 perovskite solar cells and 

contributing to a low carbon emission environment (74). In this way, Australia has a very high potential 

of replacing fossil fuel energy with solar energy both at the industrial and residential levels by installing 

large-scale solar farms and rooftop PV systems. The Australian government has already encouraged 

promoting the solar energy market by subsidising more than 1 billion dollars in various industrial, 

market, and research sectors. The business and consumer policies enhanced uptake of solar systems 

on dwellings in Australia from an overall 0.2% average in 2007 to more than 28% until 2021, as shown 

in Figure 6. Especially in the last couple of years, Australia’s solar energy generation capacity soared 

significantly, with the current total capacity of more than 500GWh power. Although this percentage is 

encouraging, more than 70% of the electricity demand is being fulfilled using fossil-fuel-based power 

plants that continuously release greenhouse gases in the Australian environment. Given the challenges 

of restraining carbon emission and irrepressible and disastrous factors such as severe bushfires, the 

requirements and goals of achieving an eco-friendly environment have become even more challenging 

and important. In addition to the environmental challenges, Australian solar energy is a billion market 

and directly impacts the Australian economy. 

 

Figure 6. Percentage dwellings with the solar system in Australian states and territories. Currently, Queensland 
(QLD) has the highest % of dwellings with installed solar systems, followed by South Australia (SA), Western 
Australia (WA), New South Wales (NSW), Australian Capital Territory (ACT), Northern Territory (NT), Victoria 

and Tasmania (TAS) (75). 
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Figure 7. The monthly PV power output of different states of Australia with higher PV production. The higher 
and lower peaks represent the seasonal solar production, i.e. higher PV output in summer and lower in winter. 

Overall, the PV output peaks show an upward trend. Data accessed from reference (76). 

2.2 Importance of solar electricity generation in Australia 

Reducing the levelized cost of electricity holds a distinct position in Australia’s critical policy matters. 

Plentiful efforts to implement energy and environmental policies have been obstructed due to fear of 

increasing retail electricity prices. In Australia, within this policy discussion, solar energy is a principal 

factor for generating electricity persuading the electricity prices. In the last couple of years, when the 

overall electricity prices soared, which also coincides with the increasing amount of electricity 

generation through household and commercial PV installation, there is a primarily held misconception 

that this increase in the electricity prices is linked to the enlarged diffusion of solar energy investment 

into the wholesale electricity market. However, it has been investigated by mathematical model 

analysis that wholesale electricity prices have been reduced by solar generation, and it would have 

been higher than what they are at present. Consequently, it is anticipated that these moderating 

outcomes of utilising solar energy on wholesale electricity prices are expected to persist in the 

forthcoming years (77). These investigations may possess a significant implication of Australian solar 

energy policy, which suggest that Australian solar energy business stakeholders and consumers should 

not pull out support and interest to generate PV electricity based on these improbable facts. 

2.3 Solar Energy Business in Australia 

Business is generally defined as a framework or mechanism which gives the concept of buying and 

selling implemented by consequential demand and supply factors of an item, facility or service, and a 

financial transaction. This generation of energy or electricity is the demand side for the solar energy 
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business, while solar energy equipment and installation framework are on the supply side of the solar 

energy business. As Australia has an excellent geographical location in terms of solar irradiation, there 

is an incredible potential for a successful solar energy business in Australia if implemented with 

adequate business policies. In this regard, it is considered that most of the energy projects or related 

businesses are highly dependent upon governmental policies, and the solar energy business is a 

primitive example. For most impending PV system policymakers, ecological factors are the primary 

business development drivers rather than economic factors, thus signifying the importance of careful 

study for policymaking to keep the solar energy business alive. With the significant advancement in 

the Photovoltaic (PV) technology, the Australian government introduced business investment and 

subsidies policies to enhance uptake of solar energy systems both for commercial and residential 

users; however, it has been demonstrated that the affordability of PV system installation is not the 

main contributing factor for the users. Therefore, to meet the high demand for electricity 

consumption, maintain the solar energy usage momentum, and achieve the Paris agreement targets, 

a major reshape in the strategic priorities and business development policies is required by both the 

Australian government and the public sectors. Some major schemes that have significantly boosted 

the solar uptake in Australia are as follows: 

2.4 Tradeable energy certificates for the energy business 

A critical component for the Australian renewable energy policy scheme is generally called the 

Renewable Energy Target (RET) scheme initiated in 2001 to decrease the environmental release of 

greenhouse gases from fossil fuel-based electricity and generate some part of electricity capacity from 

renewable, sustainable resources such as solar energy. The mechanism of this RET scheme is to permit 

the owners of solar power stations to create tradeable energy certificates for every megawatt hour of 

the energy produced by a clean energy source such as solar energy, provided that the solar PV system 

is installed by solar companies or business professionals approved by clean energy council (CEC). These 

certificates are generally called renewable energy certificates (RECs) and are further classified as small-

scale technology certificates (STCs) and large-scale technology certificates (LTCs). In business terms, 

where the supply and demand framework is essential for business transactions, these certificates 

create a ‘supply’ side of the solar energy business. The electricity retailers, registered agents or solar 

installation companies can purchase these certificates from the owners whose quantity is based on 

the estimation of generated solar energy over the lifetime of solar systems, creating a ‘demand’ side 

of the energy business. As a return, the retailers can provide a delayed cash payment system or one-

off discount on the initial installation cost of the solar system, which is sometimes also termed as the 

Australian federal solar rebate. The solar system owners also can sell these certificates in the STCs 
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open market at market value or a fixed rate of $40 per STC through the Clearing House. Additionally, 

electricity retailers can surrender these certificates to the Clean Energy Regulator to fulfil their 

legislative requirement to remain in the solar business.  

In 2011, the scheme was divided into two categories: Small-scale Renewable Energy Scheme (SRES) 

and Large-scale Renewable Energy Target (LRET), depending on solar energy capacity generation. This 

scheme has been proven a great way of subsidising the solar energy business, enhancing the solar 

energy business across Australia. SRES previously covered a larger volume of solar system installation. 

Another technical framework of the SRES was that the higher the solar radiations received by the 

postcode, the higher the subsidy for rooftop PV system installation, which meant to increase the 

overall solar uptake. Interestingly, a comparative study of solar power generation of diverse 

geographical zones advocates that areas eligible for the highest subsidy may not necessarily have a 

higher solar installation rate (48). The LRET scheme was designed to generate a financial enticement 

to set up and grow green stations, including wind farms, hydroelectric power plants and solar farms, 

to achieve the target deadline in 2020. Until 2019, despite the difference in the population where the 

US is 13 times larger than Australia, the number of solar PV installations among both countries was 

the same (78). These figures were quite promising until the historical and widespread bushfires in 

Australia. This bushfire burned more than 2500 homes and billions of trees over 6 million hectares 

across Australia and further increased the necessity of installing new solar systems (79). 

2.5 Market Incentives 

Another approach to boost the uptake of the residential rooftop solar systems through a generously 

subsidised policy mechanism is called a feed-in Tariffs (FiTs). This subsidy scheme is initiated to support 

clean energy technologies such as solar energy by granting a payment per kWh for the electricity 

generated by a renewable energy resource and fed into the electricity grid. FiTs schemes were 

introduced to kick-start the solar energy business in Australia with generous selling rates of electricity 

to the electricity grid. As the solar energy equipment prices have been declined by around 80% since 

2008, FiTs rates have also decreased depending upon several factors such as the solar systems 

geographical location in Australia and electricity retailers. Currently, these FiTs are generally lower in 

dollar value than the electricity purchased from the grid; thus, an offset remains on selling and buying 

the power from and to the electricity grid. 

These schemes began with the inception of premium FiTs in several states. For instance, New South 

Wales (NSW) initiated its Solar Bonus Scheme, offering a generous gross FiT of 60 cents per kilowatt-

hour (kWh) from January 2010 until October 2010, which continued at a reduced rate until December 

2016. Similarly, Victoria, in November 2009, introduced a Premium Feed-In-Tariff for Solar, which 
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continued until December 2011 and transitioned into other FiT schemes. Queensland launched its 

Solar Bonus Scheme in June 2008, which continued until July 2012, providing net FiTs. Subsequently, 

several regional schemes were introduced. South Australia (SA) implemented its Solar Feed-In Scheme 

in July 2008, which extended until September 2013 for some participants and until June 2028 for 

others. The state also introduced various minimum retailer payment schemes. Western Australia (WA) 

in July 2010 implemented its Solar Feed-in-Tariff, lasting until July 2011 for some installations. 

Additionally, the state introduced the Renewable Energy Buyback Scheme through Synergy and 

Horizon. Tasmania, on the other hand, established the Aurora Energy Net Metering Buyback Scheme 

as early as July 2000, evolving over the years with varying rates and duration. These premium FiTs 

were subsequently replaced by various other FiT schemes in different states, marking a shift in the 

approach to incentivizing residential solar energy generation and grid feed-in. The Australian Capital 

Territory (ACT) implemented the ACT Small-Scale Feed-in Tariff for different kW ranges and 

encouraged voluntary retailer contributions starting from July 2011. In the Northern Territory (NT), 

the Solar Buyback scheme through Power Water/Jacarana Energy Retail operated from June 2013 

onwards with a gross FiT policy (27), (21) 

Although the governmental subsidies programs may seem to enhance the countrywide solar uptake, 

it is observed that capital subsidy programs such as RECs work differently in different situations. As a 

result, capital subsidies may have less impact on the PV system purchasing, and the availability of FiTs 

may contribute higher towards the consumer’s decision to purchase PV systems (80).  Additionally, it 

is also found that the affordability of the solar system installation may not be the primary solar uptake 

factor (81) as a recent study demonstrates that the solar PV installation rate in Queensland is almost 

identical in the five top socio-economic areas and the lowest five. Furthermore, it is stated that several 

other traits such as household size, number of occupants, property rights issues and physical human 

capital also affect prioritising different sectors both for policymakers and consumers (82). Although 

this study highlights significant aspects, there is a lack of extended analysis of the performance and 

sustainability indicators as per the new priorities during the pandemic, such as bushfires and virus 

spread.  

Based on several investigations both for regional and urban Australian regions, it is argued in order to 

achieve a more balanced growth of regional solar power, a diversified regional energy policy is 

required (83), (84). In Australian states such as Queensland, Western Australia, and South Australia, 

subsidies such as Feed-in Tariffs (FiTs) can continue to work effectively. In the Australian Capital 

Territory (ACT), Victoria (VIC), and New South Wales (NSW), where compact population and living 

circumstances are present, conventional residential solar PV may face space constraints. However, an 
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alternate option of employing centralised photovoltaic power stations or solar panel walls or solar 

farms may be more efficient. In the Northern Territory (NT), where the population is dispersed 

throughout the state and lesser people with lower solar energy information programs, the local social 

variables may not encourage the widespread use of PV products and technologies (85). As it has been 

found that advertisement and social media have a significant impact on increasing awareness and 

benefits of solar energy, expanding a community focused promotional campaign to stimulate the solar 

panel diffusion may compensate for the absence of peer influence and enhance the adoption rate. 

Moreover, any singular rooftop solar PV strategy may not be effective in Tasmania, suggesting that a 

mix of policies considering the socio-economic status of the local community could enhance solar 

adoption. Overall, as there are different socio-economic variables for Urban and Regional Australia, a 

concentrated policy framework should be adopted instead of a universal framework. 

Despite that more comprehensive research is required to recognise the motives of this regional 

disparities. Future research needs to acquire further comprehensive data analysis on a full scale, for 

instance the fundamental structure of individual family, integrated with a survey or questionnaire to 

authenticate a few outcomes and assumptions of this study. Moreover, multiple socio-economic 

factors influence the regional differences in residential solar diffusion rates and internal relationships 

between socioeconomic characteristics of population apparently exists. Therefore, it is required to use 

more sophisticated approaches, like as system dynamics, to understand how socioeconomic factors 

interact to affect the result of solar uptake. 

2.6 Solar battery rebate or virtual power plants 

As there is a difference in dollar rate buying and selling the electricity to and from the electricity grid, 

solar electricity producers sell electricity at a lower rate than they buy from the grid. This business 

framework might not be considered encouraging for some solar system installers. This technological 

system requires electricity storage batteries with a high initial installation cost with a payback period 

of more than ten years. In this regard, even though every state government has introduced battery 

rebate programs that can improve the affordability of solar batteries, many households have yet to 

take advantage of these incentives (86). It's worth noting that the adoption rates of household-level 

storage systems remain at a notably low level, suggesting that there is significant room for growth in 

this sector (87) (88). As governments do not have unlimited financial resources to reduce the battery 

cost, electricity retailers have set up virtual power plant (VPP) systems. Technically, VPP is an 

interconnected or linked network of several solar batteries from different solar systems installed at 

various locations that optimise the supply of electricity stored in batteries to multiple 

locations/buildings and have less reliance on utilising high-cost grid electricity (89). From a business 
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perspective, the electricity retailers provide the rebate to the consumer to purchase solar batteries or 

VPPs. Using VPPs, the consumer can power their home or businesses both day and night, reducing the 

power burden on the grid. 

2.7 Effect of socio-economic variables on Australian solar energy market 

Socio-economic variables are the variables of a society that relate the social status of a person or 

community to economic development or contribution. People’s socio-economic status is measured in  

numerous ways, most frequently as education, social status, or income. For commercialised industries 

such as residential solar energy systems, these variables are critical and significantly influence the solar 

energy market. Several investigations, data analysis and mathematical models have been applied to 

the socio-economic data and solar energy market to understand the spatial distribution and socio-

economic factors associated with residential solar PV diffusion for global and Australian solar energy 

markets (21, 68, 81, 84, 90-106). Among these studies, the outcomes of the essential variables for 

instance disparities in the geographic distribution of solar energy assets, economic growth, population 

size, and built environment for residential solar panel installation has been found implicit to socio-

economic factors. This study on Australian solar energy market drivers and socio-economic factors 

revealed the spatial aggregation of solar cell installation. It also segregated areas of high and low 

concentration regarding the installation rate (the percentage of residential solar uptake) through 

spatial autocorrelation analysis (107). 

Similarly, another economic correlative study of the distribution of solar energy installation in Australia 

suggests that solar penetration is higher in postcodes with more significant shares of moderate-

income households. Furthermore, it is found that the rooftop solar installation rate is higher in the 

postcode with a higher proportion of mortgage holders (82). As there are differences in the finding of 

the effect of socio-economic variables on solar energy uptake and business, there is a need to 

reconsider and re-evaluate these variables for the Australian rural and urban region and draw broad 

conclusions that could facilitate policymakers to reshape the framework for the solar energy business.  

Especially after the recent COVID-19 pandemic, there has been a substantial change in the socio-

economic variables of the Australian community that might have impacted the solar energy business 

and consumer uptake. In light of COVID-19 pandemic restrictions, these socio-economic variables 

should be investigated in detail to understand and reshape the solar energy business. 

2.8 COVID-19 pandemic effect on solar energy business in Australia 

Similar to the global impact of the COVID-19 epidemic described in section 4.4, Australian 

communities, industry, supply chain, transportation, employment and retail services were hugely 
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impacted. All these factors affected the work, daily lifestyle and overall socio-economic status 

involving the solar energy market. People tend to stay at home due to strict lockdowns. All the 

industries that required on-site equipment installation, such as solar energy systems and related 

businesses, were affected drastically. From solar energy business growth, the number of solar system 

installations is a good indicator. As per the latest data from the Australian PV institute graphed in 

Figure 8, which is the number of solar system installations in a calendar year for the size range up to 

14kW capacity, typical for residential dwellings, continued to increase as data depicts higher values 

each year, showing an overall upward trend. The number of solar system installations peaked until the 

lockdown restrictions were enforced at the start of 2020. After this peak, the number of installations 

dropped from approximately 23000 installations to less than 10,000 due to recent COVID-19 lockdown 

restrictions. Data shows that the number of installations from 2016 to 2018 for PV systems of capacity 

6.5kW to 9.5kW has a continually rising trend until the end of 2018, which has a sharp drop since then. 

This sharp drop continued to decline during the COVID-19 lockdown restrictions. To better understand 

the continual decrease in 2021, it is mandatory to investigate and find the reasons or factors behind 

the sharp drops before the COVID-19 pandemic. This investigation could better understand the 

reasons or factors behind the continual decline of installations during the pandemic restrictions. It may 

help prepare better for the upcoming unforeseen pandemic.  

 

Figure 8. The Number of PV system installations in Australia per calendar year for PV systems in the range of 
6.5kW to 14Kw, which is a typical PV system size for dwellings in recent years. For PV systems of capacity 6.5kW 

to 9.5kW, no. of system installations has continuous rise from 2016 to late 2018. After 2018 to mid-2020, the 
overall trend is higher but with volatility. The trend PV systems of 9.5kW to 14kW capacity is relatively 

smoother than for 6.5kW to 9.5kW but in a consistent, sharp drop during the strict COVID-19 restrictions across 
Australia (108). 
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Chapter 3: – Literature Review 

3.1 Factors affecting the solar energy market 

The residential solar market is a complicated and dynamic market, susceptible to a diverse range of 

factors that affects numerous industries. Governmental policies and incentives have a significant 

impact on the solar market's trajectory. The implementation of policies such as subsidies or tax breaks 

and tax credits can significantly diminish the expenses associated with solar installation. This, in turn, 

can render solar technologies more economically accessible to households and businesses, thereby 

stimulating demand. Another important factor is technology, which constantly redefines what is 

possible in the residential solar market. The cost-performance index of photovoltaic systems is always 

improving because of advancements in battery storage capacity, efficiency, and solar inverter 

technology of solar panels, making solar PV-generated electricity an increasingly appealing alternative 

for energy customers. 

The state of the economy also has a substantial impact on the residential solar market. The rate at 

which solar technologies are adopted can be affected by various factors, including electricity prices, 

GDP growth rates, and the capacity for capital investment. For example, individuals and companies 

may be more likely to uptake solar PV during times of economic growth. Environmental factors 

significantly influence the adoption of solar energy. The growing concern about climate change and its 

consequent impacts has increased public inclination towards sustainable and clean energy sources, 

specifically solar power. The growing awareness and concern for the environment can potentially drive 

the market demand for solar installation potentially affecting federal and State government policies 

associated with the growth of renewable energy sources. 

Lastly, social aspects must also be considered. Various factors, including education level, total 

household income, individual perceptions concerning the uptake of residential solar PV, and social 

conventions, can influence the adoption of solar technology. For example, areas with a higher 

proportion of disposable income or have a greater share of the population with better education and 

awareness of the advantages of solar PV might be more willing to adopt residential solar. 

In summary, an effective comprehension of the solar market requires an in-depth understanding of 

these numerous influences. Recognising the complex relationship between these factors and 

residential solar diffusion is essential for policymakers and stakeholders to reshape the residential 

solar market by promoting solar adoption, developing policies, or investing in the advancement 

of solar PV technologies. In regards to solar energy market, a list of most influential socio-economic 

and demographic variables is described in Table 2. 
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3.1.1 Literature Background 

The literature review was meticulously conducted to ensure a comprehensive exploration of the 

multifaceted aspects of the research question. This methodological approach was deliberately chosen 

to encompass all vital components required for addressing the research questions of the study. It 

involved an analysis of the global solar energy sector, its contemporary advancements and the 

governmental policies that have played a pivotal role in shaping it. This global analysis was then 

compared with the unique dynamics of the Australian residential solar market. A detailed examination 

of the residential solar market in Australia was undertaken, with a particular emphasis on factors 

influencing the uptake of residential solar. This encompassed an in-depth exploration of government 

support policies and socioeconomic and demographic factors. 

Following the identification of these influential factors, a comprehensive review was conducted to 

evaluate their influence on both a global scale and within the context of Australia as shown in Table 1. 

Additionally, to understand the potential implications of the COVID-19 pandemic on residential solar 

uptake, an investigation was executed to assess how the pandemic may have affected various aspects 

of the residential solar market framework. 

Table 1. Literature review criteria 

Heading Remark 

Research domain 

Solar energy; Residential solar PV; Solar energy worldwide; Australian 

Residential Solar Market; Residential solar uptake affecting factor globally; 

Residential solar uptake affecting factor in Australia; COVID-19; COVID-19 

impact. 

Search string 
Solar PV, Solar PV adoption factors; Australian Residential Solar Market; Solar 

energy policies Australia; COVID-19; COVID-19 effect/impact; 

Publication Type 

Academic journals, book chapter, and conference proceedings indexed in 

Scopus & Web of Science, Official Reports and Media releases from 

Renewable energy bodies around the world . 

Relevance 

Articles articulate residential solar energy; Solar PV adoption; Solar PV 

diffusion, COVID-19; Socioeconomic variables effect on solar PV uptake, 

Demographic variables effect on solar PV uptake, and Small-scale renewable 

energy/solar energy policies. 

Time Last two decades 
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In summary, the research methodology for this literature review involved a thorough and methodical 

analysis of existing literature to gain insights into the factors driving residential solar adoption in 

Australia. It also delved into the possible effects of the COVID-19 pandemic on these factors, covering 

a wide spectrum of research objectives while not strictly adhering to the structure of a systematic 

review. 

3.1.2 Solar energy market and GDP growth 

It is mainly assumed that enlarged industrialisation consequences in growing job opportunities that 

may result in the form of better GDP of a country. From the data over the period 1999-2015, an 

economic study has been performed to examine the connection between the solar energy market and 

economic progress of the top 10 countries by solar power installed capacity (China, United States, 

Japan, Germany, Italy, India, United Kingdom, France, Australia, and Spain, sequentially). This study 

suggests that solar power generation has not influenced the overall GDP and found no connection 

between GDP and solar energy production (109). On the contrary, while making policies in these 

countries, acknowledging the significance of solar energy in reducing environmental problems is 

essential. Several underlying critical reasons behind this may explain the stagnant behaviour of this 

GDP growth; however, the main factor is the increased population and energy demands that balance 

the equation between the solar energy market and GDP growth. In previous paragraphs, the 

technological and scientific efforts behind the various solar battery innovations have been discussed. 

Other factors such as financial expense aspects of installation, commissioning and deployment of solar 

systems, local and global policies have played a significant part in advancing specific innovations. They 

will keep up this trend so in the future. Rising general awareness for clean and sustainable energy 

sources requirement supported the continuous R&D of solar battery innovations. Material shortages 

and the amount and pace of the mandatory investment possibly also hinder efforts to level up the 

production of current technologies (110). 

3.1.3 Advertising and social media impacts 

Generally, the researchers study the academic and patent literature or data to classify and observe 

the progress of evolving technologies from a technical point of view; however, they rarely employ 

advertising and social media campaign data. In modern times, as social media casts an immense effect 

on people’s consideration and disposition towards an explicit project or general topics, examining the 

social media data might govern deep insights to understand and forecast the business and usability 

trends of the solar energy market. Lately, a data analysis methodology has been performed by 

analysing the data of a social media platform called ‘Twitter’ and patents filed in the area of the solar 
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energy business. Specifically, this study proposed a system performing analysis on patent data and 

data from Twitter to assess the development of leading technologies and categorises the forthcoming 

technological trends from a business and technical viewpoint. By examining the Twitter and patent 

data associated with a specific category of the solar cell named perovskite solar cell technology, it is 

proven that this sort of data can assist in improved monitoring and comprehension of the 

technological development trends that may encourage the solar energy market and business 

indicators, and hence overall electrical power generation capacity (111). 

3.1.4 The cost factors 

The cost of the entire solar energy system mainly consists of PV modules or solar cells; there are other 

electronic types of equipment involved that affect the overall project cost. Among all the 

semiconductor-based PV cells, organic solar cells perhaps are economical. However, the cost of the PV 

panels is merely one portion of the overall installation cost as it involves other equipment. This 

equipment are inverters, used to transform the direct current from solar panels into 120V/240V 

alternating current, and storage batteries that store the converted solar energy, which may be utilised 

at night. Even with technological innovations in the manufacturing of batteries, their initial cost is still 

high. At present, various research to produce cost-effective batteries is ongoing commercially. Still, no 

significant reduction in the price of batteries appeared. Alternatively, for decreasing the cost of 

electricity generation through solar power, combining it with other renewable energy resources such 

as wind energy and geothermal energy may resolve this issue (15). Additional costs include installing 

the mechanical frame for mounting the solar cells, an intelligent sun-tracking system, electrical wiring, 

distribution electronics, and panels recycling. The natural bottom line in terms of commercial use is 

called the levelized cost of electricity (LCOE): cost generated per unit of electricity to recover the 

system’s lifetime cost. Although some cost-effective panels might offer one way to reduce initial 

installation cost and the LCOE, many pieces of research are underway to enhance the other key 

economic factors: power efficiency and overall lifetime. 

Globally, solar PV is currently a prevailing technology, contrary to various other established renewable 

technologies. Reduced cost is due to technological innovations and policy developments. While the 

overall equipment costs have declined, other factors such as cutbacks in capital costs, operation and 

maintenance, and balance-of-system drivers have significant importance for further cost reduction. 

Additionally, further decrease of LCOE requires advancements in various sectors such as enhancing 

the economic scale, efficient and robust supply chains systems, continual technical innovation in solar 

panel mounting in different weather conditions, electricity distribution systems, encouraging 
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commercialisation and policies, public awareness and advertisement through mainstream media with 

an emphasis on generating solar energy. 

In the last decade, cutbacks at the solar panel market’s cost were primarily influenced by a drop-in 

module price, given 18-22% learning rates. However, with the present-day module prices ranging 

between USD 0.5/W and USD 0.7/W, a future decline in the cost of modules will impact to a lesser 

extent than previously to overall installed expense reduction potentials, even with aggressive 

expansion in solar PV uptake. Overall, by 2025 concentrating solar power (CSP) technologies and solar 

PV can cut the global weighted average electricity price by a minimum of 37% and  59%, respectively, 

as reported by the International Renewable Energy Agency (IRENA) (112). The report summarises the 

globally collected latest data and mentions that 82% LCOE of utility-scale Photovoltaic power plants 

dropped from 2010 to 2019, approximately USD 0.31/kWh in 2019, including a decline of 13% year-

on-year in 2019, while for CSP, this cost reduced from USD 0.346/kWh to 0.182/kWh (113).  

3.2 Demographic Factors 

3.2.1 Population 

The population is a widely studied variable for residential solar deployment. The correlation between 

population and residential solar deployment is a broad and complex phenomenon that various 

demographic, socioeconomic, and environmental variables can impact. 

Studies have shown a correlation between solar installations and population density or size, which 

according to some, is associated with higher uptake due to the more significant number of potential 

consumers (99). Greater adoption rates have been observed in highly populated locations possible 

because metropolitan areas, are inclined to have individuals with better financial standings and 

greater potential for peer effect. Whereas few indicate the opposite suggesting the negative influence 

of population density on the uptake (91). 

Nonetheless, the demographic features of a region's population may also have a significant influence. 

For instance, age, sex-ratio, and marital status might have a substantial effect on solar adoption rates. 

Where studies show variable correlation between individual’s age and residential solar uptake some 

illustrates negative association of solar uptake and average age of the individuals (69). Suggesting 

communities with older individuals have lower solar adoption rates, which may be attributable to their 

reduced payback periods because of their shorter lifespans. Supported by another study indicating 

younger householders are more likely to adopt residential solar, probably because they expect to 

remain in their current residences for an extended period, and hence long-term earnings 
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from their investment (25). In contrast, middle-aged inhabitants appear more inclined to adopt 

renewable energy for their households than other age groups (94). 

A few studies, however, have examined sex-ratio association with residential solar diffusion one of 

which signifies higher solar adoption rate correlated with greater female proportion (114). Whereas, 

others demonstrate no association between the two (94, 115). Similarly, no significant relationship 

between marital status and residential solar adoption has been indicated by any study, yet the variable 

has not been studied extensively. 

3.2.2 Citizenship Status 

While these factors are not directly correlated, they interact to either facilitate or impede solar 

adoption among various ethnic and citizenship groups. Certain socioeconomic challenges, such as less 

disposable income or house ownership issues, might be associated with particular ethnic minorities, 

reducing their potential to implement solar technology. Diverse groups exhibit varying knowledge and 

perspectives towards residential solar, indicating the importance of cultural factors (100). 

3.2.3 Area 

The diffusion of residential solar might also be indirectly affected by a region's or postcode's area size. 

Given that, more diversified housing markets with a mix of urban, suburban, and rural residences with 

different residential uptake patterns could be seen in bigger areas.  

In addition, households often have larger roof spaces in places with large typical areas per property, 

such as rural or suburban areas. Detached or semi-detached dwellings with spacious roof space 

needed for solar PV installation are these localities' most common housing types.   As a result, regions 

with more significant-sized dwellings may have a greater adoption rate for solar PV. 

On the other hand, in areas with a smaller average land size per property, such as urban regions with 

apartment buildings and smaller residences, the available roof space for residential solar installations 

is mostly constrained. This limitation might attribute to the decline in adoption of solar PV in such 

regions. 

However, in some studies the region's area is analysed to determine the peer effect influence on the 

residential solar diffusion because some heavily populated areas have more households with 

residential solar. In contrast, other overpopulated regions have less, suggesting imitation behaviour 

or peer effect might be the possible reason for this difference (91). 

3.3 Social Factors 
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3.3.1 Family 

Family and household features, the number of families in a dwelling, and the household or family size 

might significantly impact residential solar adoption. Larger families could find solar PV especially 

more appealing because of the possible higher electricity consumption for potentially more use of 

electrical appliances and a larger area to heat or cool. Likewise, houses with several families may 

consume more energy overall, making residential solar potentially more economical for these 

households. According to a study in northern parts of Italy, where a smaller number of families living 

in the same household with higher income levels has a higher number of installations, whereas, in the 

southern parts with a lower income is observed in a household with a more number of families have 

lower solar uptake (116). Moreover, another study implicating that a greater number of families in a 

household in less congested areas tend less to deploy residential solar similar is the case for larger 

families (102). However, another study suggests an increase in residential solar adoption with an 

increase in the share of households with larger families in a region (81, 117). 

3.3.2 Education 

Education level has demonstrated its association with residential solar PV diffusion in various studies. 

It has been a general perception that higher levels of education correlate with greater solar PV 

adoption. Those with a higher level of education frequently have a deeper comprehension of the 

environmental benefits of clean energy sources, such as residential solar. Despite the initial costs, 

these individuals may also be more likely to recognise the long-term economic benefits of solar 

adoption. In addition, there is a correlation between education and income, which inevitably plays a 

significant role in a homeowner's ability to invest in residential solar. Therefore, the level of education 

of a region's population is one of the key factors to account for while analysing residential solar 

diffusion behaviour. As suggested by numerous studies around the globe investigating the factors 

influencing the spatial distribution of solar PV supports the first imply that higher education has been 

a motivating factor in increasing the solar adoption rate (102, 118, 119).  However, a survey-based 

study examining the effect of incentives on solar adoption aimed at pre-existing theories of their 

association with uptake suggested previously people with better educated had higher odds to uptake 

solar PV whereas, currently, the association seems to diminish (120).  

3.3.3 Dwellings 

Analysts and researchers have commonly accessed characteristics of a dwelling including the type of 

dwelling structure, the number of bedrooms, and the dwelling age while evaluating the potential for 
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residential solar adoption. Each of these factors has specific effects that determine the probability of 

the uptake based on its significance and suitability to the residence. 

A dwelling’s structural features may directly impact the suitability the uptake of residential solar as it 

encompasses separate house, duplexes, and units/apartment complexes and each of this type exhibits 

distinct opportunities and limitations for the uptake. For instance, separate houses and duplexes 

unlike apartments or units who have shared ownership of the property and lacks roof space, have 

greater likelihood of installing residential solar (14, 102, 119). 

Typically, the number of bedrooms in a dwelling is associated with the size of the dwelling and, 

subsequently, the quantity of energy consumed. Larger dwellings often have higher energy bills, 

stimulating the rooftop solar uptake among these households to save their energy costs (81, 82). Also, 

these dwellings are more likely to have larger roof spaces facilitating the installation (121). The age of 

a home also plays a significant influence. They might need major repairs and renovation 

for solar installations as the structure of the older roofs may be a concern, thereby increasing the 

initial cost of solar installations. In contrast, newer homes are typically built to facilitate residential 

solar adoption and prioritise energy efficiency. Consequently, the uptake is more feasible for these 

residents (82, 98). 

3.3.4 Neighbours 

Researchers have extensively studied the impact of peer effect on residential solar diffusion, while a 

few consider the geographical proximity of the neighbours as a proxy of imitation behaviour. The 

average distance between neighbours appear to evaluate the likelihood of peer influence or social 

diffusion within a designated geographic range (97).  

Studies illustrate that residential solar diffusion is more affected by the overall adoption trend within 

an individual's immediate geographic area than by strong personal relationships. Regions where a 

significant proportion of households in a community uptake residential solar may impact the 

perspectives of other individuals, motivating them to adopt residential solar (92, 122). The visibility of 

installed residential solar in the community probably plays a principal role in this behaviour (91). 

Another study indicated that this effect is more pronounced at the postcode level than higher spatial 

scale (123).  

Table 2. This table describes the main categories of socioeconomic and demographic variables, their respective 
sub-variables, their definitions used in the literature and references. 

Category Factor Variable Definition References 

Demographic Population Rural No of people in rural areas. (99), (82, 116) 
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Urban No of people in urban area. 
(102),(82, 116, 

118, 124) 

Postcode No. of people in a postcode (81, 84) 

Density 

The ratio of total postcode population 

of a postcode and the total area of the 

postcode. 

(102),(25, 69, 

84, 96, 99, 

118) 

Sex-ratio 
Proportion of Male population and 

Female population in a postcode 
(94, 114) 

Marital 

Status 
Relationship status (94, 95) 

Age 
The median age of a postcode’s 

population. 

(14, 25, 69, 81, 

82, 84, 94, 96-

98, 102, 114, 

116-118, 121) 

Citizenship 

Status 

Ethnicity The proportion of native citizens. 
(100),(97, 98, 

118) 

Aboriginal 

The proportion of Aboriginal and/or 

Torres Strait Islanders in a Australian 

postcode. 

(14, 100) 

Area Land Size 
Area of a postcode in square 

kilometres. 
(91, 93, 96) 

Social Family 

Household 

The number of households where a 

private residence is occupied by one 

or more dividual among whom at 

minimum one of the residents age 15 

years is called a household. 

(102), (124) 

Household 

Size 

Number of people living in a private 

residence on average. 

(69, 98, 102, 

116, 117, 121) 

Families 

The number of families. According to 

ABS, more than one person associated 

with de facto relationship, marriage, 

step/foster adoption or blood among 

them, one at a minimum must be of 

age 15. 

(81, 96, 98, 

117) 
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Education 

No 

education 

The percentage of people who have 

attended less than 8 years of formal 

education. 

(69, 96) 

Primary 

School 

Proportion of people with minimum 7 

years of formal education. 
(69, 114, 120) 

High School 
Proportion of people with least 12 

years of formal education. 

(14, 69, 114, 

116, 118, 120) 

University/ 

Tertiary 

Proportion of people with university 

level education. Or qualification 

beyond high school. 

(14, 25, 69, 81, 

84, 94-96, 98, 

102, 114, 116, 

118, 120) 

Dwellings 

Houses 

The proportion of homes among all 

dwellings. A house is characterised as 

a residence whose grounds are 

separated from one another by a 

minimum of half a metre. 

(14, 69, 81, 84, 

102) 

Units/ 

Apartments 

The proportion of Units/Apartments 

among total dwellings. A residential 

unit or apartment is characterised as a 

living space that does not possess 

exclusive outdoor areas and typically 

shares a communal corridor or 

staircase. This category encompasses 

flats, units, and apartments. 

(14, 69, 81, 82, 

84, 102, 118, 

121, 124) 

Duplexes 

The ratio of total dwellings that are 

duplexes. A duplex is a domicile 

consisting of two dwellings that share 

a central wall, which include semi-

detached dwellings, terrace houses, 

and townhouses. 

(14, 81, 82, 84, 

102, 118, 121, 

124) 

Bedrooms 
The number of bedrooms in a 

dwelling. 

(14, 69, 81, 82, 

84, 95, 98, 

121) 
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Age of house 
Age of the dwelling or time length of 

occupants in that dwelling. 

(14, 69, 81, 82, 

95, 96, 98, 

121) 

Average 

neighbours 

0.5-1 mile 

Average no of people living within 0.5-

1mile radius. 

(82, 96-98, 

121) 

Neighbours 

Average 

neighbours 

1-4 miles 

Average no of people living within 1-

4mile radius. 
(97) 

Peer Effect 

The adoption decision for solar panel 

influenced by the uptake of members 

within a peer group. 

(25, 84, 91-94, 

97, 99, 122, 

123, 125, 126) 

Household 

Income 

The median weekly household income 

of the postcode. 

(14, 25, 80-82, 

84, 91-97, 99, 

102, 104, 116-

118, 120-129) 

Economic 

Income 

Personal 

Income 

Average weekly personal income of 

the postcode. 

(14, 80-82, 84, 

94-97, 99, 102, 

104, 116-118, 

120, 121, 124, 

127-129) 

Family 

Income 

Median weekly family income of the 

postcode. 

(94, 96, 99, 

114) 

Rent Weekly rent of a dwelling. (81, 96, 114) 

Mortgage 
The weekly repayments of purchasing 

a dwelling. 
(81, 82, 98) 

Housing 

Ownership 

Renter 
The number of people who rent 

dwellings. 
(81, 82, 97, 98) 

Private 

Owner 
Number of owner-occupied dwellings. 

(14, 81, 82, 94, 

96-99, 117) 

Employed 
Percentage of employed people in the 

area. 

(14, 81, 94, 96, 

98, 99, 116, 

117) 
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Earnings 

Unemployed 
Percentage of unemployed people in 

the area. 

(14, 96, 97, 

116) 

System Cost 
Installation and maintenance costs of 

the solar system. 

(14, 21, 68, 94, 

96, 97, 112, 

127, 129-132) 

Cost 
Electricity 

Cost 
Average electricity cost per house. 

(14, 21, 25, 68, 

94, 97, 112, 

118, 127, 129-

134) 

Electricity 

Electricity 

demand 
Electricity demand per household. 

(14, 25, 68, 94, 

97, 102, 118, 

132-134) 

Energy Policy 
Solar energy policies effecting the 

uptake of solar system 

(65, 80, 102, 

135, 136) 

Policy 

Energy 
Feed-in-

Tariffs 

A Feed-in Tariffs (FiTs) is a payment 

for electricity fed into the supply grid 

from a renewable energy source, such 

as wind or solar panels 

(4, 7)(14, 17, 

21, 26, 65, 68, 

80, 84, 117, 

120, 128-131, 

133-141) 

Financial 

Incentives 

Tax Credits Tax deduction due to solar installation 
(5)(25, 68, 94, 

132, 133) 

Subsidy 
The rebate subsidises the installation 

cost of a solar energy system. 

(5)(25, 65, 80, 

82, 104, 118, 

120, 127, 129, 

132, 133, 139, 

140) 

Environment 

 

Renewable energy effect on 

environment 
(142-144) 

Environment 

Renewable 

Energy and 

Environment 

 

Solar 

Irradiation 

Solar irradiance is the electromagnetic 

radiation borne by the earth through 

sunlight. The SI unit for solar 

irradiation is Watt per square meter. 

(25, 82, 98, 99, 

102, 117, 118, 

127, 130, 140, 

142-147) 
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Topography 

 

Finance and 

Businesses 
COVID-19 effect on financial market. 

(25, 42, 47, 51-

54, 82, 98, 99, 

102, 117, 118, 

127, 130, 140, 

145-151) 

Pandemic 
COVID-19 

Impact 

Renewable 

Energy 

Businesses 

Renewable Energy Businesses 

potential risks and future 

(42, 46, 47, 51-

54, 148-151) 

Lockdown 

Effect on solar business and 

installation due to lockdown 

restrictions. 

(46, 149, 150) 

Transport 
COVID-19 effect on transporting solar 

energy related supplies. 
(44, 149, 150) 

Environment 

Environmental impact of COVID-19 

and their relationship with solar 

energy. 

(44, 45, 49-51, 

65, 133, 150, 

152) 

 

3.4 Economic Factors: 

The adoption of solar energy is significantly influenced by the economic factors of individuals. The 

decision-making process of individuals regarding investment in solar energy systems is influenced by 

various economic aspects. Several studies suggest that many economic variables are correlated with 

each other and sometimes it is not trivial to analyse the individual set of variables without considering 

other variables. Some of the major economic factors which have found to be affecting the solar energy 

market, are mentioned in following paragraphs.  

3.4.1 Income:  

The level of income is considered a critical factor in solar energy adoption in a society and the 

correlation between income level and the adoption of solar energy is a critical factor to consider. 

Individuals with higher income tend to possess greater disposable income which can be allocated 

towards investment in clean energy technologies. The economic feasibility of solar PV systems, 

encompassing both initial installation expenses and long-term maintenance costs, is a critical factor in 

the determination of whether to embrace solar energy. According to a study conducted in Italy, 

household income is a significant determinant of economic conditions in various regions, and it is 
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influenced by multiple socioeconomic factors such as the household type and monthly income (116). 

Another study was conducted to investigate the impact of financial assistances, incentives and 

household incomes on individuals' behaviour and preferences to uptake rooftop solar PV. The research 

findings indicate that there is a plausible positive moderation effect of household income on the 

relationship between consumer perspective on technology and motivation to buy it. Additionally, it 

was observed that these financial assistances and benefits positively influence the interaction effect 

of household income. The findings suggest that an increase in family income and greater awareness 

of subsidy incentives may facilitate the conversion of pro-environmental attitudes into a willingness 

to purchase eco-friendly equipment. (114). 

3.4.2 Housing Ownership: 

The ownership status of housing has been found to have a notable impact on the adoption of solar 

energy systems. It is commonly observed that homeowners possess the autonomy to make 

determinations regarding alterations and capital outlays on their respective properties. The research 

findings indicate that individuals possess the capacity to install solar panels on their rooftops without 

necessitating authorisation from landlords or property management. Consequently, the adoption of 

solar energy systems by homeowners is facilitated by the increased level of control they possess over 

the decision-making process, thereby streamlining the installation process. The findings of a study 

conducted in Australia indicate that house ownership is a significant socio-economic factor in 

residential solar diffusion. The findings of the analysis corroborate earlier research indicating that 

home ownership is a significant factor in explaining the residential solar adoption behaviour. 

Furthermore, the data suggest that the dwelling most likely to have a solar PV installation is a single-

family dwelling with a minimum of three bedrooms and more than two residents. Furthermore, the 

analyses suggest that individuals who are 55 years of age or older and reside in rental units are at a 

higher risk of being excluded from the adoption of solar photovoltaic technology. Individuals aged 55 

years and above who are renting may be considered the most susceptible to the impacts of rising 

electricity costs, particularly with regard to equity considerations (81). 

3.4.3 Employment Status: 

Similarly, an individual's work situation has the potential to affect their choice to utilise solar energy 

in a variety of different ways. There are several key factors to take into consideration, including the 

financial viability of solar energy systems and their return on investment (ROI). People who are 

currently employed may have a greater ability to analyse the possible cost savings and return on 

investment in terms of energy over time. It is crucial to note that although work status can play a role 
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in determining whether an individual chooses to adopt solar energy, doing so is not limited to people 

who are currently in paid employment. According to the findings of a study that was carried out in 

Germany, there appears to be a considerable connection between a region's socioeconomic position 

and the pace at which it adopts PV technology. Specifically, the findings suggest that higher population 

percentages of people who have high incomes and high levels of education, in addition a decrease in 

unemployment rates is associated with an increase in residential solar uptake (96) .  

3.4.4 Cost of Solar System: 

The financial implications of implementing a solar energy system are a pivotal consideration that 

shapes the determination to embrace solar power. The economic viability and desirability of adopting 

solar energy are assessed based on several factors, including affordability, financing alternatives, 

payback duration, accessible incentives, and long-term cost-effectiveness. The declining cost of solar 

systems and the increasing availability of incentives are contributing factors to the growing appeal of 

solar energy adoption among individuals. According to a study, the investment in solar PV requires a 

net present value of benefits that is nearly twice the amount of the initial investment cost in order for 

the investment to be deemed feasible (132). 

3.5 Energy Policy and Financial Incentives 

The solar energy market is notably influenced by energy policies and financial incentives, including but 

not limited to Feed-in-Tariffs, Tax Credits, and Subsidies. The provision of incentives is of paramount 

importance in facilitating the acceptance and expansion of solar energy systems, as it renders them 

more appealing to both individual and corporate consumers from a financial standpoint. The 

subsequent paragraphs underscore the significance of financial incentives and their relevance in prior 

research. 

3.5.1 Feed-in Tariffs: 

Feed-in-Tariffs (FiTs) refers to the incentive schemes that remunerate electricity producers, 

particularly those who own solar energy systems, at a higher rate for the electricity generated and 

supplied to the grid. FiTs offer a stable and consistent source of income over an extended period, 

thereby enhancing the attractiveness and financial feasibility of investments in solar energy. FiT 

incentivize the installation of solar energy systems and promote market expansion by ensuring a 

financial beneficial return on investment. A research investigation carried out in the United Kingdom 

has established that the implementation of the FiT has expeditiously amplified the implementation of 

photovoltaic (PV) technologies at a small scale after its inception in April of 2010. The primary tenet 
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of FiT policies is to provide assured pricing for predetermined durations, thereby facilitating increased 

participation from investors (130). Moreover, a recent study conducted on the Japanese solar energy 

market has revealed that the implementation of the FiT programme is anticipated to result in a 

noteworthy surge in the quantity of residential solar installations, particularly within the commercial 

sector. The financial analysis indicates that non-residential installations in Japan, with an installation 

size of 100 kW, could potentially yield an annual ROI of 7.43% (131). Nevertheless, certain studies 

contend that FiT exhibit a consistent positive correlation with the expansion of the solar market, while 

also potentially displaying negative tendencies. Another investigation conducted on European nations 

utilising FiT has identified the circumstances that may lead to the failure of a FiT system. The 

combination of low levies, high FiT rates, and a significant adoption of clean energy resources are the 

aspects that contributed to the failure of the FiT programmes. The collapse of the FiT scheme in Cyprus 

and Spain can be attributed to the point at which the level of renewable production exceeded a 

threshold, resulting in a nett cost being imposed on the system. Consequently, countries that 

implement FiT programmes must reassess their tariff payment rates for photovoltaic (PV) systems to 

facilitate a more moderate integration of PVs into the power grid, while maintaining the coherence of 

the current scheme. (134). 

3.5.2 Tax Credits:  

Tax Credits are a viable financial incentive that mitigates the overall expenses associated with the 

installation of solar PV systems. Tax credits are available for individuals and businesses who invest in 

solar equipment or installations, allowing them to claim a percentage of their investment as a credit 

against their tax liability. Tax credits serve to decrease the initial expenses associated with solar 

installations, rendering them more economically feasible and expediting their implementation. The 

subject of tax incentives design requires a significant attention as they possess the attribute of 

flexibility, which enables them to be directed towards a particular technologies and categories of 

investors. It is possible to strengthen them during the initial phases of clean energy sector 

development and subsequently eliminate them as the domestic clean energy sector progresses and 

attains independence. The achievement of desired outcomes may be influenced by intricate interplays 

with additional governmental reforms and macroeconomic factors, which can speed up or slow down 

growth. 

According to a prominent study, renewable energy generation encounters a tax disadvantage owing 

to its capital-intensive character in contrast to conventional power generation, as numerous taxes are 

predicated on financial investments. In order to address this drawback, it is possible to introduce tax 

incentives. It is recommended that a comprehensive policy package be implemented to facilitate the 
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expansion of the renewable energy industry, which should include the integration of these incentives. 

Gradual adjustments to the composition of tax incentives for renewable energy should be made over 

time to ensure alignment with the industry's developmental stage. It is recommended that a 

systematic timetable be implemented to gradually eliminate specific incentives as the local businesses 

expands and the industry reaches a state of maturity. Furthermore, it is also possible for the countries 

to derive the advantages by adjusting their array of tax incentives in order to more effectively 

correspond with the level of advancement of their renewable energy sector (41). 

3.5.3 Subsidies: 

Subsidies refer to monetary inducements extended by governmental bodies or utility corporations to 

mitigate the expenses incurred in the installation of solar energy systems. Diverse modalities of 

subsidies can be implemented, including but not limited to cash incentives, grants, or rebates. 

Subsidies have the potential to enhance the accessibility of solar energy and promote its widespread 

adoption by reducing the initial investment cost. According to a study conducted on the Japanese solar 

market, it has been found that the regional subsidy policy has a noteworthy positive effect on the 

installation of photovoltaic (PV) systems (127). In this study, it is asserted that government subsidy 

programmes are apparently of utmost importance and that cost reduction in conjunction with ongoing 

government and other assistance systems has considerably promoted the dissemination of PV 

systems. Cost reductions, ongoing government backing, and other assistance programmes can all be 

credited for the significant development in PV system adoption. It is obvious that government subsidy 

programmes have a major impact on this development. It is suggested that the deployment of 

improved long-term subsidy schemes and regional promotion policies bears enormous relevance in 

supporting further diffusion of PV systems, even though addressing cost reduction problems remains 

necessary for future expansion. Collectively, the solar energy market experiences a favourable impact 

from the cumulative effect of various financial incentives. Solar energy system manufacturers, 

installers, and consumers are encouraged by the creation of a favourable business environment, which 

stimulates demand and incentivizes investment. Financial incentives exhibit the capacity to accelerate 

the uptake of renewable energy sources, mitigate the effects of climate change, and foster sustainable 

development by decreasing the payback period and enhancing the return on investment. 

3.6 Environment: 

3.6.1 Renewable Energy and Environment 

The correlation between the utilisation of renewable energy sources and their ecological ramifications 

constitutes a pivotal facet of the shift towards sustainable energy frameworks. In order to shift from 
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traditional energy resources that rely on fossil fuels to sustainable energy resources such as solar, 

wind, hydro, and geothermal has numerous beneficial impacts on the environment. One of the 

primary advantages is the substantial decrease in emissions of glasshouse gases. Renewable energy 

technologies have the capacity to significantly cut off carbon and other harmful emissions during 

generating electricity process, thus effectively mitigating their impact on climate change. Renewable 

energy sources have the potential to mitigate air pollution by replacing the combustion of fossil fuels, 

thereby enhancing air quality, and promoting human health. In the context of solar energy as a feasible 

renewable energy source, various research initiatives have been conducted to illustrate the benefits 

of utilising sustainable energy sources in terms of their ecological impact. As per a reputable research, 

solar energy exhibits minimal health and environmental impacts in contrast to fossil fuels. The 

research suggests that with the increase in gas prices, solar energy will emerge as a more appealing 

and viable energy alternative (142-144) .  

3.6.2 Topography of Region: 

The topological effect is crucial to producing solar energy and cannot be ignored. A solar power 

system's topology or structural composition and design directly impact its efficiency and effectiveness. 

Solar panels must be constructed and oriented correctly to maximise energy output and installed 

considering any shading structures or other barriers. The topological effect account for elements that 

affect how much sunshine the solar panels get, including shading patterns, tilt angle, and azimuth 

angle. Solar panels are installed effectively to receive the greatest amount of sunlight possible 

throughout the day in a well-designed topology, improving energy output. Moreover, planning the 

topology accounts for cable routeing, panel connections, and the system's overall effectiveness. Solar 

energy systems may be made to function better overall and with greater energy production by 

optimising for the topological impact. In order to take advantage of the topological effect and 

maximise the potential for electricity generation from solar panels, extensive planning, appropriate 

design, and correct installation of solar energy systems are crucial. 

Significant technological advances have been made in tracking solar irradiance in various regions of 

the world, which determines the optimal starting point for solar systems installation to achieve their 

optimum efficiency. (37). According to an Australian study, satellite radiation approximations are 

initially created and corrected afterwards to enhance the precision of the Australian solar irradiance 

map. Moreover, this study verifies the world's standard and tilted satellite radiation through ground 

measurement, ensuring a precise technique to evaluate the optimal location in Australia for solar 

panel installation (145). Another algorithmic optimisation study from Europe has developed a free 

online service to monitor the quality of global radiation measurements received horizontally between 
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1983 and 2018 at any point in Europe.(37). Researchers in another study, have used irradiation time 

series data from 14 measurement sites around Australia to extract cloudless times, which were then 

compared and ranked against nine global and nine beam clear sky models (146). 

3.7 Pandemic Effects on Solar Energy Market: 

3.7.1 Impacts on solar energy businesses: 

COVID-19 has had a substantial and diverse effect on the financial markets. Overall, the pandemic has 

created uncertainty in the global economy and has aggravated market volatility. The outbreak of the 

pandemic led to substantial declines in stock markets, primarily due to concerns about the potential 

economic deceleration and the ambiguity surrounding the virus's effects (153), (148).  New 

research analysing the effect of COVID-19 on solar PV projects in China, specifically examining the 

degree of impact and the duration of action. Research indicates that the solar PV sector has 

experienced a delayed response to the pandemic, with the COVID outbreak-induced shutdown in 

China lasting approximately one quarter (47). Furthermore, empirical evidence suggests that the 

pandemic-induced financing and investment costs trend has resulted in a rising burden on the 

expenses of newly established photovoltaic power initiatives in a short time, with an approximate 

escalation rate of 3%. (47). 

However, another research has found a correlation between the share prices of solar companies and 

COVID-19 cases and between the severity of the government intervention and those share prices. 

According to this research, based on the long-term parameters, COVID-19 has decreased the 

share prices of the majority of solar energy businesses, mainly due to the government's COVID-19 

preventive strategy (52). 

3.7.2 Lockdown and financial market: 

Using a spatial econometrics technique, a study has examined the association between the strength 

of COVID-19 stringency and the return on investment. The study investigates how different lockdown 

measures affect stock market performance in various locations and nations. The study demonstrates 

a negative correlation between the lockdown's stringency level and the stock market's growth, with 

tougher lockdown restrictions correlated with a decline in return on investments. A thorough 

investigation of the effects of lockdown restrictions on stock markets is possible because of the spatial 

econometrics technique, which accounts for the geographical interdependence across areas (149). 

3.7.3 Effect on Transport and supply chain: 
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The transportation sector constitutes a significant element of the energy system, serving as a crucial 

factor in generating a substantial proportion of glasshouse gas emissions yet essential for everyday 

life while as a principal element in the supply chain, became clear on a global scale for health and 

safety equipment and associated devices during the dramatic weeks in early 2020. According to a 

study, the post-pandemic period might not be viewed as a challenging time for clean energy as some 

analysts initially claimed, but rather as a period of change that could be taken advantage of as a once-

in-a-lifetime opportunity to advance transportation to decarbonization and support the European 

Union economic development. Thus, the path to sustainable transportation fuels offers a clear chance 

to achieve post-pandemic social, economic, and climatic change goals through an effective win-win 

strategy (44).  

3.7.4 Effects on earth’s environment: 

Whenever there is a significant shift in financial activity, the natural environment will be affected. The 

COVID-19 shockwave and subsequent closure had an evident rapid effect on global glasshouse gas 

emissions, provided the effects on logistics and mobility. As a consequence, there have been reports 

of a decline in carbon and nitrogen dioxide emissions, as well as a positive change in environmental 

conditions, particularly regarding air quality. According to the IEA, worldwide CO2 emissions were 

nearly 5% less in the first quarter of 2020 than in the first quarter of 2019, mostly as a result of 

decreases in emissions from oil (down 4.5%), coal (down 8%), and natural gas (down 2.3%). In order 

to achieve 30.6 Gt during 2020 (8% less than in 2019), the anticipated reduction is predicted to 

accelerate even faster in the following months (44). Many individuals have adopted staying at home 

during longer lockdowns as a new norm, which increases energy consumption in houses (such as water 

and electricity) and influences household waste generation means and characteristics. Additionally, it 

has a human-induced effect on air, water, and soil systems (45). 

Furthermore, a recent study has examined the temporary and lasting environmental impacts of Covid-

19 from a broader point of view. Temporarily, the roadways, airspace, factories, and commercial office 

buildings have deserted the roadways, the skies, manufacturing plants, and trade offices, resulting in 

GHG emissions reduction and thus a cleaner environment, yet with a tremendous cost to the economy 

and public health. COVID-19 lasting impacts are extremely unclear; thus, a hypothesis to give a better 

understanding of its ecological effects is suggested (49). In addition, another research highlights that 

subsidies must be perceived as favourable climate change sources that curtail emissions levels rather 

than an enduring form of aid, transforming beneficial environmental effects into economic benefits 

(133).  
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3.8 Recent studies of COVID-19 pandemic effect on renewable energy market 

The COVID-19 pandemic has significantly affected various socioeconomic factors worldwide. The 

implementation of measures aimed at mitigating the spread of the virus, including but not limited to 

lockdowns, travel restrictions, and business closures, have led to extensive economic disruptions. 

Research has indicated that there are negative impacts on employment, including substantial 

consequences such as job losses, furloughs, and reductions in income (154). The impact of the current 

economic situation has been particularly severe on small enterprises and industries that are 

susceptible to external shocks, resulting in economic difficulties for both individuals and communities 

(155). Moreover, the pandemic has intensified pre-existing social and economic disparities, whereby 

disadvantaged communities and individuals with low socioeconomic status have encountered 

disproportionate repercussions (156). The compromised access to education, healthcare, and social 

services has exacerbated the socioeconomic challenges confronting numerous individuals. The 

enduring ramifications of these socioeconomic disturbances are anticipated to have significant 

implications, necessitating all-encompassing approaches and assistance mechanisms to reconstruct 

economies, tackle disparity, and promote all-inclusive expansion (157). 

Further to COVID-19 pandemic effect on socioeconomic and demographic variables, it has also casted 

a substantial impact on the energy sector, including the renewable energy sector, due to its global 

reach. The current pandemic and its associated impacts persist, and a comprehensive examination of 

the influence of socioeconomic factors on the energy market remains to be established. To date, only 

a limited number of studies have been conducted on this topic. A recent study investigates the 

interconnections between rare earths and six principal renewable energy reserves, with a specific 

emphasis on their co-movements in time-frequency domain, spill-overs of returns, and market 

fluctuation. The findings indicate that the COVID-19 pandemic has resulted in a notable rise in co-

movements and in return-on-investment, spill-overs and market fluctuation among sustainable energy 

and rare earths market fluctuation and returns on investment. Rare earth elements exhibit a tendency 

to receive both market fluctuation spill-overs and return on investment, whereas the green energy 

equities demonstrate a propensity to transmit market fluctuation spill-overs and return on 

investment prior to and amidst the COVID-19 pandemic. Furthermore, it is argued that Solar and wind 

stocks exhibit a dual role as transmitters and receivers of spill overs investment prior to and amidst 

the COVID-19. Furthermore, the remaining markets demonstrate shifts from being recipients to 

transmitters, or the other way around, highlighting the impact of the COVID-19. The findings suggest 

that the approaches used for cross-market hedge may experience reduced effectiveness in the times 

of crises, emphasizing the need for portfolio rebalancing (158). 
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In addition to the statistical study on the variables, a few studies related to policy developments and 

implications has also been proposed. An investigation has been done recently which provides a 

thorough investigation of the effect that the COVID-19 has had on the attainment of two specific 

sustainable development goals. The assessment also examines the interdependent nature of water 

and energy accessibility regarding sustainable development, while considering the effects of the 

COVID-19 on the water-energy nexus. The article also suggests integrated solutions that promote 

stability in the water supply chain, energy storage, and policymaking during and after outbreaks are 

crucial for achieving developmental goals (159).  

On the contrary, although the decline in energy consumption caused by the epidemic nearly triggered 

a financial crisis, a research study has foreseen the positive impacts of this pandemic situation.  During 

pandemic, reduced human interference allowed natural systems to re-establish themselves and 

restore climate stability. As a result of the pandemic, governments and investors around the world 

have the opportunity to think about reducing their countries' carbon footprints and moving towards 

a goal of net-zero emissions. Nearly doubling green energy investments creates openings for reviving 

the economy through the creation of new green energy enterprises and the application of government 

fiscal policies. While it may be appealing to focus on renewable energy for post-pandemic recovery, 

experts recommend focusing on limiting economic fallout and helping struggling businesses first. In 

order to achieve sustainable development, long-term planning and strategies are required (160).  

3.9 Conclusions 

In summary, extensive research has been conducted on the influence of environmental, 

socioeconomic, and demographic factors on residential solar diffusion, and the sudden COVID-19-

driven changes in these variables still need to be explored. This raises unresolved questions of 

significant importance. For instance, how did staying home for an extended time due to lockdowns 

and physical distancing restrictions impact the residential solar diffusion rate? How did supply chain 

interruptions impact the accessibility and pricing of solar equipment? How does a health crisis-induced 

change in government policies impact residential solar incentives and subsidies? 

Conclusively, the unprecedented circumstances imposed by COVID-19 have exposed unexplored areas 

in the domain of residential solar uptake. The evolving social, economic, and government policies 

entail novel research addressing these gaps. This research would not only help to comprehend the 

changing nature of residential solar uptake behaviour during a crisis. However, it will also facilitate the 

stakeholders and policymakers to develop more resilient strategies to accelerate the growth of the 

residential solar market. 
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Chapter 4: Statistical Models 

The chapter discusses various models to provide a comprehensive overview of the most extensively 

employed models relevant to this study of residential solar uptake, especially considering the 

influential socioeconomic and demographic variables. While there may indeed be other models 

available, these particular models have been widely recognized and utilized within the context of this 

research domain. This section serves to establish a strong foundation for the methodology employed 

in our study and offers transparency regarding the frameworks and approaches used to analyse the 

data and draw meaningful conclusions. The chapter concludes by explaining the rationale behind 

selecting the chosen model for this study in comparison to other models. This clarification helps in 

highlighting the specific strengths and suitability of the selected model for addressing the research 

objectives in the context of COVID-19’s effect on residential solar uptake. It's essential to establish 

why a particular model was preferred over others to ensure transparency and rigor in the research 

process. 

4.1 Introduction 

Socioeconomic and demographic variables of a society play a fundamental role in adopting a certain 

technology. Considering the complexity and voluminous nature of socioeconomic and demographic 

data, it is imperative to possess a rational comprehension of the statistical and mathematical 

frameworks employed in prior research concerning these variables. The utilisation of statistical and 

mathematical models necessitates a systematic and precise methodology for scrutinising the variables 

and their interrelationships. By means of these models, one can discern the paramount variables that 

exert influence upon the solar energy market and gauge their respective magnitudes of impact. In 

addition, the utilisation of statistical and mathematical models can aid in the identification of potential 

impediments to the widespread adoption of solar energy, as well as the development of effective 

strategies to surmount these obstacles. The utilisation of said models can effectively promote a more 

all-encompassing comprehension of the solar energy market and its fundamental intricacies, a crucial 

component in the realisation of an enduringly sustainable energy landscape. The comprehension of 

these variables may facilitate the discernment of suitable models for scrutinising the ramifications of 

said variables on the solar energy industry in Australia, pre- and post-COVID-19. In essence, the 

socioeconomic and demographic variables when analysed using a suitable mathematical and statistical 

technique, possess the potential to furnish policymakers, investors, and other pertinent stakeholders 

with the necessary knowledge to make judicious determinations regarding the advancement and 

utilisation of solar energy technologies. For aforementioned reason, a simplified version of these 
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models is their significance in previous studies on solar energy market is briefly described in the 

following paragraphs. 

4.2 Linear Regression Model 

The Linear Regression Model is a statistical technique frequently utilised to model the correlation 

between dependent and independent variables. The fundamental assumption is based on the concept 

of a linear relationship between the dependent and independent variables. The model can be written 

as: 

Y = β0 + β1X1 + β2X2 + ... + βpXp + ε 

where ‘Y’ denotes the dependent variable, ‘β0’ to ‘βp’ symbolise the coefficients to be estimated, ‘X1’ 

to ‘Xp’ represent the independent variables and ‘ε’ symbolises the error term. 

The objective of the linear regression is to provide approximation of the coefficients that best fit the 

data, using the least squares fitting method, a technique that minimizes the sum of the squares of the 

differences between the measured and the predicted values of the dependent variable (161). This 

implies that the optimal line of regression is the one that minimises the Euclidean distance between 

the observed data points and the line. 

Linear regression is a frequently employed statistical method for illustrating the relationship between 

a dependent and one or multiple independent variables. Nevertheless, it is important to consider the 

various constraints of this model. The initial assumption posits a linear correlation between the 

independent and dependent variables, which may not consistently hold true in practical applications 

(162). Secondly, it assumes zero multicollinearity among the independent variables, which can 

produce biased estimates and incorrect conclusions (163). Thirdly, it considers that the errors or 

residuals are normally distributed, which may not always be correct in practice. (164). Fourthly, it also 

supposes that there is no heteroscedasticity or non-constant variance of the errors across the range 

of the dependent variable, which can lead to incorrect inferences and confidence intervals. Finally, the 

linear regression model supposes the independence and normal distribution of the data, which may 

not be universally applicable in practical scenarios (165). 

Although it has certain constraints, linear regression has been widely employed to explore the effect 

of socioeconomic and demographic features on the uptake and spread of solar energy in different 

geographical areas worldwide. Numerous studies have explored the correlation between said 

variables and the implementation of solar energy in the United States, European countries and 

Australia as well. These studies offer significant knowledge for policymakers and researchers 
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investigating the interplay of socioeconomic factors, demographics, governmental policies, peer 

behavior, and electric prices in the diffusion of solar PV (166), (167), (168), (169), (170), (171), (172).  

4.3 Logit Model 

In statistics, the logit model, also known as the logistic model, is a generally employed statistical model 

to analyse and predict binary outcomes. This model estimates the probability of the binary event which 

will appear depending upon one or more independent variables. It converts the probability into the 

log-odds (logarithm of the odds), which represents a linear relationship with the independent 

variables. Generally, the logit model can be written in equation form as: - 

Logit(pi) =β0 + β1X1,i + β2X2,i + ... + βpXp,i 

In this model equation, ‘Logit(pi)’ denotes the log-odds of the event occurring with a probability ‘pi’,  

‘X1,I’ to ‘Xp,i' are descriptive variables, and ‘β0’ to ‘βp’ are the coefficients to be estimated (173). 

Despite its extensive usage, this model is associated with various limitations. The Logit model is 

predicated on linear correlation between the independent variables and the logarithm of the odds of 

the dependent variable assumption where odds refer to the ratio of the probability of an event 

happening to the probability of the event not happening. However, this assumption may not always 

be applicable in real-world situations (174). Secondly, the model assumes that the errors exhibit 

independence and identical distribution, which may not be valid if there exists correlation among the 

observations or if the data is clustered (175). Thirdly, the model assumes the absence of 

multicollinearity among the independent variables, which may result in unstable and biased estimates. 

In the fourth instance, the model postulates that the functional configuration of the correlation 

between the independent variable and/or multiple dependent variables are accurately delineated, 

which may not invariably hold true in practical scenarios (176). Lastly, the Logit model is susceptible 

to outliers and dominant observations, which can alter the results and affect the rationality of the 

model (177). 

Despite its limitations, the logit model has been deemed useful in examining the influence of 

socioeconomic and demographic factors on the uptake and spread of solar energy in different nations 

such as with studies using household or individual-level data. The theoretical framework incorporates 

the sociocultural dimensions of innovation adoption, including values, norms, and beliefs, alongside 

the economic and technological determinants that shape the adoption of innovation (178), (179), 

(180), (181).  

4.4 Probit Model 
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The Probit Model is another binary regression model that is like the Logit Model but uses a different 

functional form. The model is a statistical method utilised for regression analysis in cases where the 

dependent variable possesses binary or dichotomous nature. This model estimates the likelihood of 

an event, such as the adoption of a novel technology, by utilising a series of uncorrelated variables.  In 

the Probit Model, the probability of compliance is modelled using the cumulative normal distribution 

function.  Mathematically, the Probit model is described using maximum likelihood estimation, and 

takes the form: 

P(Y=1|X) = Φ(β0 + β1X1 + β2X2 + ... + βpXp) 

Where ‘P(Y=1|X)’ represent the probability of a certain condition ‘Y,’ ‘Φ’ denotes the function of 

cumulative normal distribution, while symbols ‘Y’, ‘X1’ to ‘Xp’ and ‘β0’ to ‘βp’ are as defined as in the 

Logit Model (182). 

The Probit model is a prevalent method for analysing binary and categorical outcomes, but it has some 

constraints. One limitation is that it assumes linearity between the independent variables and the 

probability function of the dependent variable, which may not always be precise (165). Another 

limitation is that it pretends the errors are normally distributed, which may not be the case in some 

applications (176). Moreover, the probit regression model postulates that the marginal effects of the 

predictor variables remain constant throughout the spectrum of the response variable, a condition 

that may not be satisfied (175, 183). Furthermore, the explication of the coefficients in the probit 

regression model can pose difficulties, as they are expressed in  the form of the standard deviation of 

the residuals rather than the units of the response variable (183). Finally, the probit model may provide 

inaccurate results from multicollinearity, which can govern large uncertainty in the estimates (174) .  

Nevertheless, the Probit model has been utilised to investigate the impact of socioeconomic and 

demographic features on the acceptance and spread of solar energy in different regions (184), (185).  

4.5 Structural Equation Modelling (SEM) 

Structural equation modelling (SEM) is an arithmetic technique often harnessed to model the 

interactions between latent and observed variables. The technique implies detailing multiple linear 

equations that connect the latent variables to the observed variables, and then approximating the 

parameters of these equations using maximum likelihood method. The basic SEM model can be 

illustrated by the following set of equations: 

y = Bx + e; x = Gz + u 
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where ‘y’ denotes the vector of observed variables, ‘x’ shows the vector of latent variables, ‘B’ 

represents a matrix of regression coefficients describing the relationship between observed and latent 

variables, ‘e’ symbolises a vector of random errors in the observed variables, ‘z’ describes  a vector of 

exogenous variables that influence the latent variables, ‘G’ signifies a matrix of regression coefficients 

that describe correlation between the exogenous variables and latent variables, and ‘u’ stands for a 

vector of random errors in the latent variables (186). The model can be expanded to incorporate 

multiple latent variables, multiple observed variables, and multiple exogenous variables. Besides, the 

model can be exploited to test hypotheses relate the latent and observed variables, and the exogenous 

and latent variables (187). 

SEM has several restraints. One of the major constraints of SEM is that it requires a large data set to 

estimate the results (174). Another limitation is the assumption of  data being normally distributed, 

which may not always be the case in practice (175). Additionally, SEM entails the linear relationships 

between the variables, and may not acquire non-linear relationships between the variables (176). 

Another limitation of SEM is that it is susceptible to the characteristic of the measurement mechanisms 

used to collect the data (183). 

In spite of the limitations, various studies have used SEM to study the factors that stimulate the 

adoption and diffusion of solar energy (188). A research investigation carried out in South Korea 

employed SEM to analyse the influence of several factors on the inclination to embrace solar 

photovoltaic (PV) systems among inhabitants residing in apartment buildings. The findings indicate 

that variables such as environmental concern, perceived behavioural control and subjective norms 

cast a substantial effect on the likelihood of individuals intending to adopt solar photovoltaic (PV) 

systems (188), (189), (190), (191).  

4.6 Spatial Econometric Panel Models 

Spatial Econometric Panel Models (SEPMs) are a class of regression models employed to investigate 

the relationship between spatially dependent variables over time. The models incorporate both spatial 

and temporal autocorrelation, and take the form: 

Yit=ρWiYit + Xitβ +αi +εit 

where ‘Yit’ denotes the dependent variable for the ith observation at given time ‘t’, ‘Xit’ describes the 

vector of explanatory variables for the ith observation at specific time, ‘Wi’ represents a matrix of 

spatial weights, ‘ρ’ represents the spatial autocorrelation coefficient, ‘β’ is a vector of coefficients 

associated with the independent variables, αi  is the individual-specific fixed effect. The model also 

incorporates an error term ‘εit’, which is supposed to have temporal and spatial autocorrelation(192). 



65 
 

SEPMs are extensively utilised in the domain of econometrics; nevertheless, they are not devoid of 

their constraints. A significant constraint associated with SEPMs pertains to the problem of model 

specification. The intricate spatial interdependence present in panel data poses a challenge in 

accurately determining the appropriate model structure. Selecting an inappropriate model 

specification may result in partiality and incoherence in estimations (193). Another limitation of SEPMs 

is the inference of stationarity, which is needed for panel data analysis. Nonetheless, spatial 

dependence is often non-stationary and progresses over time, interrupting this assumption. 

Consequently, traditional SEPMs may not accurately apprehend the change of spatial dependence 

over time (194). Additionally, SEPMs need a large amount of data to assess their factors precisely, 

especially when dealing with large spatial divisions such as countries or regions. This can lead to 

computational challenges, specifically with respect to approximation and inference (195). Lastly, 

SEPMs assume that spatial dependence is exogenous, which means that it is not altered by any 

excluded variables in the model. However spatial dependence may be endogenous, meaning that it is 

persuaded by other factors that are not incorporated in the model. Failure to constitute endogenous 

spatial dependence can lead to biased estimates and inaccurate inference (196). 

However, SEPMs have been extensively utilised to assess the influence of socioeconomic and 

demographic factors on the solar energy industry. These models incorporate the spatial 

autocorrelation among regions and the temporal dynamics of panel data. SEPMs, or spatial 

econometric panel models, are a valuable tool for analysing the spatial and temporal impacts of 

various factors that affect the adoption and diffusion of solar energy (197), (198), (199).  

4.7 Decision Tree Model 

The decision tree model is a commonly employed machine learning algorithm that facilitates 

prediction and classification of objects by utilising a predetermined set of input features. The decision 

tree model shapes input features in a hierarchical or categorized formation resembling a tree in which 

internal nodes denotes tests on input features and leaf nodes describe the class labels or predicted 

outcomes. Decision tree models are a frequently utilised tool in research that seeks to investigate the 

associations among numerous predictor variables and a solitary outcome variable. These models 

possess multiple benefits that render them highly valuable for examining the variables that impact the 

acceptance of solar energy technologies. The decision tree model is a popular data mining method 

that can handle categorical and continuous data. The identification of correlation between a 

dependent variable and multiple independent variables is a valuable application. 

The decision tree model is a popular machine learning algorithm owing to its straightforward and 

comprehensible framework. Nevertheless, it is imperative to consider various constraints of this 
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model. Decision trees have a limitation in that they tend to overfit training datasets that, results in 

suboptimal functioning on a novel, unobserved data (200). Another limitation is their failure to 

describe complex relationships between variables, specifically those that are non-linear or encompass 

interactions between variables (201). Decision trees can also be vulnerable to small variations in the 

data and may yield different trees for similar datasets (202). Furthermore, decision trees can strain 

with excessive data, where one class of the target variable is much less common than the others, 

leading to subjective predictions. Lastly, decision trees are known to be biased towards choosing 

variables with more levels or categories (203). 

Despite the limitations, decision tree models have been widely used in numerous studies to explore 

the impact of socioeconomic and demographic variables on the solar energy market (204), (205), 

(206), (207), (208), (209), (210).  

4.8 Time Series Model 

Another frequently employed model called the time series model is employed to analyse the data that 

exhibits temporal variability. It is a set of mathematical equations that illustrate the correlation 

between past observations and forthcoming time series values. The simplified time series model 

predicts the future value of a series as a linear combination of its past values. The simplified equation 

can be written as: 

Y(t) = c + ϕ1Y(t-1) + ϕ2Y(t-2) + ... + ϕpY(t-p) + ε(t) 

where Y(t) denotes the series value at a given time ‘t’, ‘ϕ1’ to ‘ϕp’ denotes the coefficients of 

autoregressive, ‘c’ represents a constant, ‘ε(t)’ symbolises the error term, and ‘p’ describes the order 

of the model. 

Another commonly used time series model is primarily called the moving average model (MA), which 

estimates the future value of a series as a linear combination of its past errors. The model equation 

can be expressed as: 

Y(t) = c + ε(t) + θ1ε(t-1) + θ2ε(t-2) + ... + θqε(t-q) 

Given that ‘Y(t)’ represents the time series value at a given time ‘t’, while ‘c’ denotes a constant. 

Additionally, ‘ε(t)’ signifies the error term at time ‘t’, and ‘θ₁’, ‘θ₂’, …, ‘θq’ denote the moving average 

coefficients. It is important to note that q represents the order of the MA model. 

Another type of time series model, generally termed as the autoregressive moving average model 

(ARMA), is combination of the AR and MA models, and is represented by: 
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Y(t) = c + ϕ1Y(t-1) + ϕ2Y(t-2) + ... + ϕpY(t-p) + ε(t) + θ1ε(t-1) + θ2ε(t-2) + ... + θqε(t-q) 

In this equation, ‘Y(t)’ denotes the series value at a given time ‘t’. The model includes moving average 

coefficients ‘θ1’ to ‘θq’ and autoregressive coefficients ‘ϕ1’ to ‘ϕp’. The error term at time ‘t’ is 

represented by ‘ε(t)’, and ‘c’ is a constant. The orders of the AR and MA components are denoted by 

‘p’ and ‘q’, respectively. Apart from the aforementioned models, there exist various other time series 

models including the autoregressive integrated moving average (ARIMA) model, seasonal ARIMA 

(SARIMA) model, and exponential smoothing models (211, 212). 

Time series models possess significant capabilities in examining data that changes over time. However, 

they also have a few limitations that needs to be considered critically. The characteristics of normal 

distribution and independence of the data points are the key assumption of time series models. This 

indicates that the probability distribution of the data remains constant across time and there is no 

correlation between adjacent observations. However, this assumption can be limiting in certain 

scenarios. This assumption may not hold true in many real-world scenarios, leading to biased or 

inefficient parameter estimates (212). Additionally, time series models are susceptible to outliers, 

missing data, and model specification errors, which can impact forecast accuracy and result in 

erroneous inferences (213). A potential drawback of time series models is their potential inability to 

fully capture the intricacies and non-linearities of the data-generating process, particularly when there 

are numerous interdependent factors that impact the outcome variable. This can result in a poor fit 

to the data and inaccurate forecasts, leading to incorrect policy decisions or suboptimal resource 

allocation (214). Notwithstanding these constraints, time series models persist as a valuable tool for 

scrutinising and predicting time series data, and their efficacy can be enhanced by utilising suitable 

data pre-processing, model selection, and diagnostic assessments (215, 216). 

Time series models also hold statistical significance in assessing and establishing the influence of 

socioeconomic and demographic factors on the global solar energy market. Multiple studies have 

reported significant impacts of these variables on the solar energy market (217), (218), (219), (211).  

4.9 Geographically Weighted Regression 

Geographically Weighted Regression (GWR) is a statistical technique that develops multiple regression 

models to investigate spatially varying relationships between variables. In GWR, the relationships 

between variables are modelled locally, rather than globally. This is accomplished by approximating 

an isolated regression model at each location within the study area. The GWR model can be 

represented in mathematical form as follows: 

Yi = β0(xi) + β1(xi)Xi1 + ... + βp(xi)Xip + εi 
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where ‘Yi’ is the ith observation's dependent variable, ‘Xi1’ to ‘Xip’ are the ith observation's independent 

variables, ‘0(xi)’ to ‘p(xi)’ are the ith observation's coefficients, ‘i’ is the ith observation's error term, 

and xi is the ith observation's spatial position. The GWR model's coefficients are computed by a 

weighted least squares approach, and they vary over space. The weights employed in the estimate 

process are based on a kernel function that allocates larger weights to data closer to the place being 

modelled, and lower weights to observations farther away. The kernel function employed in GWR can 

take numerous forms, such as Gaussian, bi-square, or exponential. The bandwidth of the kernel 

function determines the spatial extent of the local regression models. A smaller bandwidth leads in a 

more localized regression model, whereas a greater bandwidth results in a more global model (220). 

GWR facilitates assessment of spatially varying relationships between variables and can be employed 

to detect spatially dependent relationships that may be overlooked by the conventional regression 

models. It is principally advantageous when the relationship between variables is spatially dependent 

and can offer insights into the local factors that influence the dependent variable. While it has been 

an effective approach in statistics, it does hold some limitations. For instance, the model considers 

that the correlation between the independent and the independent variables is constant across space, 

which may not always be the case. Furthermore, GWR can be computationally intensive and may 

require a large sample size to deliver consistent results. Nevertheless, GWR can provide 

comprehensions into how the outcomes of variables vary across various locations, which can be 

valuable for policymakers and businesses. 

Based on these attributes, GWR model has been widely used to analyse the connection between 

socioeconomic and demographic variables, and the solar energy market. In recent reports, GWR has 

been employed to examine the impacts of demographic and socioeconomic variables on solar panel 

installation rates, solar energy consumption, and the demand for solar energy (221), (222), (223).  

4.10 Cross-sectional Model 

Cross-sectional analysis is a type of statistical analysis that examines data from a single point in time, 

typically involving a group of individuals or objects. It involves collecting data on multiple variables at 

a single point in time from a set of individuals or entities (224). The significance of the cross-sectional 

model is to explore the correlation between multiple variables and to identify any patterns or trends 

that may exist. This model is often used in situations where it is not possible or practical to collect data 

over an extended period. In the solar energy market, the cross-sectional model has been used 

extensively to analyse the effects of various socioeconomic and demographic features on the adoption 

of solar energy. For example, the cross-sectional model has been employed to examine the impact of 
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government incentives, social norms, and environmental attitudes on solar energy adoption (225-

227).  

Furthermore, it has also been employed to evaluate the relationship between income, education, and 

household size and their influence on the acceptance of solar energy in households. For this case, data 

on income, education, and household size are accumulated at a specific point in time, and their 

relationship to solar energy adoption is scrutinised (228). The results of these studies have provided 

valuable insights into the factors that influence solar energy adoption and can inform policies and 

initiatives aimed at promoting the use of renewable energy sources. 

4.11 Comparative study and limitations of the statistical models 

Each statistical model has its own strengths and weaknesses in analysing the effects of socioeconomic 

and demographic variables on the solar energy market. Linear regression, logit, and probit models are 

commonly used in traditional econometric analysis, but they require strong assumptions about the 

linearity and normally distribution of the data. Furthermore, structural equation modelling is a more 

complex and comprehensive model that can analyse latent variables and complex causal relationships, 

but it requires large sample sizes and expertise in statistical analysis. Spatial econometric panel models 

can capture spatial dependencies and heterogeneity, but they also require specialized knowledge and 

can be computationally intensive. Decision tree and random forest models are effective machine 

learning algorithms and have ability to oversee complicated and non-linear relationships, but they are 

often criticized for being "black box" models that are difficult to interpret. Time-series models can 

capture dynamic and temporal relationships, but they are sensitive to outliers and can be limited by 

the amount of available data. Geographically weighted regression is a technique that can explore local 

variations and non-stationarity, but it entails cautious selection of spatial weights and can be 

predisposed to overfitting. 

As the data for the solar energy market in Australia is taken from the Australian Bureau of Statistics 

which publishes data after several years, cross-sectional model is found to be more suitable for the 

study of analysing variables and their impact on solar energy market in Australia. The cross-sectional 

model confers a significant advantage by enabling the examination of variable relationships at a 

specific moment, without necessitating temporal monitoring for changes. This makes cross-sectional 

models particularly useful for studying the impact of demographic and socioeconomic variables on the 

solar energy market in a specific geographical region or country at a given point in time. 

Cross-sectional models offer the advantage of being straightforward to implement and comprehend, 

rendering them suitable for application across a wider spectrum of data categories. Additionally, it 
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enables the computation of the magnitude and direction of the correlation between variables, 

furnishing significant insights to decision-makers, financiers, and policy makers. Additionally, cross-

sectional models have the capability to accommodate the diversity of observations, offering 

understanding into the impact of demographic and socioeconomic factors on distinct subpopulations 

within a given population. In summary, cross-sectional models may offer a simple and easily accessible 

method for investigating the correlation between demographic and socioeconomic factors and the 

solar energy industry. This renders them a useful data analysis tool for analysing a wider variety of 

data sets and use cases. Owning to its numerous advantages and suitability, the cross-sectional model 

has been extensively utilised in this thesis to examine the correlation between demographic and socio-

economic factors and the solar energy market in Australia. 
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Chapter 5: Methodology 

5.1 Research Question 

Despite various existing studies on rooftop solar diffusion driven by socioeconomic and demographic 

variables, there is no study on the change in this socioeconomic and demographic determined 

diffusion rate due to the unprecedented catastrophe of the COVID-19 pandemic dually impacting the 

diffusion. First, via unavailability of accredited technicians to install solar (229) and significant logistic 

disruption (230) following domestic and overseas border closure and obliquely through the change in 

the influential socioeconomic and demographic variables. However, other contributing factors, such 

as governmental solar policies and climate change awareness, must be scrutinized to draw a plausible 

conclusion. Hence, the objective of this project is to investigate and interpret the following principal 

research question: 

“How and to what extent did the COVID-19 pandemic impact the Australian residential solar market?” 

This primary research question leads to several detailed questions stated below:  

1. What are the driving factors and barriers for residential solar adoption in the existing 

literature? 

2. How did these factors affect the residential solar uptake in Australia during the pandemic? 

3. What are the key barriers in the context of COVID-19 pandemic limiting the adoption of 

residential solar PV in Australia that require dedicated policies to promote greater uptake? 

5.2 Research Framework 

The research questions mentioned above have been clearly expressed in this section; therefore, the 

research project is narrowed down to the Australian residential solar market concerning the COVID-

19 pandemic. A research framework is needed to lay down a foundation for the research hypothesis 

and the choice of research method. The significance of the framework is for defining the driving factors 

that affect a phenomenon of interest and identifying the necessity to study under what conditions and 

how those driving factors might differ or how those factors impacted the particular phenomenon of 

interest and their relationship. 

The conceptual model representing the key variables and their mutual relationship is shown in Figure 

9. 
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Figure 9. Research Framework

Given the unique global crisis posed by the pandemic (231) (232)to investigate the impact of the 

unprecedented COVID-19 pandemic on the adoption of rooftop solar PV systems in Australia, this 

research employs a behavioural framework that integrates the value-belief-norm theory, the theory 

of planned behaviour, and the diffusion of innovations theory to identify the key attributes influencing 

residential solar uptake (233) (234)and the potential COVID-19-driven residential solar uptake 

affecting factors.

Socio-economic and Demographic variables: This set of variables embraces the statistical 

characteristics of the human population, such as age, population, gender, ethnicity, marital status, 

household, education, income, employment and homeownership. Comprehensive studies have been 

done to interpret consumer’s behaviour for the diffusion of new technologies indicating the critical 

role of socioeconomic and demographic variables (64, 235); nevertheless, the primary need is to 

identify the driving factors influencing the adoption decision.
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Based on the elaborative and systematic literature review, variables are selected in Table 1. Several 

qualitative and quantitative studies have examined the influence of socioeconomic factors on solar PV 

diffusion. Income inclines to impact uptake (68, 94, 102, 114, 123, 124). Some studies, particularly 

from Australia, suggests middle-income household are more likely to install solar systems. In contrast, 

some point in the opposite direction. Other factors like household size can lead to an apparent  impact 

of household income disappearing (236). 

The type of dwelling is another significant indicator of adoption (21, 94, 95, 104). Property rights issues 

are one of the biggest challenges for apartment residents and renters as solar panels are mostly 

installed on rooftops. However, vertical solar panels are now introduced in the market but are very 

early. Another feature of households correlated to uptake is the number of bedrooms (81, 101, 104), 

indicating more electricity demand and greater motivation to install solar panels to avoid higher 

electricity cost stress.  

Education has been included in many pieces of research (68, 81, 99, 124) without much conclusive 

impact on adoption; still it is suggested to be a significant factor as environmental awareness is 

correlated with education (237). Age and gender are other unclear factors. Some studies suggest a 

positive link of age with solar uptake (102, 236). On the other hand, some imply that younger people 

are more likely to install solar panels (68, 69). About gender, only one study found (66) found the 

correlation suggesting females tend to install solar more than men, yet gender has been included in 

various studies (68, 81, 82)  

The effect of peers appeared to be an influential driver in adoption (91, 92, 116). Studies suggest solar 

PV diffusion functions through imitative behaviour and word-of-mouth; also, uncertainties regarding 

various aspects of solar uptake reduces when trusted adopters convey their positive experience. 

Policies: Solar uptake is an investment behaviour to cut electricity costs involving investment, payback, 

and risk. The decision is made based on rational market analysis and related policies. Subsidies are 

found to be a significant driver for uptake (69, 82, 104, 140) in various studies since the upfront cost 

of installation is an obstacle for households especially with medium to lower-income which are more 

likely to adopt to avoid electricity cost. Feed-in-tariff, on the other hand, is the most extensively 

studied and impactful driver (14, 17, 130, 134) since investment decision depends principally on 

projected payback time; lowering FiTs increases this period influencing the decision while encouraging 

battery adoption behaviour at the same time. 

Electricity Cost: Electricity price tends to affect solar adoption (21, 97, 112, 129) playing a significant 

role in adoption decision due to financial stress from electricity bills apart from return on investment 
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through FiTs saving via self-consumption motivating consumers with higher consumption (102). Since 

residential electricity consumption has increased during the pandemic, electricity cost appears to be 

an influencing factor in the light of existing literature. 

5.3 Research Methodology 

On account of the research questions and the limitation on the socioeconomic and demographic 

variables, data being available through the census every five years, Cross Section Regression Model is 

selected for this study. A cross-section study is an inferential method to describe the plausible 

relationship between the explanatory and response variable at a single point in time, referred to as a 

snapshot of a specific group of individuals at a predetermined moment of time. Another significance 

of its selection is its ability to study numerous parameters simultaneously in a current population (176, 

238). 

5.3.1 Data acquisition 

The data on stringency levels across the country during a pandemic is available from the States 

Government Department of Health media release (239-246). Census data from the Australian Bureau 

of Statistics (ABS) is acquirable for demographic, social and economic variables (247). Australian 

Government Clean Energy Regulator (AGCER) provides the data on the number of residential solar 

installations (248). APVI publicly delivering postcode solar installation data of Australia (249) is another 

source to cross-validate the data. Moreover, states Feed-in Tariff and Solar Rebates details can be 

obtained from annual reports published by APVI (250). 

5.3.2 Australian Government Clean Energy Regulator 

The clean energy regulator (CER) is the governmental body accountable for implementing strategic 

direction, regulatory schemes and policies to increase carbon abatement by empowering renewable 

energy frameworks and businesses. It publishes multiple types of data related to power generation 

through renewable energy sources such as solar energy. As the solar electricity business transactions 

happen in the form of certificates, REC publishes a broad range of data related to solar business, 

system installation, generated and installed capacity.  

5.3.3 The Australian PV Institute 

The Australian PV Institute (APVI) is a non-profit institute that provides reliable and independent 

information and data about solar energy uptake and helps support the development of solar 

photovoltaics and linked technologies. In coordination with various governmental, industrial and 
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academic organisations, it publishes multiple types of solar uptake data of the Australian solar uptake 

monthly and yearly. Specifically, detailed insights about solar uptake, especially in light of COVID-19 

pandemic effects, and could help policymakers make better decisions to facilitate solar energy 

business and uptake. It provides data in different sections as follows: 

Live Solar PV performance data from Australia-wide PV installation, monthly and annually PV potential 

for the urban region, percentage of houses or buildings with solar systems and installed capacity by 

postcode, monthly charts for PV installation systems that are registered under the RET scheme, 

monthly PV installation data by capacity size and postcode across Australia. 

All sorts of this data may help investigate the demand, supply, uptake and utilisation of electricity 

generated through solar systems and may provide a better understanding of solar energy parameters, 

business and market variations during the COVID-19 pandemic. 

5.3.4 Australian Bureau of Statistics 

The Australian Bureau of Statistics (ABS) conducts a census for its inhabitants every fine year, covering 

various social, economic, and demographic topics. As these topics are critical parameters for 

understanding the Australian population’s behaviour, progress, and inclination towards a specific 

project, they might possess critical information to understand the solar energy business better. The 

latest census was held on 10 August 2021, with the data release dates in multiple phases in June 2022, 

Oct 2022 and early to mid-2023. As the census data has details of the socio-economic and demographic 

variables before and during the COVID-19 epidemic, it will be of prime importance to analyse and 

investigate their implications on the solar energy business. The details of the data are as follows: 

5.4 Econometric Model 

COVID-19 outbreak, apart from its severity, mortality rate, and transmissibility, is an antecedent to 

many governmental restrictions and lockdowns with various levels of severity that have impacted 

businesses (251). To determine the effect of COVID-19 on the Australian solar PV market, stringency 

level categorical variables coded by dummy variables will be included in the Cross-section regression 

model (82), ranging from low to high with no restrictions as the base (252). Similarly, dummy variables 

for the duration of lockdown in a postcode will be used to build a coherent model where the variation 

in the length of lockdowns across Australia will determine the number of categories, setting no 

lockdown as the reference. Moreover, its correlation with the number of solar PV installations is 

employed as a proxy to estimate the impact of COVID-19 on solar uptake. Unlike (253), to evaluate the 

significance and magnitude of the COVID-19 pandemic contingent change in residential solar uptake 

in Australia more rigorously, restriction levels and length of lockdowns are divided into two different 
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categorical variables. However, the number of COVID-19 cases may also be included in the model to 

determine pandemic related delays. 

Yp = Lpα + Rp β + Spϒ + Epδ + Dpε + Ppζ + ηp 

Yp = the number of solar PV installation per postcode.  

Lp = binary variables for the length of lockdown 

Rp = binary variables for the restriction/stringency level 

Research Question Model Approach Data Source 

Key influential 
factor affecting the 
residential solar 
uptake 

N/A Literature review 

Academic journals, 
book chapter, and 
conference 
proceedings, Official 
Reports and Media 
releases 

Nature of COVID-
19’s impact 

Contemporaneous 
model w/o control 

variables 

(Active) Lockdown duration 
Var. and no. of avg. past 
two-years Install. 

States Government 
Media releases, 
Australian Government 
Clean Energy Regulator 
(AGCER) 

COVID-19’s impact 

Contemporaneous 
model with control 

Var. 

(Active) Lockdown duration 
Var., no. of avg. past two-
years Install., SE, DEMOGR, 
Policy Control Var 
 
 

States Government 
Media releases, 
Australian Government 
Clean Energy Regulator 
(AGCER), Australian 
Bureau of Statistics 
(ABS) 

Lag Model 

Lagged lockdown duration 
Var., no. of avg. past two-
years Install., SE, DEMOGR, 
Policy Control Var. 

States Government 
Media releases, 
Australian Government 
Clean Energy Regulator 
(AGCER), Australian 
Bureau of Statistics 
(ABS) 

COVID-19 
associated 
influential factors 

Contemporaneous 
Interaction model 

Lagged lockdown duration 
Var., no. of avg. past two-
years Install., SE, DEMOGR, 
Policy Control Var., (Active) 
Lockdown duration Var. * 
Control Var. 

States Government 
Media releases, 
Australian Government 
Clean Energy Regulator 
(AGCER), Australian 
Bureau of Statistics 
(ABS) 

Lag Interaction 
model 

Lagged lockdown duration 
Var., no. of avg. past two-
years Install., SE, DEMOGR, 
Policy Control Var., Lagged 
Lockdown duration Var. * 
Control Var. 

States Government 
Media releases, 
Australian Government 
Clean Energy Regulator 
(AGCER), Australian 
Bureau of Statistics 
(ABS) 
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Sp = Socioeconomic variable  

Ep = Economic variable 

Dp = Demographic variable 

Pp = Policy variable  

ηp = error term  

α, β, ϒ, δ, ε, ζ = parameters need fitting 

However, in order to investigate research question 2, i.e. the impact of COVID-19 associated change 

in socioeconomic and demographic variables on the Australian residential solar market interaction 

terms Lp × Rp × Sp and Lp × Rp × Dp will be used to generate two separate interaction models (254-265).  

Moreover, a similar model will be used for the economic variable since household income among the 

economic variable has changed in the wake of the increase in the unemployment rate across Australia 

during the pandemic as shown in Table 3. 

Table 3. Research methodology 

 

Alternatively, the ANOVA test will be used to find out the plausible effect of COVID-19 lockdowns on 

residential solar installation across Australia (266-268) with the Tukey Post Hoc test (269, 270) to 

investigate the stringency level and the lockdown duration impact. 

After a substantive selection of the explanatory factors through a detailed literature review data, 

sourcing plays a vital role in factor screening because of two reasons the unavailability of data for a 

few variables and the data preparation processing is constrained by the project's time limit. 

Consequently, the Demographic variables defined in section 4 include Population, Age, Gender, 

Marital status, and Australian Citizenship Status. The Social variable includes education, language, 

household size, and type of dwelling, whereas economic variables include total household income, 

house ownership status, employment status, household expenditure, and electricity price. Last, is the 

policy variables embracing Feed-in-Tariff and Solar Rebates.  

5.5 Statistical Tests and Checks 

Regression analysis is a mathematical relationship between one or more explanatory variables and a 

response variable, but it’s worth rests on the model's significance, reliability and validity. Statistical 

testing used to check the significance of the model is defined by the type of variables, data structure 
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and distribution. At the same time, the reliability and validity of the model require checks for 

correlation among the explanatory variables and the goodness of fit tests how the set of data fits the 

selected model. 

5.5.1 Statistical Significance Test 

P-value will be used for Null hypothesis testing defining whether there is any relationship among the 

study variables. The variables are included in the model if the p-value is small; otherwise, the null 

hypothesis is true and suggests eliminating the variable. 

5.5.2 Variance inflation factor (VIF)  

Multicollinearity affects the statistical significance of the regression coefficient estimation. In a 

multiple regression model, there is a high probability of correlation among the independent variables. 

The variance inflation factor evaluates multicollinearity among the explanatory variables of a multiple 

regression model (271) as the ratio of the variance of an individual explanatory variable model to the 

variance of the whole model hence, its contribution toward the standard error.  

5.5.3 R square (coefficient of determination)  

R squared, also called the coefficient of determination, measures goodness-of-fit, the difference 

between the fitted values and the set of observations. It estimates the model and the dependent 

variable relationship strength on a scale of 0-100%. Generally, the higher the R-squared value, the 

better the observation data fits the model and vice versa, yet, this is not always the case. Sometimes 

a good regression model has a low R-squared value, and a high value can be due to some problem in 

the model. Alone R-squared is not enough to assess the model.  
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Chapter 6: New South Wales Test Model 

In order to scrutinize the integrity of the research design, assess the suitability of the chosen variables 

in terms of their efficacy in attaining the research objectives, evaluate the methodology employed, 

appraise the model selection, and test the design of the COVID variable which constitutes the principal 

component of this study a preliminary analysis is conducted utilizing data from New South Wales, the 

most populous state in Australia (272). 

6.1 Method 

6.2 Model and Variables 

Cross section model is for this project as the impact of COVID-19 on the Australian residential solar 

market spanned for two years therefore, a snapshot of the residential solar market during this time is 

necessary to determine the effect of pandemic on the market.  

Yp = Lpα + Rp β + Spϒ + Epδ + Dpε + Ppζ + ηp + C 

 

 (1) 

Yp = the number of solar PV installation per postcode (p).  

Lp = binary variables for the length of lockdown 

Rp = binary variables for the restriction/stringency level 

Sp = Socioeconomic variable  

Ep = Economic variable 

Dp = Demographic variable 

Pp = Policy variable  

ηp = error term  

C = Constant 

α, β, ϒ, δ, ε, ζ = parameters need fitting 

 

To identify and analyse the change in solar PV uptake trend before and during the pandemic, the 

natural logarithm of the number of residential solar installations per postcode is used as the 

dependent variable, with the natural logarithm of the previous two-year averaged number of solar 
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installations as an explanatory variable representing the residential solar growth before the pandemic. 

Furthermore, given that the lockdowns imposed during the COVID-19 outbreak were temporary, 

short-term, and sporadic with varying intensity in nature, therefore, to estimate the effect of these 

lockdowns on solar PV uptake trend short time periods for the dependent and the explanatory variable 

of number of solar installations. Where number of installation explanatory variables is determined by 

the two-year average of installations preceding the onset of the pandemic i.e. 2018 and 2019. 

However, the selection of analysis period is done following the months lockdown was implemented 

and consequent the rises and dips in the number of residential solar installations trend as shown in 

Figure 10 

 

lnYp = lnXp + Lpα + Spϒ + Epδ + Dpε + Ppζ + Cpθ + ηp (2) 

 

 Four time periods are chosen for the year 2020: January to March, the pre-pandemic period and 

before the implementation of lockdown measures; April and May, the lockdown period; June to 

August, following the end of the lockdown; and September to November, due to the unusual rise and 

dip in solar installations trend during September and October, respectively as shown in Figure 10. A 

similar strategy is employed for the year 2021: January to March is a steady increase interval, April to 

June is the gradual decline of installations and the pre-lockdown period, July to September is the 

lockdown, and September to November is due to a sharp rise in solar installations in September. In 

addition, the government started to lift the lockdown in some regions of New South Wales in 

September, and the lockdown restrictions started to ease due to the development of the COVID-19 

vaccination and the subsequent rising vaccination rate. However, the National model would employ a 

similar approach, using the National number of residential solar installations chart. 
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Figure 10 No. of solar PV installations in NSW per month in 2018, 2019, 2020, and 2021, typical household solar PV. No. of 

installations increased in 2019 compared to 2018. However, the rise in 2020 no. of installations is much higher, showing rises 

and dips that deviate from the patterns observed in previous years following the lockdown timing. Unlike previous years in 

March 2020, before the lockdown, installations increased, with more unusual surges and drops in June, September, and 

October 2020. In contrast, the 2021 deviation from the previous trend is more significant, with a more sustained increase 

from January to June 2021, with a sharp dip in August 2021, followed by a sharp rise in September 2021. 

 

6.3 The COVID variable 

The data on stringency levels across the country during a pandemic is available from the States 

Government Department of Health media release (239, 241-246). However, for NSW postcode data 

on stringency level across New South Wales is collected from NSW Government websites including 

Ministerial media releases (273), Department of Education (274), and Parliament of Australia (275). In 

addition, broadcasting media websites was also used to acquire missing information on the length and 

accurate dates of the lockdown and restrictions in regional areas on Government websites. 

Due to the lack of accurate data on COVID-19 restrictions for regional New South Wales, the stringency 

level variable Rp has been eliminated from the model. Thus, only the total number of days in lockdown 

defines the COVID categorical variable, with largest number of lockdown days coded as 1 as the 

reference. Ten-day lockdown ranges are used to define a category with the exception for category 4 

where construction activities were paused, which included the installation of residential solar. This 

pause was a significant hindrance to the installation in these postcodes. As category 4 also had a stay-

at-home lockdown followed by a curfew, the pause on construction had an even greater impact on 

the ability of residents to install solar panels in their homes. 

The data on lockdowns during the pandemic is available by LGA but the study is designed for postcode 

data to get more detailed and precise information hence, better estimate of the impact of COVID-19 

on solar PV uptake during the pandemic. To accurately defining each COVID cluster and to determine 

more precise estimate of the impact postcodes crossing an LGA were mapped by assigning ratio to the 

overlapping postcodes using the postcode to LGA data provided by Australian Bureau of Statistics 

(276).  However, postcode mapping is not included in the model due to high multicollinearity it has 

caused in the test analysis. Consequently, postcode to LGA ratio was used to determine the COVID 

cluster for the overlapping postcodes assigning the postcode to the LGA which includes greater 

proportion of the postcode. 

6.4 Socioeconomic and demographic variables 
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The demographic variable D encompasses age, population size, gender, and marital status(94, 95, 

114). As shown in Table 4, the social variable S includes household characteristics such as household 

size, dwelling structure and type, number of children per family, number of bedrooms, and level of 

education. 

The economic variable (E) is comprised of the total household income, home ownership status, 

weekly rent, employment status and mortgage payment. Moreover, Small-scale renewable energy 

scheme subsidy zones solely denote the policy variable as the energy retailers are allowed to offer 

competitive feed-in-tariff rates making the current, accurate feed-in-tariff data collection infeasible to 

the project timeline. However, since the pandemic duration was relatively short, feed-in-tariff rates 

are less likely to be changed significantly compared to the pre-pandemic rates. Census 2021 data from 

Australian Bureau of Statistics is used for socioeconomic and demographic variables (277). 

Table 4. Selected variables with definition 

Variable Definition 

Population Population size of the postcode. 

Married  The proportion of married people in a postcode.  

Female  The proportion of females in a postcode. 

Age 35 to 55 years The proportion of people in a postcode aged between 35 years to 55 

years.  

Age 55 and over The proportion of people in a postcode aged 55 years and over. 

University or tertiary  The proportion of people with university or tertiary education in a 

postcode. 

High school The proportion of people with high school education only in a postcode. 

Year 8 or below The proportion of people with the highest education of year 8 or below 

in a postcode. 

Owned outright The proportion of dwellings owned outright in a postcode. 

Owned with mortgage  The proportion of dwellings owned with mortgage in postcode 

Rented with real estate The proportion of dwellings rented from real estate agent in a postcode. 

Rented with community  The proportion of dwellings rented from community housing provider in 

a postcode. 

Rented with state 

housing 

The proportion of household rented from the State or territory housing 

authority in a postcode. 

Separate houses  The proportion of separate houses in a postcode. 

Duplexes  The proportion of duplexes in a postcode. 
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Flats  The proportion of units/apartments/flats in a postcode. 

Occupied dwellings The proportion of occupied dwellings in a postcode. 

Unoccupied dwellings  The proportion of unoccupied dwellings in a postcode. 

One or less bedroom 

household 

The proportion of studio or one-bedroom household in a postcode. 

Two bedrooms 

household 

The proportion of household with two bedrooms in a postcode. 

Three or more 

bedrooms household 

The proportion of household with three or more bedrooms in a 

postcode. 

One-person household  The proportion of one-person household in a postcode. 

Two persons household The proportion of two persons household in a postcode. 

Three-persons 

household 

The proportion of three persons household in a postcode. 

Four persons household The proportion of four persons household in a postcode. 

Five or more persons 

household 

The proportion of five or more than five persons household in a 

postcode. 

One-child family The proportion of families with one child in a postcode. 

Two children family The proportion of families with two children in a postcode. 

Three or more children 

family 

The proportion of families with three or more than three children in a 

postcode. 

Unemployed  The proportion of unemployed people in a postcode. 

Employed with part-

time work 

The proportion of people employed with part-time work in a postcode. 

Employed with full-time 

work 

The proportion of full-time employed people in a postcode. 

Low income household The proportion of household with total annual income AUD 20,799 or 

below in a postcode. 

Middle income 

household 

The proportion of household with total annual income range between 

AUD 20,800 to AUD 77,999 in a postcode. 

Higher income 

household 

The proportion of household with total annual income range between 

AUD 78,000 to AUD 181,999 in a postcode. 

Rent up to 350 The proportion of household with weekly rent up to AUD 350 in a 

postcode. 



84 
 

Rent up to 550 The proportion of household with rent AUD 351 to AUD 550 in a 

postcode. 

Rent up to 750 The proportion of household with rent AUD 551 to AUD 750 in a 

postcode. 

Rent up to 950 and 

above 

The proportion of household with rent AUD 950+ in a postcode. 

Mortgage repayment up 

to 1999 

The proportion of household with monthly mortgage repayment up to 

AUD 1,999 in a postcode. 

Mortgage repayment up 

to 2999 

The proportion of household with mortgage repayment up to AUD 2,999 

in a postcode. 

Mortgage repayment up 

to 3999 

The proportion of household with mortgage repayment 3,000 to AUD 

3,999 in a postcode. 

Mortgage repayment 

4000 and above 

The proportion of household with mortgage repayment 4,000 and above 

in a postcode. 

SRES Subsidy Zone The SRES subsidy zone number of a postcode 1, 2, 3, and 4.  

 

Factor screening was performed using the variance inflation factor (VIF) and considering the research 

question at hand. Variables with a VIF value exceeding 10 were dropped after thoroughly analysing 

their significant association with the research question. Nevertheless, to avoid model under-fitting by 

eliminating too many variables, which might lead to the reduced explanatory power of the model to 

capture the complexity of the underlying relationship between dependent and independent variables. 

Averaged variables were created for quantitative variables like the number of children, number of 

bedrooms, rent, mortgage repayment, and number of persons and ordinal variables like income, but 

VIF value remained high. Therefore, binary coded variables were created to resolve the multilinearity 

issue, using the median as a threshold hence, categorizing observations into two groups based on 

whether their value is above or below the median value, setting below the median value as a 

reference. Finally, Age 35 – 54, Age 55 and over, gender with male as reference, University Education, 

High-School Education, Low income households, Middle income households, Higher income 

household, Married, One or less bedrooms household, Two bedrooms household, Three or more 

bedrooms household, Owners, Owners with mortgage, Separate houses, Duplexes, Two or less 

persons household, Four persons household, Six persons household, Eight or more persons household, 

Population, One child family, Two children family, Three or more children family, and SRES Subsidy 

Zone variables are selected.  
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Whereas, the variable C is the number of cases per postcode. The data is collected from New South 

Wales Government website Data.NSW (278).  

6.5 Climate change attitude variable 

The proportion of votes for environmental political parties (82, 96) in the 2022 federal election was 

used as a proxy for people's attitude and concern towards climate change. This data was obtained 

from the Australian Electoral Commission(279). However, to avoid further reduction in sample size, 

which is already a concern due to the presence of COVID clusters in the data, this variable was excluded 

from the current analysis. Nevertheless, it may be considered for a national model. 

In addition to the Variance inflation factor (107) and normal quantile-quantile (QQ) plot (280), the 

Doornik-Hansen test is used to check for skewness and kurtosis of the residuals (281) and the Breusch-

Pagan/Cook-Weisberg test for heteroskedasticity (282). However, to account for any 

heteroskedasticity, the logarithm transformation of the dependent variable and the average before 

COVID-19 number of installations and robust standard errors are used. 

6.6 Results and Discussion 

6.6.1 Results without socio-economic controls 

Table 5illustrates the change in residential solar uptake trend during 2020. Cluster 2 exhibits a 

statistically significant positive estimate of 0.359 at a 5% level, implying growth in solar installation 

compared to the previous two years. Given the dependent variable has been transformed using the 

natural logarithm, thus the coefficient is calculated using the formula (exp(A1) - 1) * 100, for equation 

(3). This suggests an almost 43 percent rise in residential solar uptake during the first quarter of 2020 

among the postcodes of cluster 2.  The rising trend persisted for 2020 and 2021, with a slight decline 

during June to August 2020 period while July to September 2021 lockdown had a relatively greater 

effect on uptake as shown in  Table 6. 

The duration of lockdown is correlated with the growth of rooftop solar adoption in cluster 1 and 2, 

which consist of postcodes in the northern beaches of Sydney where lockdown was implemented 

during the last week of December and the first week of January as evident from Table 5 and Table 6. 

The solar PV uptake trend shows an increase after the December lockdown in these clusters, as shown 

in Table 6. However, there was a subsequent drop of varying intensity in both clusters during the 

second lockdown. 

ln(Y)=A0 + A1*X + v ~ B (3) 
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Table 5. Results of COVID Clusters residential solar installations during 2020. 

  

ln number of 

solar 

installations 

Jan - Mar 

2020  

ln number of 

solar 

installations 

Apr - May 

2020 

ln number of 

solar 

installations 

Jun - Aug 

2020 

ln number of 

solar 

installations 

Sep - Nov 

2020 

Number of cases in March 2020 735.7    

COVID Cluster 1 0.258 0.223 0.34 0.647** 

COVID Cluster 2 0.359** 0.677*** 0.500*** 0.674*** 

COVID Cluster 3 0.0223 0.0228 0.16 0.204* 

COVID Cluster 4 0.365*** 0.265*** 0.449*** 0.565*** 

COVID Cluster 5 0.403*** 0.275** 0.407*** 0.227*** 

COVID Cluster 6 0.402*** 0.448*** 0.148 0.386** 

COVID Cluster 7 0.0256 0.154 0.251* 0.0982 

COVID Cluster 8 0.163 0.295* 0.176 0.166 

COVID Cluster 9 0.0728 0.0176 -0.139 0.0748 

COVID Cluster 10 0 0 0 0 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. 

 

Table 6 illustrates that there was a more noticeable increase in solar PV uptake in 2021, which could 

be attributed to the ongoing restrictions. Postcodes with longer lockdown periods had stricter 

restrictions, especially in Local Government Areas (LGAs) of concern, with the exception of Cluster 4. 

This cluster, which includes the postcodes with the most severe stay-at-home lockdowns and curfews, 

experienced the highest surge in solar PV adoption, with a coefficient of 0.704, or around 102%, at a 

significance level of 1%.  The trend of residential solar uptake experienced the most significant decline 

during the second lockdown, when construction activities were halted by the government, which 

affected Cluster 4 the most, as the construction ban lasted longer in these areas. 
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Table 6. Results of COVID Clusters residential solar installations during 2021. 

  

ln number of 

solar installations 

Jan - Mar 2021 

ln number of 

solar installations 

Apr - Jun 2021 

ln number of 

solar installations 

Jul - Sep 2021 

ln number of 

solar installations 

Sep - Nov 2021 

Number of cases 

during January - 

March 2021 

5708.8    

COVID Cluster 1 0.535*** 0.532*** 0.279** 0.698* 

COVID Cluster 2 0.394** 0.637*** 0.463* 0.671*** 

COVID Cluster 3 0.384*** 0.347** 0.115 0.321** 

COVID Cluster 4 0.704*** 0.545*** 0.195* 0.648*** 

COVID Cluster 5 0.461*** 0.386*** 0.266*** 0.382*** 

COVID Cluster 6 0.321** 0.386** 0.385*** 0.461** 

COVID Cluster 7 0.187 0.149 0.231* 0.303*** 

COVID Cluster 8 0.0933 0.0128 0.235 -0.0582 

COVID Cluster 9 0.0239 -0.035 -0.119 0.0579 

COVID Cluster 10 0 0 0 0 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. 

 

6.7 Results with socio-economic controls 

6.7.1 Northern Beaches Sydney region 

The linear regression analysis was conducted to examine the impact of COVID-19 on residential solar 

uptake while controlling for key influential socioeconomic and demographic factors. Group 10 of 

COVID cluster having the least number of days of lockdown was set as reference. Cluster 1, comprising 

northern postcodes of North Beaches Sydney region with a small number of postcodes and a small 

population, experienced the longest duration of lockdown among all the clusters. However, the 
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sample size for this cluster was relatively small, which could be a reason for the insignificant 

coefficients observed for 2020 and 2021 as shown in Table 7 and Table 8.  

 

Table 7. Results of residential solar installations during 2020. 

  

ln number of 

solar installations 

Jan - Mar 2020  

ln number of 

solar 

installations 

Apr - May 2020 

ln number of 

solar 

installations 

Jun - Aug 2020 

ln number of 

solar 

installations 

Sep - Nov 2020 

Number of cases in 

March 2020 
-893    

SRES Subsidy Zone 0.07 0.0725 0.0639 -0.0216 

Age 35 - 54 -0.0837 -0.0311 0.0432 0.000944 

Age 55 and over -0.00909 0.0995 0.0325 -0.0131 

Gender 0.193** 0.146** 0.113* 0.0904 

University Education 0.0949 0.0691 0.00889 0.0838 

High-School Education 0.0958 0.0263 -0.161* -0.0198 

Low income 

households 
-0.0652 -0.0631 -0.0813 0.0336 

Middle income 

households 
0.0126 0.0547 0.033 0.0714 

High income 

household 
-0.0538 -0.0263 -0.0371 -0.0587 

Married -0.0528 0.0451 0.0269 0.0152 

One or less bedrooms 

household 
-0.144* -0.108 -0.0445 -0.00493 

Two bedrooms 

household 
0.00994 0.119 -0.013 -0.0522 
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Three or more 

bedrooms household 
0.248** 0.213** 0.0513 0.182** 

Owners -0.0738 -0.0727 -0.022 -0.0192 

Owners with 

mortgage 
0.0694 0.0137 -0.0632 -0.0123 

Separate houses 0.0311 0.0915 0.00531 -0.0901 

Duplexes -0.051 0.0395 0.0168 -0.0149 

Two or less persons 

household 
-0.333*** -0.188** -0.316*** -0.202** 

Six persons household -0.163* -0.0432 -0.0123 -0.0481 

Four persons 

household  
-0.162 0.0225 0.0717 0.0233 

Eight or more persons 

household 
0.123* 0.0984 0.155** 0.147* 

Population 0.0000138*** 0.0000126*** 0.0000100*** 0.0000109*** 

One child family 0.16 -0.0772 0.114 -0.056 

Two children family 0.155 0.134 0.103 0.087 

Three or more 

children family 
-0.0571 -0.0386 -0.0507 -0.0738 

COVID Cluster 1 -0.19 -0.129 0.053 0.429 

COVID Cluster 2 -0.0938 0.325* 0.0838 0.370* 

COVID Cluster 3 -0.444*** -0.236 -0.164 -0.0682 

COVID Cluster 4 -0.109 -0.00619 0.0792 0.302** 

COVID Cluster 5 0.115 0.106 0.149 0.124 

COVID Cluster 6 0.117 0.326* 0.0785 0.284* 

COVID Cluster 7 0.0505 0.162 0.250* 0.124 
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COVID Cluster 8 0.156 0.293* 0.192 0.151 

COVID Cluster 9 0.0612 -0.00265 -0.149 0.0644 

COVID Cluster 10 0 0 0 0 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10 

Cluster 2 consisted of thirteen postcodes comprising the southern suburbs of Sydney's Northern 

Beaches. Even though it is relatively larger than cluster 1, yet still has a smaller sample size. Similarly, 

cluster 6 encompasses eighteen postcodes of Newcastle and cluster 8, and cluster 8 comprises a minor 

portion of regional New South Wales with only thirteen postcodes.. During the first lockdown and 

before the second lockdown of this region, the rooftop solar deployment raised by 0.677 and 0.637, 

as compared to 0.359 and 0.394 respectively. The reason for this significant growth might be the panic 

buying of the potential prosumer, as reported by a New South Wales residential solar retailer. 

(283).Nevertheless, cluster 2 followed similar trend since the implementation of COVID-19 lockdowns 

was geographically associated, and the socioeconomic and demographic features of the population 

are spatially related, it is possible that other explanatory variables included in the model are explaining 

the same variable. This may explain the insignificant cluster coefficient during 2021, despite the 

coefficients remaining significant throughout the year in the COVID Cluster model, as depicted in Table 

6. For instance, number of persons and number children were positively related to an increase in solar 

PV uptake consistent with one of the previous study (81). Note that the number of children is not a 

much-studied variable and is included in this study because of its relation to the research question.  

Table 8. Results of residential solar installations during 2021. 

 

ln number of 

solar 

installations Jan 

- Mar 2021 

ln number of 

solar 

installations Apr 

- Jun 2021 

ln number of 

solar 

installations Jul - 

Aug 2021 

ln number of 

solar 

installations Sep 

- Nov 2021 

Number of cases 

during January - 

March 2021 

-829.4    

SRES Subsidy Zone 0.319* 0.0921 -0.0534 0.440** 

Age 35 - 54 -0.0273 -0.108 0.0695 -0.0878 

Age 55 and over 0.0815 0.0324 0.0892 0.0397 
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Gender 0.0467 0.0326 0.101 0.224*** 

University Education 0.0913 0.0781 0.117 0.143* 

High-School Education -0.0917 0.078 -0.0749 -0.0388 

Low income 

households 
0.013 -0.05 -0.0333 0.0509 

Middle income 

households 
0.0965 0.058 -0.0363 0.00735 

High income 

household 
0.00905 -0.132 -0.0788 -0.103 

Married 0.0432 0.137* 0.0772 0.0835 

One or less bedrooms 

household 
-0.0665 -0.0665 -0.0324 -0.0984 

Two bedrooms 

household 
0.028 0.0573 -0.0133 -0.0974 

Three or more 

bedrooms household 
0.275*** 0.0403 0.0763 -0.0509 

Owners -0.0889 -0.172** -0.0638 -0.00729 

Owners with 

mortgage 
-0.078 -0.07 -0.111 -0.00932 

Separate houses 0.0329 -0.00828 -0.115 -0.0424 

Duplexes -0.0484 0.0864 0.000665 -0.00927 

Two or less persons 

household 
-0.459*** -0.297*** -0.272*** -0.266*** 

Six persons household -0.144 0.0588 -0.101 0.0226 

Four persons 

household  
-0.00299 -0.187 -0.029 0.104 
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Eight or more persons 

household 
0.144* 0.0625 0.181** 0.0852 

Population 0.0000174*** 0.0000142*** 0.0000127*** 0.0000125*** 

One child family 0.0401 0.0941 0.0195 0.0496 

Two children family 0.153 0.219* 0.267** 0.0792 

Three or more 

children family 
0.0524 0.133 0.0124 0.00185 

COVID Cluster 1 0.282 0.148 -0.176 0.301 

COVID Cluster 2 0.108 0.0615 -0.179 0.16 

COVID Cluster 3 0.0337 -0.18 -0.416** -0.0694 

COVID Cluster 4 0.316** 0.0387 -0.323** 0.213* 

COVID Cluster 5 0.221* 0.193* -0.0167 0.162 

COVID Cluster 6 0.292* 0.157 0.178 0.332* 

COVID Cluster 7 0.240** 0.109 0.217* 0.284*** 

COVID Cluster 8 0.175 0.0093 0.175 0.0412 

COVID Cluster 9 -0.0187 -0.0346 -0.142 -0.0106 

COVID Cluster 10 0 0 0 0 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. 

 

6.7.2 Greater Sydney region 

Cluster 3 mostly remained insignificant, with a decline in solar PV adoption by 0.44 and 0.419 before 

the first lockdown and during the second lockdown, respectively as shown in Table 7 and Table 8. It's 

important to note that this cluster apart from a few postcodes of regional NSW mostly includes the 

local government areas of Randwick, Woollahra, Waverley, and the City of Sydney. Randwick is known 

for having a high student population, while the City of Sydney is largely a commercial area with high-

rise apartments, making it less likely for residents to install solar due to limited roof space. 
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However, COVID-19 was positively associated with cluster 4 during September to November 2020, 

with an increase in the number of installations by 0.302 as shown in Table 7. This cluster continued 

the increased uptake trend associated with COVID-19 during the first quarter of 2021, as shown in 

Table 8 with a 0.316 increase at a significant level of 5%. However, the decline during the second 

lockdown by almost 0.323 was expected, as previously mentioned, due to construction being put on 

hold during this lockdown. Furthermore, this cluster is located in the region with the harshest 

lockdowns in New South Wales. But the rising trend quickly revived soon after restrictions on 

construction industry started easing from September, with a 0.213 increase. 

Figure 11. Heat map of Greater Sydney showing the length of 
lockdown with 1.0 indicates the postcodes with longest and 11.0 

shows the shortest lockdown. 
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Cluster 5, showed a positive association with COVID-19 during the first half of 2021, prior to the last 

lockdown in Australia. 

6.7.3 Newcastle region 

Nonetheless, for Cluster 6, there was a 0.326 and 0.248 surge in residential solar installations during 

the first lockdown of Australia and the last quarter of 2020, respectively, which was correlated with 

COVID-19 as shown in Table 7. Moreover, the positive COVID-19-associated uptake trend increased to 

almost 0.292 and 0.332 as shown in Table 8 for the first quarter and after the second, which was the 

longest lockdown period. 

6.7.4 Regional NSW 

The solar PV adoption trend for cluster 7 was more consistent, with mostly around a 0.25 COVID-19 

correlated surge since after the first lockdown period as shown in Table 7. In conclusion, the one-year 

long restrictions followed by more stringent measures during the Christmas 2020 and 2021 New Year 

period impacted the solar PV adoption trend significantly during 2021. This impact was particularly 

Figure 12 Heat map of New South Wales showing the length of lockdown with 1.0 
indicates the postcodes with longest and 11.0 shows the shortest lockdown. 
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evident in clusters with larger sample sizes and for Greater Sydney postcodes. However, COVID-19 had 

less impact on regions with shorter lockdown durations, such as clusters 8 and 9.  

6.7.5 Relationship with the control variables 

In addition to the COVID-19 correlation with residential solar uptake during the pandemic gender, 

number of bedrooms, number of people, number children, education, SRES subsidy zone, home 

ownership, and marital status had significant relationship with the adoption behaviour. Postcodes with 

more female were more likely to install rooftop solar as in existing literature (114) the significant 

relationship for most of the 2020 and last quarter of 2021. Higher education was positively correlated 

as found in other studies (120, 284), solar PV uptake trend dropped by 0.16 in postcodes that share 

more people with high school education only after first lockdown and solar adoption was higher, as 

indicated by the coefficient of 0.143 among the people with university education after second 

lockdown. As individuals with a university education are likely to get employed in jobs that allow for 

remote work, making them spend more time at home and consume more electricity, which may 

incentivize them to install solar PV systems.  

Postcodes with households containing a greater number of bedrooms installed 0.182 – 0.248 more 

rooftop solar during 2020 as shown in Table 7 which is consistent with previous studies (81, 82). 

However, this variable was not significant for most of 2021 as shown in Table 8 except for the first 

quarter. This could be attributed to people getting used to spending more time at home, or other 

possibilities such as those who were more concerned about electricity costs had already installed solar 

panels. It is also possible that those who did not install solar panels care less about the bills or have 

higher incomes. 

Home ownership was positively correlated with residential solar uptake aligned with existing literature 

(14) from April to June 2021 at the significance level of 5%. Postcodes with a greater proportion of 

houses owned outright had 0.172 lower solar PV adoption. One possible explanation of these counter-

intuitive results could be the small size of the cluster or the omitted variables might have been the 

cause. Increasing the sample size may resolve this issue. Households with married people installed 

0.137 were residential solar than household with unmarried people during April to June 2021 time 

period. Whereas SRES subsidy zone had positive coefficient of 0.32 and 0.44 at the significance level 

of 10% and 5% for first and last quarter of 2021 as shown in Table 8. The reason might be NSW has 

only three SRES subsidy zones with zone four has relatively very small number of postcodes. Or it is 

possible that there is a correlation with an unobserved variable. 

6.7.6 COVID/socio-economic interactions 
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For interaction model an interaction term for each socioeconomic, demographic and policy variable is 

used in the model to determine the interaction of COVID-19 lockdowns with the key drivers of 

residential solar adoption during the pandemic. Average values to binary code the quantitative 

variables including number of people, number of children, and number of bedrooms. Age had strong 

interaction with the COVID lockdown duration on rooftop solar adoption with 0.05, 0.057, and 0.044 

at the significance level of 10%, 5%, and 10% respectively as shown in Table 9 and Table 10 Postcodes 

with shorter lockdowns and higher proportion of middle-aged residents installed more solar PV during 

the lockdowns and also after the first lockdown as indicated in other studies (94). For the reason that 

middle-aged individuals are more likely to have families and greater financial responsibilities such as 

mortgage payments, were more inclined to work from home during the pandemic and engage in home 

schooling, hence increased the diffusion of rooftop solar since shorter lockdowns make have impacted 

the employment less and hence, the financial stability. Also, theses postcodes might have more 

opportunities for residential solar uptake consultation However, the COVID-19 had a negative 

interaction of 4.8% with age 55 and over, indicating older individuals were less likely to install solar in 

postcodes with shorter lockdowns during 2021. This may be due to the fact that older individuals 

typically spend more time at home already therefore, were less affected by stay-at-home measures, 

in addition to having lower income levels compared to middle-aged individuals. 

Table 9.Results of interaction of COVID-19 lockdown variable with socioeconomic and demographic variables 
2020. 

 

Apr - May 2020 Jun - Aug 2020 Sep - Nov 2020 

COVID*Age 35 - 54 0.0508* 0.0577** - 

COVID*Age 55 and over - - - 

COVID*Gender 0.0449* 

  
COVID*University Education 0.0467* 0.0525** - 

COVID*High-School Education - - - 

COVID*Separate houses -0.0540** -0.0394* -0.0560** 

COVID*Number of children - -0.0571** -0.0325* 

COVID*Number of bedrooms - -0.0575** -0.0594** 

COVID*Number of persons - - - 
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COVID*Owners with mortgage - - - 

COVID*Duplexes - - - 

COVID*Owners - - - 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10 

According to Table 9 university-educated individuals adopted residential solar at a 4.8% and 5.4% 

higher rate during and after the initial shutdown. This may be attributable to their higher income 

levels, allowing them to invest in residential solar. Another possibility might be their raised awareness 

of the environmental benefits of residential solar uptake, resulting in an increased motivation to invest 

in renewable energy sources. The estimate was only statistically significant at the onset of the 

pandemic, suggesting people's elevated concerns regarding the uncertainty of solar panel availability 

in future due to border closures might have led to "panic buying" of solar PV. 

Table 10. Results of interaction of COVID-19 lockdown variable with socioeconomic and demographic variables 
2021. 

 

Jan - Mar 2021 Apr - Jun 2021 Jul - Sep 2021 Sep - Nov 2021 

COVID*Age 35 - 54 - - 0.0442* - 

COVID*Age 55 and over - - -0.0495* - 

COVID*Gender 

   

0.0487* 

COVID*University 

Education - - - - 

COVID*High-School 

Education - - 0.0491* 

 
COVID*Separate houses - - -0.0700*** - 

COVID*Number of 

children -0.0397* - - - 

COVID*Number of 

bedrooms -0.0717*** - -0.0655*** -0.0469* 

COVID*Number of 

persons -0.0637** -0.0404* - - 
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COVID*Owners with 

mortgage -0.0435* -0.0405* -0.0379* - 

COVID*Duplexes - - 0.0365* 0.0455* 

COVID*Owners - - -0.0504** - 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. 

 

Interaction term for separate houses have negative coefficients as shown in Table 9 and Table 10Table 

36 and Table 37. Similarly, number of children, number of persons, and number of bedrooms as shown 

in Table 9 and Table 10. Families with more children or persons living in postcodes with longer 

lockdowns had to spend more time at home with home-schooling, work-from-home, and involved 

more in children entertainment activities which might have amplified their energy bills stimulating 

them to take control of their energy costs and uptake solar. In addition, COVID-19 has driven the 

economic crisis, stimulating those with more capital to invest in rooftop solar. Likewise, residents of 

separate houses and dwellings featuring more bedrooms tend to have larger families and greater 

responsibilities, contributing to their inclination towards rooftop solar investment. These elements 

may explain these variables' length of lockdown associated negative correlation with rooftop 

solar adoption during this time. Home ownership showed the same relationship as shown in Table 10. 

However, occupants of duplexes have positive interaction with the duration of COVID lockdowns. 

Duplexes residents installed 3.7% and 4.7% approximately more solar PV in postcodes with shorter 

lockdowns as shown in Table 10. Furthermore, SRES subsidy policy had no interaction with COVID 

lockdown duration. 
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Chapter 7: National Level Model 

7.1 Methodology 

Since the COVID cluster variable was created using the total number of days of lockdown, which was 

not temporally aligned with the period of the number of solar installations used in the study. This 

might have affected the accuracy and determination power of the model. Therefore, a new lockdown 

duration variable is designed for the National model.  

Nevertheless, to investigate the effect of COVID-19 on the residential solar market in Australia, 

meticulously, additional models, as mentioned below, are used for this analysis.  

1-     Contemporaneous model without Control Variables 

2-     Contemporaneous model with Control Variables 

3-     Lag Model 

4-     Contemporaneous Interaction Model 

5-     Lag Interaction model 

Since the information on the number of COVID-19 cases was not available for all states thus, the 

variable is eliminated from this model. 

7.1.1 Contemporaneous model without Control Variables 

To determine the change in residential solar uptake in correlation with lockdown duration 

contemporaneous model without socioeconomic, demographic, and policy control variables is used. 

The model is the same as used for the New South Wales test analysis with the natural logarithm 

transformed number of residential solar installations as the dependent variable with the natural 

logarithm transformed average of the past two years before the pandemic number of solar 

installations is used as an explanatory variable. The lockdown duration variable is the difference in this 

model compared to the New South Wales model.  

For the national model, the lockdown duration variable is designed as previously a categorical variable, 

whereas, for this variable, each analysis period includes the clusters based on the cumulative lockdown 

days for that particular timeframe throughout Australia. As a result, the distinct group for each 

temporal interval encompasses diverse postal codes, depending on the length of confinement 

measures in those specific regions during that timeframe. This methodological improvement is 

anticipated to enhance the congruity between the exogenous and endogenous variables, thereby 
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reinforcing the precision and strength of the model's ability to examine the relationship between 

lockdown length and residential solar diffusion during the pandemic.  

A seven-day active lockdown interval defines each cluster, with cluster 1 being the reference, thus 

encompassing the minimum lockdown duration of the national model as shown in Table 11. The 

lockdown duration variable is designed as previously a categorical variable, whereas, for this variable, 

each analysis period includes the clusters based on the level of lockdown measures implemented 

during that particular timeframe throughout Australia.  

 Table 11. Lockdown duration variable design 

 

 

 

 

 

 

 

 

 

 

 

 

7.1.2 Contemporaneous model with Control Variables 

To investigate the effect of COVID-19 on residential solar uptake with a better degree of robustness, 

socioeconomic, demographic, and policy variables are added to the contemporaneous. Controlling for 

confounding factors is a crucial aspect of econometric modelling as it helps to mitigate the influence 

of variables that may be impacting both the dependent and independent variables, ultimately 

enhancing the precision of the model. Consequently, it enhances the validity and reliability of the 

findings.  

Lockdown Duration variable 

Statistics Group No. of Days 

Max. 91 1 0-6 

Min. 0 2 7 - 13 

Range 91 3 14 - 20 

Range values 7 4 21 - 27 

  5 28 - 34 

  6 35 - 41 

  7 42 - 48 

  8 49 - 55 

  9 56 - 62 

  10 63 - 69 

  11 70 - 76 

  12 77 - 83 

  13 84 - 90 

  14 91 - 97 
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7.1.3 The Variables 

7.1.3.1 Construction Ban Variable 

Since during July 2021 to October 2021, construction was put on hold in several States of Australia at 

different times, hindering the residential solar installations in the corresponding postcodes during 

these months. To quantify this impact while isolating it from the general lockdowns, seven days of 

construction ban are used to describe a category, as shown in Table 12, with group one as the base to 

improve the model's accuracy. 

Table 12. Construction Ban Variable Design. 

Construction Ban Variable 

Statistics Group No. of days 

Max 24 1 0 - 6 

Min 0 2 7 - 13 

Range 24 3 14 - 20 

Range Value 7 4 21 - 27 

 

However, the socioeconomic, demographic, and policy variables included are the same as test model 

as shown in Table 13 

Table 13. Socioeconomic, demographic, and policy variable in the model. 

Variable Definition 

Population Population size of the postcode. 

Married  The proportion of married people in a postcode.  

Female  The proportion of females in a postcode. 

Age 35 to 54 years The proportion of people in a postcode aged between 35 years to 

55 years.  

Age 54 and over The proportion of people in a postcode aged 55 years and over. 

University Education The proportion of people with university education in a postcode. 

High school  The proportion of people with high school education only in a 

postcode. 

Owned outright The proportion of dwellings owned outright in a postcode. 

Owned with mortgage  The proportion of dwellings owned with mortgage in postcode 

Separate houses  The proportion of separate houses in a postcode. 
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Number of bedrooms in a 

dwelling 

The average number of bedrooms in dwellings of a postcode. 

Number of persons in a 

dwelling 

The average number of persons in dwellings of a postcode. 

Number of children in a 

family 

Averaged number of children in families of a postcode. 

Unemployed  The proportion of unemployed people in a postcode. 

Average total household 

income  

The average total household income of a postcode 

SRES Subsidy Zone Rating The SRES subsidy zone ratings i.e. 1.622, 1.536, 1.382, 1.185 of a 

postcode. 

 

7.1.3.2 Population  

The population size of a postcode is included as an indicator of the potential residential solar market 

size of the postcode. Since the number of residential solar in depends on the number of potential 

prosumers in an area, it is essential for the robustness of the model to control for this demographic 

characteristic of a postcode. 

7.1.3.3 Marital Status 

 Given that, not only the energy consumption and available capital of the households with married 

couples might be different, but also, the decision-making process of these households could be more 

complex than those who are single. 

7.1.3.4 Female 

As some existing literature on residential solar diffusion suggests, women are more likely to uptake 

solar (114, 285), possibly due to their more significant concerns regarding environmental issues. 

Therefore, based on the effect of gender on the decision-making of residential solar diffusion, the 

proportion of females in a postcode is included in the model. 

7.1.3.5 Age  

Two separate variables are included for this demographic feature of the population, as the existing 

literature suggests that the residential solar adoption rate is relatively higher among middle-aged 

individuals (94). On the other hand, a few studies suggested the positive association of older age with 

solar uptake (114, 286). Apart from its significance in literature, the pandemic impact on the residential 

market could be correlated with these age groups and might be in different ways. For instance, middle 
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age people have a higher probability of having more financial responsibilities and bigger households; 

thus, the COVID-19-induced financial and employment crisis, in addition to remote-working and home-

schooling during this time, might have affected this group's solar uptake decision. 

For older people, the odds are higher that they depend on pensions and might also own a dwelling 

with no mortgage repayments. They could be less impacted by the pandemic financially but have a 

greater opportunity to install solar on their rooftops over the duration of the lockdown. Increasing 

energy costs could have affected these individual’s perspective towards residential solar uptake. 

7.1.3.6 Education  

Education has two categories in the model: high school education and university education. High 

school education only encompasses individuals with no university degree but may have diplomas and 

certificates qualifications though. Due to the reason that these individuals may have fewer 

opportunities to continue their jobs remotely, the COVID-19 crisis might have affected these 

individuals' solar uptake decisions more. 

Conversely, university education was previously associated with higher solar uptake (120, 284), but 

the pandemic may have changed this relationship. However, due to its past significant correlation with 

solar adoption, it is imperative to control for this characteristic of the population to determine the 

COVID-19 impact accurately. 

7.1.3.7 House ownership 

The proportion of individuals with houses that are owned outright and owned with a mortgage are 

incorporated in the model separately; however, due to the collinearity issue, the model does not use 

control for renters as the proportion of renters is indicated by one minus the proportion of owners. 

House ownership with a mortgage is used due to the additional financial stress of mortgage on the 

households, which may encourage them to uptake solar for energy cost saving, especially during the 

pandemic. Even though the mortgage repayments for households with financial hardships were 

deferred, complicating its relationship with solar adoption. 

7.1.3.8 Types of dwelling 

The proportion of separate houses is the only control added for housing type. These households have 

relatively more opportunity to install solar so are more likely to be the potential solar market and could 

impact the number of installations. This is especially the case during the lockdowns times since the 

workers would have been able to install solar while fulfilling the physical distancing or even no contact 
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with residents of the households.  The model does not incorporate units/apartments and duplexes 

due to the collinearity issue. 

7.1.3.9 Number of bedrooms 

Apart from their significance from the existing literature  (81, 82), he size of the dwelling with more 

bedrooms might have motivated people to adopt residential solar to control their energy bills since 

they are predisposed to a pandemic-driven consumption increase. 

7.1.3.10 Household size  

The model includes the number of persons and the number of children independently to account for 

a household size effect on the residential solar uptake decision. The number of person influences is 

evident from the previous study (81). In contrast, the pandemic, a shock to habitation and an economic 

crisis due to its plausible association with heightened energy consumption might have aggravated its 

significance to residential solar diffusion. 

On the other hand, the number of children is included in the model as the number of persons consists 

of adult individuals who are likely to be involved in the uptake decision apart from the rise in energy 

consumption association. Also, these individuals might or might not be employed, influencing the 

household's financial capacity to bear the upfront cost of installations. Living in the same household, 

these adult individuals might be affecting the potential size of the residential solar market. At the same 

time, children are unlikely to participate in decision-making and are more likely to be associated with 

the financial constraints of a household. Consequently, one group's barrier might be the driving factor 

of the other group. Note that this variable is not used in nearly all previous studies. 

7.1.3.11 Household total income 

Aside from the evident significance and nature of the correlation of household income with residential 

solar deployment, this socioeconomic characteristic of a population is extensively studied (95, 116, 

124). Nevertheless, because both the variable and solar installation is capital associated, signifying the 

need to control for this variable for the model’s robustness.  

7.1.3.12 Unemployment Status  

As suggested by the literature (69), the employment status variable is included in the 

model, recognising that the financial instability caused by the pandemic might have influenced the 

decision to adopt solar systems.  

7.1.3.13 SRES Subsidy Zone Rating 

Since the existing literature suggests a strong relationship between an increase in the number of 

residential solar installations and Small-scale renewable energy scheme zone ratings  (82), the variable 
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is added to the model. However, the variable is pivotal in the context of this study as the pandemic 

triggered economic uncertainty might have made this subsidy more attractive to people and 

subsequently have upsurged the residential solar deployment during this time. 

7.2 Lag effect Model 

The lag model determines the delayed effect of an independent variable on the target variable. 

Moreover, the dynamic relationship between the independent and target variable can only be defined 

by the lag model; therefore, considering the nature of the study, this model is used to evaluate the 

delayed response of individuals to the COVID-19 lockdowns induced lifestyle change might 

consequently heighten the energy cost of many households. Given that the lockdowns were sporadic 

and residential solar uptake is a long-term investment decision thus, the lockdown duration influence 

on the residential solar deployment is prone to have a delayed effect. COVID-19 was a shock to 

habitation; therefore, individuals might have taken some time to adapt to the new life norms, evaluate 

their financial standings, collecting all the necessary information on residential solar installations, 

including the potential government support, financial incentives, and the procedure of residential 

solar uptake. Therefore, the lag model is included to account for the time required for the decision-

making and the plausible delays in installations due to the supply chain disruption, the COVID-19 

restrictions on the construction industry, and the skilled worker shortage, which a contemporaneous 

model cannot scrutinize. 

Subsequently, to investigate this delayed effect, the accumulative days of past lockdowns are used for 

each period. Unlike the categorical lockdown duration variable used in the contemporaneous model, 

the lagged lockdown duration variable used in this model is a continuous variable. However, the same 

control variables are used in this model as in the contemporaneous model with control variables. 

7.3 Contemporaneous Interaction Model 

The Contemporaneous Interaction Model is a statistical model used to analyse the combined impact 

of multiple independent variables on a dependent variable simultaneously within the same time 

frame. In order to examine the COVID-19-induced barriers and driving factors to residential solar 

deployment during the pandemic contemporaneous interaction model is used where the interaction 

term for each control variable is generated with the active lockdown duration variable and used 

individually for each period.  

Given that interaction terms are used to examine whether the effect of an explanatory variable on the 

dependent variable is heterogeneous across different levels of another explanatory variable, the 



106 
 

model will determine how the extent of the lockdown affected the socioeconomic, demographic, and 

policy variable influence on the residential solar deployment.  

The cross-section regression model can potentially identify the role of an individual’s income, 

employment status, education, type of residence Etc. with solar adoption behaviour during the 

pandemic; however, the role of these variables might have with the length of lockdown experienced 

by these individuals. This plausible change in solar adoption behaviour is valuable for policy implication 

considering the influence of these explanatory variables are likely to be interdependent. 

7.4 Lag Interaction model 

As discussed earlier, the lag variable is used to capture the correlation of the dependent and 

independent variable that may have evolved over time; therefore, the contemporaneous interaction 

model might not be enough to scrutinize the solar adoption behaviour of people during the pandemic 

especially when the lockdown length was different in different postcodes. Similar is the case for 

determining the interaction effect of these variables. These demographic and socioeconomic features' 

role in residential solar uptake could be different with a delay involved. 

The residents of the postcodes where the lockdown was implemented for an extended period might 

be able to get residential solar installed later after the lockdowns even though they might have made 

the decision earlier. This is especially the case when considering not only the decision-making process 

but also the installation process, which is quite long, especially amid the pandemic.  

Lagged lockdown duration variable is used to define the interaction term for this model following the 

same methodology as used for the contemporaneous interaction model, i.e. using each interaction 

term individually for every period. 

Hence, the temporal trends and dynamics that may not be evident in the contemporaneous 

interaction model can be revealed via the lagged model yielding a more sophisticated comprehension 

of the determinants that drive the adoption of solar panels, encompassing the lagged effects of these 

covariates. 
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Chapter 8: Results and Discussion 

This chapter presents the results of four different models’ Contemporaneous model without control 

variables, Contemporaneous model with control variables, Lag model, and Interaction model followed 

by discussion. 

8.1 Contemporaneous model without Control Variables 

The association of the duration of lockdown with the change in residential solar uptake trend during 

2020 is shown in Table 14. Given that the length of lockdown during January 2020 to March 2020 was 

too short to affect the residential solar uptake i.e. one day only, this time period has not been included 

in this analysis.  

Table 14. Results of Lockdown Duration Clusters 2020 

 

ln number of solar 

installations Apr - May 

2020 

ln number of solar 

installations Jun - Aug 

2020 

ln number of solar 

installations Sep - Nov 

2020 

 (1) (2) (3) 

Lockdown Duration 

Cluster 1 
 0 0 

Lockdown Duration 

Cluster 2 
 -0.0713  

Lockdown Duration 

Cluster 3 
  -0.102** 

Lockdown Duration 

Cluster 4 
0  -0.132 

Lockdown Duration 

Cluster 5 
0.112*   

Lockdown Duration 

Cluster 6 
0.137**   

Lockdown Duration 

Cluster 7 
0.0239   

Lockdown Duration 

Cluster 8 
 0.0435  
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Lockdown Duration 

Cluster 9 
 0.188 -0.373*** 

Lockdown Duration 

Cluster 10 
   

Lockdown Duration 

Cluster 11 
   

Lockdown Duration 

Cluster 12 
   

Lockdown Duration 

Cluster 13 
   

Lockdown Duration 

Cluster 14 
   

 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. 

April 2020 to May 2020 time period included four clusters i.e. Cluster 4, Cluster 5, Cluster 6, and Cluster 

7. Cluster 4 including postcodes with 21 to 27 days of lockdown has minimal days of lockdown and 

hence set as the reference cluster in the regression. The coefficients for Cluster 5 and Cluster 6 indicate 

a rise in residential solar uptake is associated with an increase in the lockdown duration in these 

regions. Lockdown duration cluster 5 as shown in Table 15 comprised primarily of Queensland 

postcodes, along with a few from Northern Territory. Conversely, Cluster 6 predominantly consists of 

postcodes from three states: South Australia, followed by Tasmania, with the Australian Capital 

Territory contributing a minor portion to the cluster. In contrast, Lockdown Duration Cluster 7 exhibits 

a more even distribution of postcodes from both New South Wales and Victoria, along with only two 

postcodes from the Australian Capital Territory, as shown in Table 15. This cluster demonstrates no 

evidence of the impact of the lockdown period on the number of solar installations in these areas 

during this time, suggesting that the first lockdown might have affected the number of solar 

installations in New South Wales and Victoria less as the construction workers were included in the 

essential workers who had the exemption to continue their work during the lockdown.  

Table 15. April 2020 to May 2020 Lockdown Duration Clusters Composition 

April 2020 – May 2020 

Cluster State No of Postcodes Percentage of Total Postcodes 

Cluster 4 Reference 383 15.14% 

Cluster 5 Northern Territory 45 1.78% 
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Queensland 282 11.15% 

Cluster 6 South Australia 343 13.56% 
 

Tasmania 116 4.59% 
 

Australian Capital Territory 27 1.07% 

Cluster 7 New South Wales 632 24.99% 
 

Victoria 699 27.64% 
 

Australian Capital Territory 2 0.08% 

 

June 2020 to August 2020 includes only the two clusters other than the base cluster, Cluster 1. All 

these clusters are single State clusters of Victoria, as shown in Table 16, where Cluster 9 includes only 

10 postcodes of Melbourne. However, the results show no evidence of a relationship between 

lockdown duration and residential solar uptake.  

Table 16. June 2020 to August 2020 Lockdown Duration Clusters Composition 

June 2020 – August 2020 

Cluster State No of Postcodes Percentage of Total Postcodes 

Cluster 1 Reference 1881 74.38% 

Cluster 2 Victoria 377 14.91% 

Cluster 5 Northern Territory 1 0.04% 

Cluster 8 Victoria 260 10.28% 

Cluster 9 Victoria 10 0.40% 

 

The study identified four distinct clusters in the second half of 2020, notably from September to 

November, corresponding to a period well into the first year of the COVID-19 pandemic. Except for 

Cluster 1, the reference cluster, the remaining three clusters (Cluster 3, Cluster 4, and Cluster 9), are 

single State clusters of Victoria, with Cluster 4 encompassing merely eleven postcodes as shown in 

Table 17, is the smallest. Cluster 3 and Cluster 9 estimates illustrate strong negative relationship of 

residential solar uptake with length of lockdown in these clusters of Victoria suggesting longer 

lockdowns lead to decrease in number of solar installations during this period. 

 

Table 17. September 2020 to November 2020 Lockdown Duration Clusters Composition 

September 2020 – November 2020 

Cluster State  No of Postcodes Percentage of Total Postcodes 
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Cluster 1 Reference 1859 73.51% 

Cluster 3 Victoria 389 15.38% 

Cluster 4 Victoria 11 0.43% 

Cluster 9 Victoria 270 10.68% 

 

The results for December 2020 to March 2021, as shown in Table 18, suggest the significant effect of 

lockdown duration on residential solar deployment for Cluster 4, consisting of only nine postcodes of 

New South Wales, as shown in Table 19, the estimate indicates extent of lockdown associated growth 

in residential solar uptake. In contrast, Cluster 3, with similar attributes except for duration of 

lockdown, demonstrates an insignificant estimate. 

Table 18. Results of Lockdown Duration Clusters 2021 

 

ln number of solar 

installations Dec 

2020 - Mar 2021 

ln number of solar 

installations Apr - 

Jun 2021 

ln number of solar 

installations Jul - 

Sep 2021 

ln number of solar 

installations Sep - 

Nov 2021 

 
(4) (5) (6) (7) 

Construction Ban   -0.0399  

Lockdown 

Duration Cluster 1 
0 0 

0 
0 

Lockdown 

Duration Cluster 2 
 -0.198*** 

0.0295 
-0.293*** 

Lockdown 

Duration Cluster 3 
0.187 0.186*** 

-0.00517 
-0.0587 

Lockdown 

Duration Cluster 4 
0.388*  

-0.056 
-0.179* 

Lockdown 

Duration Cluster 5 
  

-0.143** 
-0.185 

Lockdown 

Duration Cluster 6 
  

-0.155* 
0.249*** 

Lockdown 

Duration Cluster 7 
  

0.0503 
0.432*** 

Lockdown 

Duration Cluster 8 
  

0.491 
-0.0164 
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Lockdown 

Duration Cluster 9 
  

0.223 
 

Lockdown 

Duration Cluster 

10 

  

0.280*** 

 

Lockdown 

Duration Cluster 

11 

  

 

 

Lockdown 

Duration Cluster 

12 

  

 

 

Lockdown 

Duration Cluster 

13 

  

0.104 

 

Lockdown 

Duration Cluster 

14 

  

0.128 

 

 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. 

 

Similarly, the results for April 2021 – June 2021 imply a strong relationship between lockdown duration 

and residential solar adoption. The estimates for Cluster 2 indicate a significant negative impact (-

0.198***) on residential solar deployment in these postcodes, suggesting that the number of solar 

installations declined with increased lockdown duration in this cluster, a single State cluster of Victoria, 

as shown in Table 20. On the contrary, Cluster 3, encompassing the postcodes of single State of Victoria 

too, shows evidence of a strong positive correlation between the length of the lockdown and the 

number of residential solar installations in these postcodes of Melbourne, with a coefficient of 0.186. 

Table 19. December 2020 - March 2021 Lockdown Duration Cluster Composition 

December 2020 – March 2021 

Cluster State  No of Postcodes Percentage of Total Postcodes 

Cluster 1 Reference 2511 99.29% 

Cluster 3 New South Wales 9 0.36% 
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Cluster 4 New South Wales 9 0.36% 

 

The lockdown from July 2021 to September 2021 was followed by a pause in the construction industry 

for varied duration across Australia; however, there is no evidence of the impact of the construction 

ban on residential solar uptake in this model. Regarding the lockdown duration clusters, Clusters 5 and 

6 illustrate a lockdown duration-driven fall in the number of residential solar installations, as shown in 

Table 18. Both the clusters have similar composition, consisting of postcodes of New South Wales, 

Victoria, and the Australian Capital Territory, with the only difference of Cluster 6 having fewer 

postcodes of the Australian Capital Territory, i.e. two, as shown in Table 21. In contrast, Cluster 10, a 

single State cluster of Victoria, indicate significant correlation between rise in residential solar 

adoption and extent of lockdown during this period with a coefficient of 0.242.  

This period includes the largest number of clusters; nevertheless, most of the States except Victoria, 

New South Wales, and the Australian Capital Territory fall in Cluster 1 and Cluster 2. Cluster 2 show no 

evidence of a correlation between the residential solar adoption and lockdown duration. The relatively 

short duration of lockdowns in these states might be the contributing factor to this lack of correlation. 

Therefore, potential solar adopters could still have sufficient time to install residential solar. 

Table 20. April 2021 - June 2021 Lockdown Duration Cluster Composition 

April 2021 – June 2021 

Cluster State  No of Postcodes Percentage of Total 

Postcodes 

Cluster 1  Reference 1859 73.51% 

Cluster 2 Victoria 400 15.82% 

Cluster 3 Victoria 270 10.68% 

 

The estimates for Cluster 2 imply extended lockdown are strongly correlated with fewer rooftop solar 

installations in these postcodes as shown in Table 18 during September 2021 to November 2021 

period. The high statistical significance of the coefficients implies a high degree of confidence in the 

relationship, indicating that longer lockdowns might have had an evident negative impact on the 

number of solar installations in areas corresponding to Cluster 2. Although the correlation is not as 

significant as in Cluster 2, the estimate for Cluster 4 suggests that the longer duration of lockdowns is 

associated with lower solar installations in these postcodes. The statistical significance of the 

coefficient still implies the negative effect of longer lockdowns on the residential solar market in the 

postcodes of Cluster 4. 
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However, the positive and significant coefficient for Cluster 6 suggests that extended lockdowns may 

have substantially impacted the residential solar market in the regions corresponding to Cluster 6. It 

could be attributed to the fact that the previous period was the most extended and most stringent 

lockdown for New South Wales, which encompasses almost half the cluster; therefore, during this 

period, these postcodes might have been catching up and could be a delayed response to the earlier 

decision of uptake. The estimate of Cluster 7 aligns with Cluster 6, signifying the rise in residential solar 

uptake in these regions. Future research could investigate these response differences among clusters 

2 and 4 and 6 and 7.Examining the composition of these clusters, clusters 2 and 4 have almost similar 

composition comprising of Victoria and New South Wales the postcodes as shown in The results 

suggest that during the beginning of COVID-19, the lockdowns impacted the residential solar 

installations in the States of Queensland, Northern Territory, Tasmania, and the Australian Capital 

Territory, where the residential solar uptake was positively associated with the length of lockdown in 

these States except for Cluster 5 during June 2020 to August 2020 which included only one postcode 

of Northern Territory had a negative impact.  

Table 22 with addition of only two postcodes of the Australian Capital Territory in Cluster 4. On the 

contrary, Clusters 6 and 7 are single State clusters of New South Wales and the Australian Capital 

Territory. Moreover, the insignificance of Cluster 8, a single State cluster of Victoria, implies no 

evidence of a relationship between the solar deployment and the lockdown duration within Victoria 

during this particular timeframe. While the results suggest correlation between the duration of 

lockdown and number of solar installations in New South Wales and the Australian Capital Territory. 

Table 21. July2021 - September 2021 Lockdown Duration Cluster Composition 

July 2021 – September 2021 

Cluster State  No of Postcodes Percentage of Total 

Postcodes 

Cluster 1 Reference 626 24.75% 

Cluster 2 Queensland 201 7.95% 

  South Australia 343 13.56% 

Cluster 3 Victoria 355 14.04% 

Cluster 4 New South Wales 1 0.04% 

  Victoria 34 1.34% 

Cluster 5 New South Wales 210 8.30% 

  Victoria 11 0.43% 

  Australian Capital Territory 27 1.07% 
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Cluster 6 New South Wales 51 2.02% 

  Victoria 14 0.55% 

  Australian Capital Territory 2 0.08% 

Cluster 7 New South Wales 65 2.57% 

  Victoria 15 0.59% 

Cluster 8 New South Wales 1 0.04% 

Cluster 9 New South Wales 18 0.71% 

Cluster 10 Victoria 270 10.68% 

Cluster 13 New South Wales 36 1.42% 

Cluster 14 New South Wales 249 9.85% 

 

The results suggest that during the beginning of COVID-19, the lockdowns impacted the residential 

solar installations in the States of Queensland, Northern Territory, Tasmania, and the Australian 

Capital Territory, where the residential solar uptake was positively associated with the length of 

lockdown in these States except for Cluster 5 during June 2020 to August 2020 which included only 

one postcode of Northern Territory had a negative impact.  

Table 22. September 2021 - November 2021 Lockdown Duration Cluster Composition 

September 2021 – November 2021 

Cluster State  No of Postcodes Percentage of Total Postcodes 

Cluster 1 Reference 1170 46.26% 

Cluster 2 New South Wales 168 6.64% 

  Victoria 353 13.96% 

Cluster 3 New South Wales 59 2.33% 

  Victoria 42 1.66% 

Cluster 4 New South Wales 27 1.07% 

  Victoria 23 0.91% 

  Australian Capital Territory 2 0.08% 

Cluster 5 New South Wales 28 1.11% 

  Victoria 11 0.43% 

Cluster 6 New South Wales 349 13.80% 

Cluster 7 Australian Capital Territory 27 1.07% 

Cluster 8 Victoria 270 10.68% 
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The Australian Capital Territory illustrated similar results of a robust upward relationship, indicating 

that the extended lockdowns were associated with increased solar installations. However, during July 

2021 - September 2021, this relationship turned negative, suggesting that an increase in lockdown 

duration led to a decrease in solar installations. This fluctuation in the relationship could be attributed 

to various factors, such as different stages of the pandemic, changes in policy, public awareness, 

consumer behaviour, or other external influences. However, it is only possible to pinpoint the exact 

reasons for this fluctuation by considering additional socioeconomic, demographic, and policy 

variables. In the subsequent analysis, we will explore these additional factors' impact to understand 

better the underlying dynamics of the relationship between lockdown duration and solar installations. 

In the case of New South Wales, the results for 2020 suggest no evidence of any relationship between 

the duration of lockdowns and solar installations. However, lockdowns have started to negatively 

impact residential solar uptake in Victoria as evident by the results shown in Table 14 The insignificant 

results may be attributed to a combination of factors that counterbalanced the anticipated negative 

relationship. For instance, the panic buying of solar panels during the first lockdown (283) might be 

counterbalanced by the disruption in the supply chain for solar panels (287). Or it could be possibly 

due to heterogeneous impacts, i.e. the effects of supply chain disruptions and uncertainty were 

distributed unevenly across various geographic areas or market sectors. Some regions or types of solar 

installations may have exhibited greater resilience to disruptions, resulting in a varied impact on the 

overall residential solar market. 

Nevertheless, the results for these states were more varied in 2021, with lockdown duration and 

the number of installations showing positive, negative, and statistically insignificant results across 

different clusters and periods. This variation in the correlation between lockdown duration and the 

number of installations might be due to other contextual factors, unobserved regional differences in 

these clusters, or potential interactions among the variables. 

In addition, socioeconomic and demographic factors and environmental awareness might also have 

shaped the relationship between lockdown duration and the number of solar installations in these 

states. The results of the Contemporaneous model with socioeconomic and demographic control 

variables, the Lagged model, and Interaction model will be analysed to better understand the 

relationship between lockdown duration and solar installations, exploring additional variables or 

interactions that might contribute to the observed inconsistencies. 

8.2 Contemporaneous model with Control Variables 
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In order to examine the change in socioeconomic and demographic control variables during the two 

years of COVID-19 pandemic the January 2020 to March 2020 period is included in this model. 

Table 23. Results of Contemporaneous model with Control Variables 2020. 

  ln number of 

solar 

installations 

Jan - Mar    

2020 

ln number of 

solar 

installations 

Apr - May 

2020 

ln number of 

solar 

installations 

Jun - Aug 2020 

ln number of 

solar 

installations 

Sep - Nov 2020 

  (1) (2) (3) (4) 

Age 35 - 54 -0.442 0.934 0.628 0.696 

Age 55 and over 0.0649 0.652* 0.827** 1.489*** 

Married -1.306** -0.593 -0.408 -0.866* 

Separate houses -0.322* 0.0485 -0.216 -0.490*** 

University Education 1.240*** 0.493 0.494 1.135*** 

High School Education 0.836* 1.304** 0.764 0.834* 

Gender 2.308*** 3.350*** 3.530*** 2.084*** 

Unemployed 0.83 3.167 -1.285 1.826 

Household Income -

0.00000423*** 

1.29E-07 -0.00000246* -

0.00000331*** 

Number of Bedrooms 0.272*** 0.146 0.224** 0.379*** 

Number of Children 0.059 0.0425 -0.270* -0.177 

Number of Persons 0.162 0.162 0.437*** 0.408*** 

Population 0.0000153*** 0.0000156*** 0.0000144*** 0.0000131*** 

Owned outright 0.2 -0.566* -0.770*** -0.694*** 

Owned with mortgage 0.876*** -0.0356 -0.0583 0.395 

SRES Subsidy Zone Rating 0.595*** 1.034*** 0.603*** 0.547*** 

Construction Ban         

Lockdown Duration Cluster 1 omitted 
 

0 0 

Lockdown Duration Cluster 2 
  

-0.000643 
 

Lockdown Duration Cluster 3 
   

-0.00911 

Lockdown Duration Cluster 4 
 

0 
 

-0.161 

Lockdown Duration Cluster 5 
 

0.09 -1.800*** 
 

Lockdown Duration Cluster 6 
 

0.235*** 
  

Lockdown Duration Cluster 7 
 

0.0865 
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Lockdown Duration Cluster 8 
  

-0.0168 
 

Lockdown Duration Cluster 9 
  

-0.0401 -0.434*** 

Lockdown Duration Cluster 

10 

        

Lockdown Duration Cluster 

11 

        

Lockdown Duration Cluster 

12 

        

Lockdown Duration Cluster 

13 

        

Lockdown Duration Cluster 

14 

        

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. 

The first COVID-19 lockdown implemented on 31 March 2020 across Australia was of a single day. 

Consequently, the period from January 2020 to March 2020 exhibited only one cluster, i.e. Cluster 1, 

encompassing all the nationwide postcodes. Therefore, the cluster was omitted from the analysis since 

it acted as a constant and a reference for reliable interpretation, avoiding any multicollinearity issue.  

Cluster 4 serves as the base cluster for Australia’s first COVID-19 lockdown. Of the other three clusters, 

Cluster 6 demonstrates a significant positive correlation with an estimate of 0.235 at the confidence 

level of 1%, suggesting that longer lockdowns in this cluster correspond to an increased number of 

residential solar installations during this period. 

However, Cluster 5 illustrated significant correlation between lockdown duration and the number of 

residential solar installations as shown in Table 14, before including the socioeconomic, demographic, 

and policy variables. However, after incorporating these control variables, the statistical significance 

of the Cluster 5 diminished as shown in Table 23. This suggests that the observed correlation between 

lockdown duration and residential solar uptake in Cluster 5 may have been driven or confounded by 

the effects of these additional factors.  

The coefficients of Cluster 7 consistently indicate no evidence of impact of lockdown duration on solar 

installations in both the contemporaneous model without control variables and the following 

contemporaneous model that includes socioeconomic, demographic, and policy variables. The results 

for June 2020 to August 2020 are consistent with the previous model without including the 

socioeconomic, demographic, and policy variables. Except for the base cluster, all the other three 

clusters, cluster 2, cluster 8, and Cluster 9 of Victoria, as shown in Table 16, signify the resilience of the 
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residential solar market of Victoria by suggesting no effect of active lockdowns across the state on 

solar installations during this period.

As illustrated in Figure 13Figure 13Figure 13, the number of solar installations experienced a sharp 

increase in July 2020. Even then, the results provide no evidence of a correlation between lockdown 

duration and rooftop solar uptake. One possible explanation for no evidence of a negative impact 

could be the subsequent dip during August, these abrupt fluctuation in trend might be the reason of 

insignificant results. Despite the disruption in the supply chain of essential solar PV components (56)

Since it was the initial phase of the pandemic, retailers might not have depleted their solar panel stocks 

at that time, and the construction industry remained operational. Furthermore, since this was merely 

the second lockdown for these areas and the duration of the COVID-19 restrictions was relatively brief, 

the residential solar adoption decision might not be directly associated with the active lockdown.

Another possibility is that the other explanatory variables might have masked the relationship, or the 

adoption was influenced by the lagged lockdown, which at this stage had a uniform duration for the 

entire State.

Victoria was the sole state experiencing a lockdown from September 2020 to November 2020. 

However, the estimate of Cluster 9 consisting of Melbourne postcodes suggests a negative association 

of the length of lockdown with the number of residential solar installations indicating that for 

Melbourne, the increase in the duration of lockdown is correlated with a decline in residential solar 

adoption during this period. Conversely, the coefficients of Cluster 3, and 4, both include regional 

Victoria, where Cluster 4 comprises merely eleven postcodes of Mitchell Shire, show no relationship 

Figure 13. No. of Residential Solar Installations Trend Victoria during and before COVID-
19
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between the extent of lockdown and solar PV uptake in these postcodes, demonstrating regional 

Victoria residential solar market resilience to active lockdown duration. 

Table 24.Results of Contemporaneous model with Control Variables 2021. 

 
ln number of 

solar 

installations 

Dec 2020 - Mar 

2021 

ln number of 

solar 

installations 

Apr - Jun 2021 

ln number of 

solar 

installations 

Jul - Sep 2021 

ln number of 

solar 

installations 

Sep - Nov 2021 

 
(1) (2) (3) (4) 

Age 35 - 54 -0.0557 0.2 1.359* 0.9 

Age 55 and over 0.598* 0.391 0.882** 1.363*** 

Married -0.789* -1.376*** -1.083** -1.191** 

Separate houses -0.578*** -0.465*** -0.0962 -0.387** 

University Education 1.085*** 0.736** 0.749* 0.992*** 

High School Education 1.146** 0.785* 1.257** 0.886* 

Gender 1.057 4.041*** 3.516*** 3.866*** 

Unemployed 1.147 1.596 1.671 -1.23 

Household Income -0.00000292** -0.00000209* -0.00000171 -0.00000311** 

Number of Bedrooms 0.331*** 0.369*** 0.182* 0.288*** 

Number of Children -0.0464 -0.239* -0.203 -0.0628 

Number of Persons 0.400*** 0.422*** 0.415*** 0.255** 

Population 0.0000156*** 0.0000155*** 0.0000141*** 0.0000139*** 

Owned outright -0.384 -0.137 -0.540* -0.518* 

Owned with mortgage 0.296 -0.028 -0.137 0.374 

SRES Subsidy Zone Rating 0.357** 0.272 0.263 -0.0464 

Construction Ban 
  

-0.0331 
 

Lockdown Duration Cluster 

1 

0 0 0 0 

Lockdown Duration Cluster 

2 

 
-0.0756* 0.0346 -0.253*** 

Lockdown Duration Cluster 

3 

0.0649 0.0287 0.047 -0.102 



120 
 

Lockdown Duration Cluster 

4 

0.201 
 

-0.0349 -0.145 

Lockdown Duration Cluster 

5 

  
-0.0447 -0.109 

Lockdown Duration Cluster 

6 

  
-0.128 0.0893* 

Lockdown Duration Cluster 

7 

  
0.153* 0.386*** 

Lockdown Duration Cluster 

8 

  
0.334 -0.178*** 

Lockdown Duration Cluster 

9 

  
0.178 

 

Lockdown Duration Cluster 

10 

  
0.123 

 

Lockdown Duration Cluster 

11 

    

Lockdown Duration Cluster 

12 

    

Lockdown Duration Cluster 

13 

  
0.0186 

 

Lockdown Duration Cluster 

14 

  
-0.118 

 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. 

 

The period from December 2020 to March 2021 features only two clusters, both located in Sydney's 

Northern Beaches, with a relatively small sample size of nine postcodes in each cluster. The estimate 

for Cluster 4 indicates an increase in residential solar uptake as lockdown length increases when 

regressed without the inclusion of socioeconomic and demographic explanatory variables as shown in 

Table 18. However, there is no evidence of this correlation when these explanatory variables are 

incorporated. Given the small sample size of the cluster, it is possible that the homogeneous 

socioeconomic and demographic characteristics of these postcodes are obscuring the impact of 

lockdown length on the number of solar installations. 
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The timeframe spanning April to June 2021, similar to September 2020 to November 2020, 

incorporates only Victoria's single-state clusters. Cluster 2, representing regional Victoria, exhibits a 

negative relationship between lockdown duration and residential solar adoption during this period, 

consistent with Table 18 findings, illustrating that longer lockdowns in regional Victoria were 

associated with higher residential solar adoption. In contrast, Cluster 3, comprising Melbourne 

postcodes, shows no evidence of an association between the duration of the lockdown and the 

number of solar installations as shown in Table 24. Otherwise, the cluster suggested lockdown duration 

correlated rise in uptake without including socioeconomic, demographic, and policy variables. 

July 2021 to September 2021 was when almost all the States of Australia had paused construction for 

a different duration and timings around this period, which included residential solar installations. 

Apart from the initial shutdown of the industry, there were restrictions on on-site capacity and working 

in an occupied dwelling, affecting the residential solar adoption detrimentally depending on the 

duration of restrictions. Therefore, the construction ban variable included for this model, as shown in 

Table 24, demonstrates no statistically significant correlation between the length of the construction 

industry shutdown and the number of solar installations at the confidence level of 10%. As the variable 

is designed with a range of seven days intervals of construction ban, the pause of a week or two might 

not have significantly impacted the number of solar installations as suggested by construction ban 

model results, as shown in Table 25. The estimate of Cluster 3 indicates a statistically significant 

association between the construction industry shutdown and the number of residential solar 

installations, which implies that 14 to 20 days of pause lead to an almost 18% decrease in residential 

solar uptake in Cluster 3. This cluster consists of postcodes of Sydney NSW's western suburbs. 

Table 25. Results for Construction Ban Cluster Model. 

 
ln number of solar 

installations Jul 21- Sep 21 

ln number of solar installations 

Sep 21- Nov 21 

 (1) (2) 

Age 35 - 54 1.361* 1.230* 

Age 55 and over 0.821** 1.441*** 

 -1.348*** -1.391*** 

Separate houses -0.044 -0.343* 

University Education 0.927** 0.958*** 

High School Education 1.499*** 1.359*** 

Gender 3.572*** 3.947*** 

Unemployed 1.252 1.075 
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Household Income -0.00000219* -0.00000123 

Number of Bedrooms 0.197* 0.283*** 

Number of Children -0.214 -0.0717 

Number of Persons 0.429*** 0.216** 

Population 0.0000144*** 0.0000141*** 

Owned outright -0.502* -0.683** 

Owned with mortgage -0.204 0.297 

SRES Subsidy Zone Rating 0.0106 0.0225 

Lockdown Duration  -0.00433 -0.00152 

Construction Ban Cluster 1 0 0 

Construction Ban Cluster 2 0.0146 0.109*** 

Construction Ban Cluster 3 -0.172* -0.0977 

Construction Ban Cluster 4 
 

0.295*** 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. 

 

Given that the forced shutdown of construction work in Victoria was implemented in September 2021 

to October 2021 therefore, to analyse the plausible effect of this shutdown, the same model is used 

for September 2021 to November 2021 timeframe. Although the coefficient for Cluster 3 comprising 

of Postcodes of Victoria, the only State that had an active halt on construction work during this 

timeframe, yields statistically insignificant results, but the line graph, as shown in Figure 13, shows a 

sharp dip in the number of residential solar installations in September during the forced closure time 

of the industry.  

Furthermore, the other construction bans clusters in this model act as lag variables demonstrating the 

correlation of lagged duration of the construction ban with the number of residential solar 

installations. As shown in Table 24, lagged length of pause on the construction industry is positively 

associated for Cluster 2 and 4, with the number of solar installations during this period, suggesting the 

effect of the construction industry shut down residential solar adoption was temporary and did not 

last long.  

Meanwhile, the results for lockdown duration clusters during July 2021 to September 2021, as shown 

in Table 24, illustrates that the longer lockdown resulted in a 16.5% increase in the number of 

residential solar installations in Cluster 7 postcodes. Cluster 7 includes mostly regional postcodes of 

New South Wales, and only fifteen postcodes of regional Victoria, suggesting residential solar adoption 
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in clusters with a greater proportion of regional New South Wales postcodes were positively affected 

by lockdown length. 

Since October was the last month that might have any COVID-19 lockdowns in Australia could be the 

reason for including the largest number of significant lockdown duration clusters among all 

timeframes. Clusters 2 and 8 show the extent of the lockdown-correlated decline in the number of 

residential solar installations in these postcodes. Cluster 8 encompasses Melbourne and suggests a 

negative impact of lockdown length on residential solar adoption, possibly these postcodes after the 

end of almost two years of lockdown. The reason might be that people were aware that it was the end 

of the COVID-19 lockdown; therefore, they did not need to rush for solar PV installations and were 

less likely to be involved in home upgrading activities.  

Conversely, Cluster 6, encompassing regional New South Wales and Cluster 7, comprising postcodes 

of the Australian Capital Territory, indicate a positive relationship between the extent of lockdown and 

the number of residential solar installations, suggesting that, unlike Victoria, regional New South 

Wales and the Australian Capital Territory longer lockdowns have stimulated residential solar uptake 

where the Australian Capital Territory had the highest positive impact with 47.1% lockdown duration 

correlated growth in residential solar uptake. 

In summary, the length of the lockdown was more likely associated with a drop in the number of 

residential solar installations for the postcodes of Victoria, with the only positive correlation existing 

for postcodes of Melbourne from July 2021 to September 2021, the most stringent and the last 

lockdown of the State. On the other hand, clusters encompassing a higher proportion of the Australian 

Capital Territory and New South Wales were inclined to the lockdown duration correlated rise in 

residential solar uptake whenever significant. 

In instances where the correlation between the active lockdown duration and residential solar uptake 

was evident, it indicated varied effect across states. This included curtailing the uptake in Victoria while 

augmenting in New South Wales and the Australian Capital Territory. However, other states have 

scarcely any lockdown after the first one and, if implemented they were significantly brief. But these 

occurrences were not typical; in many cases, no statistically significant association could be found 

suggesting complexity of the relationship. It might be possible that, depending on their unique 

socioeconomic and demographic characteristics and policy differences, various regions of the same 

state may react to lockdown measures in different ways. Correlation between these variables and the 

active lockdown duration might explain this heterogeneity why, although being in the same state, 

certain clusters have a strong link with the number of solar installations while others do not. 
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Over and above the analysis of relationship between the lockdown duration and the number of 

residential solar installations the socioeconomic, demographic, and Small-scale Renewable Energy 

Scheme explanatory variables offers insights into the determinants influencing the uptake during the 

COVID-19 pandemic. Among these variables age, marital status, type of dwelling, education, gender, 

household income, number of bedrooms, number of children, number of persons, house ownership, 

and SRES subsidy rating demonstrated significant association with residential solar adoption. Middle 

age i.e. 35 years to 54 years has association with higher residential solar uptake during July 2021 to 

September 2021 the most stringent and the second across the country lockdown with a coefficient 

valued 1.36. As middle age people are more likely to be working and had more social responsibility of 

children and elderly parents the second lockdown for most of the States and postcodes motivated 

more middle-aged people to adopt residential solar. 

Conversely, in the pandemic, old age has a significant positive impact on residential solar deployment. 

Since the beginning of the COVID-19 intermittent lockdowns, people aged 54 years and above had a 

higher preference for adopting residential solar, except for only one period, April 2021 to June 2021. 

It could be attributed to the fact that older people are less likely to be engaged in physical work, making 

them more inclined to have work-from-home arrangements. Also, the higher chances of their reliance 

on pension income might make them more sensitive to electricity bill costs. However, postcodes with 

a higher share of married couples were less likely to adopt residential solar. This might be due to the 

COVID-19-driven lockdowns and restrictions associated rise in household expenses from amplified 

grocery bills, electricity bills, and possibly home-schooling-related needs and the uncertain economic 

situation during the pandemic. The solar uptake decision as a significant investment for married 

individuals became more complicated than before and, consequently, had lower uptake among them. 

University education had a significant positive relationship with residential solar deployment during 

these two years of the pandemic. As individuals with university education stand greater chances of 

having highly paid jobs and work-from-home opportunities, boosting their probability of adopting 

solar PV. Similar results are evident for high school education, implying postcodes with a higher 

proportion of people with high school education had a higher number of residential solar installations. 

The reason might be different for them; for instance, they probably have higher financial stress from 

increased household bills due to staying home for more prolonged. Future job uncertainty encouraged 

them to invest the existing capital to save future expenses. 

Additionally, females had greater likelihood of installing solar PV during COVID-19. Although COVID-

19 was an unprecedented and unparalleled event still, the positive relationship between female and 

residential solar uptake is consistent with a previous study (114). The variable for unemployment does 
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not hold statistical significance there are chances of collinearity between unemployment and 

household income or other variables such as level of education might be explaining the same aspect  

During the pandemic postcodes greater share of resident of larger dwellings featuring numerous 

bedrooms had 19.6% to 46% more number of residential solar installations. People living in multiple-

bedroom residence mostly have bigger families consequently higher energy bills. Therefore, in order 

to save their recurring energy expenses, they are more likely to adopt residential solar combined with 

their ability to afford the upfront cost.  

The residential solar deployment decreased among the families with greater number of children 

during the pandemic. This could be potentially due to the economic uncertainty around this time 

complicating the investment decision especially for financially constrained families. However, the 

variable had significant correlation with number of installations for one forth time of the pandemic. 

Contrary to number of children, number of people had strong positive correlation with solar PV uptake 

since after the first lockdown with increasing the likelihood by 29% to 54.8% in the postcodes with 

greater share of larger household size.  

Among house ownership, houses owned with mortgage have almost 140% increased uptake before 

the first lockdown i.e. January 2020 to March 2020. But no evidence of the association of between 

number of solar installations and house ownership with mortgage is found later during the pandemic.  

In addition, the findings of this study suggest significant association of Small-scale renewable energy 

scheme with residential solar uptake during more than half of the pandemic since the estimates of the 

SRES zone rating demonstrate strong positive relationship of SRES subsidy zone rating with number of 

solar installations for January 2020 to March 2021. The residential solar deployment surged almost 

181% during the first lockdown to 42.9% during December 2020 to March 2021 period with increase 

in the subsidy ratings. There could be several potential factors responsible for this change for instance 

market saturation it is possible that most of the potential consumer have already availed the 

opportunity and have installed solar PV or the retails may have faced shortage of the solar panels due 

the supply chain disruption of solar panels and their components. Another possibility is change in 

consumers behaviour people may have acclimated with new pandemic life efficiently managing their 

energy expenses consequently less interested in the subsidy. 

Moreover, two of the variables type of dwelling i.e. separate houses and house owned outright 

showed counter-intuitive relationship with residential solar diffusion during the COVID-19, implying 

decreased number of installations with increased proportion of these factors in postcodes. The 

potential causes might be collinearity as the occupant of separate houses are mostly have high income, 



126 
 

better education, and are more inclined to have children and larger families. Another possible reason 

could be the relatively short duration of two years than twelve years since the residential solar 

adoption accelerated or the use of aggregated data based on the nature of study. 

8.3 Lag Model 

Since the lag days of lockdown for April 2020 to May 2020 was a single thus shows no evidence of 

impact on number of residential solar installation during this time as shown in Table 26.Table 26 

Table 26. Results for Lag Model 2020. 

  ln number of 

solar installations 

Apr - May 2020 

ln number of 

solar installations 

Jun - Aug 2020 

ln number of 

solar installations 

Sep - Nov 2020 

  (1) (2) (3) 

Age 35 - 54 0.514 0.858 0.271 

Age 55 and over 0.639 0.820** 1.431*** 

Married -0.234 -0.413 -0.706 

Separate houses 0.142 -0.205 -0.476*** 

University Education 0.685* 0.475 1.178*** 

High School Education 1.210** 0.930* 0.642 

Gender 3.260*** 3.516*** 2.103*** 

Unemployed 4.066* -0.751 0.521 

Household Income -0.000000529 -0.00000231* -0.00000386*** 

Number of Bedrooms 0.0521 0.245** 0.349*** 

Number of Children 0.0988 -0.259* -0.181 

Number of Persons 0.170* 0.409*** 0.419*** 

Population 0.0000153*** 0.0000142*** 0.0000133*** 

Owned outright -0.598* -0.825*** -0.591** 

Owned with mortgage 0.157 -0.124 0.465* 

SRES Subsidy Zone Rating 1.060*** 0.682*** 0.644*** 

Construction Ban 
   

Lagged Lockdown Duration 0 0.00383 -0.00609*** 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. 

The estimate of lagged lockdown duration shows no evidence of significance for June 2020 to August 

2020 period suggesting that the first lockdown may not have any strong effect on residential solar 
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deployment. Possibly due to the fact it was the beginning of the unprecedent COVID-19 and it was the 

first lockdown the impact might be temporary and worn off quickly as shown in Error! Reference 

source not found. the number of installations raised in July but had a drop in August therefore, 

making it difficult to ascertain significant relationship and isolate it from the other socioeconomic and 

demographic key influential explanatory variables. 

 

 

 

 

 

 

On the contrary, the accumulative lagged days of lockdown have significantly negative correlation with 

residential solar diffusion during almost the last quarter of the year indicating the postcodes with 

longer previous lockdown experienced 0.6% decrease in number of solar installations as shown in Table 

26. This could be possibly attributed from several reasons including the supply chain disruption of solar 

panels and their essential parts, COVID-19 driven economic uncertainty prompting individuals to 

prioritize the essential and immediate needs over long-term investments, reduced income, and 

increased financial stress. 

The same impact is evident for December 2020 to March 2021 timeframe, demonstrating increase in 

previous lockdowns was associated with approximately 0.12% decline in residential solar deployment 

as shown in Table 27. The same factors probably would have attributed to this continued negative 

Figure 14. National number of residential solar installations trend before and during COVID-19 pandemic 
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correlation the disruption of solar panel and its components supply chain and the raised financial 

uncertainty among the potential residential solar adopters. However, the relatively small coefficient 

might have implicated the possible adaption of people to the lockdown conditions. 

The accumulative lagged days of lockdown illustrates no sign of significant impact on number of 

residential solar installations from April 2021 to June 2021 period. The lockdowns during December 

2020 to March 2021 as shown in Table 24 were brief with quite small cluster sizes as evident from Table 

19, suggesting diminishing effect of previous lagged lockdowns length up until November 2020 on 

residential solar uptake. The diminishing effect of lagged lockdown duration might be pointing to the 

adaption of households to the pandemic crisis. 

Table 27. Results for Lag Model 2021 

  ln number of 

solar installations 

Dec 2020 - Mar 

2021 

ln number of 

solar 

installations 

Apr - Jun 2021 

ln number of 

solar 

installations 

Jul - Sep 2021 

ln number of 

solar 

installations 

Sep - Nov 2021 

  (1) (2) (3) (4) 

Age 35 - 54 -0.101 0.265 1.396* 0.893 

Age 55 and over 0.638* 0.441 0.791** 1.821*** 

Married -0.888* -1.388*** -1.106** -1.345*** 

Separate houses -0.589*** -0.487*** 0.0152 -0.536*** 

University Education 1.092*** 0.731* 0.918** 1.199*** 

High School Education 1.091** 0.819* 1.587*** 1.086** 

Gender 1.067 4.022*** 3.519*** 3.664*** 

Unemployed 0.848 2.32 2.191 -0.17 

Household Income -0.00000269** -0.00000193 -0.00000201* -0.00000198 

Number of Bedrooms 0.318*** 0.374*** 0.179* 0.259*** 

Number of Children -0.063 -0.232* -0.172 -0.0724 

Number of Persons 0.428*** 0.433*** 0.360*** 0.396*** 

Population 0.0000158*** 0.0000154*** 0.0000136*** 0.0000152*** 

Owned outright -0.335 -0.193 -0.590** -0.778*** 

Owned with mortgage 0.323 -0.0448 -0.187 0.520* 

SRES Subsidy Zone 

Rating 

0.0855 0.366* 0.315 0.11 

Construction Ban 
  

-0.0626* 
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Lagged Lockdown 

Duration 

-0.00118** 0.000462 0.00121** -0.00100*** 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. 

The accumulative lagged length of lockdown points to significantly positive association with growth of 

residential solar diffusion from July 2021 to September 2021. The coefficient suggests that for every 

additional day of previous lockdown, there was a 0.12% surge in the number of residential solar 

installations during this time. More than a yearlong restrictions and sporadic lockdowns might have 

changed household behaviour to the COVID-19 shock and people got adapted with new pandemic 

lifestyle, along with several COVID-19 associated financial support policies by government people 

might have started to make long-term investment to cope with the pandemic driven high energy bills. 

The coefficient of Construction ban variables signifies 6.5% decline in the uptake due to the forced 

shut down of the construction industry in the given timespan which was not evident in previous 

contemporaneous model as shown in Table 24. 

By the end of the pandemic from September 2021 to November 2021 the residential solar deployment 

was dropped 0.1% with per day increased in preceding days of lockdown.  A plausible reason for this 

could be the extended lockdown fatigue or might be weather related the weather during September 

to November is more pleasant affecting the energy bills less. Therefore, the potential consumer may 

have been less interested in solar uptake during this time as the government also had announced the 

roadmap to end almost two year-long intermittent lockdowns.      

While the lag model indicates more significant relationships of past lockdown length with residential 

solar deployment during the pandemic, the nature of the relationship was not consistent. There was 

a change from negative during the last period of 2020 (i.e. September 2020 to November 2020) to 

positive during July 2021 to September 2021, which was the longest and one of the most stringent 

lockdowns for New South Wales and Victoria, with diminishing effect meanwhile. Nevertheless, the 

lagged days of lockdown was associated with a drop in the number of solar installations for September 

2021 to November 2021. Two possible reasons include seasonal changes due to change of weather or 

lockdown fatigue stimulating people to move back to the pre-pandemic norm of life. However, on the 

other side it is possible that the underlying cause of these change in association might stem from the 

interaction of socioeconomic, demographic, and policy variables with the lag days of lockdown. They 

could be the potential moderators that may have an impact on the correlation between the length of 

past lockdowns and the number of residential solar installations. For instance, a prolonged lockdown 

may have a less severe negative impact on solar installations in locations with greater income levels, 
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indicating that income may have a moderating effect on the impact of lockout duration on solar 

installations. 

8.4 Contemporaneous Interaction model 

Given that there was a single day lockdown on 31st March 2020 this timespan was not included in this 

model. Among the strongest plausible interaction of extent of lockdown with the socioeconomic and 

demographic variable is separate houses influencing the residential solar deployment since after the 

first lockdown as shown in Table 28 and Table 29, suggesting the varied effect of extent of lockdown 

on residential solar adoption in postcodes with greater share of separate house compared to those 

with lower proportion. This could potentially stem from their tendencies to have higher energy bills 

especially during the lockdowns increasing the energy consumption substantially equipped with larger 

roof spaces make the investment in solar PV more attractive. 

University education conversely was associated with decrease in uptake in postcodes with longer 

lockdowns. As shown in Table 28 and Table 29, people with university education were approximately 

59.4% to 5.5% less likely to adopt residential solar in postcodes with higher number of days of 

lockdown than people without university education. The variable showed evident correlation after the 

first lockdown period and from April 2021 to September 2021. This might be due these people may 

not only be associated with job security issue but also, they could have jobs that are more vulnerable 

to the economic slumps caused by the pandemic, for instance academia, technology, or corporate 

sectors. Consequently, making them reluctant to large investments like residential solar in postcodes. 

Another reason could be people with university education might also have better information and 

awareness of future long-term economic impact of these extended lockdowns and hence, motivating 

them to focus more on immediate needs and savings than investments. 

Positive strong combined impact of lockdown length and the proportion of bedrooms in a dwelling on 

the number of solar installations is evident as shown in Table 28 and Table 29, suggesting among the 

postcodes with longer lockdowns people living in dwellings with greater number of bedrooms were 

more inclined to uptake residential solar. Extended lockdowns leading to higher energy consumption 

hence, the bills stimulate these individuals to invest in residential solar more than other. Likewise, 

almost 3.8% to 18% higher solar deployment have been observed in postcodes with lengthier 

lockdowns larger household sizes. Greater number of people potentially result in higher energy 

consumptions especially in time of lockdown spending most of the time at home and might also have 

more financial resources since number of children is kept separate in this study. 

Table 28. Results for Contemporaneous Interaction Model 2020 
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  ln number of 

solar 

installations 

Apr - May 

2020 

ln number of 

solar 

installations 

Jun - Aug 

2020 

ln number of 

solar 

installations 

Sep - Nov 

2020 

  (1) (2) (3) 

Lockdown Duration*Age35to54 
   

Lockdown Duration*Age54andover 
  

0.157*** 

Lockdown Duration*Married 
  

0.196* 

Lockdown Duration*Separate houses 
 

0.0640** 0.0589*** 

Lockdown Duration*University Education 
 

-0.141** 
 

Lockdown Duration*High School Education 
   

Lockdown Duration*Female 1.011* 
  

Lockdown Duration*Unemployed 4.402** 
  

Lockdown Duration*Income 
 

-

0.000000527* 

 

Lockdown Duration*Number of Bedrooms 
 

0.0322** 
 

Lockdown Duration*Number of Children -0.232** 0.102* 
 

Lockdown Duration*Number of Persons 
 

0.0382* 
 

Lockdown Duration*Owned Outright -0.277* 
  

Lockdown Duration*Owned with Mortgage 
   

Lockdown Duration*Zone Rating 
   

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. Only the 

interactions terms mentioned in the table. 

The interaction between houses that owned outright and the lockdown length indicated significant 

association with number of solar installations. However, as shown in Table 28 and Table 29, the 

interaction demonstrates varying direction of the relationship. During the first lockdown, the 

association was negative indicating, longer lockdown was correlated with 31.9% decreased probability 

of solar adoption in postcodes with greater share of homes that are owned outright. It might possibly 

be attributed to these residents have more financial security and less need of energy cost-saving 

during this period. 

The significant positive relationship from July 2021 to November 2021, illustrates lengthier lockdown 

was correlated with a rise in number of solar installations in postcodes with greater share of dwellings 

that were owned outright. This could be because staying home for longer time might have raised 
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energy cost due to higher consumption of energy and their capacity to afford solar installation upfront 

cost made them more likely to adopt solar. 

Similarly, the home that owned with mortgage were more inclined to adopt residential solar when 

experienced extended lockdowns from April 2021 to September 2021 timeframe where during April 

2021 to June 2021 for each added lockdown day, almost 77.7% the number of residential solar 

installations rise in the postcodes with higher proportion of homes that were owned with a mortgage. 

Perhaps a year-long restrictions and intermittent lockdowns might have driven people to invest is 

residential solar to reduce their plausible heightened lockdown associated energy bills during this 

time.  

The relative smaller, yet significant, estimate for the July 2021 - September 2021 timespan suggests 

that continued effect, but at a diminished rate, into the later period. Considering July 2021 to 

September 2021 had some additional influential factors at the same time including the forced shut 

down of construction industry hindering the ability of these households to adopt solar during this time. 

Furthermore, the government's release of a COVID-19 recovery roadmap during this period, signalling 

the eventual end of lockdowns, could have shifted people's priorities. Instead of focusing on home 

improvements, such as solar panel installations, homeowners might have turned their attention 

towards preparing for a return to normal life. The relief and anticipation associated with the easing of 

restrictions could have fostered a desire to engage in outdoor activities, travel, and social interactions, 

rather than investing in home upgrades. 

Table 29. Results for Contemporaneous Interaction Model 2021 

  ln number of 

solar 

installations 

Apr - Jun 2021 

ln number of 

solar 

installations 

Jul - Sep 2021 

ln number of 

solar 

installations 

Sep - Nov 2021 

 (1) (2) (3) 

Lockdown Duration*Age35to54    

Lockdown Duration*Age54andover    

Lockdown Duration*Married   0.250** 

Lockdown Duration*Separate houses 0.274*** 0.0367** 0.0422* 

Lockdown Duration*University Education -0.466** -0.0531*  

Lockdown Duration*High School Education 1.100**   

Lockdown Duration*Female    

Lockdown Duration*Unemployed   -1.875** 



133 
 

Lockdown Duration*Income    

Lockdown Duration*Number of Bedrooms 0.141***  0.0338** 

Lockdown Duration*Number of Children    

Lockdown Duration*Number of Persons 0.165***  0.0369** 

Lockdown Duration*Owned Outright  0.0829* 0.120* 

Lockdown Duration*Owned with Mortgage 0.575*** 0.0557*  

Lockdown Duration*Zone Rating   0.171*** 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10%. Only the 

interactions terms mentioned in the table. 

The households with higher number of children were less likely to install residential solar in postcodes 

that stayed in lockdown for longer. A plausible reason for this could be the additional financial and 

time commitments associated with raising children, perhaps further amplified during lockdown. These 

households might be more concerned for immediate needs, remote schooling, and entertainment to 

keep the kids busy thus, have fewer financial resources and attention for long-term investments like 

solar panel installations.  

The positive correlation for post first lockdown period, on the other hand, could suggest 

comprehension of heightened energy costs due to more time spent at home with children, which could 

prompt some households to invest in solar energy to control their energy bills. Another potential 

reason could be the more comprehensive and larger sample size for this period given that the first 

lockdown was the only nation-wide one whereas, subsequent lockdowns were more localized 

primarily affecting particular cities or States. This nationwide lockdown might have apprehended a 

more diverse range of experiences and behaviours, thereby leading to more robust and representative 

findings. 

The interaction term Lockdown Duration*Unemployed showing a positive coefficient for first 

lockdown, whereas, a negative during September 2021 to November 2021 i.e. part of the last 

lockdown and the end of the pandemic suggests that the relationship between the lockdown duration 

and the residential solar deployment in postcodes with higher unemployment rates varies over time. 

This could possibly be attributed to several government financial support policies during the pandemic 

including COVID-19 disaster payments, Job keeper payment, and mortgage payment deferral schemes. 

Which after gradual reduction ended by the end of September 2021. Consequently, they might have 

prioritized securing employment over making investments for energy-cost saving. 

The significant positive estimate of interaction between lockdown duration and being married during 

September 2020 to November 2021 and September 2021 to November 2021 i.e. the same month for 
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both years might illustrates a seasonal trend in the residential solar deployment. This could potential 

stem from several reasons for instance these months may coincide with the time when households 

typically plan their finances for the following year therefore, may be more likely to make significant 

investments, such as solar installations, during this period especially in the course of the longer 

lockdowns. Another reason could be the weather conditions as married couples more likely to have 

financial stability might have more probability of adopting solar ahead of summer to save the 

additional cost of air conditioning where extended lockdowns might have elevated their energy bills 

even more.  

Nevertheless, the interaction term for age, household gross income, gender, and high school 

education have significant coefficients for short time periods. The interaction term between lockdown 

duration and income is significant and negative for post first lockdown period. Increased energy bills 

due to lockdown-induced changes in consumption were likely not a major concern for high-income 

households. Amid the economic uncertainties brought on by the pandemic, these households may 

have opted to delay their decisions regarding solar adoption. The brief duration of this significant 

relationship could be attributed to the same reasons. Furthermore, the inclusion of data from across 

Australia might have led to more robust results, thereby reducing the period during which this 

relationship was significant. 

Similarly, everyday increase in lockdown in postcodes with higher proportion of older people boosted 

almost 20% of their chances of adopting residential solar from September 2020 to November 2020. A 

plausible reason for this could be the end of the year often brings about significant financial decisions 

for many individuals. For elderly people, this time period might align with end-of-year financial 

planning or budgeting, motivating them to install solar for summer onset with lockdowns knowing that 

they could be spending more time at homes. 

Analogous are the results for high school education as the interaction between extent of lockdown 

and high school education shows strong positive association with solar uptake during April 2021 to 

June 2021. This could potentially stem from a yearlong pandemic restrictions and longer lockdowns in 

these postcodes might have motivated these individuals to take control over the energy bills for the 

onset of extreme cold weather of winters. Also, later was the most stringent lockdown or pandemic 

restrictions period of the nation could be the reason of loss of significance in this interaction. 

Therefore, the diminishing significance of the interaction term might illustrate these additional 

barriers faced by the high school education demographic during the more stringent lockdowns. 

Lastly, higher SRES subsidy ratings boost approximately 18.6% residential solar diffusion in postcodes 

that experience lengthier lockdowns. Given that this was the time when Australia was gradually 
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transitioning towards the end of pandemic restrictions this transition might also signify the end of 

immediate economic uncertainty for many households. With restrictions easing and businesses 

reopening, there would be a prospect of economic recovery and increased financial stability. This could 

lead to households being more willing and able to invest in solar installations, especially in regions 

with higher solar irradiance associated with higher subsidy rates.  

8.5 Lag Interaction model 

The same variable has interaction for longer periods with the lagged days of lockdown as have with 

contemporaneous days of lockdown whereas, the difference is the persistent association of these 

interactions over these periods. 

Among the strongest and most persistent interactions is between the lagged lockdown duration and 

separate houses for a year from September 2020 to September 2021 as shown in Table 30 and Table 

31, suggesting a sustained relationship between these variables throughout this period. The potential 

reasons include the lockdown-induced increased energy consumption raising the energy bills with the 

availability of roof spaces and finance for solar installation upfront cost every additional day of 

previous lockdown amplified the 0.35% to 0.7% likelihood of the residential solar uptake in postcodes 

with greater share of separate houses. 

A yearlong negative significance of the interaction between lagged lockdown length and university 

education suggests that for individuals with university education, longer periods of past lockdowns are 

correlated with a decline in the number of residential solar installations. As mentioned earlier job 

insecurity and economic uncertainty might stimulated people to focus more on the essentials rather 

than investment in solar installation. It is also possible that these individuals have anticipated the post-

lockdown resumption therefore, considering these lockdowns as temporary measures they might have 

considered to delay the solar investment decision. 

From September 2020 to September 2021 the tendency of residential solar diffusion in the postcodes 

with larger proportion of multi bedrooms dwellings surge 0.1% to 0.27% with increase in the length of 

past lockdown. There might be several reasons associated with this trend. Among which could be the 

plausible larger size of the multi bedroom resident resulting in spiked electricity cost due to staying 

home for longer time thus prompting these households to adopt residential solar to save their energy 

costs. Additional, spacious domiciles might have more financial resources increasing their likelihood 

to install solar. The consistent significance of this interaction for extended time periods suggests that 

this trend remained stable over the year. 

Table 30. Results for Lagged Interaction Model 2020 
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  ln number of 

solar installations 

Jun - Aug 2020 

ln number of 

solar installations 

Sep - Nov 2020 

  (1) (2) 

Lagged Lockdown Duration*age35to54 
  

Lagged Lockdown Duration*age54andover 
 

0.0181** 

Lagged Lockdown Duration*Married 
  

Lagged Lockdown Duration*Separate houses 
 

0.00712** 

Lagged Lockdown Duration*University Education 
 

-0.0187*** 

Lagged Lockdown Duration*High School Education 
  

Lagged Lockdown Duration*Female 0.249*** 
 

Lagged Lockdown Duration*Unemployed 
 

-0.273*** 

Lagged Lockdown Duration*Income 
  

Lagged Lockdown Duration*Number of Bedrooms 
  

Lagged Lockdown Duration*Number of Children 
  

Lagged Lockdown Duration*Number of Persons 
  

Lagged Lockdown Duration*Owned Outright 
  

Lagged Lockdown Duration*Owned with Mortgage 0.0355* 
 

Lagged Lockdown Duration*Zone Rating 0.0604* 0.0276*** 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10%. Only the 

interactions terms mentioned in the table. 

This interaction term for lagged lockdown duration and number of persons in a household is indicative 

of the effect of a lockdown's length on the decision to install solar panels, with the number of persons 

serving as a proxy for household size. The positive significance as shown in Table 30 and Table 31, 

suggests that as the increase in number of persons in a household, also increases the positive impact 

of past lockdown duration on solar adoption. This could potentially stem from the need of these 

households to manage their energy costs due to the heightened bills higher energy induced by longer 

past lockdowns. Given that these households inclined to have higher income level might have surged 

the uptake in these postcodes. 

However, a yearlong consistent significance of this interaction for reflects the ongoing influence of 

lockdown experiences on household behaviours and decisions. Unlike contemporaneous interaction, 

accumulative lagged lockdown duration has strong positive interaction with SRES subsidy zone 

influencing the residential solar deployment for a year from June 2020 to June 2021, indicating the 
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effectiveness of SRES thus, making the Australian residential solar market resilient during the 

pandemic.  

This could be due to a couple of reasons. Firstly, in areas with higher solar irradiance, the potential 

benefits and savings from solar energy are more apparent, which could encourage solar adoption 

especially during and after periods of lockdown where energy use might be higher. Secondly, areas 

with higher zone ratings also receive more substantial subsidies, which could make solar adoption 

more financially attractive. The significance of this interaction over multiple periods indicates that 

these factors have a lasting effect on how past lockdown experiences influence solar adoption 

decisions. 

 

Table 31.Results for Lagged Interaction Model 2021 

  ln number 

of solar 

installations 

Dec 2020 - 

Mar 2021 

ln number 

of solar 

installations 

Apr - Jun 

2021 

ln number 

of solar 

installations 

Jul - Sep 

2021 

ln number 

of solar 

installations 

Sep - Nov 

2021 

  (1) (2) (3) (4) 

Lagged Lockdown 

Duration*age35to54 

    

Lagged Lockdown 

Duration*age54andover 

    

Lagged Lockdown Duration*Married 
   

0.00951* 

Lagged Lockdown Duration*Separate 

houses 

0.00353** 0.00569*** 0.00424*** 
 

Lagged Lockdown Duration*University 

Education 

-0.00730* -0.0120*** -0.00783** 
 

Lagged Lockdown Duration*High 

School Education 

    

Lagged Lockdown Duration*Female 
    

Lagged Lockdown 

Duration*Unemployed 

    

Lagged Lockdown Duration*Income 
 

-3.26e-08** -2.95e-08** 
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Lagged Lockdown Duration*Number 

of Bedrooms 

0.00191* 0.00265*** 0.00202** 0.00112* 

Lagged Lockdown Duration*Number 

of Children 

0.00518* 0.00630** 
  

Lagged Lockdown Duration*Number 

of Persons 

0.00257** 0.00335*** 0.00248** 0.00163** 

Lagged Lockdown Duration*Owned 

Outright 

    

Lagged Lockdown Duration*Owned 

with Mortgage 

 
0.0100*** 0.00639** 

 

Lagged Lockdown Duration*Zone 

Rating 

0.00925* 0.0109** 
  

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10%. Only the 

interactions terms mentioned in the table. 

The interaction between past lockdown duration and dwellings that are owned with mortgage is 

significant for longer time than its interaction with active lockdown duration however, indicates the 

upsurge in positive correlation of solar uptake with house ownership with mortgage with increased in 

lagged lockdown length for the same period as for active lockdown duration with an additional 

timespan of post first lockdown. This could be attributed to several factors as mentioned previously. 

Contrary to the interaction with active lockdown length, houses that are owned outright and high 

school education demonstrates no variation in solar adoption in correlation with past lockdowns. 

Moreover, number of children unlike its interaction with active days of lockdown imply consistent 

strong positive interaction with passed days of lockdown, but for first half of 2021 instead of 2020 

suggesting persistent lockdowns might have motivated households with more children to adopt solar 

due to the continued home-schooling and increased home stay induced rise of energy cost. Delayed 

decision due to additional financial and family commitments could be another possible explanation. 

Gender and aged over 54 years suggest consistent results with contemporaneous interaction model. 

Unemployment on the other hand signify negative interaction with accumulative lagged lockdown 

length and for almost the last quarter of 2020. Additionally, marital status illustrates strong interaction 

for fewer timespans but still positive. Whereas, income still shows negative correlation but for longer 

period and even smaller coefficient than for active lockdown indicating higher household income 

postcodes were less inclined to uptake residential solar with everyday increase in past lockdown.  
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Given the unprecedented circumstances of the COVID-19 pandemic, our study reveals a noteworthy 

shift in the residential solar adoption landscape. Contrary to prior research that typically associated 

older individuals with lower interest in solar PV adoption (288) (289) (25), our findings indicate that, 

during the pandemic, older demographics displayed increased interest in investing in residential solar 

systems. This shift may be attributed to the rising energy costs, which made older individuals, often 

on fixed incomes, more vulnerable to higher utility bills. Simultaneously, they might have had greater 

financial resources to cover the upfront costs of solar PV installation, along with available roof space 

for installations. 

In contrast, our research indicates that individuals with both high school and university-level education 

were more inclined to adopt solar panels during the pandemic. However, it is crucial to contextualize 

our findings within the existing literature, which has yielded mixed results concerning the relationship 

between education and solar uptake. While some studies align with our results, suggesting that less 

educated individuals have shown an increased interest in solar adoption in recent years (95) (290), 

others propose that solar adopters tend to be highly educated 'innovators' in PV technology 

demonstrating that non-adopters primarily consist of individuals with a medium level of education 

(291). These varying outcomes emphasize the intricate interplay of factors in the renewable energy 

adoption landscape. External events such as the COVID-19 pandemic can introduce unique dynamics 

and alter demographic profiles within the solar PV market. 

Additionally, our analysis highlights that the number of bedrooms, family size, and gender continued 

to exhibit consistent patterns during the pandemic, mirroring trends observed in prior studies. 

Postcodes with larger households, more extensive family sizes, and female-headed households 

exhibited a higher ratio of solar adopters compared to other areas (292) (81) (114) (293). 

Moreover, in the event of another pandemic, it is advisable for governments to contemplate the 

implementation of localized lockdowns. Also, authorities should carefully deliberate whether to 

impose a prohibition on the construction industry, while also considering the possibility of exempting 

solar installations from such restrictions. This exemption can be justified by the fact that solar 

installation activities can be conducted in compliance with physical distancing measures, without 

necessitating interaction with residents. 
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Chapter 9: Conclusions 

This study assesses and comprehends the effect of the COVID-19 pandemic on the Australian 

residential solar market, aiming to determine how the COVID-19 lockdowns duration affected the 

growth of residential solar installations at various pandemic stages. Since the literature indicates a 

strong relationship between the socioeconomic and demographic variables and the solar uptake 

decision, the study aims to analyse the lockdown duration associated effect of these variables on the 

individual's residential solar uptake decision during the pandemic emphasis.  

The rooftop solar adoption growth trend is identified by employing the contemporaneous model 

without control variables. However, another contemporaneous model with control variables is 

included to scrutinize the lockdown duration effect. This model is utilized for examining the direct 

effect of the lockdown length. The delayed effect, on the other hand, is investigated by the lag model. 

Moreover, taking the short-term and intermittent aspects of lockdowns into account, their effect is 

studied using short analysis periods following the timespan the lockdowns were implemented in the 

corresponding postcodes and ensuing the change in adoption trend. The lockdown duration correlated 

determinants of solar adoption during the pandemic are identified by integrating distinct interaction 

models for active lockdown duration associated and lag lockdown duration correlation, apart from the 

key socioeconomic and demographic influencing factors of residential solar adoption from the 

literature, including age, marital status, gender, population, number of bedrooms, level of education, 

types of dwelling, and number of persons. The model entailed the number of children, house 

ownership with a mortgage, and a house owned outright due to their pertinence to the research 

question. 

The empirical findings suggest a diverse state-specific effect of active lockdown duration contingent 

upon the number of lockdowns implemented. Based on the results, New South Wales and the 

Australian Capital Territory postcodes with longer active lockdowns showed significant growth in 

residential solar adoption across a particular analysis period. On the other hand, postcodes of Victoria 

indicated depletion in the number of installations in correlation with active lockdown length. Since the 

variable to estimate the impact of lag lockdown duration is continuous instead of categorical, thus 

implicating national-level aggregate results. The estimate suggests a more sustained correlation of 

solar adoption with the lag length of lockdown; however, likewise, with the active lockdown duration, 

the relationship is heterogeneous. This variation in the nature of the association could be attributed 

to the socioeconomic and demographic factors affecting the adoption directly and in association with 

lockdown duration that might be stimulating or impeding the adoption during the pandemic. 
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9.1 Barriers to Residential Solar Adoption 

The correlation between lockout duration and solar uptake is dependent on the level of education of 

the individuals in a postcode, especially the university level, negatively affecting the uptake in 

correlation with active lockdown duration by 0.466 during the April 2021 to June 2021 period by 0.141 

during June 2020 to August 2020, and 0.0531 during July 2021 to September 2021 as shown in Table 

29. Since the results suggest a significant coefficient for interaction between the university education 

and the lockdown duration with a more persistent year-long negative association from September 

2020 to September 2021 with the value ranging from 0.00730 to 0.0187 (0.7% - 1.9%) as shown in 

Table 30 and Table 31, past lockdown duration indicates a stable and enduring correlation between 

university education and lockdown duration. This persistent significance across consecutive periods 

indicates a consistent correlation between these variables suggesting the correlation is not temporal 

or spontaneous, but rather denotes a persistent, constant association. This continuous significance 

can point to a persistent impact of one variable on the other, underscoring the significance of taking 

this interaction effect into account in our comprehension and interpretation of the larger context 

suggesting the vulnerability of this socioeconomic group regarding residential solar deployment. The 

negative association of this group across multiple periods with active and past lockdown duration 

indicates their increased likelihood to delay or rethink significant investments, like the installation of 

solar panels, during times of economic volatility and uncertainty. But more investigation is required to 

pinpoint the precise causes of this apparent susceptibility.  

Regarding lockdown length association, unemployment was another deterrent to residential solar 

uptake and had a negative influence on the uptake, with a value of 1.85 from September 2021 to 

November 2021, the almost end of the pandemic in correlation with active lockdown duration while 

0.273 during September 2020 to November 2020 in correlation with past lockdown duration. Uptake 

among this socioeconomic group increased during first lockdown probably owing to reduce their 

heightened energy costs. However, ongoing or even worsening financial struggles may have 

discouraged people from adopting solar in this group due to the persistent lockdowns, they may have 

had to give priority to more pressing financial requirements. Such financial impediments to solar 

adoption among the unemployed may persist as we move forwards into the post-COVID era. 

Apart from lockdown related barriers to solar uptake, significant negative influences with high 

coefficient values ranging from 0.866 to 1.376 from the marriage variable suggests that married 

households might have been less likely to install solar power during the study period. This could be 

linked to a number of things, possibly including the distinct financial goals that married couples have, 

including property ownership or family-related expenses. In contrast, the dynamics of decision-making 
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in married households may result in a slower or more cautious approaches to the adoption of new 

technologies, such as solar power. This highlights the necessity of devising policy that can efficiently 

target and involve this particular demographic, consequently stimulate the diffusion of residential 

solar in time ahead. Alternatively, the negative coefficient for the marriage variable in the study period 

might be due to higher solar uptake in the past, leaving a larger pool of unmarried households as 

potential solar installers in the study period. 

9.2 Key Determinants of Residential Solar Adoption 

The results from the interaction models suggest one of the key driving factors of solar uptake in 

correlation with the active and past lockdown duration was separate houses significantly increasing 

the deployment in postcodes with longer active lockdowns with 0.0367 to 0.274 estimate value while 

boosting in postcodes with lengthier past lockdown by 0.35% to 0.71%. Detached residencies have 

greater tendency to adopt residential solar due to the availability of roof space. However, the physical 

distancing opportunity exhibited by these dwellings might have facilitated the installation process 

during the lockdowns and pandemic. Living in larger homes with greater number of bedrooms was 

another stimulating factor for individuals to install residential solar in postcodes with extended active 

and past lockdowns. The socioeconomic characteristic has raised the number of installations with a 

0.141 coefficient value in postcodes with lengthier active lockdowns from April 2021 to June 2021 

analysis period while increasing the adoption during other periods and among postcodes with 

extended past lockdowns. Significant lifestyle adjustments brought about by the pandemic, such as a 

rise in work-from-home or flexible working and increased home stay habits, have boosted domestic 

energy use. Some of these modifications might continue after the pandemic, further incentivizing 

households to choose solar power. 

The choice to switch to solar energy during the lockdown may have long-lasting effects on the market 

because solar systems are frequently long-term investments. Larger-home owners who learned about 

the financial and environmental advantages of solar energy during lockdown would continue to use it 

more frequently. There was correlation to increased solar uptake in the contemporaneous cross-

section model. 

The long-lasting modifications in household dynamics and energy consumption induced by the 

pandemic might be responsible for the persistent influence of household size on solar uptake, which 

may continue post-pandemic. Given that the number of person variable has been significantly 

associated with almost 0.4 by coefficient increased residential solar diffusion during most of the 

pandemic across Australia. The variable was also associated with solar diffusion growth in correlation 

with contemporaneous and lag lockdown length.  For instance, the pandemic may have reshaped the 
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work pattern, leading to an increase in remote employment, which would continue to drive up 

domestic energy demand even after the lockdown restrictions are relaxed. Additionally, the pandemic 

might have increased awareness of the value of sustainability and self-sufficiency in bigger households, 

promoting the continued use of solar energy systems. It follows that the size of a household, as a 

motivating factor for solar adoption, is expected to continue determining Australia's residential solar 

market in the post-pandemic future. 

The positive correlation of house ownership with mortgage and lockdown durations in both models 

implies that mortgage-holding homes are more likely to install solar systems both during and after 

lengthier lockdown periods, with a coefficient value reaching 0.575 high during April 2021 to June 

2021 period, as shown in Table 29. Furthermore, the evidence of significant association of this group 

with increased residential solar uptake in the contemporaneous model with control variables 

demonstrates its influence on the uptake. One motivating factor might be individuals who are 

financially constrained with long term commitments are more likely to look for ways to lower their 

monthly spending. The ability to lower energy expenses offered by installing a solar system makes it a 

desirable investment for this group. The potential for continuous work-from-home arrangement could 

result in higher residential energy usage, supporting the financial case for solar adoption among 

mortgage-holding homeowners. Additionally, a greater understanding of the environmental benefits 

of residential solar over using fossil fuel-generated electricity may encourage these homeowners to 

uptake residential solar and contribute towards the climate change needed since this group could not 

have property rights constraints facing tenants also might be less financially constrained, therefore, 

have more potential to uptake residential solar. 

The decline in number of solar installations among the families with more children during the first 

lockdown might stem from their heightened family responsibilities and economic uncertainty. The 

trend on the other hand changed as the lockdowns proceeded, as people may have begun to 

proactively plan to have more time at home with increased domestic activities. This may have 

stimulated these families to install solar to control their energy bills. This trend might continue post-

pandemic due to the change in people’s lifestyle after COVID-19 as spending more time at home with 

more home-based activities could be a new normal. Solar adoption among homes with more children 

may be significantly influenced by the possibility for increased energy independence and cost savings. 

However, it's also crucial to study additional variables that could have an impact on this association, 

such as parental education levels, income levels, and the ages of the children, among others. These 

factors may contribute to a more thorough knowledge of how the number of children in a home affects 

various factors. 
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The SRES subsidy zone rating positive correlation with lockdown durations implies a rise in number of 

solar installations in regions with longer lockdowns and greater subsidy during and following lockdown 

periods. The contemporaneous model results align with this finding, demonstrating a positive 

relationship between zone rating and solar system uptake for almost a year of the pandemic with 

escalating the adoption by 1.034 estimate value during the first lockdown, suggesting heightened 

energy cost and economic uncertainty induced by the pandemic stimulated people to take advantage 

of the greater subsidy offered by the government to save their monthly expenses. This positive 

relationship highlights the significance of subsidy on solar deployment therefore, implying that upfront 

cost of solar installation might be a dominant barrier for many potential consumers.  

During almost the whole pandemic there was a positive link from the female variable to solar uptake, 

as suggested by the results from the contemporaneous model. This could potentially be attributed to 

the fact that women exhibit a greater sensitivity towards environmental concerns, possess a 

preference for energy self-sufficiency, or are influenced by various economic and social factors. Energy 

independence preferences induced by the pandemic might last. Additionally, if the pandemic has 

changed gender roles or attitudes that influence solar adoption decisions in any way, this effect may 

continue. 

Nevertheless, a more comprehensive analysis of the pandemic links with socioeconomic and 

demographic aspects, especially those related to women’s perspective on residential solar adoption, 

is necessary before making any conclusive predictions. Hence, this emphasises the necessity of further 

study in this field to comprehend the mechanisms promoting solar adoption in the post-pandemic era. 

On the hand, high school education was another motivating factor for solar adoption during the 

pandemic as indicated by the persistent evidence of its significance in the contemporaneous model 

with control variables as shown in Table 23 and Table 24. Nevertheless, it significantly correlated with 

active lockdown duration with a 1.011 substantial estimate value. However, the association was only 

for the first lockdown and no significant association with past lockdown duration, suggesting 

individuals with high school level education are more prone to adopt residential solar in the time of 

financial uncertainty and job insecurity as apart from energy bill saving the financial incentives in the 

form of feed-in-tariff might have attracted more of the individuals from this demographic group. This 

indicates its possible continuous association with adoption. 

The results showed evidence of continuous correlation between individuals age and residential solar 

deployment during the pandemic however, the relationship with lockdown durations both active and 

lagged was occasional. This indicates that the number of residential solar installations was significantly 

accelerated by people aged 54 and older. The trend is likely to continue after the pandemic as this 
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group looks to have more potential to acknowledge and undertake the long-term economic and 

environmental benefits of solar technology because they are often homeowners, more financially 

stable, and more mindful of household energy expenses. As a result, this older age group might 

continue to play a crucial role in expanding the residential solar market of Australia. 

9.3 Policy Implications 

University level education may have been a positive impact (284) in the past, but  then other groups 

are catching up during this period like older age, dedicated awareness programs to target these 

demographic groups might increase the uptake. Individuals with university education have better 

education therefore they might respond well to climate change and sustainability aimed educational 

programs however, older people might need additional and more comprehensive information of the 

financial benefits of solar uptake and the potential assistance available for them. 

In addition, financial incentives including subsidized loans, competitive Feed-in-Tariff, and Tax credits 

might promote solar adoption among the individuals with larger household size especially the ones 

with more children and bigger dwellings as these potential socioeconomic groups are financially more 

constrained and need to save their energy bills more. However, since the residents of dwellings that 

are owned with mortgage have more tendency to adopt residential solar therefore, providing them 

with subsidized loan based on their mortgage repayments for solar installations might boost the 

diffusion in this group. 

As indicated by the results, older people particularly those who are aged 54 and over had higher uptake 

during pandemic therefore. Considering them as the prospective prosumer, dedicated solar rebates 

programs for them across Australia could be useful, as offered by New South Wales some people aged 

over 54 are eligible for this Rebate swap for solar scheme. Apart from being a receiver of a low-income 

household scheme, the resident of New South Wales must have either a valid Pensioner Concession 

Card or a Department of Veterans Affairs Gold Card and be the house owner. The recipient will then 

receive the rebate from the rebate swap for the solar scheme under its terms and conditions instead 

of low-income households. This might increase the solar diffusion in other states of the country as well 

like Victoria where the lockdown duration correlated with declines in residential solar uptake. 

However, like New South Wales solar rebates for low income households should also be introduced in 

other states as this program will be able to boost the uptake not only among the low-income 

households but also among the unemployed individuals.  

The results suggest the efficacy of SRES. However, the SRES does not take equity/inequality into 

account because there are no means of testing involved. Replacing capacity-based subsidy rates with 
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income-based subsidies may enhance the equity of the scheme, thereby promoting greater uptake 

among low-income households. As indicated by our results, postcodes of some states where the 

construction industry was put on hold for two or more weeks experienced a decline in the residential 

solar uptake suggesting that in case of a recurrence of lockdowns in the future, policymakers can 

consider whether construction bans are a good idea. Since the residential solar installation could be 

done without interaction with the household resident mostly, therefore, excluding it from the 

construction ban might overcome this temporal barrier without risking public health. 

A tax deduction policy for residential solar prosumers might also boost the adoption. As the ATO 

introduced rules for claiming tax deductions for ‘working from home expenses’ since the pandemic, 

such as for increased electricity consumption from the grid, a similar policy for the households which 

install solar panels might interest individuals with employment or higher income. 

9.4 Study limitations 

Due to the nature of the study, which requires analysing the key influential variables of residential 

solar adoptions at a particular time, i.e. the pandemic cross-section study is the suitable methodology. 

However, many types of cross-sectional approaches exist, including the Poisson model (236) and zero-

inflated negative binomial (118). Still, they are less relevant for this study since Australian postcodes 

have many solar installations in contrast to some areas in Belgium and the United States, which did 

not have many or any solar installations (partly because the studies were done 5-10 years ago). 

The use of aggregated data to determine the plausible impact of COVID-19 on the residential solar 

market of Australia might be the principal limitation of the study as the data facilitated the model to 

suggest a comprehensive synopsis of the impact; however, it was unable to capture the details 

regarding the causes of the plausible barriers and determinants of the uptake during the pandemic. 

It's possible that certain unobserved factors that would have been responsible for the trend of solar 

PV diffusion during the pandemic were overlooked in this study. Any future post-pandemic changes in 

governmental policies for residential solar that could have a substantial impact on the diffusion is 

beyond the scope of this study.  

Moreover, some detailed studies on the prospect of some potential prosumers of residential solar 

including women, individuals with university level education, and married couples need to be 

investigated in more detail to understand their attitude towards solar uptake. Similarly, as the 

relationship of gross household income and residential solar adoption during the pandemic was 

significant with very small coefficient, further research into this relationship is needed to fully 

understand the uptake behaviour of different household income groups regarding solar deployment. 



147 
 

This study used the cross-section model, which is unable to incorporate policies like ‘First home buyers’ 

and others that are the same across the postcodes. Future studies, using a panel econometric 

approach which assesses changes over time, can investigate how solar uptake changed when the first 

home buyers’ scheme (or other policies) were introduced or changed. There is some rationale for 

expecting an effect related to housing transactions, as more new homes might lead to more solar 

panels, as people might be more likely to put solar panels on a new house. 

Instead of longitudinal analysis, specifically incorporated into a panel regression, which is preferred 

for establishing causal identification cross-section regression model is used for this study. The panel 

regression method provides a higher level of confidence in the regression coefficients' ability to 

identify causal relationships rather than correlations which are proxies for other unobserved effects, 

but cross-sections can include many more important and interesting variables which are not available 

over time. Furthermore, our study is designed for postcode-level data, which, as aggregated data, is 

more comprehensive as compared to household-level data acquired from surveys, but there can be 

area-level correlations that give some unexpected results in most aggregated studies. Also, a short 

time period is used for analysis in this study which might be ideal for direct lockdown impacts as the 

lockdowns across Australia were short, temporary, and sporadic, while a longer time horizon would 

give a better indication of possible changes following the pandemic. 

9.5 Suggestion to enhance the Australian solar energy business after the 

pandemic 

9.5.1 Energy market stability 

For the energy market during the COVID-19 pandemic, one of the most critical factors to directly 

impact the world energy market was the sudden decline in the consumer demand for existing oil stock. 

Considering this as an opportunity, some electricity generation plants placed gigantic crude oil orders 

at lower market prices and built new storage facilities. In the later months, this situation created 

massive uncertainty in the energy market for some countries as they were left with a few options to 

either buy the oil at a higher price or delay orders. At present, it is crucial to assure the investment of 

stockholders in flexibility by flexible investments and clear pathways for it, believing investments are 

not for immediate rewards but long-standing. In this regard, the government could emphasise the 

investors about the stock market stability of the solar energy business in the light of long-term stability 

that could sustain their trust and stock market money in the solar energy business. 

9.5.2 Collaboration between real estate and solar energy business 
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In Australia, the solar cell program and business have been majorly focused on the houses, and the 

percentage of the building having solar system insulated are relatively quite small. In this regard, there 

is a big gap between real estate and solar energy businesses due to which the small number of 

apartment buildings that have a solar system installed. A building has multiple stories, and apartments 

and its electricity demand are higher than a single house depending upon the number of people living 

in a building. As the solar electricity FiTs are less in dollar value than buying the electricity from the 

grid, there is a vast potential to install a PV system on the buildings to supply electricity, especially 

during the off-peak hours when solar electricity production is maximum. A solar system could be 

workable for a building with 10-15 apartments if tenants/ residents could be given convincing 

information when leasing or buying the condo. As storage battery cost is a significant factor for single 

families living in a home, this could be made affordable for buildings with several apartments and more 

families residing in the building. In this regard, a framework of a small amount of recurring payment 

included in the fortnightly rent or bond money in return for solar electricity and reduced electricity 

bills could help the building management cover the cost of batteries and the overall solar system. In 

addition, the Australian government has plans to construct and develop many new suburbs. The 

architect of these new houses or buildings could have built-in structures for solar systems installations, 

thus reducing the installation cost of the rooftop PV panels. As constructing new suburbs for the 

growing population necessitates the installation of grid electricity lines, which could be tricky and 

expensive for remote locations, the government could make smart suburbs that could run solely on 

solar energy. In this way, instead of spending billions of dollars to supply grid electricity to remote 

locations, these expenditures could be turned into solar business investments that may indirectly 

enhance the solar business and solve the energy demands in remote areas in Australia.  In addition, 

the cost of the batteries or the overall solar system could be added to the initial mortgage values with 

some financial schemes similar to the extended pay-off period. Collaboration of established real estate 

and solar businesses could be a good starting point to expand the solar energy business. 

9.5.3 Enhancing solar energy business by innovative advertisement 

For most people, a solar energy system is thought of as a means of gaining cheaper electricity or 

reducing their monthly/yearly electricity bills. In this regard, consumer gets information about the 

solar system from word of mouth, looking at the rooftop of an existing solar system of the 

surroundings or some broadcast media advertisement. Additionally, some studies have been 

performed to link the solar uptake with education in a region; however, these investigations possess 

disagreement. In this regard, the missing factor is the amount of information that people acquire from 

social media. Social media is a mandatory part of our lives, enhancing our sources of information and 

inclination towards a specific project. We need to educate people by launching a national social media 
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campaign in Australia to encourage consumers and investors about the solar energy business. In 

parallel with convincing people on dollar savings using solar energy, a paramount emphasis on 

reducing the drastic effect of increased carbon emission and global warming should be laid. 

Significantly, the harsh effects of the recent bushfire in Australia have had major impacts on lives and 

cost billions of dollars to the Australian economy; the benefits of utilising solar energy should be taught 

at every level of primary, high school and university level with a similar emphasis as planting new trees. 

In this scenario, educating people through social media could be vital in educating people about the 

benefits of utilising solar energy and may significantly influence people’s understanding of the genuine 

need for solar energy. These social media campaigns would benefit a clean environment, fulfil energy 

needs, and help enlarge the solar energy business in Australia. 

9.5.4 Analysing solar electricity data to predict people’s behaviour during a 

pandemic situation 

As the repeated lockdowns in Australia forced people to stay home, a shift in the energy demands 

from the industry to the residential sector occurred as more people tended to stay or work from home. 

Monitoring the electricity usage data could be an indicator of people’s social behaviour, lifestyle, and 

work aptitudes during a pandemic. Additionally, solar electricity production is maximum during the 

daytime, where extra electricity is fed into the grid. A reduction in its amount could be affected and 

monitor the people’s response to the lockdown enforcement. Therefore, a critical analysis of the solar 

electricity produced during the lockdown situation is essential and valuable to prepare for the next 

unforeseen pandemic. 

9.6  Opportunities for future research 

In addition to the overall initial investment cost to purchase and install the solar energy system, the 

major problem of utilising solar energy to produce electricity soars because of its limited 

operationality; generate solar electricity during the daytime only and store into batteries for evening 

peak consumption, the prerequisite requirement of availability of large area for panel installation, and 

dependency of governmental regulations or incentives for the solar energy market. Electricity storage 

systems such as batteries, with extended lifespan, are significantly costly than solar cells. Sunlight-

dependent solar electricity production costs are different from traditional power station electricity 

production costs. Presently, electricity production and storage system are considered unconditionally 

only for remote regions and facilities where other opportunities to supply electricity through the grid 

are unavailable or have tremendous costs. 
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Moreover, as this energy sector relies on governmental enticements, it may be affected significantly 

during any governmental crisis. For example, the solar energy market was drastically affected by the 

collapse of the US mortgage market in 2007, which adversely affected the prices of solar panels and 

other electronic equipment (294). This crisis made it challenging for the solar equipment 

manufacturing companies to increase their capital by liquidating more shares, resulting in the fall of 

solar stock prices. At this point, the solar energy market instigated a significant conflict among the 

crisis analysing experts and policymakers who could not come to definite conclusions to introduce 

newer policies to uplift the solar market during or after this crisis. Despite these limitations, one should 

consider that the solar energy market still has great potential due to continuing scientific 

advancement, which will decrease the initial investment cost and extend the bandwidth of solar 

energy use and help make the earth environment greener for our future generations. 
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Appendix 

Table 32. Results of COVID Clusters residential solar installations during 2020 

  ln number of 
solar 
installations Jan 
- Mar 2020  

ln number of 
solar 
installations 
Apr - May 2020 

ln number of 
solar 
installations 
Jun - Aug 
2020 

ln number of 
solar 
installations 
Sep - Nov 2020 

 (1) (2) (3) (4) 

ln average installations for 
2018 & 2019 January - 
March 

0.975*** 
   

 
(0.023) 

   

Number of cases in March 
2020 

735.7 
   

 
(1446) 

   

COVID Cluster 1 0.258 0.223 0.34 0.647**  
(0.191) (0.165) (0.214) (0.245) 

COVID Cluster 2 0.359** 0.677*** 0.500*** 0.674***  
(0.11) (0.12) (0.15) (0.178) 

COVID Cluster 3 0.0223 0.0228 0.16 0.204*  
(0.099) (0.115) (0.119) (0.103)      

COVID Cluster 4 0.365*** 0.265*** 0.449*** 0.565***  
(0.07) (0.076) (0.063) (0.059) 

COVID Cluster 5 0.403*** 0.275** 0.407*** 0.227***  
(0.103) (0.094) (0.083) (0.068) 

COVID Cluster 6 0.402*** 0.448*** 0.148 0.386**  
(0.102) (0.126) (0.165) (0.128) 

COVID Cluster 7 0.0256 0.154 0.251* 0.0982  
(0.118) (0.09) (0.107) (0.086) 

COVID Cluster 8 0.163 0.295* 0.176 0.166  
(0.233) (0.144) (0.149) (0.146) 

COVID Cluster 9 0.0728 0.0176 -0.139 0.0748  
(0.094) (0.093) (0.083) (0.077) 

COVID Cluster 10 0 0 0 0  
(.) (.) (.) (.) 

ln average installations for 
2018 & 2019 April - May 

 
0.907*** 

  

  
(0.026) 

  

Number of cases during 
April - May 2020 

 
798 

  

  
(3498.4) 

  

ln average installations for 
2018 & 2019 June - August 

  
0.976*** 
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(0.024) 

 

Number of cases during 
June - August 2020 

  
9330.8 

 

   
(5087.2) 

 

ln average installations for 
2018 & 2019 September - 
November 

   
0.989*** 

    
(0.02) 

Number of cases during 
September - November 
2020 

   
-3687.0* 

    
(1580.9) 

Number of observations 556 542 574 570 

R2 0.817 0.802 0.846 0.87 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. Also, 

standard errors are mentioned in the parentheses.  

Table 33. Results of COVID Clusters residential solar installations during 2021 

  ln number of 
solar 
installations 
Jan - Mar 2021 

ln number of 
solar 
installations 
Apr - Jun 2021 

ln number of 
solar 
installations  
Jun - Aug 2021 

ln number of 
solar 
installations 
Sep - Nov 2021 

 (1) (2) (3) (4) 

ln average installations for 
2018 & 2019 January - 
March 

0.936*** 
   

 
(0.025) 

   

     

Number of cases during 
January - March 2021 

5708.8 
   

 
(8171.2) 

   

COVID Cluster 1 0.535*** 0.532*** 0.279** 0.698*  
(0.129) (0.087) (0.105) (0.274) 

COVID Cluster 2 0.394** 0.637*** 0.463* 0.671***  
(0.13) (0.097) (0.222) (0.14) 

COVID Cluster 3 0.384*** 0.347** 0.115 0.321**  
(0.078) (0.116) (0.109) (0.113) 

COVID Cluster 4 0.704*** 0.545*** 0.195* 0.648***  
(0.068) (0.07) (0.081) (0.067) 

COVID Cluster 5 0.461*** 0.386*** 0.266*** 0.382***  
(0.1) (0.09) (0.077) (0.079) 

COVID Cluster 6 0.321** 0.386** 0.385*** 0.461**  
(0.105) (0.128) (0.098) (0.141) 

COVID Cluster 7 0.187 0.149 0.231* 0.303***  
(0.108) (0.101) (0.092) (0.077) 

COVID Cluster 8 0.0933 0.0128 0.235 -0.0582  
(0.2) (0.144) (0.187) (0.142) 
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COVID Cluster 9 0.0239 -0.035 -0.119 0.0579  
(0.107) (0.086) (0.099) (0.095) 

COVID Cluster 10 0 0 0 0  
(.) (.) (.) (.) 

ln average installations for 
2018 & 2019 April - June 

 
0.920*** 

  

  
(0.022) 

  

Number of cases during 
April - June 2021 

 
-4461.5 

  

  
(7008.6) 

  

ln average installations for 
2018 & 2019 July - 
September 

  
0.905*** 

 

   
(0.026) 

 

Number of cases during July 
- September 2021 

  
273.3 

 

   
(189.3) 

 

ln average installations for 
2018 & 2019 September - 
November 

   
0.936*** 

    
(0.022) 

Number of cases during 
September - November 
2021 

   
103.1 

Number of observations 563 569 568 566 
R2 0.822 0.817 0.81 0.838 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. Also, 

standard errors are mentioned in the parentheses. 

 

Table 34. Results of residential solar installations during 2020 

  ln number of 

solar 

installations Jan 

– Mar 2020  

ln number of 

solar 

installations Apr 

– May 2020 

ln number of 

solar 

installations 

Jun – Aug 

2020 

ln number of 

solar 

installations 

Sep – Nov 

2020 

 (1) (2) (3) (4) 

ln average installations for 

2018 & 2019 January – 

March 

0.706*** 
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(0.039) 

   

Number of cases in March 

2020 

-893 
   

 
(1394.2) 

   

SRES Subsidy Zone 0.07 0.0725 0.0639 -0.0216 
 

(0.17) (0.135) (0.126) (0.12) 

Age 35 – 54 -0.0837 -0.0311 0.0432 0.000944 
 

(0.069) (0.07) (0.066) (0.066) 

Age 55 and over -0.00909 0.0995 0.0325 -0.0131 
 

(0.075) (0.074) (0.071) (0.072) 

Gender 0.193** 0.146** 0.113* 0.0904 
 

(0.059) (0.056) (0.054) (0.053) 

University Education 0.0949 0.0691 0.00889 0.0838 
 

(0.064) (0.065) (0.06) (0.057) 

High-School Education 0.0958 0.0263 -0.161* -0.0198 
 

(0.074) (0.073) (0.075) (0.063) 

Low income households -0.0652 -0.0631 -0.0813 0.0336 
 

(0.06) (0.059) (0.059) (0.055) 

Middle income households 0.0126 0.0547 0.033 0.0714 
 

(0.081) (0.073) (0.08) (0.066) 

High income household -0.0538 -0.0263 -0.0371 -0.0587 
 

(0.07) (0.075) (0.064) (0.063) 

Married -0.0528 0.0451 0.0269 0.0152 
 

(0.065) (0.062) (0.057) (0.058) 

One or less bedrooms 

household 

-0.144* -0.108 -0.0445 -0.00493 

 
(0.067) (0.065) (0.067) (0.057) 

Two bedrooms household 0.00994 0.119 -0.013 -0.0522 

 
(0.061) (0.066) (0.057) (0.056) 

Three or more bedrooms 

household 

0.248** 0.213** 0.0513 0.182** 

 
(0.077) (0.075) (0.07) (0.068) 

Owners -0.0738 -0.0727 -0.022 -0.0192 
 

(0.072) (0.067) (0.063) (0.058) 
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Owners with mortgage 0.0694 0.0137 -0.0632 -0.0123 
 

(0.074) (0.077) (0.072) (0.071) 

Separate houses 0.0311 0.0915 0.00531 -0.0901 
 

(0.09) (0.063) (0.058) (0.062) 

Duplexes -0.051 0.0395 0.0168 -0.0149 
 

(0.073) (0.059) (0.048) (0.051) 

Two or less persons 

household 

-0.333*** -0.188** -0.316*** -0.202** 

 
(0.071) (0.07) (0.061) (0.064) 

Six persons household -0.163* -0.0432 -0.0123 -0.0481 
 

(0.073) (0.081) (0.07) (0.065) 

Four persons household  -0.162 0.0225 0.0717 0.0233 
 

(0.119) (0.142) (0.103) (0.112) 

Eight or more persons 

household 

0.123* 0.0984 0.155** 0.147* 

 
(0.062) (0.07) (0.06) (0.058) 

Population 0.0000138*** 0.0000126*** 0.0000100*** 0.0000109*** 
 

-0.00000225 -0.00000263 -0.00000195 -0.00000216 

One child family 0.16 -0.0772 0.114 -0.056 
 

(0.088) (0.083) (0.075) (0.07) 

Two children family 0.155 0.134 0.103 0.087 
 

(0.116) (0.144) (0.1) (0.098) 

Three or more children 

family 

-0.0571 -0.0386 -0.0507 -0.0738 

 
(0.084) (0.08) (0.082) (0.065) 

COVID Cluster 1 -0.19 -0.129 0.053 0.429 
 

(0.225) (0.181) (0.229) (0.262) 

COVID Cluster 2 -0.0938 0.325* 0.0838 0.370* 
 

(0.141) (0.16) (0.173) (0.187) 

COVID Cluster 3 -0.444*** -0.236 -0.164 -0.0682 
 

(0.119) (0.128) (0.123) (0.119) 

COVID Cluster 4 -0.109 -0.00619 0.0792 0.302** 
 

(0.112) (0.109) (0.11) (0.093) 

COVID Cluster 5 0.115 0.106 0.149 0.124 
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(0.104) (0.1) (0.098) (0.077) 

COVID Cluster 6 0.117 0.326* 0.0785 0.284* 
 

(0.142) (0.15) (0.154) (0.143) 

COVID Cluster 7 0.0505 0.162 0.250* 0.124 
 

(0.109) (0.088) (0.106) (0.097) 

COVID Cluster 8 0.156 0.293* 0.192 0.151 
 

(0.185) (0.127) (0.14) (0.139) 

COVID Cluster 9 0.0612 -0.00265 -0.149 0.0644 
 

(0.091) (0.088) (0.085) (0.074) 

COVID Cluster 10 0 0 0 0 
 

(.) (.) (.) (.) 

ln average installations for 

2018 & 2019 April – May 

 
0.690*** 

  

  
(0.047) 

  

Number of cases during 

April – May 2020 

 
-506.9 

  

  
(3749.8) 

  

ln average installations for 

2018 & 2019 June – August 

  
0.774*** 

 

   
(0.039) 

 

Number of cases during 

June – August 2020 

  
5571.3 

 

   
(5703.5) 

 

ln average installations for 

2018 & 2019 September – 

November 

   
0.795*** 

    
(0.036) 

Number of cases during 

September – November 

2020 

   
-5564.5** 

    
(1972.6) 

Number of observations 553 538 570 566 

R2 0.855 0.831 0.869 0.883 
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Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. Also, 

standard errors are mentioned in the parentheses. 

Table 35. Results of residential solar installations during 2021 

 
ln number of 
solar 
installations Jan 
- Mar 2021 

ln number of 
solar 
installations Apr 
- Jun 2021 

ln number of 
solar 
installations 
Jul - Aug 2021 

ln number of 
solar 
installations 
Sep - Nov 
2021 

 (1) (2) (3) (4) 

ln average installations for 
2018 & 2019 January - 
March 

0.635*** 
   

 
(0.044) 

   

Number of cases during 
January - March 2021 

-829.4 
   

 
(8146.3) 

   

SRES Subsidy Zone 0.319* 0.0921 -0.0534 0.440**  
(0.153) (0.116) (0.165) (0.143) 

Age 35 - 54 -0.0273 -0.108 0.0695 -0.0878  
(0.068) (0.065) (0.073) (0.072) 

Age 55 and over 0.0815 0.0324 0.0892 0.0397  
(0.084) (0.07) (0.072) (0.075) 

Gender 0.0467 0.0326 0.101 0.224***  
(0.049) (0.049) (0.058) (0.053) 

University Education 0.0913 0.0781 0.117 0.143*  
(0.067) (0.059) (0.062) (0.058) 

High-School Education -0.0917 0.078 -0.0749 -0.0388  
(0.081) (0.075) (0.073) (0.068) 

Low income households 0.013 -0.05 -0.0333 0.0509 

 
(0.065) (0.058) (0.059) (0.058) 

Middle income households 0.0965 0.058 -0.0363 0.00735 

 
(0.077) (0.071) (0.086) (0.07) 

High income household 0.00905 -0.132 -0.0788 -0.103  
(0.066) (0.068) (0.064) (0.069) 

Married 0.0432 0.137* 0.0772 0.0835  
(0.058) (0.062) (0.063) (0.062) 

One or less bedrooms 
household 

-0.0665 -0.0665 -0.0324 -0.0984 

 
(0.06) (0.06) (0.063) (0.066) 

Two bedrooms household 0.028 0.0573 -0.0133 -0.0974 
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(0.067) (0.062) (0.058) (0.056) 

Three or more bedrooms 
household 

0.275*** 0.0403 0.0763 -0.0509 

 
(0.081) (0.069) (0.072) (0.072) 

Owners -0.0889 -0.172** -0.0638 -0.00729  
(0.074) (0.064) (0.069) (0.067) 

Owners with mortgage -0.078 -0.07 -0.111 -0.00932  
(0.067) (0.069) (0.065) (0.067) 

Separate houses 0.0329 -0.00828 -0.115 -0.0424  
(0.069) (0.073) (0.07) (0.061) 

Duplexes -0.0484 0.0864 0.000665 -0.00927  
(0.061) (0.06) (0.06) (0.059) 

Two or less persons 
household 

-0.459*** -0.297*** -0.272*** -0.266*** 

 
(0.071) (0.066) (0.073) (0.067) 

Six persons household -0.144 0.0588 -0.101 0.0226 

 
(0.089) (0.07) (0.074) (0.064) 

Four persons household  -0.00299 -0.187 -0.029 0.104 

 
(0.097) (0.108) (0.109) (0.116) 

Eight or more persons 
household 

0.144* 0.0625 0.181** 0.0852 

 
(0.064) (0.059) (0.059) (0.059) 

Population 0.0000174*** 0.0000142*** 0.0000127*** 0.0000125***  
(0.) (0.) (0.) (0.) 

One child family 0.0401 0.0941 0.0195 0.0496  
(0.085) (0.076) (0.078) (0.082) 

Two children family 0.153 0.219* 0.267** 0.0792 

 
(0.091) (0.101) (0.099) (0.12) 

Three or more children 
family 

0.0524 0.133 0.0124 0.00185 

 
(0.087) (0.071) (0.074) (0.062) 

COVID Cluster 1 0.282 0.148 -0.176 0.301  
(0.15) (0.117) (0.152) (0.268) 

COVID Cluster 2 0.108 0.0615 -0.179 0.16  
(0.146) (0.138) (0.244) (0.161) 

COVID Cluster 3 0.0337 -0.18 -0.416** -0.0694  
(0.113) (0.122) (0.133) (0.129) 

COVID Cluster 4 0.316** 0.0387 -0.323** 0.213*  
(0.112) (0.097) (0.122) (0.105) 

COVID Cluster 5 0.221* 0.193* -0.0167 0.162  
(0.102) (0.092) (0.094) (0.092) 

COVID Cluster 6 0.292* 0.157 0.178 0.332*  
(0.129) (0.151) (0.117) (0.152) 

COVID Cluster 7 0.240** 0.109 0.217* 0.284***  
(0.092) (0.096) (0.088) (0.076) 
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COVID Cluster 8 0.175 0.0093 0.175 0.0412  
(0.145) (0.135) (0.164) (0.144) 

COVID Cluster 9 -0.0187 -0.0346 -0.142 -0.0106  
(0.1) (0.081) (0.09) (0.082) 

COVID Cluster 10 0 0 0 0  
(.) (.) (.) (.) 

ln average installations for 
2018 & 2019 April - June 

 
0.701*** 

  

  
(0.035) 

  

Number of cases during 
April - June 2021 

 
-10424.3* 

  

  
(4807.6) 

  

ln average installations for 
2018 & 2019 July - 
September 

  
0.705*** 

 

   
(0.041) 

 

Number of cases during 
July - September 2021 

  
248.1 

 

   
(193.9) 

 

ln average installations for 
2018 & 2019 September - 
November 

   
0.720*** 

    
(0.039) 

Number of cases during 
September - November 
2021 

   
170.3 

    
(118.6) 

Number of observations 559 565 564 563 

R2 0.872 0.857 0.851 0.869 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. Also, 

standard errors are mentioned in the parentheses. 

Table 36.0 Results of interaction of COVID-19 lockdown variable with socioeconomic and demographic variables 
during the first lockdown 2020 

 ln number of solar installations April - May 2020  
(1) (2) (3) (4) 

ln average installations for 
2018 & 2019 April - May 

0.700*** 0.704*** 0.697*** 0.684*** 

 
(0.045) (0.044) (0.045) (0.046) 

Number of cases during 
April - May 2020 

-1418.9 -1706.2 -950.8 -1125.6 

 
(4205.8) (3981.6) (3957.) (3979.6) 

SRES Subsidy Zone 0.027 0.0196 0.00418 0.0252  
(0.135) (0.135) (0.136) (0.137)      
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Age 35 - 54 -0.0279 -0.375** -0.0288 -0.0281  
(0.069) (0.142) (0.069) (0.068) 

Age 55 and over 0.0688 0.0749 0.0754 0.0589  
(0.072) (0.073) (0.073) (0.073) 

Gender -0.138 0.155** 0.143* 0.160**  
(0.129) (0.056) (0.055) (0.055) 

University Education 0.0601 0.1 -0.227 0.0882  
(0.068) (0.066) (0.161) (0.064) 

High-School Education 0.0154 0.0127 0.00942 0.00964  
(0.071) (0.07) (0.071) (0.07) 

Low income households -0.0566 -0.0485 -0.0484 -0.0353  
(0.061) (0.06) (0.061) (0.061) 

Middle income households 0.0598 0.0589 0.054 0.0773  
(0.072) (0.071) (0.072) (0.071) 

High income household -0.0221 -0.0265 -0.0169 -0.0294  
(0.072) (0.073) (0.072) (0.072) 

Married 0.0514 0.0702 0.0643 0.0666  
(0.061) (0.061) (0.061) (0.06) 

One or less bedrooms 
household 

-0.111 -0.116 -0.119 -0.107 

 
(0.065) (0.064) (0.064) (0.065) 

Two bedrooms household 0.103 0.135* 0.123 0.130* 

 
(0.064) (0.064) (0.064) (0.064) 

Three or more bedrooms 
household 

0.184* 0.209** 0.197** 0.196** 

 
(0.075) (0.075) (0.075) (0.075) 

Owners -0.0383 -0.0526 -0.0456 -0.0522  
(0.067) (0.068) (0.067) (0.067) 

Owners with mortgage 0.0617 0.0459 0.049 0.0497  
(0.076) (0.075) (0.075) (0.075) 

Separate houses 0.0674 0.0744 0.0712 0.445**  
(0.062) (0.063) (0.063) (0.156) 

Duplexes 0.0428 0.037 0.0446 0.0458  
(0.059) (0.06) (0.06) (0.06) 

Two or less persons 
household 

-0.162* -0.163* -0.166* -0.182* 

 
(0.07) (0.07) (0.07) (0.071) 

Six persons household -0.0437 -0.0521 -0.0425 -0.0292  
(0.079) (0.08) (0.08) (0.08) 

Four persons household  -0.00779 -0.00278 0.00228 -0.00178  
(0.143) (0.138) (0.142) (0.139) 

Eight or more persons 
household 

0.0973 0.111 0.104 0.11 

 
(0.068) (0.069) (0.069) (0.069) 

Population 0.0000115*** 0.0000117*** 0.0000114*** 0.0000119***  
(0.) (0.) (0.) (0.) 

One child family -0.0777 -0.0717 -0.0751 -0.083 
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(0.081) (0.081) (0.082) (0.08) 

Two children family 0.148 0.113 0.119 0.139  
(0.148) (0.14) (0.146) (0.144) 

Three or more children 
family 

-0.0495 -0.0296 -0.0413 -0.0458 

 
(0.077) (0.078) (0.077) (0.078) 

COVID*Gender 0.0449* 
   

 
(0.02) 

   

COVID -0.0214 -0.0224 -0.0213 0.0309  
(0.02) (0.016) (0.018) (0.017) 

COVID*Age 35 - 54 
 

0.0508* 
  

  
(0.022) 

  

COVID*University 
Education 

  
0.0467* 

 

   
(0.022) 

 

COVID*Separate houses 
   

-0.0540**     
(0.02) 

Number of observations 538 538 538 538 

R2 0.825 0.825 0.824 0.825 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. Also, 

standard errors are mentioned in the parentheses. 

Table 37. Results of interaction of COVID-19 lockdown variable with socioeconomic and demographic 

variables after first lockdown 2020 

 
ln number of solar installations June - August 2020 

 
(1) (2) (3) (4) (5) 

ln average 
installations for 
2018 & 2019 June - 
August 

0.789*** 0.781*** 0.776*** 0.780*** 0.772*** 

 
(0.038) (0.039) (0.039) (0.039) (0.038) 

Number of cases 
during June - August 
2020 

6386.3 5331.7 7107.5 2978.3 6126.6 

 
(5687.5) (5851.6) (5849.1) (5811.6) (5420.6) 

SRES Subsidy Zone 0.0168 0.0085 0.0286 -0.00912 0.0183  
(0.124) (0.125) (0.124) (0.128) (0.124) 

Age 35 - 54 -0.364* 0.034 0.0282 0.0401 0.0437  
(0.148) (0.066) (0.067) (0.067) (0.067) 

Age 55 and over 0.023 0.0202 0.0114 0.024 -0.0026  
(0.069) (0.069) (0.07) (0.069) (0.064) 

Gender 0.105* 0.0919 0.102 0.107* 0.1  
(0.053) (0.053) (0.053) (0.054) (0.052) 

University Education 0.0349 -0.335* 0.0229 0.0281 0.0195  
(0.059) (0.147) (0.059) (0.058) (0.056) 
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High-School 
Education 

-0.201** -0.196** -0.193** -0.197** -0.215** 

 
(0.069) (0.069) (0.069) (0.07) (0.068) 

Low income 
households 

-0.0555 -0.0562 -0.0507 -0.0512 -0.0515 

 
(0.059) (0.059) (0.059) (0.058) (0.058) 

Middle income 
households 

0.0103 0.0102 0.0327 0.0243 0.0501 

 
(0.078) (0.078) (0.078) (0.079) (0.08) 

High income 
household 

-0.0453 -0.0365 -0.0386 -0.0135 0.0217 

 
(0.064) (0.063) (0.064) (0.065) (0.065) 

Married 0.0682 0.0639 0.0605 0.0641 0.0409  
(0.057) (0.056) (0.056) (0.056) (0.054) 

One or less 
bedrooms 
household 

-0.0735 -0.0808 -0.0725 -0.0854 
 

 
(0.063) (0.063) (0.064) (0.061) 

 

Two bedrooms 
household 

0.0069 -0.00831 -0.00234 0.000462 
 

 
(0.057) (0.057) (0.057) (0.057) 

 

Three or more 
bedrooms 
household 

0.0448 0.0293 0.0342 0.00728 
 

 
(0.07) (0.071) (0.071) (0.069) 

 

Owners -0.012 -0.0042 -0.00941 -0.0248 
 

 
(0.062) (0.063) (0.063) (0.061) 

 

Owners with 
mortgage 

-0.0469 -0.0462 -0.0478 -0.0306 -0.0655 

 
(0.069) (0.07) (0.07) (0.071) (0.066) 

Separate houses -0.00954 -0.017 0.259 -0.0168 -0.013  
(0.059) (0.058) (0.142) (0.057) (0.054) 

Duplexes 0.00088 0.00741 0.00643 0.0135 0.0137  
(0.049) (0.049) (0.049) (0.049) (0.048) 

Two or less persons 
household 

-0.291*** -0.297*** -0.306*** -0.296*** -0.307*** 

 
(0.063) (0.063) (0.064) (0.064) (0.062) 

Six persons 
household 

0.0134 0.0245 0.0312 0.00721 0.00873 

 
(0.071) (0.073) (0.073) (0.068) (0.072) 

Four persons 
household  

0.0625 0.0643 0.0555 0.146* 0.0482 

 
(0.098) (0.097) (0.097) (0.071) (0.097) 

Eight or more 
persons household 

0.164** 0.161** 0.165** 0.184** 0.154** 

 
(0.058) (0.059) (0.059) (0.058) (0.058) 

Population 0.00000978*
** 

0.00000945*
** 

0.00000977*
** 

0.00000997*
** 

0.0000105*
** 
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(0.) (0.) (0.) (0.) (0.) 

One child family 0.146* 0.136 0.132 
 

0.124 

 
(0.073) (0.074) (0.074) 

 
(0.073) 

Two children family 0.0754 0.0839 0.109 
 

0.127 

 
(0.095) (0.096) (0.095) 

 
(0.095) 

Three or more 
children family 

-0.0639 -0.0746 -0.08 
 

-0.0979 

 
(0.08) (0.081) (0.081) 

 
(0.081) 

COVID*Age 35 - 54 0.0577** 
    

 
(0.019) 

    

COVID -0.0430* -0.0421* 0.00641 0.00806 0.0183  
(0.018) (0.018) (0.015) (0.016) (0.017) 

COVID*University 
Education 

 
0.0525** 

   

  
(0.02) 

   

COVID*Separate 
houses 

  
-0.0394* 

  

   
(0.018) 

  

COVID*Number of 
children  

   
-0.0571** 

 

    
(0.018) 

 

Number of children 
   

0.344** 
 

    
(0.115) 

 

Number of 
bedrooms 

    
0.496*** 

     
(0.13) 

COVID*Number of 
bedrooms 

    
-0.0575** 

     
(0.017) 

Number of 
observations 

570 570 570 570 570 

R2 0.866 0.865 0.864 0.865 0.866 

 Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. Also, 

standard errors are mentioned in the parentheses. 

Table 38. Results of interaction of COVID-19 lockdown variable with socioeconomic and demographic 

variables between September to November 2020 

 
ln number of solar installations September - November 2020 

 
(1) (2) (3) 

ln average installations for 
2018 & 2019 September - 
November 

0.775*** 0.794*** 0.792*** 

 
(0.036) (0.034) (0.034) 
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Number of cases during 
September - November 
2020 

-6588.1*** -7269.0*** -6164.2** 

 
(1887.9) (1731.8) (1863.4) 

SRES Subsidy Zone -0.0241 -0.0389 -0.0278  
(0.118) (0.124) (0.122) 

Age 35 - 54 0.0149 0.00144 0.0199  
(0.066) (0.069) (0.068) 

Age 55 and over -0.019 -0.000165 -0.0274  
(0.068) (0.07) (0.065) 

Gender 0.106* 0.0978 0.0959  
(0.053) (0.052) (0.052) 

University Education 0.0816 0.0965 0.0812  
(0.055) (0.054) (0.052) 

High-School Education 0.0136 -0.00291 -0.0137  
(0.059) (0.058) (0.059) 

Low income households 0.0705 0.0569 0.0736  
(0.054) (0.054) (0.055) 

Middle income households 0.0539 0.023 0.0615 

 
(0.064) (0.065) (0.066) 

High income household -0.0726 -0.0544 -0.0019  
(0.061) (0.062) (0.061) 

Married 0.0466 0.0388 0.0259  
(0.055) (0.054) (0.054) 

One or less bedrooms 
household 

0.0138 0.0103 
 

 
(0.054) (0.055) 

 

Two bedrooms household -0.0502 -0.0538 
 

 
(0.055) (0.057) 

 

Three or more bedrooms 
household 

0.150* 0.140* 
 

 
(0.066) (0.064) 

 

Owners -0.00763 -0.0188 
 

 
(0.058) (0.059) 

 

Owners with mortgage 0.018 0.0119 0.0278  
(0.071) (0.07) (0.068) 

Separate houses 0.285 -0.103 -0.105  
(0.153) (0.062) (0.059) 

COVID*Separate houses -0.0560** 
  

 
(0.02) 

  

Duplexes -0.0195 -0.0152 -0.0227  
(0.051) (0.052) (0.051) 

Two or less persons 
household 

-0.215** -0.186** -0.207** 

 
(0.067) (0.066) (0.065) 

Six persons household -0.0217 -0.06 -0.0317 
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(0.065) (0.063) (0.063) 

 Four persons household  0.067 0.0736 0.0664  
(0.11) (0.078) (0.112) 

Eight or more persons 
household 

0.185*** 0.178** 0.172** 

 
(0.055) (0.056) (0.055) 

Population 0.0000111*** 0.0000109*** 0.0000110***  
(0.) (0.) (0.) 

One child family -0.039 
 

-0.0496  
(0.07) 

 
(0.069) 

Two children family 0.0595 
 

0.0804  
(0.096) 

 
(0.095) 

Three or more children 
family 

-0.0644 
 

-0.077 

 
(0.066) 

 
(0.066)     

COVID 0.00367 -0.00683 0.00886  
(0.014) (0.016) (0.015) 

COVID*Number of children  
 

-0.0325* 
 

  
(0.016) 

 

Number of children 
 

0.208 
 

  
(0.116) 

 

Number of bedrooms 
  

0.531***    
(0.14) 

COVID*Number of 
bedrooms 

  
-0.0594** 

   
(0.019) 

Number of observations 566 566 566 

R2 0.881 0.88 0.881 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. Also, 

standard errors are mentioned in the parentheses. 

Table 39. Results of interaction of COVID-19 lockdown variable with socioeconomic and demographic variables 
between January to March 2021 

 
ln number of solar installations January - March 2021 

 
(1) (2) (3) (4) 

ln average installations for 
2018 & 2019 January - 
March 

0.641*** 0.707*** 0.641*** 0.638*** 

 
-0.0428 -0.0398 -0.0425 -0.0422 

Number of cases during 
January - March 2021 

-6737.8 -17.03 -2123 2398.5 

 
-8869.2 -8159.5 -8242.8 -9124.9 

SRES Subsidy Zone 0.285 0.361* 0.300* 0.320* 
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-0.157 -0.162 -0.152 -0.151 

Age 35 - 54 -0.0213 -0.0306 -0.0327 -0.0163  
-0.0651 -0.0685 -0.0661 -0.0653 

Age 55 and over 0.0655 0.0181 0.043 0.0283  
-0.0797 -0.0859 -0.0816 -0.0749 

Gender 0.0385 0.0669 0.0315 0.0473  
-0.05 -0.0521 -0.05 -0.0506 

University Education 0.132* 0.140* 0.127 0.0919  
-0.0659 -0.068 -0.0665 -0.0621 

High-School Education -0.102 -0.128 -0.117 -0.129  
-0.0749 -0.079 -0.0762 -0.0766 

Low income households 0.0553 0.0257 0.0398 0.0535 

 
-0.0635 -0.0649 -0.0623 -0.0624 

Middle income households 0.0738 0.0631 0.0973 0.108 

 
-0.0737 -0.0783 -0.0733 -0.0721 

High income household 0.0345 0.0672 0.0429 0.11  
-0.0601 -0.0611 -0.0602 -0.0598 

Married 0.0678 0.0221 0.0481 0.0411  
-0.0549 -0.0554 -0.0554 -0.0552 

One or less bedrooms 
household 

-0.0891 -0.0776 -0.0839 
 

 
-0.0582 -0.0616 -0.0582 

 

Two bedrooms household 0.0383 0.0625 0.0359 
 

 
-0.0668 -0.0652 -0.0659 

 

Three or more bedrooms 
household 

0.253** 0.283*** 0.282*** 
 

 
-0.0768 -0.0795 -0.0809 

 

Owners -0.0853 -0.131 -0.0915 
 

 
-0.073 -0.0756 -0.073 

 

Owners with mortgage -0.0499 -0.101 0.21 -0.0192  
-0.0644 -0.0661 -0.115 -0.0586 

Separate houses 0.00283 -0.0129 0.0135 0.021  
-0.0712 -0.0728 -0.0711 -0.0715 

Duplexes -0.0455 -0.00584 -0.0627 -0.0357  
-0.0613 -0.0643 -0.0612 -0.0632 

Two or less persons 
household 

-0.446*** 
 

-0.449*** -0.468*** 

 
-0.0724 

 
-0.0723 -0.0737 

Six persons household -0.111 
 

-0.119 -0.116  
-0.0742 

 
-0.0892 -0.0885 

Four persons household  0.121 
 

0.000397 -0.00915 

 
-0.0687 

 
-0.0909 -0.0864 

Eight or more persons 
household 

0.168** 
 

0.151* 0.158* 
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-0.0618 

 
-0.0622 -0.0627 

Population 0.0000173*** 0.0000204*** 0.0000172*** 0.0000179***  
-0.00000262 -0.0000031 -0.00000258 -0.00000273 

COVID*Number of children -0.0397* 
   

 
-0.0171 

   

Number of children 0.330** 
   

 
-0.117 

   

COVID -0.0188 -0.0113 -0.0107 0.00695  
-0.0161 -0.0173 -0.0171 -0.017 

COVID*Number of persons  
 

-0.0637** 
  

  
-0.0193 

  

Number of persons 
 

0.422** 
  

  
-0.137 

  

One child family 
 

0.0931 0.0523 0.0618   
-0.0802 -0.0828 -0.0802 

Two children family 
 

0.128 0.162 0.175*   
-0.0767 -0.0883 -0.0856 

Three or more children 
family 

 
-0.0252 0.0247 0.0463 

  
-0.0781 -0.0876 -0.0891 

COVID*Owners with 
mortgage 

  
-0.0435* 

 

   
-0.0172 

 

Number of bedrooms 
   

0.621***     
-0.137 

COVID*Number of 
bedrooms  

   
-0.0717*** 

    
-0.0183 

Number of observations 559 559 559 559 

R2 0.868 0.86 0.869 0.867 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. Also, 

standard errors are mentioned in the parentheses. 

Table 40.Results of interaction of COVID-19 lockdown variable with socioeconomic and demographic variables 
between April to June 2021 

 
ln number of solar installations April - June 2021 

 
(1) (2) 

ln average installations for 
2018 & 2019 April - June 

0.742*** 0.705*** 

 
(0.032) (0.035) 

Number of cases during 
April - June 2021 

-14335.4* -13464.8** 
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(5572.9) (4931.4) 

SRES Subsidy Zone 0.109 0.0739  
(0.114) (0.112) 

Age 35 - 54 -0.113 -0.113  
(0.066) (0.064) 

Age 55 and over 0.00902 0.0124  
(0.069) (0.069) 

Gender 0.0545 0.0324  
(0.048) (0.048) 

University Education 0.129* 0.117*  
(0.059) (0.058) 

High-School Education 0.0412 0.0365 

 
(0.07) (0.069) 

Low income households -0.0581 -0.0482 

 
(0.057) (0.056) 

Middle income households 0.0679 0.0884 

 
(0.071) (0.07) 

High income household -0.123 -0.0933 

 
(0.068) (0.065) 

Married 0.105 0.135*  
(0.059) (0.059) 

One or less bedrooms 
household 

-0.0684 -0.0767 

 
(0.059) (0.058) 

Two bedrooms household 0.0686 0.0633 

 
(0.059) (0.06) 

Three or more bedrooms 
household 

0.0554 0.0565 

 
(0.069) (0.069) 

Owners -0.193** -0.165**  
(0.065) (0.064) 

Owners with mortgage -0.106 0.191 

 
(0.07) (0.117) 

Separate houses -0.0184 -0.0215  
(0.07) (0.071) 

Duplexes 0.123* 0.0763  
(0.06) (0.058) 

COVID*Number of persons  -0.0404* 
 

 
(0.018) 

 

Number of persons 0.342* 
 

 
(0.134) 
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Population 0.0000154*** 0.0000134***  
(0.) (0.) 

One child family 0.108 0.103  
(0.075) (0.074) 

Two children family 0.0793 0.230*  
(0.078) (0.1) 

Three or more children 
family 

0.127 0.109 

 
(0.067) (0.071) 

COVID 0.00741 0.0138  
(0.016) (0.016) 

COVID*Owners with 
mortgage 

 
-0.0405* 

  
(0.017) 

Two or less persons 
household 

 
-0.280*** 

  
(0.066) 

Six persons household 
 

0.0703 

  
(0.069) 

 Four persons household  
 

-0.182 

  
(0.106) 

Eight or more persons 
household 

 
0.0612 

  
(0.057) 

Number of observations 565 565 

R2 0.85 0.856 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. Also, 

standard errors are mentioned in the parentheses. 

Table 41. Results of interaction of COVID-19 lockdown variable with socioeconomic and demographic variables 
during second lockdown 2021 

 
ln number of solar July - September 2021  
(1) (2) (3) (4) 

ln average installations for 
2018 & 2019 July - 
September 

0.708*** 0.727*** 0.735*** 0.729*** 

 
(0.042) (0.042) (0.041) (0.041) 

Number of cases during 
July - September 2021 

422.3 444.4 471 270.6 

 
(236.6) (240.9) (240.6) (213.1) 

SRES Subsidy Zone -0.095 -0.0929 -0.0671 -0.115  
(0.165) (0.171) (0.169) (0.169) 

Age 35 - 54 0.0579 0.0464 0.0571 0.03 
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(0.073) (0.073) (0.072) (0.073) 

Age 55 and over 0.0871 0.0901 0.0815 0.0668  
(0.072) (0.072) (0.071) (0.072) 

Gender 0.107 0.102 0.0904 0.0869  
(0.06) (0.061) (0.06) (0.061) 

University Education 0.144* 0.148* 0.146* 0.161* 

 
(0.062) (0.063) (0.063) (0.064) 

High-School Education -0.117 -0.124 -0.137 -0.147* 

 
(0.069) (0.071) (0.071) (0.072) 

Low income households -0.0228 -0.0351 -0.0283 -0.0464 

 
(0.059) (0.059) (0.059) (0.06) 

Middle income 
households 

-0.00835 -0.0215 -0.0121 0.00232 

 
(0.083) (0.084) (0.083) (0.085) 

High income household -0.0515 -0.0354 -0.0203 -0.0254 

 
(0.066) (0.065) (0.066) (0.065) 

Married 0.102 0.081 0.0942 0.071  
(0.063) (0.063) (0.063) (0.062) 

One or less bedrooms 
household 

-0.0529 -0.0589 -0.0537 -0.0677 

 
(0.06) (0.06) (0.061) (0.062) 

Two bedrooms household 0.00188 -0.0185 0.00364 0.00587 

 
(0.058) (0.058) (0.058) (0.058) 

Three or more bedrooms 
household 

0.0731 0.0772 0.0721 0.109 

 
(0.073) (0.074) (0.074) (0.076) 

Owners -0.0408 -0.0315 0.302* -0.0586  
(0.067) (0.068) (0.129) (0.068) 

Owners with mortgage -0.0825 -0.0771 -0.0865 0.149 

 
(0.067) (0.069) (0.067) (0.132) 

Separate houses 0.363** -0.112 -0.106 -0.129  
(0.12) (0.076) (0.075) (0.073) 

COVID*Separate houses -0.0700*** 
   

 
(0.018) 

   

Duplexes -0.00337 -0.237* -0.00603 -0.0055  
(0.062) (0.12) (0.063) (0.063) 

Two or less persons 
household 

-0.244*** -0.212** -0.209** -0.228** 

 
(0.073) (0.073) (0.073) (0.073) 
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Six persons household -0.069 -0.0773 -0.0884 -0.0969 

 
(0.073) (0.073) (0.072) (0.076) 

Four persons household  -0.0898 -0.0987 -0.103 -0.0901 

 
(0.11) (0.111) (0.11) (0.11) 

Eight or more persons 
household 

0.157** 0.150* 0.144* 0.152** 

 
(0.058) (0.059) (0.058) (0.058) 

Population 0.0000115*** 0.0000113*** 0.0000117**
* 

0.0000108*** 

 
(0.) (0.) (0.) (0.) 

One child family -0.00177 0.0053 0.0101 -0.00188  
(0.078) (0.079) (0.079) (0.079) 

Two children family 0.274** 0.274** 0.261* 0.293**  
(0.101) (0.101) (0.102) (0.101) 

Three or more children 
family 

-0.0347 -0.0391 -0.0529 -0.0439 

 
(0.072) (0.072) (0.072) (0.076) 

COVID 0.0621*** 0.00778 0.0525** 0.0460*  
(0.017) (0.017) (0.018) (0.02) 

COVID*Duplexes 
 

0.0365* 
  

  
(0.018) 

  

COVID*Owners 
  

-0.0504** 
 

   
(0.019) 

 

COVID*Owners with 
mortgage 

   
-0.0379* 

    
(0.019) 

Number of observations 564 564 564 564 

R2 0.845 0.843 0.844 0.842 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. Also, 

standard errors are mentioned in the parentheses. 

Table 42. Results of interaction of COVID-19 lockdown variable with socioeconomic and demographic variables 
during second lockdown 2021 

ln number of solar July - September 2021 

 (1) (2) (3) (4) 

ln average installations for 
2018 & 2019 July - 
September 

0.729*** 0.733*** 0.740*** 0.723*** 

 
(0.041) (0.04) (0.041) (0.04) 

Number of cases during July 
- September 2021 

264.5 274 431.2 441.2 

 
(208.8) (208.) (245.3) (242.5) 

SRES Subsidy Zone -0.108 -0.0854 -0.103 -0.108 
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(0.169) (0.171) (0.172) (0.169) 

Age 35 - 54 0.0273 0.0318 -0.255 0.0612  
(0.074) (0.074) (0.132) (0.072) 

Age 55 and over 0.0818 0.380** 0.0944 0.0677  
(0.073) (0.131) (0.072) (0.066) 

Gender 0.0928 0.0877 0.104 0.0991  
(0.061) (0.061) (0.06) (0.059) 

University Education 0.140* 0.149* 0.159* 0.138*  
(0.063) (0.063) (0.063) (0.06) 

High-School Education -0.471** -0.129 -0.127 -0.142* 

 
(0.173) (0.07) (0.071) (0.07) 

Low income households -0.036 -0.0302 -0.0388 -0.0373 

 
(0.06) (0.06) (0.06) (0.059) 

Middle income households -0.0166 -0.00654 -0.0379 -0.00179 

 
(0.086) (0.085) (0.084) (0.084) 

High income household -0.0462 -0.0452 -0.0447 0.0336 

 
(0.066) (0.065) (0.065) (0.064)      

Married 0.083 0.0849 0.0975 0.0873  
(0.063) (0.063) (0.063) (0.062) 

One or less bedrooms 
household 

-0.0503 -0.0564 -0.0586 
 

 
(0.061) (0.062) (0.061) 

 

Two bedrooms household 0.000723 0.0083 0.00182 
 

 
(0.058) (0.058) (0.058) 

 

Three or more bedrooms 
household 

0.0972 0.0832 0.0835 
 

 
(0.075) (0.074) (0.073) 

 

Owners -0.0372 -0.0395 -0.0399 
 

 
(0.069) (0.07) (0.068) 

 

Owners with mortgage -0.0876 -0.104 -0.0881 -0.0865 

 
(0.068) (0.067) (0.067) (0.066) 

Separate houses -0.131 -0.112 -0.122 -0.116  
(0.073) (0.073) (0.074) (0.071) 

Duplexes 0.00635 0.00518 -0.00878 0.00435  
(0.063) (0.062) (0.062) (0.062) 

Two or less persons 
household 

-0.221** -0.224** -0.212** -0.235** 

 
(0.074) (0.073) (0.072) (0.072) 

Six persons household -0.0819 -0.0894 -0.0887 -0.0889 

 
(0.075) (0.075) (0.072) (0.069) 
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Four persons household  -0.101 -0.108 -0.0933 -0.0948 

 
(0.112) (0.113) (0.112) (0.109) 

Eight or more persons 
household 

0.171** 0.159** 0.153** 0.142* 

 
(0.058) (0.058) (0.058) (0.056) 

Population 0.0000110**
* 

0.0000108*** 0.0000109**
* 

0.0000116*** 

 
(0.) (0.) (0.) (0.)      

One child family 0.011 0.0143 0.0154 -0.014  
(0.08) (0.079) (0.078) (0.076)      

Two children family 0.283** 0.285** 0.253* 0.293**  
(0.1) (0.102) (0.102) (0.1) 

Three or more children 
family 

-0.0294 -0.0286 -0.0221 -0.0363 

 
(0.075) (0.075) (0.073) (0.077) 

COVID*High-School 
Education 

0.0491* 
   

 
(0.025) 

   

COVID -0.00223 0.0535** 0.00494 0.0637***  
(0.019) (0.02) (0.018) (0.018) 

COVID*Age 55 and over 
 

-0.0495* 
  

  
(0.021) 

  

COVID*Age 35 - 54 
  

0.0442* 
 

   
(0.02) 

 

Number of bedrooms 
   

0.496***     
(0.138) 

COVID*Number of 
bedrooms  

   
-0.0655*** 

    
(0.018) 

Number of observations 564 564 564 564 

R2 0.842 0.842 0.844 0.845 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. Also, 

standard errors are mentioned in the parentheses. 

Table 43. Results of interaction of COVID-19 lockdown variable with socioeconomic and demographic variable 
after second lockdown 

 
ln number of solar September - November 2021 

 
(1) (2) (3) 

ln average installations 
for 2018 & 2019 
September - 
November 

0.733*** 0.727*** 0.729*** 
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(0.038) (0.038) (0.038) 

Number of cases 
during September - 
November 2021 

192.6 249 220.7 

 
(120.) (127.5) (122.3) 

SRES Subsidy Zone 0.448** 0.414** 0.452**  
(0.141) (0.143) (0.142) 

Age 35 - 54 -0.0881 -0.0762 -0.0982  
(0.072) (0.072) (0.072) 

Age 55 and over 0.0391 0.0167 0.0294  
(0.075) (0.068) (0.074) 

Gender -0.089 0.212*** 0.229***  
(0.126) (0.052) (0.053) 

University Education 0.128* 0.145* 0.159**  
(0.061) (0.057) (0.059) 

High-School Education -0.0359 -0.0513 -0.0405 

 
(0.065) (0.065) (0.065) 

Low income 
households 

0.0644 0.0664 0.0764 

 
(0.058) (0.058) (0.058) 

Middle income 
households 

-0.0201 -0.0078 -0.00877 

 
(0.069) (0.07) (0.069) 

High income 
household 

-0.0893 -0.0401 -0.0807 

 
(0.066) (0.067) (0.066) 

Married 0.0922 0.0946 0.0874  
(0.059) (0.057) (0.059) 

One or less bedrooms 
household 

-0.106 
 

-0.103 

 
(0.065) 

 
(0.065) 

Two bedrooms 
household 

-0.125* 
 

-0.108 

 
(0.056) 

 
(0.056) 

Three or more 
bedrooms household 

-0.0956 
 

-0.0838 

 
(0.073) 

 
(0.072) 

Owners 0.0127 0.0126 
 

 
(0.066) (0.065) 

 

Owners with mortgage 0.0279 -0.0305 0.0287 

 
(0.069) (0.065) (0.069) 

Separate houses -0.0592 -0.0245 -0.0384  
(0.061) (0.06) (0.063) 

Duplexes -0.0149 -0.00123 -0.305*  
(0.059) (0.058) (0.131) 
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Two or less persons 
household 

-0.235*** -0.230*** -0.228** 

 
(0.069) (0.068) (0.069) 

Six persons household 0.0386 0.0276 0.0512 

 
(0.064) (0.064) (0.065) 

Four persons 
household  

0.104 0.0941 0.096 

 
(0.117) (0.117) (0.116) 

Eight or more persons 
household 

0.0874 0.0791 0.0954 

 
(0.056) (0.055) (0.056) 

Population 0.0000115*** 0.0000123*** 0.0000119***  
-0.00000225 -0.00000225 -0.00000227 

One child family 0.0783 0.0642 0.0697  
(0.083) (0.082) (0.083) 

Two children family 0.0702 0.072 0.0629  
(0.121) (0.12) (0.12) 

Three or more children 
family 

-0.016 -0.0364 -0.0129 

 
(0.062) (0.067) (0.063) 

COVID*Gender 0.0487* 
  

 
(0.019) 

  

COVID -0.0502* 0.00406 -0.0483*  
(0.021) (0.016) (0.02) 

Number of bedrooms 
 

0.435** 
 

  
(0.143) 

 

    

COVID*Number of 
bedrooms  

 
-0.0469* 

 

  
(0.019) 

 

COVID*Duplexes 
  

0.0455*    
(0.02) 

Number of 
observations 

563 563 563 

R2 0.867 0.865 0.866 

Note ***, **, * represents statistical significance of the coefficient at level 1%, 5% and 10. Also, 

standard errors are mentioned in the parentheses. 

 

  



176 
 

References: 

1. Gore A. An inconvenient truth: The planetary emergency of global warming and what we can 
do about it: Rodale; 2006. 
2. Pachauri RK, Reisinger A. Climate change 2007: Synthesis report. Contribution of working 
groups I, II and III to the fourth assessment report of the Intergovernmental Panel on Climate Change. 
Climate Change 2007 Working Groups I, II and III to the Fourth Assessment. 2007. 
3. Sun Y, Bao Q, Taghizadeh-Hesary F. Green finance, renewable energy development, and 
climate change: evidence from regions of China. Humanities and Social Sciences Communications. 
2023;10(1):1-8. 
4. Leaman C. The benefits of solar energy. Renewable Energy Focus. 2015;16(5):113-5. 
5. Gielen D, Boshell F, Saygin D, Bazilian MD, Wagner N, Gorini R. The role of renewable energy 
in the global energy transformation. Energy strategy reviews. 2019;24:38-50. 
6. Hasanuzzaman M, Zubir US, Ilham NI, Seng Che H. Global electricity demand, generation, grid 
system, and renewable energy polices: a review. Wiley Interdisciplinary Reviews: Energy and 
Environment. 2017;6(3):e222. 
7. Salawitch RJ, Canty TP, Hope AP, Tribett WR, Bennett BF. Paris climate agreement: Beacon of 
hope: Springer Nature; 2017. 
8. Moosavian S, Rahim N, Selvaraj J, Solangi K. Energy policy to promote photovoltaic generation. 
Renewable and Sustainable Energy Reviews. 2013;25:44-58. 
9. Bahadori A, Nwaoha C, Zendehboudi S, Zahedi G. An overview of renewable energy potential 
and utilisation inAustralia. Renewable and sustainable energy reviews. 2013;21:582-9. 
10. Toronto Uo. New study shows converting to electric vehicles alone won't meet climate targets: 
Phys.org; 2020 [Available from: https://phys.org/news/2020-09-electric-vehicles-wont-climate.html. 
11. IRENASTAT Online Data Query Tool [Internet]. 2023. Available from: 
https://pxweb.irena.org/pxweb/en/IRENASTAT/IRENASTAT__Power%20Capacity%20and%20Genera
tion/ELECCAP_2023_cycle2.px/. 
12. Bahadori A, Nwaoha C. A review on solar energy utilisation in Australia. Renewable and 
Sustainable Energy Reviews. 2013;18:1-5. 
13. Sovacool BK, Lakshmi Ratan P. Conceptualizing the acceptance of wind and solar electricity. 
Renewable and Sustainable Energy Reviews. 2012;16(7):5268-79. 
14. Zander KK. Adoption behaviour and the optimal feed-in-tariff for residential solar energy 
production in Darwin (Australia). Journal of Cleaner Production. 2021;299:126879. 
15. Narayanan R, Parthkumar P, Pippia R. Solar energy utilisation in Australian homes: A case 
study. Case Studies in Thermal Engineering. 2021;28:101603. 
16. IRENA. Solar energy  [Available from: https://www.irena.org/Energy-
Transition/Technology/Solar-energy. 
17. Lan H, Cheng B, Gou Z, Yu R. An evaluation of feed-in tariffs for promoting household solar 
energy adoption in Southeast Queensland, Australia. Sustainable Cities and Society. 2020;53:101942. 
18. Drumond Jr P, de Castro RD, Seabra JAE. Impact of tax and tariff incentives on the economic 
viability of residential photovoltaic systems connected to energy distribution network in Brazil. Solar 
Energy. 2021;224:462-71. 
19. Peacock F. WHAT’S THE BEST WAY TO FINANCE A NEW SOLAR SYSTEM?  [Available from: 
https://www.solarquotes.com.au/solarfinance.html. 
20. ENERGY NT. Voluntary Green Power Procurement  [Available from: 
https://www.nrel.gov/analysis/green-power.html. 
21. Chapman AJ, McLellan B, Tezuka T. Residential solar PV policy: An analysis of impacts, 
successes and failures in the Australian case. Renewable Energy. 2016;86:1265-79. 
22. Leiren MD, Reimer I. Historical institutionalist perspective on the shift from feed-in tariffs 
towards auctioning in German renewable energy policy. Energy Research & Social Science. 
2018;43:33-40. 

https://phys.org/news/2020-09-electric-vehicles-wont-climate.html
https://pxweb.irena.org/pxweb/en/IRENASTAT/IRENASTAT__Power%20Capacity%20and%20Generation/ELECCAP_2023_cycle2.px/
https://pxweb.irena.org/pxweb/en/IRENASTAT/IRENASTAT__Power%20Capacity%20and%20Generation/ELECCAP_2023_cycle2.px/
https://www.irena.org/Energy-Transition/Technology/Solar-energy
https://www.irena.org/Energy-Transition/Technology/Solar-energy
https://www.solarquotes.com.au/solarfinance.html
https://www.nrel.gov/analysis/green-power.html


177 
 

23. Yu X, Ge S, Zhou D, Wang Q, Chang C-T, Sang X. Whether feed-in tariff can be effectively 
replaced or not? An integrated analysis of renewable portfolio standards and green certificate trading. 
Energy. 2022;245:123241. 
24. Sarzynski A, Larrieu J, Shrimali G. The impact of state financial incentives on market 
deployment of solar technology. Energy Policy. 2012;46:550-7. 
25. Crago CL, Chernyakhovskiy I. Are policy incentives for solar power effective? Evidence from 
residential installations in the Northeast. Journal of Environmental Economics and Management. 
2017;81:132-51. 
26. Martin N, Rice J. The solar photovoltaic feed-in tariff scheme in New South Wales, Australia. 
Energy Policy. 2013;61:697-706. 
27. Poruschi L, Ambrey CL, Smart JCR. Revisiting feed-in tariffs in Australia: A review. Renewable 
and Sustainable Energy Reviews. 2018;82:260-70. 
28. Fernández-González R, Arce E, Garza-Gil D. How political decisions affect the economy of a 
sector: The example of photovoltaic energy in Spain. Energy Reports. 2021;7:2940-9. 
29. Sykes J. Solar Panel Costs: Solar Choice Price Index | October 2023 2023 [Available from: 
https://www.solarchoice.net.au/solar-panels/solar-power-system-prices/. 
30. Matasci S. How solar panel cost and efficiency have changed over time 2022 [Available from: 
https://www.energysage.com/solar/solar-panel-efficiency-cost-over-time/. 
31. Yusaf T, Goh S, Borserio J. Potential of renewable energy alternatives in Australia. Renewable 
and sustainable energy reviews. 2011;15(5):2214-21. 
32. Smets AH, Jäger K, Isabella O, Swaaij RA, Zeman M. Solar Energy: The physics and engineering 
of photovoltaic conversion, technologies and systems: UIT Cambridge; 2015. 
33. Fonash S. Solar cell device physics: Elsevier; 2012. 
34. IRENA. Renewable Energy Statistics 2021. Abu Dhabi: The International Renewable Energy 
Agency; 2021. 
35. Battersby S. News Feature: The solar cell of the future. Proceedings of the National Academy 
of Sciences. 2019;116(1):7-10. 
36. Sælen H, Hovi J, Sprinz D, Underdal A. How US withdrawal might influence cooperation under 
the Paris climate agreement. Environmental Science & Policy. 2020;108:121-32. 
37. Urraca R, Sanz-Garcia A, Sanz-Garcia I. BQC: A free web service to quality control solar 
irradiance measurements across Europe. Solar Energy. 2020;211:1-10. 
38. Europe SP. Solar market report & membership directory. Publishing Events Ltd, UK, Link: 
http://www solarpowereurope org/fileadmin/user_upload/documents/2015_ 
Market_Report/SPE16_Members_Directory_high_res pdf. 2016. 
39. Colmenar-Santos A, Muñoz-Gómez A-M, Rosales-Asensio E, López-Rey Á. Electric vehicle 
charging strategy to support renewable energy sources in Europe 2050 low-carbon scenario. Energy. 
2019;183:61-74. 
40. Sánchez IJG. Presentación del informe “ROAD MAP 2050–a practical guide for a prosperous, 
low-carbon Europe”. Pre-bie3. 2010(3):4. 
41. Clement D, Lehman M, Hamrin J, Wiser R. International tax incentives for renewable energy: 
Lessons for public policy. Center for Resource Solutions, San Francisco. 2005. 
42. Goodell JW. COVID-19 and finance: Agendas for future research. Finance Research Letters. 
2020;35:101512. 
43. IRENA. World Energy Transitions Outlook: 1.5°C Pathway. Abu Dhabi: International Renewable 
Energy Agency; 2021. 
44. Chiaramonti D, Maniatis K. Security of supply, strategic storage and Covid19: Which lessons 
learnt for renewable and recycled carbon fuels, and their future role in decarbonizing transport? 
Applied Energy. 2020;271:115216. 
45. Tokazhanov G, Tleuken A, Guney M, Turkyilmaz A, Karaca F. How is COVID-19 experience 
transforming sustainability requirements of residential buildings? A review. Sustainability. 
2020;12(20):8732. 

https://www.solarchoice.net.au/solar-panels/solar-power-system-prices/
https://www.energysage.com/solar/solar-panel-efficiency-cost-over-time/
http://www/


178 
 

46. Rabe W, Kostka G, Stegen KS. China's supply of critical raw materials: Risks for Europe's solar 
and wind industries? Energy Policy. 2017;101:692-9. 
47. Song Y, Liu T, Li Y, Ye B. The influence of COVID-19 on grid parity of China’s photovoltaic 
industry. Environmental Geochemistry and Health. 2020:1-16. 
48. Sandor D, Fulton S, Engel-Cox J, Peck C, Peterson S. System dynamics of polysilicon for solar 
photovoltaics: A framework for investigating the energy security of renewable energy supply chains. 
Sustainability. 2018;10(1):160. 
49. Gillingham KT, Knittel CR, Li J, Ovaere M, Reguant M. The Short-run and Long-run Effects of 
Covid-19 on Energy and the Environment. Joule. 2020;4(7):1337-41. 
50. Vaka M, Walvekar R, Rasheed AK, Khalid M. A review on Malaysia’s solar energy pathway 
towards carbon-neutral Malaysia beyond Covid’19 pandemic. Journal of Cleaner Production. 
2020:122834. 
51. Wang B, Yang Z, Xuan J, Jiao K. Crises and opportunities in terms of energy and AI technologies 
during the COVID-19 pandemic. Energy and AI. 2020;1:100013. 
52. Wang Q-J, Chen D, Chang C-P. The impact of COVID-19 on stock prices of solar enterprises: A 
comprehensive evidence based on the government response and confirmed cases. International 
Journal of Green Energy. 2021;18(5):443-56. 
53. Yilmazkuday H. COVID-19 effects on the S&P 500 index. Applied Economics Letters. 2021:1-7. 
54. Ichev R, Marinč M. Stock prices and geographic proximity of information: Evidence from the 
Ebola outbreak. International Review of Financial Analysis. 2018;56:153-66. 
55. Haroon O, Rizvi SAR. COVID-19: Media coverage and financial markets behavior—A sectoral 
inquiry. Journal of Behavioral and Experimental Finance. 2020;27:100343. 
56. Hosseini SE. An outlook on the global development of renewable and sustainable energy at 
the time of COVID-19. Energy Research & Social Science. 2020;68:101633. 
57. Hutley N. Markets are moving: the economic costs of Australia's climate inaction. 2021. 
58. Management AOoF. Australian Government Climate Change commitments, 

policies and programs. 2022. 
59. Fikru MG. Determinants of electricity bill savings for residential solar panel adopters in the 
U.S.: A multilevel modeling approach. Energy Policy. 2020;139:111351. 
60. Fikru MG. Estimated electricity bill savings for residential solar photovoltaic system owners: 
Are they accurate enough? Applied Energy. 2019;253:113501. 
61. Kaya O, Klepacka AM, Florkowski WJ. Achieving renewable energy, climate, and air quality 
policy goals: Rural residential investment in solar panel. Journal of Environmental Management. 
2019;248:109309. 
62. Copper J, Roberts M, Bruce A. Spatial Analysis of Solar Potential in Canberra2018. 
63. (APVI) API. National Survey Report of PV Power Applications in Australia 2020. 2021 October 
7th, 2021. 
64. Aldowah H, Ghazal S, Umar IN, Muniandy B, editors. The impacts of demographic variables on 
technological and contextual challenges of e-learning implementation. Journal of Physics: Conference 
Series; 2017: IOP Publishing. 
65. Azad AK, Rasul M, Khan MMK, Sharma SC, Bhuiya M. Study on Australian energy policy, socio-
economic, and environment issues. Journal of Renewable and Sustainable Energy. 2015;7(6):063131. 
66. Bashiri A, Alizadeh SH. The analysis of demographics, environmental and knowledge factors 
affecting prospective residential PV system adoption: A study in Tehran. Renewable and Sustainable 
Energy Reviews. 2018;81:3131-9. 
67. Lan H, Gou Z, Liu T. Residential solar panel adoption in Australia: spatial distribution and 
socioeconomic factors. Australian Geographer. 2021;52(3):315-32. 
68. Islam T. Household level innovation diffusion model of photo-voltaic (PV) solar cells from 
stated preference data. Energy Policy. 2014;65:340-50. 
69. Briguglio M, Formosa G. When households go solar: Determinants of uptake of a Photovoltaic 
Scheme and policy insights. Energy Policy. 2017;108:154-62. 



179 
 

70. Council AE. Solar Report: Seond quater 2021. 2021 August 05,2021. 
71. Olabi V, Wilberforce T, Elsaid K, Sayed ET, Abdelkareem MA. Impact of COVID-19 on the 
Renewable Energy Sector and Mitigation Strategies. Chem Eng Technol. 2022;45(4):558-71. 
72. Eroğlu H. Effects of Covid-19 outbreak on environment and renewable energy sector. 
Environment, Development and Sustainability. 2021;23(4):4782-90. 
73. Das K. Impact of COVID-19 pandemic into solar energy generation sector. Available at SSRN 
3580341. 2020. 
74. Kabir E, Kumar P, Kumar S, Adelodun AA, Kim K-H. Solar energy: Potential and future prospects. 
Renewable and Sustainable Energy Reviews. 2018;82:894-900. 
75. Mapping Australian Photovoltaic installations [Internet]. 2023. Available from: https://pv-
map.apvi.org.au/historical. 
76.  Australian PV Institute (APVI) Solar Map, funded by the Australian Renewable Energy Agency 
[Internet]. Australian PV Institute 2021. Available from: pv-map.apvi.org.au. 
77. Csereklyei Z, Qu S, Ancev T. The effect of wind and solar power generation on wholesale 
electricity prices in Australia. Energy Policy. 2019;131:358-69. 
78. SEIA WM. Solar industry research data. SEIA https://www seia org/solar-industry-research-
data. 2020. 
79. Henriques-Gomes L. Bushfires death toll rises to 33 after body found in burnt-out house near 
Moruya. The Guardian https://www theguardian com/australianews/2020/jan/24/bushfires-death-
toll-rises-to-33-after-body-found-in-burnt-out-house-near-moruya. 2020. 
80. Best R, Chareunsy A, Li H. Equity and effectiveness of Australian small-scale solar schemes. 
Ecological Economics. 2021;180:106890. 
81. Sommerfeld J, Buys L, Mengersen K, Vine D. Influence of demographic variables on uptake of 
domestic solar photovoltaic technology. Renewable and Sustainable Energy Reviews. 2017;67:315-23. 
82. Best R, Burke PJ, Nishitateno S. Evaluating the effectiveness of Australia's Small-scale 
Renewable Energy Scheme for rooftop solar. Energy Economics. 2019;84:104475. 
83. Gui X, Gou Z. Household energy technologies in New South Wales, Australia: Regional 
differences and renewables adoption rates. Renewable and Sustainable Energy Reviews. 
2022;160:112290. 
84. Lan H, Gou Z, Cheng B. Regional difference of residential solar panel diffusion in Queensland, 
Australia. Energy Sources, Part B: Economics, Planning, and Policy. 2020;15(1):13-25. 
85. Lan H, Gou Z, Lu Y. Machine learning approach to understand regional disparity of residential 
solar adoption in Australia. Renewable and Sustainable Energy Reviews. 2021;136:110458. 
86. Institute AP. National Survey Report of PV Power Applications in Australia 2022. 2022. 
87. Graham P. Small-scale solar and battery projections 2021. CSIRO. 2021. 
88. AEMO. DER Data downloads 2023 [Available from: https://aemo.com.au/energy-
systems/electricity/der-register/data-der/data-downloads. 
89. Zhang J. The Concept, Project and Current Status of Virtual Power Plant: A Review. Journal of 
Physics: Conference Series. 2022;2152(1):012059. 
90. Bollinger B, Gillingham K. Learning-by-doing in solar photovoltaic installations. Available at 
SSRN 2342406. 2019. 
91. Bollinger B, Gillingham K. Peer effects in the diffusion of solar photovoltaic panels. Marketing 
Science. 2012;31(6):900-12. 
92. Palm A. Peer effects in residential solar photovoltaics adoption—A mixed methods study of 
Swedish users. Energy Research & Social Science. 2017;26:1-10. 
93. Rode J, Weber A. Does localized imitation drive technology adoption? A case study on rooftop 
photovoltaic systems in Germany. Journal of Environmental Economics and Management. 2016;78:38-
48. 
94. Sardianou E, Genoudi P. Which factors affect the willingness of consumers to adopt renewable 
energies? Renewable energy. 2013;57:1-4. 

https://pv-map.apvi.org.au/historical
https://pv-map.apvi.org.au/historical
https://www/
https://www/
https://aemo.com.au/energy-systems/electricity/der-register/data-der/data-downloads
https://aemo.com.au/energy-systems/electricity/der-register/data-der/data-downloads


180 
 

95. Sigrin B, Pless J, Drury E. Diffusion into new markets: evolving customer segments in the solar 
photovoltaics market. Environmental research letters. 2015;10(8):084001. 
96. Dharshing S. Household dynamics of technology adoption: A spatial econometric analysis of 
residential solar photovoltaic (PV) systems in Germany. Energy research & social science. 2017;23:113-
24. 
97. Graziano M, Gillingham K. Spatial patterns of solar photovoltaic system adoption: the 
influence of neighbors and the built environment. Journal of Economic Geography. 2015;15(4):815-
39. 
98. Davidson C, Drury E, Lopez A, Elmore R, Margolis R. Modeling photovoltaic diffusion: an 
analysis of geospatial datasets. Environmental Research Letters. 2014;9(7):074009. 
99. Schaffer AJ, Brun S. Beyond the sun—Socioeconomic drivers of the adoption of small-scale 
photovoltaic installations in Germany. Energy Research & Social Science. 2015;10:220-7. 
100. Sunter DA, Castellanos S, Kammen DM. Disparities in rooftop photovoltaics deployment in the 
United States by race and ethnicity. Nature Sustainability. 2019;2(1):71-6. 
101. Tapsuwan S, Mathot C, Walker I, Barnett G. Preferences for sustainable, liveable and resilient 
neighbourhoods and homes: A case of Canberra, Australia. Sustainable cities and society. 2018;37:133-
45. 
102. Balta-Ozkan N, Yildirim J, Connor PM. Regional distribution of photovoltaic deployment in the 
UK and its determinants: A spatial econometric approach. Energy Economics. 2015;51:417-29. 
103. Grösche P, Schröder C. On the redistributive effects of Germany’s feed-in tariff. Empirical 
Economics. 2014;46(4):1339-83. 
104. Macintosh A, Wilkinson D. Searching for public benefits in solar subsidies: a case study on the 
Australian government’s residential photovoltaic rebate program. Energy Policy. 2011;39(6):3199-
209. 
105. Byrnes L, Brown C, Foster J, Wagner LD. Australian renewable energy policy: Barriers and 
challenges. Renewable energy. 2013;60:711-21. 
106. Bruegge C, Carrión-Flores C, Pope JC. Does the housing market value energy efficient homes? 
Evidence from the energy star program. Regional Science and Urban Economics. 2016;57:63-76. 
107. Lan H, Gou Z, Liu T. Residential solar panel adoption in Australia: spatial distribution and 
socioeconomic factors. Australian Geographer. 2021:1-18. 
108. PV Postcode Data [Internet]. 2023. Available from: https://pv-map.apvi.org.au/postcode. 
109. Bhuiyan M, Zhang Q, Khare V, Mikhaylov A, Pintér G, Huang X. Renewable Energy Consumption 
and Economic Growth Nexus—A Systematic Literature Review. Frontiers in Environmental Science. 
2022;10:878394. 
110. Feltrin A, Freundlich A. Material considerations for terawatt level deployment of 
photovoltaics. Renewable energy. 2008;33(2):180-5. 
111. Li X, Xie Q, Jiang J, Zhou Y, Huang L. Identifying and monitoring the development trends of 
emerging technologies using patent analysis and Twitter data mining: The case of perovskite solar cell 
technology. Technological Forecasting and Social Change. 2019;146:687-705. 
112. Taylor M, Ralon P, Ilas A. The power to change: solar and wind cost reduction potential to 
2025. International renewable energy agency (IRENA). 2016. 
113. IRENA. Renewable Power Generation Costs in 2019. Abu Dhabi: International Renewable 
Energy Agency; 2020. 
114. Yang S, Zhao D. Do subsidies work better in low-income than in high-income families? Survey 
on domestic energy-efficient and renewable energy equipment purchase in China. Journal of Cleaner 
Production. 2015;108:841-51. 
115. Irfan M, Elavarasan RM, Hao Y, Feng M, Sailan D. An assessment of consumers’ willingness to 
utilize solar energy in China: End-users’ perspective. Journal of Cleaner Production. 2021;292:126008. 
116. Palmer J, Sorda G, Madlener R. Modeling the diffusion of residential photovoltaic systems in 
Italy: An agent-based simulation. Technological Forecasting and Social Change. 2015;99:106-31. 

https://pv-map.apvi.org.au/postcode


181 
 

117. Andor M, Frondel M, Vance C. Installing photovoltaics in Germany: A license to print money? 
Economic Analysis and Policy. 2015;48:106-16. 
118. Kwan CL. Influence of local environmental, social, economic and political variables on the 
spatial distribution of residential solar PV arrays across the United States. Energy Policy. 2012;47:332-
44. 
119. Zhang Y, Chang R, Zuo J, Shabunko V, Zheng X. Regional disparity of residential solar panel 
diffusion in Australia: The roles of socio-economic factors. Renewable Energy. 2023;206:808-19. 
120. Simpson G, Clifton J. Testing diffusion of innovations theory with data: financial incentives, 
early adopters, and distributed solar energy in Australia. Energy Research & Social Science. 
2017;29:12-22. 
121. Best R. Household wealth of tenants promotes their solar panel access. Economic Modelling. 
2021:105704. 
122. Simpson G. Looking beyond incentives: the role of champions in the social acceptance of 
residential solar energy in regional Australian communities. Local Environment. 2018;23(2):127-43. 
123. Richter L-L. Social effects in the diffusion of solar photovoltaic technology in the UK. 2013. 
124. Poruschi L, Ambrey CL. Energy justice, the built environment, and solar photovoltaic (PV) 
energy transitions in urban Australia: A dynamic panel data analysis. Energy Research & Social Science. 
2019;48:22-32. 
125. Müller S, Rode J. The adoption of photovoltaic systems in Wiesbaden, Germany. Economics of 
Innovation and New Technology. 2013;22(5):519-35. 
126. Bollinger B, Gillingham K. Environmental preferences and peer effects in the diffusion of solar 
photovoltaic panels. Unpublished manuscript. 2010. 
127. Zhang Y, Song J, Hamori S. Impact of subsidy policies on diffusion of photovoltaic power 
generation. Energy Policy. 2011;39(4):1958-64. 
128. Nelson T, Simshauser P, Kelley S. Australian residential solar feed-in tariffs: industry stimulus 
or regressive form of taxation? Economic Analysis and Policy. 2011;41(2):113-29. 
129. Nelson T, Simshauser P, Nelson J. Queensland solar feed-in tariffs and the merit-order effect: 
economic benefit, or regressive taxation and wealth transfers? Economic Analysis and Policy. 
2012;42(3):257. 
130. Cherrington R, Goodship V, Longfield A, Kirwan K. The feed-in tariff in the UK: A case study 
focus on domestic photovoltaic systems. Renewable Energy. 2013;50:421-6. 
131. Muhammad-Sukki F, Abu-Bakar SH, Munir AB, Yasin SHM, Ramirez-Iniguez R, McMeekin SG, 
et al. Feed-in tariff for solar photovoltaic: The rise of Japan. Renewable Energy. 2014;68:636-43. 
132. Bauner C, Crago CL. Adoption of residential solar power under uncertainty: Implications for 
renewable energy incentives. Energy Policy. 2015;86:27-35. 
133. D'Adamo I, Gastaldi M, Morone P. The post COVID-19 green recovery in practice: Assessing 
the profitability of a policy proposal on residential photovoltaic plants. Energy Policy. 
2020;147:111910. 
134. Pyrgou A, Kylili A, Fokaides PA. The future of the Feed-in Tariff (FiT) scheme in Europe: The 
case of photovoltaics. Energy Policy. 2016;95:94-102. 
135. Solangi K, Islam M, Saidur R, Rahim N, Fayaz H. A review on global solar energy policy. 
Renewable and sustainable energy reviews. 2011;15(4):2149-63. 
136. Hua Y, Oliphant M, Hu EJ. Development of renewable energy in Australia and China: A 
comparison of policies and status. Renewable Energy. 2016;85:1044-51. 
137. Timilsina GR, Kurdgelashvili L, Narbel PA. Solar energy: Markets, economics and policies. 
Renewable and sustainable energy reviews. 2012;16(1):449-65. 
138. Lan H, Cheng B, Gou Z, Yu R. An evaluation of feed-in tariffs policies for promoting household 
solar energy adoption in Southeast Queensland, Australia. 2019. 
139. Simpson G. Analysing social acceptance of renewable energy policy in Australia: Community, 
industry and government perceptions of residential solar energy. 2017. 



182 
 

140. Simpson G, Clifton J. Subsidies for residential solar photovoltaic energy systems in Western 
Australia: distributional, procedural and outcome justice. Renewable and Sustainable Energy Reviews. 
2016;65:262-73. 
141. Leepa C, Unfried M. Effects of a cut-off in feed-in tariffs on photovoltaic capacity: Evidence 
fromGermany. Energy Policy. 2013;56:536-42. 
142. Moss J, Coram A, Blashki G, editors. Solar energy in Australia: health and environmental costs 
and benefits2014. 
143. Lovegrove K, Dennis M, Ltd F, Sgm. Solar thermal energy systems in Australia. International 
Journal of Environmental Studies. 2007;63:791-802. 
144. Azad K, Rasul M, Khan MM, Sharma S, Bhuiya M. Study on Australian energy policy, socio-
economic, and environment issues. Journal of Renewable and Sustainable Energy. 2015;7:063131-(1. 
145. Blanksby C, Bennett D, Langford S. Improvement to an existing satellite data set in support of 
an Australia solar atlas. Solar energy. 2013;98:111-24. 
146. Engerer N, Mills F. Validating nine clear sky radiation models in Australia. Solar Energy. 
2015;120:9-24. 
147. Shafiullah G, Oo AM, Jarvis D, Ali AS, Wolfs P, editors. Prospects of solar energy in Australia. 
International Conference on Electrical & Computer Engineering (ICECE 2010); 2010: IEEE. 
148. Haroon O, Rizvi SAR. COVID-19: Media coverage and financial markets behavior-A sectoral 
inquiry. J Behav Exp Finance. 2020;27:100343. 
149. Eleftheriou K, Patsoulis P. COVID-19 lockdown intensity and stock market returns: A spatial 
econometrics approach. 2020. 
150. Choi KTH, Brindley H. COVID-19 lockdown air quality change implications for solar energy 
generation over China. Environmental Research Letters. 2021;16(2):024029. 
151. Vaka M, Walvekar R, Rasheed AK, Khalid M. A review on Malaysia’s solar energy pathway 
towards carbon-neutral Malaysia beyond Covid’19 pandemic. Journal of Cleaner Production. 
2020;273:122834. 
152. Sovacool BK, Del Rio DF, Griffiths S. Contextualizing the Covid-19 pandemic for a carbon-
constrained world: Insights for sustainability transitions, energy justice, and research methodology. 
Energy Research & Social Science. 2020;68:101701. 
153. Al-Awadhi AM, Alsaifi K, Al-Awadhi A, Alhammadi S. Death and contagious infectious diseases: 
Impact of the COVID-19 virus on stock market returns. Journal of Behavioral and Experimental Finance. 
2020;27:100326. 
154. Mofijur M, Fattah IR, Alam MA, Islam AS, Ong HC, Rahman SA, et al. Impact of COVID-19 on 
the social, economic, environmental and energy domains: Lessons learnt from a global pandemic. 
Sustainable production and consumption. 2021;26:343-59. 
155. Zhu J, Yan W, Liu J. COVID-19 pandemic in BRICS countries and its association with socio-
economic and demographic characteristics, health vulnerability, resources, and policy response. 
Infectious Diseases of Poverty. 2021;10(1):1-8. 
156. Bashir MF, Ma B, Shahzad L. A brief review of socio-economic and environmental impact of 
Covid-19. Air Quality, Atmosphere & Health. 2020;13:1403-9. 
157. Daly P, Nejad A, Domijan K, McCaughey J, Brassard C, Kathiravelu L, et al. The Socio-Economic 
Impacts of the Covid-19 Mitigation Measures and Vulnerabilities in Singapore. 2023. 
158. Hanif W, Mensi W, Gubareva M, Teplova T. Impacts of COVID-19 on dynamic return and 
volatility spillovers between rare earth metals and renewable energy stock markets. Resources Policy. 
2023;80:103196. 
159. Bhattacharya R, Bose D. Energy and water: COVID‐19 impacts and implications for 
interconnected sustainable development goals. Environmental Progress & Sustainable Energy. 
2023;42(1):e14018. 
160. Gollakota AR, Shu C-M. COVID-19 and energy sector: Unique opportunity for switching to clean 
energy. Gondwana Research. 2023;114:93-116. 



183 
 

161. Montgomery DC, Peck EA, Vining GG. Introduction to Linear Regression Analysis. th, editor: 
Wiley; 2012. 
162. Faraway JJ. Extending the Linear Model with R: Generalized Linear, Mixed Effects and 
Nonparametric Regression Models: Chapman and Hall/CRC; 2016. 
163. Kutner MH, Nachtsheim CJ, Neter J, Li W. Applied Linear Statistical Models: McGraw-Hill; 2005. 
164. Fox J. Applied Regression Analysis and Generalized Linear Models: Sage Publications; 2015. 
165. Greene WH. Econometric Analysis: Pearson.; 2011. 
166. Saunders LM, Passey PJ, Smith TEM. Understanding the factors influencing the uptake of solar 
photovoltaic installations in households: A case study of Australian early adopters. Energy Policy. 
2013;53:34-43. 
167. Abdul-Manan M, Shafie HL, Masdar MB. Barriers to the uptake of photovoltaic systems in a 
sub-urban area in Malaysia. Renewable Energy. 2011;36(11):3034-40. 
168. Taylor JC, Kane JC. The environmental and energy impacts of PV module recycling in the EU 
and U.S. Progress in Photovoltaics: Research and Applications. 2013;21(2):192-8. 
169. van der Werff MP, Steg JJ, Keizer JM. The value of environmental self-identity: The relationship 
between biospheric values, environmental self-identity and environmental preferences, intentions 
and behaviour. Journal of Environmental Psychology. 2015;42:32-41. 
170. Harms SA, Huttunen REK. Solar power prospects for Sweden: An exploratory study of 
consumers’ attitudes towards solar power. Renewable Energy. 2015;76:48-54. 
171. Munoz SA, Mehos MJ, Hansen CT. Levelized cost of energy comparison of PV, CSP, and hybrid 
power plants. Solar Energy. 2016;130:147-56. 
172. Hertwich EG, Wood ED, Bratterbø G, Steger JA, Røkke GA. Life-cycle environmental emissions 
and material flows from photovoltaic module production. Environmental Science & Technology. 
2010;44(10):3470-6. 
173. Thompson S. The legitimacy model: Understanding the building blocks of legitimacy. Academy 
of Management Review. 2020;45(3):447-64. 
174. Agresti A. Categorical Data Analysis: Wiley; 2002. 
175. Long JS. Regression Models for Categorical and Limited Dependent Variables: Sage 
Publications; 1997. 
176. Wooldridge JM. Introductory econometrics: A modern approach: Cengage learning; 2015. 
177. Hosmer Jr DW, Lemeshow S. Applied Logistic Regression: Wiley; 1989. 
178. Jansson J, Marechal K, Farsi M. The role of attitudes, intentions, and behavior in the Legit 
model of innovation diffusion. 2018. 
179. Steg L, Perlaviciute G, van der Werff E. Environmental values and beliefs as predictors of solar 
energy adoption. 2015. 
180. Rottgers D, Burch J. Exploring the factors that influence attitudes and behaviors towards solar 
energy in the United States: a review of the literature. 2014. 
181. Sivaraman D, Kannan R. Factors influencing the adoption of solar energy technologies in 
Australia: A systematic review. 2020. 
182. Greene WH. Econometric Analysis. th, editor: Prentice Hall; 2003. 
183. Maddala GS. Limited-Dependent and Qualitative Variables in Econometrics: Cambridge 
University Press; 1983. 
184. Pfenninger S, DeCarolis JF. The impacts of shading by surrounding buildings on solar 
photovoltaic energy output: a case study from Switzerland using high-resolution urban morphology 
data. Solar Energy. 2015;115:449-63. 
185. Zhao X, Zhang X, Li Y. Analysis of factors influencing the adoption of solar water heaters in 
households in China: A grey relational analysis approach. Renewable and Sustainable Energy Reviews. 
2015;41:196-204. 
186. Byrne BM. Structural equation modeling with Mplus: Basic concepts, applications, and 
programming2012. 
187. Bollen KA. Structural equations with latent variables1989. 



184 
 

188. Hair JF, Hult GTM, Ringle CM, Sarstedt M, Wang W, Li X, et al. A primer on partial least squares 
structural equation modeling (PLS-SEM) 

Factors affecting residential solar PV adoption: A comprehensive review of existing literature: Sage 
Publications 

Elsevier; 2017. 30-43 p. 
189. Wong CWY, Wong KD. A structural equation model of green consumer behavior: Elsevier; 
2017. 220-32 p. 
190. Abd Aziz NA, Goh CF. Antecedents and consequences of green purchasing behavior among 
Malaysian consumers: A structural equation modeling approach: Elsevier; 2019. 338-48 p. 
191. Kim JH, Lee J, Park SY. Green consumption values, brand image, and willingness to pay for 
luxury brands among Chinese consumers: A structural equation model: MDPI AG; 2017. 349 p. 
192. Elhorst JP. Spatial Econometrics: From Cross-Sectional Data to Spatial Panels: Springer; 2014. 
193. LeSage JP, Pace RK. Introduction to Spatial Econometrics: CRC Press; 2009. 
194. Baltagi BH. Econometric Analysis of Panel Data: John Wiley & Sons; 2013. 
195. Arbia G. Spatial Econometrics: Statistical Foundations and Applications to Regional 
Convergence: Springer-Verlag; 2006. 
196. Anselin L. Spatial Econometrics: Methods and Models: Springer Netherlands; 1988. 
197. Kammen DM, Aggarwal S, Fregoso M. Energy access and energy security in Asia: challenges 
and prospects for meeting Sustainable Development Goals. Asia & the Pacific Policy Studies. 
2020;7(S2):79-98. 
198. Chiu YC, Lin TH, Wu CT. Spatial Durbin panel models with fixed effects: A Bayesian approach. 
Computational Statistics & Data Analysis. 2019;130:93-110. 
199. Dong C, Gao Y, Zou Y. Does environmental heterogeneity affect the relationship between 
carbon emissions and economic growth? Evidence from China. Journal of Cleaner Production. 
2019;212:502-12. 
200. Breiman L. Classification and regression trees: Routledge; 1984 1st ed. 
201. Hastie T, Tibshirani, R.,, Friedman J. The elements of statistical learning: data mining, 
inference, and prediction: Springer Science & Business Media; 2009 2nd ed. 
202. Menze BH, Kelm, B. M., Masuch, R., Himmelreich, U., Bachert, P., Petrich, W.,, Hamprecht FA. 
Comparison of random forest and parametric imputation of missing data for the application of decision 
trees in small datasets. BMC bioinformatics. 2009;10(1):1-15. 
203. Strobl C, Malley, J.,, Tutz G. An introduction to recursive partitioning: rationale, application, 
and characteristics of classification and regression trees, bagging, and random forests. Psychological 
methods. 2009;14(4):323-48. 
204. Mohammadi A, Tabatabaei M, Bahrami S, Karimi FS. Decision trees for energy systems: A 
review of applications and case studies. Renewable and Sustainable Energy Reviews. 
2019;113:109296. 
205. Jiang Q, Feng H, Liu Y. Using a decision tree algorithm to explore the key factors affecting the 
photovoltaic system output power. Renewable and Sustainable Energy. 2020;120:13-20. 
206. Montañés C, Pernía-Espinoza A, Vallejo-Pacheco F. A Decision Tree Approach for Predicting 
Photovoltaic Energy Production Using Weather Forecasts. Sustainability. 2018;10:1671. 
207. Martínez-Álvarez F, Troncoso A, Asadi-Shekari Z, Rodríguez-Monroy C. Forecasting the 
diffusion of photovoltaic systems in urban environments: A decision tree approach. Energy. 
2017;138:440-50. 
208. Adekoya OS, Oladele TO. Predictive analysis of solar energy harvesting using decision trees: A 
case study. Energy Conversion and Management. 2019;195:247-57. 
209. Loots I, De Boeck L, Vranken L. Decision tree analysis of factors influencing the adoption of 
photovoltaic solar panels by households in Belgium. Renewable and Sustainable Energy. 2018;93:306-
16. 



185 
 

210. Dong B, Gao Z, Song G. A Decision-Tree-Based Methodology to Characterize Energy-Savings 
Opportunities in Commercial Buildings. Journal of Industrial Ecology. 2016;20:1047-57. 
211. Zhang C, Yang X, He H, Li M. Modeling and forecasting monthly global solar radiation using 
time series analysis and wavelet transform. Energy. 2015;93:1864-74. 
212. Brockwell PJ, Davis RA. Time series: theory and methods: Springer Science & Business Media; 
2016. 
213. Box GEP, Jenkins GM. Time series analysis, forecasting and control: Holden-Day; 1976. 
214. Hamilton JD. Time series analysis: Princeton university press; 1994. 
215. Tsay RS. Analysis of financial time series: John Wiley & Sons; 2013. 
216. Lütkepohl H. New Introduction to Multiple Time Series Analysis: Springer Science & Business 
Media; 2005. 
217. Iqbal N, Khattak MA, Hassan SM. Time series modelling of global solar radiation data: A review 
of the literature. Renewable and Sustainable Energy Reviews. 2018;82:3832-42. 
218. Sarkar S, Lundgren J. A Time-Series Analysis of the Influence of Social and Economic Factors 
on Residential Solar PV Diffusion in Sweden. Sustainability. 2020;12(15):6218. 
219. Yadav V, Pathak A, Pandey P. Forecasting solar power generation using time-series models. 
Sustainable Energy Technologies and Assessments. 2020;35:100574. 
220. Liu H, Sun L. Analysis of the Factors Influencing the Development of the Solar Industry in China: 
An Empirical Study Based on Geographically Weighted Regression. Sustainability. 2019;11(5):1463. 
221. Fang C, Xu W, Wu J. Spatial and temporal analysis of the impact of population density, 
economic and renewable energy factors on CO2 emissions in China. Renewable and Sustainable 
Energy Reviews. 2021;139:110620. 
222. Aktaş R, Gündüz O, Çolakoğlu B, Gündüz S. Investigation of the Effects of Economic Growth, 
Urbanization, Industrialization, and Renewable Energy Consumption on CO2 Emissions in Turkey Using 
the Geographically Weighted Regression Technique. Sustainability. 2020;12(21):8859. 
223. Ren J, Zhang F, Ma T. Spatial effects of socio-economic drivers on the adoption of solar energy 
in the United States. Energy Policy. 2020;143:111520. 
224. Babbie ER. The practice of social research: Cengage Learning; 2010. 
225. Nouni MR, Mullick MD, Kandpal TC. Improving the household sectoral income with renewable 
energy technologies--A review. Renewable and Sustainable Energy Reviews. 2009;13(8):2623-30. 
226. Jakobsson S, Söderholm P. The social construction of solar energy: The influence of local 
context and actor involvement on the outcome of public solar energy projects. Energy Policy. 
2017;107:271-80. 
227. Bakhatyar B, Rehman S. The impact of government incentives on the diffusion of solar energy: 
A cross-sectional study of US states. Renewable and Sustainable Energy Reviews. 2016;53:1188-95. 
228. Wei J, Mu Y. Factors influencing the adoption of solar energy: A cross-sectional study of 
households in the United States. Renewable Energy. 2017;114:781-8. 
229. Council CE. Clean Energy Australia Report 2022. 2022 1 April, 2022. 
230. Institute) AAP. Snapshot of Global PV Markets 

2022. 2022 May 30th, 2022. 
231. Huremović D. Brief History of Pandemics (Pandemics Throughout History). In: Huremović D, 
editor. Psychiatry of Pandemics: A Mental Health Response to Infection Outbreak. Cham: Springer 
International Publishing; 2019. p. 7-35. 
232. Sampath S, Khedr A, Qamar S, Tekin A, Singh R, Green R, et al. Pandemics throughout the 
history. Cureus. 2021;13(9). 
233. Best R, Chareunsy A, Taylor M. Emerging inequality in solar panel access among Australian 
renters. Technological Forecasting and Social Change. 2023;194:122749. 
234. Wolske KS, Stern PC, Dietz T. Explaining interest in adopting residential solar photovoltaic 
systems in the United States: Toward an integration of behavioral theories. Energy Research & Social 
Science. 2017;25:134-51. 



186 
 

235. Menezes E, Ogushi CM, Bonadia GC, Dall’Antonia JC, Holanda G, editors. Socioeconomic 
factors influencing digital TV diffusion in Brazil. International Conference of the System Dynamics 
Society; 2005: Citeseer. 
236. De Groote O, Pepermans G, Verboven F. Heterogeneity in the adoption of photovoltaic 
systems in Flanders. Energy economics. 2016;59:45-57. 
237. Duroy QM. The determinants of environmental awareness and behavior. Journal of 
Environment and Development. 2005. 
238. Olsen C, St George D. Cross-sectional study design and data analysis. College entrance 
examination board. 2004;26(03):2006. 
239. Government A. https://www.covid19.act.gov.au/updates/news-updates 2022 [ 
240. Health N. https://www.health.nsw.gov.au/news/Pages/2022-nsw-health.aspx 2022 [ 
241. Health GoWADo. https://ww2.health.wa.gov.au/News/Media-releases-listing-page 2022 [ 
242. Health QDo. https://www.health.qld.gov.au/news-events/doh-media-releases 2022 [ 
243. Department of Health V. https://www.health.vic.gov.au/media-centre/media-releases 2022 [ 
244. Health N. https://health.nt.gov.au/news 2022 [ 
245. Health S. 
https://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/about+us/n
ews+and+media/all+media+releases/media+releases?mr-sort=date-desc&mr-pg=1 2022 [ 
246. Department of Health T. https://www.coronavirus.tas.gov.au/media-releases 2022 [ 
247. Australian Bureau of Statistic A. 2021 Census topics and data release plan 2022 [ 
248. Regulator AGCE. http://www.cleanenergyregulator.gov.au/RET/Forms-and-
resources/Postcode-data-for-small-scale-installations#Postcode-data-files 2022 [ 
249. https://pv-map.apvi.org.au/postcode. PV Postcode Data 2022 [ 
250. https://apvi.org.au/reports/. Australian PV Institute 2022 [ 
251. Donthu N, Gustafsson A. Effects of COVID-19 on business and research. Elsevier; 2020. p. 284-
9. 
252. Riedler J, Braun-Fahrländer C, Eder W, Schreuer M, Waser M, Maisch S, et al. Exposure to 
farming in early life and development of asthma and allergy: a cross-sectional survey. The Lancet. 
2001;358(9288):1129-33. 
253. Manipis K, Street D, Cronin P, Viney R, Goodall S. Exploring the trade-off between economic 
and health outcomes during a pandemic: a discrete choice experiment of lockdown policies in 
Australia. The Patient-Patient-Centered Outcomes Research. 2021;14(3):359-71. 
254. Wang Y-T, Hsu N-W, Lin Y-H, Chang H-T, Chou P, Chen H-C. Volunteer participation 
differentially moderates the association between insomnia and poor subjective well-being in 
community-dwelling older adults: the Yilan study, Taiwan. BMC geriatrics. 2022;22(1):1-12. 
255. Hsieh H-M, Shen C-T, Chen L-S, Chen F-M, Yeh S-C. Moderation effect of mammography 
screening among women with multiple chronic conditions. Sci Rep [Internet]. 2022 2022/02//; 
12(1):[2303 p.]. Available from: http://europepmc.org/abstract/MED/35145157 

https://doi.org/10.1038/s41598-022-06187-7 

https://europepmc.org/articles/PMC8831630 

https://europepmc.org/articles/PMC8831630?pdf=render. 
256. Vanderlinden J, Boen F, Puyenbroeck SV, van Uffelen J. The effects of a real-life lifestyle 
program on physical activity and objective and subjective sleep in adults aged 55+ years. BMC Public 
Health. 2022;22(1):1-13. 
257. Samuel A, Osendarp SJ, Feskens EJ, Lelisa A, Adish A, Kebede A, et al. Gender differences in 
nutritional status and determinants among infants (6–11 m): a cross-sectional study in two regions in 
Ethiopia. BMC public health. 2022;22(1):1-12. 
258. Browning JA, Tsang CCS, Dong X, Wan JY, Chisholm-Burns MA, Finch CK, et al. Effects of 
Medicare comprehensive medication review on racial/ethnic disparities in nonadherence to statin 

https://www.covid19.act.gov.au/updates/news-updates
https://www.health.nsw.gov.au/news/Pages/2022-nsw-health.aspx
https://ww2.health.wa.gov.au/News/Media-releases-listing-page
https://www.health.qld.gov.au/news-events/doh-media-releases
https://www.health.vic.gov.au/media-centre/media-releases
https://health.nt.gov.au/news
https://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/about+us/news+and+media/all+media+releases/media+releases?mr-sort=date-desc&mr-pg=1
https://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/about+us/news+and+media/all+media+releases/media+releases?mr-sort=date-desc&mr-pg=1
https://www.coronavirus.tas.gov.au/media-releases
http://www.cleanenergyregulator.gov.au/RET/Forms-and-resources/Postcode-data-for-small-scale-installations#Postcode-data-files
http://www.cleanenergyregulator.gov.au/RET/Forms-and-resources/Postcode-data-for-small-scale-installations#Postcode-data-files
https://pv-map.apvi.org.au/postcode
https://apvi.org.au/reports/
http://europepmc.org/abstract/MED/35145157
https://doi.org/10.1038/s41598-022-06187-7
https://europepmc.org/articles/PMC8831630
https://europepmc.org/articles/PMC8831630?pdf=render


187 
 

medications among patients with Alzheimer’s Disease: an observational analysis. BMC Health Services 
Research. 2022;22(1):1-10. 
259. Liu N, Feng Y, Zhan Y, Ma F. Relationship between blood cadmium and abdominal aortic 
calcification: NHANES 2013–2014. Journal of Trace Elements in Medicine and Biology. 
2022;72:126975. 
260. Li G, Zhao D, Wang Q, Zhou M, Kong L, Fang M, et al. Infertility-related stress and quality of 
life among infertile women with polycystic ovary syndrome: Does body mass index matter? Journal of 
Psychosomatic Research. 2022;158:110908. 
261. Ahn S, Lingerfelt CN, Lee CE, Lee J-A, Raynor HA, Anderson JG. Association of adherence to 
high-intensity physical activity and the Mediterranean-dietary approaches to stop hypertension 
intervention for neurodegenerative delay diet with cognition: A cross-sectional study. International 
Journal of Nursing Studies. 2022;131:104243. 
262. DeQuattro K, Trupin L, Murphy LB, Rush S, Criswell LA, Lanata CM, et al. High Disease Severity 
Among Asian Patients in a US Multiethnic Cohort of Individuals With Systemic Lupus Erythematosus. 
ARTHRITIS CARE & RESEARCH. 2022. 
263. Fu S, Zhou Y, Peng L, Ye X, Yang D, Yang S, et al. Interactive effects of high temperature and 
ozone on COPD deaths in Shanghai. Atmospheric Environment. 2022;278:119092. 
264. Marzan M, Callinan S, Livingston M, Jiang H. Alcohol consumption, heavy episodic drinking and 
the perpetration of antisocial behaviours in Australia. Drug and Alcohol Dependence. 
2022;235:109432. 
265. Muendlein A, Brandtner EM, Leiherer A, Geiger K, Heinzle C, Gaenger S, et al. Data on the 
association of serum glypican-4 with future major adverse cardiovascular events and mortality in 
patients undergoing coronary angiography. Data in Brief. 2022;42:108142. 
266. Kaya Senol D, Polat F. Effects of the pandemic on women’s reproductive health protective 
attitudes: a Turkish sample. Reproductive Health. 2022;19(1):106. 
267. Hong E, Jung A, Woo K. A cross-sectional study on public health nurses' disaster competencies 
and influencing factors during the COVID-19 pandemic in Korea. BMC Public Health. 2022;22(1):731. 
268. Albelasy NF, Abdelnaby YL. Impact of retraction force magnitudes on mobility of maxillary 
canines: a split-mouth design. Progress in Orthodontics. 2022;23(1):14. 
269. Zhang Z, Wang Q, Wang F, Li D, Meng M, Zhang Y, et al. Effect of aqueous environment on 
wear resistance of dental glass–ceramics. BMC Oral Health. 2022;22(1):143. 
270. Ghasemi M, Hoseinialiabadi P, Yazdanpanah F, Mahani MA, Malekyan L, Najafi K, et al. 
Comparison of music and vapocoolant spray in reducing the pain of venous cannulation in children 
age 6-12: a randomized clinical trial. BMC Pediatrics. 2022;22(1):237. 
271. Thompson CG, Kim RS, Aloe AM, Becker BJ. Extracting the variance inflation factor and other 
multicollinearity diagnostics from typical regression results. Basic and Applied Social Psychology. 
2017;39(2):81-90. 
272. Government N. Key facts about NSW 2023 [Available from: https://www.nsw.gov.au/about-
nsw/key-facts-about-
nsw#:~:text=NSW%20has%20the%20highest%20population,population%20live%20in%20Greater%2
0Sydney. 
273. Government N. Ministerial media releases 2022 [Available from: 
https://www.nsw.gov.au/media-releases. 
274. Education AGDo. ECEC COVID-19 timeline 2021 [Available from: 
https://www.education.gov.au/covid-19/resources/ecec-covid19-timeline. 
275. Australia Po. COVID-19: a chronology of state and territory government announcements (up 
until 30 June 2020) 2020 [Available from: 
https://www.aph.gov.au/About_Parliament/Parliamentary_departments/Parliamentary_Library/pub
s/rp/rp2021/Chronologies/COVID-19StateTerritoryGovernmentAnnouncements. 
276. data.gov.au AG. ASGS Geographic Correspondences (2016) 2022 [Available from: 
https://data.gov.au/dataset/ds-dga-23fe168c-09a7-42d2-a2f9-fd08fbd0a4ce/details. 

https://www.nsw.gov.au/about-nsw/key-facts-about-nsw#:~:text=NSW%20has%20the%20highest%20population,population%20live%20in%20Greater%20Sydney
https://www.nsw.gov.au/about-nsw/key-facts-about-nsw#:~:text=NSW%20has%20the%20highest%20population,population%20live%20in%20Greater%20Sydney
https://www.nsw.gov.au/about-nsw/key-facts-about-nsw#:~:text=NSW%20has%20the%20highest%20population,population%20live%20in%20Greater%20Sydney
https://www.nsw.gov.au/about-nsw/key-facts-about-nsw#:~:text=NSW%20has%20the%20highest%20population,population%20live%20in%20Greater%20Sydney
https://www.nsw.gov.au/media-releases
https://www.education.gov.au/covid-19/resources/ecec-covid19-timeline
https://www.aph.gov.au/About_Parliament/Parliamentary_departments/Parliamentary_Library/pubs/rp/rp2021/Chronologies/COVID-19StateTerritoryGovernmentAnnouncements
https://www.aph.gov.au/About_Parliament/Parliamentary_departments/Parliamentary_Library/pubs/rp/rp2021/Chronologies/COVID-19StateTerritoryGovernmentAnnouncements
https://data.gov.au/dataset/ds-dga-23fe168c-09a7-42d2-a2f9-fd08fbd0a4ce/details


188 
 

277. ABS ABoS. Australian Bureau of Statistics 2022 [Available from: 
https://www.abs.gov.au/census/find-census-data. 
278. Data.NSW AG. NSW COVID-19 cases by location 2022 [Available from: 
https://data.nsw.gov.au/search/dataset/ds-nsw-ckan-aefcde60-3b0c-4bc0-9af1-
6fe652944ec2/details?q=. 
279. Commission AE. Tally Room 22 Federal Election 2022 [Available from: 
https://results.aec.gov.au/27966/Website/HouseDivisionalResults-27966.htm. 
280. Mishra P, Pandey CM, Singh U, Gupta A, Sahu C, Keshri A. Descriptive statistics and normality 
tests for statistical data. Ann Card Anaesth. 2019;22(1):67-72. 
281. Chen R, Xu J. Forecasting volatility and correlation between oil and gold prices using a novel 
multivariate GAS model. Energy Economics. 2019;78:379-91. 
282. Mateus C, Joaquim I, Nunes C. Measuring hospital efficiency—comparing four European 
countries. The European Journal of Public Health. 2015;25(suppl_1):52-8. 
283. MATICH B. Forget toilet paper, Australians are panic-buying PV: pv magazine Australia; 2020 
[Available from: https://www.pv-magazine.com/2020/03/19/forget-toilet-paper-australians-are-
panic-buying-pv/Australia. 
284. Keirstead J. Behavioural responses to photovoltaic systems in the UK domestic sector. Energy 
Policy. 2007;35(8):4128-41. 
285. Zander KK. Unrealised opportunities for residential solar panels in Australia. Energy Policy. 
2020;142:111508. 
286. Bondio S, Shahnazari M, McHugh A. The technology of the middle class: Understanding the 
fulfilment of adoption intentions in Queensland's rapid uptake residential solar photovoltaics market. 
Renewable and Sustainable Energy Reviews. 2018;93:642-51. 
287. REN21. Renewables 2021 Global Status Report. 2021. 
288. Diaz‐Rainey I, Ashton JK. Profiling potential green electricity tariff adopters: green 
consumerism as an environmental policy tool? Business Strategy and the Environment. 
2011;20(7):456-70. 
289. Zarnikau J. Consumer demand for ‘green power’ and energy efficiency. Energy Policy. 
2003;31(15):1661-72. 
290. Drury E, Miller M, Macal CM, Graziano DJ, Heimiller D, Ozik J, et al. The transformation of 
southern California's residential photovoltaics market through third-party ownership. Energy Policy. 
2012;42:681-90. 
291. Vasseur V, Kemp R. The adoption of PV in the Netherlands: A statistical analysis of adoption 
factors. Renewable and Sustainable Energy Reviews. 2015;41:483-94. 
292. Best R. Household wealth of tenants promotes their solar panel access. Economic Modelling. 
2022;106:105704. 
293. Guta DD. Determinants of household adoption of solar energy technology in rural Ethiopia. 
Journal of Cleaner Production. 2018;204:193-204. 
294. Chase J. Solar After the 2008 Crash: Finding a New Normal. World Scientific Book Chapters. 
2019:79-84. 

 

https://www.abs.gov.au/census/find-census-data
https://data.nsw.gov.au/search/dataset/ds-nsw-ckan-aefcde60-3b0c-4bc0-9af1-6fe652944ec2/details?q
https://data.nsw.gov.au/search/dataset/ds-nsw-ckan-aefcde60-3b0c-4bc0-9af1-6fe652944ec2/details?q
https://results.aec.gov.au/27966/Website/HouseDivisionalResults-27966.htm
https://www.pv-magazine.com/2020/03/19/forget-toilet-paper-australians-are-panic-buying-pv/Australia
https://www.pv-magazine.com/2020/03/19/forget-toilet-paper-australians-are-panic-buying-pv/Australia

	Certificate of Original Authorship
	Chapter 1 - Introduction
	1.1 Background
	1.1.1 Rising demands of electricity generation

	1.2 Energy as a global issue
	1.3 Why generating solar energy is important
	1.4  Solar energy for electricity generation
	1.5 Solar cell technology
	1.6 Solar energy at the global scale
	1.7 COVID-19 Impact on Global PV Market
	1.8 Outline of the thesis
	1.9 Significance of the project

	Chapter 2: Solar energy in Australia
	2.1 The geographical location of Australia for solar energy utilisation
	2.2 Importance of solar electricity generation in Australia
	2.3 Solar Energy Business in Australia
	2.4 Tradeable energy certificates for the energy business
	2.5 Market Incentives
	2.6 Solar battery rebate or virtual power plants
	2.7 Effect of socio-economic variables on Australian solar energy market
	2.8 COVID-19 pandemic effect on solar energy business in Australia

	Chapter 3: – Literature Review
	3.1 Factors affecting the solar energy market
	3.1.1 Literature Background
	3.1.2 Solar energy market and GDP growth
	3.1.3 Advertising and social media impacts
	3.1.4 The cost factors

	3.2 Demographic Factors
	3.2.1 Population
	3.2.2 Citizenship Status
	3.2.3 Area

	3.3 Social Factors
	3.3.1 Family
	3.3.2 Education
	3.3.3 Dwellings
	3.3.4 Neighbours

	3.4 Economic Factors:
	3.4.1 Income:
	3.4.2 Housing Ownership:
	3.4.3 Employment Status:
	3.4.4 Cost of Solar System:

	3.5 Energy Policy and Financial Incentives
	3.5.1 Feed-in Tariffs:
	3.5.2 Tax Credits:
	3.5.3 Subsidies:

	3.6 Environment:
	3.6.1 Renewable Energy and Environment
	3.6.2 Topography of Region:

	3.7 Pandemic Effects on Solar Energy Market:
	3.7.1 Impacts on solar energy businesses:
	3.7.2 Lockdown and financial market:
	3.7.3 Effect on Transport and supply chain:
	3.7.4 Effects on earth’s environment:

	3.8 Recent studies of COVID-19 pandemic effect on renewable energy market
	3.9 Conclusions

	Chapter 4: Statistical Models
	4.1 Introduction
	4.2 Linear Regression Model
	4.3 Logit Model
	4.4 Probit Model
	4.5 Structural Equation Modelling (SEM)
	4.6 Spatial Econometric Panel Models
	4.7 Decision Tree Model
	4.8 Time Series Model
	4.9 Geographically Weighted Regression
	4.10 Cross-sectional Model
	4.11 Comparative study and limitations of the statistical models

	Chapter 5: Methodology
	5.1 Research Question
	5.2 Research Framework
	5.3 Research Methodology
	5.3.1 Data acquisition
	5.3.2 Australian Government Clean Energy Regulator
	5.3.3 The Australian PV Institute
	5.3.4 Australian Bureau of Statistics

	5.4 Econometric Model
	5.5 Statistical Tests and Checks
	5.5.1 Statistical Significance Test
	5.5.2 Variance inflation factor (VIF)
	5.5.3 R square (coefficient of determination)


	Chapter 6: New South Wales Test Model
	6.1 Method
	6.2 Model and Variables
	6.3 The COVID variable
	6.4 Socioeconomic and demographic variables
	6.5 Climate change attitude variable
	6.6 Results and Discussion
	6.6.1 Results without socio-economic controls

	6.7 Results with socio-economic controls
	6.7.1 Northern Beaches Sydney region
	6.7.2 Greater Sydney region
	6.7.3 Newcastle region
	6.7.4 Regional NSW
	6.7.5 Relationship with the control variables
	6.7.6 COVID/socio-economic interactions


	Chapter 7: National Level Model
	7.1 Methodology
	7.1.1 Contemporaneous model without Control Variables
	7.1.2 Contemporaneous model with Control Variables
	7.1.3 The Variables
	7.1.3.1 Construction Ban Variable
	7.1.3.2 Population
	7.1.3.3 Marital Status
	7.1.3.4 Female
	7.1.3.5 Age
	7.1.3.6 Education
	7.1.3.7 House ownership
	7.1.3.8 Types of dwelling
	7.1.3.9 Number of bedrooms
	7.1.3.10 Household size
	7.1.3.11 Household total income
	7.1.3.12 Unemployment Status
	7.1.3.13 SRES Subsidy Zone Rating


	7.2 Lag effect Model
	7.3 Contemporaneous Interaction Model
	7.4 Lag Interaction model

	Chapter 8: Results and Discussion
	8.1 Contemporaneous model without Control Variables
	8.2 Contemporaneous model with Control Variables
	8.3 Lag Model
	8.4 Contemporaneous Interaction model
	8.5 Lag Interaction model

	Chapter 9: Conclusions
	9.1 Barriers to Residential Solar Adoption
	9.2 Key Determinants of Residential Solar Adoption
	9.3 Policy Implications
	9.4 Study limitations
	9.5 Suggestion to enhance the Australian solar energy business after the pandemic
	9.5.1 Energy market stability
	9.5.2 Collaboration between real estate and solar energy business
	9.5.3 Enhancing solar energy business by innovative advertisement
	9.5.4 Analysing solar electricity data to predict people’s behaviour during a pandemic situation

	9.6  Opportunities for future research




