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Abstract

Little is known about residential electricity demand in di®ping countries. In order to shed some light on this topic,
this study combines data from South Africa’s recent Incom& Bxpenditure Survey with data from the National
Energy Regulator of South Africa to estimate the deterntsahresidential energy demand. Combining electricity
tariff data from the regulator with expenditure survey data fromseholds provides an opportunity to explore the
determinants of the demand for electricity. Due to the largmber of zeroes in the dataset, a two-part model is
employed. The results indicate that household income asulridity price are major demand determinants, and for
the full two-part model, electricity demand is normal, adlwas downward sloping, although inelastic in both cases
asexpectedsubstitutefuel useimpactstheseelasticities We also find that access to free basic electricity, a policy
designed to improve access to electricity does what is éggdedt is associated with increases in the probability
that households purchase electricity and reduces totanakfre on electricity. Household demand is also higher
for appliance-rich households in urban areas, especfalere are more household members and they live in larger
dwellings.
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1. Introduction

With increasing economic development, energy consumjati@outh Africa has risen. This rise has been driven
by two separate components. Firstly, following the end airtpeid, the government committed to electrification.
Dinkelman (2011) notes that at least two million househédtisse to one-quarter of the total) were connected to the
grid by 2001, which was much faster than the roll-out achiesets by the US under President Roosevelt's Rural
Electrification Act. Thus, more people had access to elgttrthan before, and, as underscored by Dinkelman
(2011), the roll-out could be tied to the economic developtaehievements in the country. Secondly, South Africa’s
economic output relies heavily on primary industries (kwshR014), such as mining, which are energy intensive,

and, although output in those sectors has been cyclicasigknerally increased over the last decade in order to fuel
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development in China. These two features, along with thitlet investment in new generation capacity dropped to
zero between 2002 and 2006 (Bayliss, 2008), led to a severgarisis in 2008 (Bayliss, 2008; Gaunt, 2008).

To mitigate that energy crisis, Eskom, the state utilittanpled in 2005 to expand its generation capacity by
17 120 MW (megawatts).However, such expansion does not come online quickly. Tinusgdition to expansions
in supply, a variety of energyigciency and demand side management (EEDSM) activities wgraplace, many
focused on the residential sector, to reduce both peak diarahoverall electricity consumption. Although research
is underway to examine thédfectiveness of these interventions, a spate of rolling ldatkin January and February
of 2015 suggest that these strategies have not been emiietyive. Possibly, fectiveness could be improved, if the
strategies were targeted more carefully, which requiresteebunderstanding of the end-users. In this research, we
focus on one electricity end-user, the residential seetwd, we examine the determinants of electricity usage in an
effort to highlight potential avenues for intervention to putally curb residential sector electricity consumption.

Compared to other sectors, energy consumption patterteiresidential sector are more complicated. House-
holds are decentralised decision-making units, and cora#t ghapes and sizes. Energy consumption patteffey di
from one household to another, potentialifeated by economic, socio-demographic, geographic andgaiyhar-
acteristics. Furthermore, uncertainties associatedwithan behaviour naturally pose challenges, when consmleri
programmes and policies that might be implemented in thideatal sectof. Thus, household electricity usage

behaviour will depend on the expected — income and the pfiedeatricity — as well as a number of other fac-

tors—, suchassubstituteenergysources.ln manyAfrican countriesa numberof householdsnakeuseof firewood,
ardfin and charcoal,andtheseenergysourcesaffect electricity consumptiorandvice versa;seeHeltberg (2004),

Louw et al. (2008) andohnson and Bryden (2012) fanalysisof relationshipdetweerfirewood,pardtin, charcoal
andelectricity. Brounen et al. (2012) indicate that residential consunmptaries with household income and family
composition. Meanwhildjfestylecould reflect social and behavioural patterns associatédagpipliance use (San-
quist et al., 2012), and, therefore, the stock of electrigliapces is associated with increased electricity consump
tion (O’Doherty etal., 2008; McLoughlin et al., 2012; Bediral., 2013). Dwelling physical factors (i.e., buildinggy,
size, thermal and quality characteristics) are relatedtsbhold energy consumption (Tso and Yau, 2003; Brounen
et al., 2012). Regional fferences also matter; Niu et al. (2012) find that high-incorbami residents consume more
electricity than low-income rural households, while othegional characteristics also matter (Hondroyiannis4200
Narayan and Smyth, 2005). With the exception of Niu et al1l@@nd Tso and Yau (2003), who consider China, the
previously listed research is taken from developed coestri

It is clear from the preceding discussion that prices andrimzare not the only determinants of electricity usage.

1Eskom website:http: //www.eskom. co.za/0urCompany/CompanyInformation/Pages/Company_Information_1.aspx. The ex-
pansion target is to be achieved with one pumped-storagdévemaoal-fired power stations, together with one wind farnd anconcentrated
solar-thermal station. However, the partial focus on dwatli solutions has raised a number of concerns over patiwgidernalities (Nkambule
and Blignaut, 2012; Riekert and Koch, 2012).

2In South Africa, electricity is the main energy source foubehold use (Stats SA, 2012a), while consuming about 25%talf énergy in
2012 (DOE, 2016); this proportion has likely increased, ttuturther progress in the National Electrification Prognaen(Bekker et al., 2008),
increased appliancdtardability and increasingly wealthy households (even ¢foappliances are becoming mofé@ent in their own right).
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Therefore, we accessed férdata from the National Energy Regulator of South Africa (N and merged it
with the 20102011 South African Income and Expenditure Survey (SA IE&{SSBA, 2012b), which resulted in a
database that is nationally representative and includes pariation, as well as other potential economic and socio
demographic determinants of electricity demand. We usedbimbined data to examine the standard features of
demand, income and pricéects, while controlling for additional factors in ouffert to highlight potential avenues
for intervention in the residential sector. The breadthhef$A IES questions, along with the approach taken to merge
price data, ffers an opportunity to analyse household electricity coniam, inclusive of many household-level
variables.

We are not the first to use expenditure data, although mostghes in the literature come from developed coun-
tries. For example, Barnes et al. (1981), Branch (1993) aticeFal. (2014) use the U.S. Consumer Expenditure Sur-
vey from diferent periods to estimate prigecome elasticities of demand for residential electricithile Halvorsen
and Larsen (2001) examine factoffegting growth in Norwegian household demand from 1976 td188ng that
country’s annual consumer expenditure survey. One dewgjamuntry exception is Anderson (2004) who under-
takes a similar analysis (combining SA IES data and regufaioe data) in South Africa, focusing only on prepaid
electricity users. That analysis, based on the year 20@0 idah need of updating, partly to determine whether or not
residential consumers became more price-conscious h&e2Q08 electricity crisis experience. We also extend that
analysis, including additional types of electricity comsrs, using a larger set of electric appliances and aceaynti
for Free Basic Electricity (FBE, a program designed to invpraccess to electricity for low-income South Africas).

Using the SA IES data, unfortunately, comes with additigggles. One advantage is the availability of household-
level income, expenditure and demographic informatiomner, it rarely includes price information; thus, as noted
a secondary source of price variation is needed, which wesadcomthe NERSA, albeit at a regional level. Further-
more, expenditure data in a country like South Africa, whsenee households access FBE and some grid-connected
households do not actually report using electricity, idela fair share of zero observations. Thus, for the analgsis,
two-part model (2PM) is applied to take account of two sefedieatures: the probability that a connected household
actually reports electricity consumption and the consummgdf electricity, conditional on purchase.

Although economic theory argues that consumer behavicaffésted at the margin, and, therefore, consumers
should respond to marginal changes in the price, househet#sve their electricity billex-post typically for at
least one month of uskthus, behavioural responses may be easier to measure \sithgavprices (Fell et al., 2014;
Ito, 2014). One measure of an average, and the one we ineatepigrthe area-level price. As noted by Branch
(1993) and Halvorsen and Larsen (2001), who use municgalprices, doing so is synonymous to assuming that

households in the same municipality face the same eldgtpdice. On the other hand, Alberini and Filippini (2011)

3A number of households receive free basic electricity (FRfEscribed in Section 2, and may choose not to purchase thepeir free
allotment. Finally, there is evidence that 0.9% of Eskomegated electricity is stolen at the residential level, ahdrefore, usage may not be
reported by households with access, but do not pay for thestreeity (Sourcehttp://www.esi-africa.com/wp-content/uploads/2014/
05/Maboe-Maphaka. pdf).

“4In South Africa, electricity meters are read only every otnenth in a number of municipalities to keep costs down, vélectricity bills are
“estimated” in a less than completely transparent fashion.



use the average prices of a given electric utility, instefldomsehold-level price; their data are from the American
Housing Survey. The South African situation is rather saimitiue to local-level control over distribution, end-user
prices are regional, and households in those regions facsatme taff structure. Fortunately, the SA IES includes
appropriate information to match the household to theialdevel electricity distributor, which allows us to assig
them a regulator-approved téri

The South African literature on electricity consumptioneesTable 1 — has, nearly exclusively, made use of
time series data and generally ignored the residentiabsedhe available time series data are used to forecast
residential (Ziramba, 2008), industrial (Inglesi-Lot®12l) or aggregated (Pouris, 1987; Amusa et al., 2009; Ingles
2010; Inglesi-Lotz and Blignaut, 2011) electricity demam&outh Africa, although Inglesi-Lotz and Blignaut (2011)
decompose South Africa’s electricity consumption acrassresidential sectors. Regardless of the sector corslder
none of these time series studies are able to incorporate detailed information about the end-users in that sector.

Table 1 about here

The exceptions to the time series focus are Louw et al. (2008)erson (2004), described earlier, and Jack and

Smith (2015). Louw et al. (2008) examine factofi®ating electricity usage decisions in low-income housgfiiom

two typical rural villages in South AfricaThe pricesof substitutefuels (pardfin andcandlesareincludedin their

models;they find that substitutefuels impactlow-incomehouseholdelectricity consumptionalthoughcross-price
elasticitiesareinelastic. Unfortunately, they neither include electricity price aat their final analysis nor uncover

any price &ects(Louw et al., 2008) Jack and Smith (2015) use customer transaction data frerCitty of Cape
Town combined with property value records. They focus opaigtelectricity users, while examining the relationship
between property value and electricity purchasing padtefiiney find fewer monthly prepaid purchases, but greater
total expenditure, for higher value properties, suggegdtiat prepaid electricity meters introduce flexibilitypating
liquidity constrained households to purchase electrigiaick and Smith, 2015). By incorporating price information
more detailed household-level data, and accessing rel\atiecent data, our research is able to complement these
studies. In particular, we examine the contribution of exnit and socio-demographic factors to electricity demand
in South Africa, while providing one of the first studies urtd&en in a context marred by severe electricity supply
concerns.

The results of the analysis are supportive of price and ircoralasticity, as was expected. Our estimated in-
come elasticity i£-13®.128 while the estimated price elasticity-8-8880.305 Furthermore, a number of socio-
demographic, geographic and physical factors also infledreisehold electricity consumption, as well as the es-
timated elasticities. These factors include various disimrs of wealth and potential energy need. The significant
impacts of these determinantfer implications for energy policies. First of all, incrergithe price may not be the
most dfective reduction strategy, due to inelastic demand. Sedbisdnecessary to consider other relevant factors,
when designing energyfeciency programmepolicies. For example, energshieiency programmes could be tailored
for different population groups infikrent areas. In addition, energffieiency improvement could be incorporated

into poverty alleviation targets.



2. South African Residential Energy Consumption

South Africa (a newly industrialised country accordingte World Bank) is energy-intensive, because its main in-
dustry, minerals extraction and processing, along wittohisally low energy prices, have likely provided littleden-
tive to save energy. Eskom’s average residential elesttiaiiff was ZAR 0.40kWh (kWh: kilowatt hour; ZAR 0.40
~0.06 USD; USD £ZAR 6.35) in 20082006 (Newbery and Eberhard, 2008) and ZAR 0/&80éh (~0.08 USD;
USD 1=ZAR 7.25) in 20102011 (Eskom, 2011), respectively. However, an electricitgis in 2008 had a number
of effects. An amount of R60 billion was allocated to support Eskarapital financing requirements over the fore-
seeable future, and to support enerficeency and increased renewable energy sourcing (Natiacealstiry, 2008).
The crisis also led Eskom to propose and NERSA to accept artaddricity tartt increases between 16% and 25%
for households in South Africa (DOE, 2012b); the Nationakkgy Hiiciency Strategy argued that the low price of
energy was a significant barrier to enerdgiga@ency (DOE, 2012a). In addition, consumers began to utaletghat
generation capacity in South Africa was constrained. DAE.2D) survey evidence implies that a large proportion
of households are aware of basic energy-saving methodspf? &%useholds are aware that switchir§lights when
leaving the house is energy saving, while half of the houlstlshdaim to undertake this action. Furthermore, 40% of
households are aware that switchirffjthe geyser at certain times during the day or night resulenergy savings,
while 15% claim to take that action.

According to our survey data, approximately 71.5% of hoofi#hconsume electricity, but only 1.1% usgtural

gas (including gas supplied through either a public netwogurchased in cylinderthelatterpurchaseareprimariy

ferspaccreatersandgasgrills); 11.7% and 11.6% use liquid and solid fuels, respectivee percentage of house-
holds that use electricity for cooking increased from 57i8%002 to 73.1% in 2011 (Stats SA, 2012&iverbeth

—Possibly, the biggestfié-
ciency problem relates to heating water, i.e, water hggagser inficiency. Water-heating contributes 40%-50% of
monthly electricity consumption in the residential se¢tdeyer, 2000).

In an dfort to alleviate constraints on electricity availabiligy,series of EEDSM projects have been promoted
by the South African government and Eskom. For instancegalacale solar water heating rebate programme was
initiated in 2009 to encourage households to switch to sekter heating. In addition, a residential heat pump
rebate programme was run from 2011 with a similar goal: redhe load associated with residential water hedting.
Furthermore, since lighting islse-a large energyseuserin households, a number of large-scale lighting retrofit
projects aiming to reduce the residential lighting loadehalso been implemented in South Africa (Ye et al., 2013,
2014). De la Rue du Can et al. (2013) present evidence tha¢#iidential sector has delivered 76% (2 333 MW) of

SDepartment of Energyattp: //www.energy.gov.za/files/swh_frame.html and Eskomhttp://www.eskom.co.za/sites/idm/
Residential/Pages/hotwatersolutions.aspx.
6Eskom http: //www.eskom.co.za/sites/IDM/Documents/specifications_for_heat_pumps_on_rebate_programme.pd.



all peak demand savings. The improvement resulted maiaty fass roll-outs of compact fluorescent lamps (CFL);
over 53 million incandescent bulbs were replaced with mfieient CFL bulbs.

Despite these improvements, South Africa was back in ébitgtcrisis mode in 2014. Rolling scheduled blackouts
occurred from early November 2014 through mid February 20T%is spate of power cuts was the worst since
the 2008 crisis{ttp://ewn.co.za/2014/12/08/Eskom-ceo-apologises-for-load-shedding). Despite the
electricity capacity expansion programme, launched ir62®8edupi and Kusile, the initial coal-fired power plants in
the plan, were many years behind schedule the meantime, most of the power stations are approachagnd of
their lifespan, resulting in substantial operationafiiwéencies (De la Rue du Can et al., 2013).

Electricity generation capacity is and has been constiéim&outh Africa for a number of years, and, although
there are programmes in place to try to reduce demand thioyglovements in energyfiéciency, primarily within
the residential sector, it is also true that electricitgpsiare going to rise over the next few years. Thereforepiaghe
additional information that could help in both policy fortation and in designing additional EEDSM programmes
(or redesigning current ones), an improved understanditigealeterminants of household electricity consumption is
necessary.

Even though improving energyfiziency is an urgent need, South Africa’s history alfects electricity demand.
Too many poor households have no access to basic serviobsaswvater, sanitation and electricity; a recent study
(Harris et al., 2017) argues that changes in householdigigctccess are closely related to household formatiah an
dissolution dynamics in South Africa. As part of the Natibimaligent Policy (DPLG, 2009), which aims at poverty
alleviation, the FBE policy has been in place, since 2003 ER003). Although FBE is meant to cover the entire
country, it is not implemented in the same way in every muypailiiy. Behind the policy lies the desire to provide
50 kWh of electricity per month to poor households (DME, 20@3gure 1 shows the proportion of consumer units
receiving FBE services from municipalities and servicevjiters over the period 2010 and 2011 (Stats SA, 2092c).
As can be seen in Figure 1, there are region@iédinces with respect to FBE provision between 2010 and 2011.

Figure 1 about here

A total of 870 GWh (Gigawatt hour) of FBE was consumed in th&4£2015 financial year (NERSA, 2015).
Given that total electricity consumption in South Africa2i84 163 GWh (Eskom, 2015), FB&ntributesconsumes
0.4% of total electricity. Although only a small percentagighe total, FBE access (as seen in Figure 1) is high.

However, the proportion of those receiving FBE dropped fl20i0 to 2011, due to a change in the FBE access

“Load shedding can be traced to the collapse of a coal stoitaget she Majuba power station in Mpumalanget€p: //www.citypress.
co.za/business/eskom-silo-collapse-unexpected-matona/), while the breakdown of two Eskom generators made the tiondivorse
(http://www.bdlive.co.za/business/energy/2015/01/08/failures-take-eskom-to-load-shedding-brink).

8Construction on Medupi power station started in May 2007k@Es 2007). The first unit was scheduled to come into servimy én
2011, and six units totalling 4 500 MW were to be online by 200&dupi produced its first power from the beginning of Mar€i2 http:
//www.fin24.com/Economy/Medupi-produces-its-first-power-20150302). Kusile power station Unit 1 was scheduled for operation in
early 2017 (Eskom, 2014), but has not yet produced any iggtr

9Figure 1 is not necessarily comparable with the SA IES dateatise: (1) The data come from municipalities instead o§élanids; (2) Most
municipalities can not identify multiple households seny one billing unit or delivery point (hence, “consumertghinstead of “households”
underpin the data); and (3) The reporting period is 1 Julg02€o 30 June, 2011, which isftérent from the SA IES we use.
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mechanisms; access became self-targeting, technicabgraghical, rather than broad-based (Stats SA, 2012c). In
other words, FBE is provided atférent levels by dierent methods over time and space. According to Stats SA
(2012c), more than 70% of municipalities provide FBE at tlamdard level — 50 kWh, while 8% supply FBE at other
levels. A recent NERSA report (NERSA, 2015) indicates thahe 20142015 financial year, 88% of municipalities
supply 50 kWh FBE; but 250 kWh, 150 kWh, 100 kWh, 80 kWh, 75 kW@ kWh, 65 kWh and 60 kWh are also
offered. Additionally, some municipalities provide FBE toraidential consumers, regardless of household income
and electricity consumption. For example, Ekurhuleni wgdtitan municipality provided 100 kwh of FBE to all
residential Taff A consumers in 2002008 and 2008009 financial years (Ekurhuleni, 2008)On the other hand,
and more in line with the goal of FBE, some municipalitiesyoptovide FBE if the household is registered in the

indigent programme, and changed to prepaid meters.

3. Data

3.1. Data Description

This study uses data from the SA IES 2(AM 1 conducted by Statistics South Africa from Septemb&026
August 2011 (Stats SA, 2012b). The SA IES is a cross-sedtsamaey conducted every five years. Its sampling
frame is based on the master sample of South African censumezation areas; in this case, the 2001 Population
Census enumeration areas, as the 2011 Census frame waadoat¢hat time. The SA IES 20011 data provide
detailed income, expenditure and demographic informatio@5 328 households throughout South Africa. Personal
level information (like age, gender, race, marital statesupation, employment status and income of each person in
a household) is also available. However, our focus is on &aelfof the household, when compiling this information
for each household. After merging the information toget@oss the dierent survey files, only 25 015 household
samples remained. In some households, there was no cléeatiod of the head; we also removed the households in
which the head was younger than 15.

For the present analysis, only households connected toabieieity grid are considered — out of the 25 015 house-
holds, 22 106 are grid-connected (88.37%) and 2 861 are moiecbed (11.44%), while 48 (0.19%) are unspecified.
Unfortunately, in a number of cases, it was also not possibéeparate electricity cost from water cost; a number of
municipalities present customers with a consolidated lila number of additional cases, survey respondents are not
responsible for their own electricity accounts, and, thilsy did not report separate electricity expenditures.séhe
households were also removed from the analysis. Missirg @aimportant variables, such as education, access to
piped water and flush toilets, dwelling type, receipt of FB®nership of property and appliances etc., resulted in
a final efective sample of 16 851; 8 164 households out of 25 015 have depped. To see if dropping appears

to be selective, and, thus mighttect the empirical analysis, we compare the means acrossttiaed and dropped

107ariff A is a lower-end use tdfiplan, and is available for single-phase 230 V and multipH@¥230 V connections with a capacity of up to
80 A per phase. This tdfisuits low consumption domestic and micro business cus®(iurhuleni, 2008).
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samples, as shown in Table Al. Although there afiedénces, the means from the separated samples fall witkin on
standard deviation of the other sample’s means, and, tmappihg these observations is unlikely to have a strong
influence on the reported results.

Although the number of household controls available is araathge, the SA IES 2012011 does not include in-
formation on electricity prices. To accommodate this latitin,tieNERSA approved municipal tdfs for 20102011
have been used in this study. According to the NERSATtddtabase, the municipal electricity tafior 20102011
is regulated for indigent, prepaid and conventional metehiouseholds, separately. The indigentidsiapplied for
poor households, who have been registered in the Natiodaént Policy programme; the prepaid fais applied
for prepaid meter households, while the rest are subjearigentional tafi's. The SA IES dataset includes a unique
identification (ID) number for each household, and the finse¢ digits of the ID indicate the municipality in which
the household residés$,but the data do not indicate who is registered in the Natitmdigent Database. In other
words, it is possible to match the appropriate NERSA appiovenicipal tarff for 20102011 to the household based
on an assumption about indigents. Thus, we assign the indigef to households who receive only FBE; there are
214 such households. There are a numbéooisehold$15 128ieuseheldgbeforereducingthe sampleasdescribed

above)using prepaid meters; the res673-househeldsireassigredheareassignedonventional taffs. For those
missing municipalities in the NERSA approved fhlist, we use taffs ef-from district municipalities instead.
In the SA IES 2012011, electricity expenditure for each household is cautim four separate columns: “water

and electricity”, “electricity”, “prepaid” and “free basklectricity”.

e “water and electricity” is for households with consolidhtwater and electricity bills. Since it israblenot

possibleto split electricity out of the bill, these households arejred.
e “electricity” (Elec): for conventionatreteringmeterhouseholds.
e “prepaid” (Prepaid): for prepaigheterirgmeterhouseholds.
¢ “free basic electricity” (FBE): for households whose wilbill reports the value of FBE.

This information underscores the description in Table 2riatching the NERSA taffito each household.

Table 2 about here

In addition to the dferent tarff groups, there are three types of fastructures according to the NERSA approved
tariff list for 201Q2011: the single rate, the single rate with a basic chargetamdihcline block taft (IBT) (Ta-
ble 3). According to the matched resultforeremovingobservationss outlinedabove,63% of the households
are assigned the approved singleftari few municipalities apply a single electricity rate wittbasic charge — to

recover distribution and billing-related costs (incluglithe electrical distribution system, the meter, postagstomer

11The electricity supplier for residential customers is @itEskom or municipality in South Africa. In the SA IES dataisi not possible to
separate Eskom direct customers from municipal customéesice, we apply the NERSA approved municipalffeior al-the samplesentire
samplewithout consideringhe Eskom tarff during the matching process.
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record-keeping, meter servicing and reading). 3 019 haldsl{12%) face this taffistructure. The IBT mechanism
divides electricity prices into several blocks, and, thisis, nonlinear taff; the first block of electricity is priced low-
est, and there are 2-4 blocks. Roughly 19% of the licensedaipatities have implemented this t&rstructure (DOE,
2011). For households in municipalities following the IBWe assign the average of the approveditmacross all of
the blocks, as a proxy for the average domestidttthrese households face (25% of households). We also created a
binary indicatory for householdsith-facinganonlinear tarff structure: the IBT or a single rate with a basic charge.
Table 3 about here
The SA IES does not capture electricity consumption in kWathr, the survey captures expenses on electricity

for each household. Therefore, we take electricity expengliasour dependent variable and calculate the price and

income elasticities of demand accordingly. Sieeonly expenditure$or substituteduelsarerecordedn thedata,it
is not possibleto estimatecross-priceelasticitiest? Insteadwe estimatecrosseffectsof substitutefuels by includin

botha dummyfor the purchasef andexpenditureon substitutefuels; seebelow. Sincethe SA IES 20102011 took
place over a period of twelve months, all reported expeneliiata have been inflaeéflated to March 2011 prices

using the consumer price index (CPI).

3.2. Variables

The variables used in the analysis are listed in Table 4. Ependent variable is monthly household electricity
expenditure, whil@onlinearis the binary indicator for nonlinear téirstructure. The SAIES 2012011 data captured
the value of FBE, or the amount of money FBE is worth, for hbasgs, whose utility bill indicates the value of FBE
received, although no payment for the “value”. Since the EBfecorded and counted as both in-kind income and in-
kind consumption for the household, the FBE value has nat be®rporated into household electricity consumption

expenditure? If the households know they are receiving FBE, they are aeit as receiving FBE, represented by

fbe As suggeste@bove to accommaodatsubstitutefuelsin the analysiswe includeexpenditureon gas,liquid and
solid fuels. Specifically,in the model,we includebothanindicatorof purchasef any substitutefuel, alongwith the

squareootof actualexpendituré?
Table 4 about here

As implied from our preceding discussions, a number of hbolklevel variables are also included. For ex-
ample, we include socio-demographic characteristice @igge, gender, race and the highest level of education level

completed by the household head). Other controls relateet@velling, such as the total number of rooms in the

12plthoughthe SouthAfrican EnergyPriceReport2011(DoE, 2013

in eachmonth,andin the caseof pardtin, thereareonly two pricesper month,aninland andcoastalprice. In the caseof solid fuels, only annual
averagepricesof coal arecaptured.Thereis not enoughvariationin price informationfrom this reportto mergeit to householdsn the samewa
we havefor the electricity prices.

13we also incorporated reported FBE values into the calanati household electricity expenditure in a further arialy$here are no evident
differences from the results we report. Further results aréablaifrom the authors.

14The squareroot is preferred,asusingthe naturallogarithm, when zeroalternativefuel expenditures reportedby approximately90% of the
householdswould yield too few observations.




dwelling, dwelling type, settlement type, access to pipatewand a flush toilet, as well as ownership of the dwelling.
Additional variables included relate to concepts of energgd, as well as wealth. For example, we consider the own-
ership of electrical appliances listed in the survey: radieregHiFi, television set, DVD (digital video disc) player,
refrigeratoyfreezer, stové® microwave oven, washing machine, computer, camera, aeigpHandline phone, DStv
(digital satellite television), internet service and poweven tools. Considering climate conditions are alsorgye
consumption drivers, we includeinter and summerindicators to capture seasonal fluctuations in electriciy-
sumption. Finally, in order to consider provinciatférences in electricity consumption, provincial dummy abhes

are included.

4. Methodology

The demand for a good or service is determined by the priceefbod or service, consumer’s income and
preferences.Electrieity-Thus, electricity price and household income are indispensable factors tobsidered.
In terms of household electricity consumption, a consusngréference can be represented by variables related to

household electricity consumption behaviours. Househblddtricity demand is modeled as
Y = f(p.1,F.D, H), 1)

whereY denotes monthly expenditure on electricity consumptjpis, electricity price,| dereteapturesnonthly

household incomeéa-densted denotesubstitutefuelsfor householdise,D coversdemographic characteristics and

H represents variables related to the dwelling.

The econometric model used in this analysis considers tepce of zero electricity consumption expenditure
households in the data, but only considers households ctethto the grid and able to access electricity. Roughly
5.6% of the electrified households have zero expenditurdemtrieity. Zero expenditure may arise fthre following
reasons: the household is connected but can fiotdaelectricity; arethe household has received FBE, does not
wanfneed to consume more electricity, and we record their exipaedis zero. Out of the 948 households with zero
electricity consumption expenditure, 23.4% have receBHwhiletheresthavenet—Fhese; thesezero values are
observed and represent actual outcomes, rather than eafiresmissing values or potential outcomes. According to
Dow and Norton (2003), a two-part model (2PM) is appropriatdis case.

The 2PM separates the dependent variable into two parts: ‘0" and “Y|Y > 0" (Duan et al., 1983, 1984).
For the first part, we assume a standard probit for the prbtyathie household has positive electricity consumption
expenditure

PrlY > 0X] = &(XBy), ()

15Unfortunately, stove includes gas, electric or ianastyle stove, and it is not possible to separate them. Hawesealready noted, only a
small portion of households record expenditures on gas €i¥dpr pardfin (7.8%); hence we are willing to assume a stove is more theiyli
electric. Furthermore, stove ownership does, at leasigfigntelate to household wealth, and, therefore it sho@drizluded.
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where Pr{] denotes probability®d(-) is the Cumulative Normal Distribution Function (CDFY; > 0 is a binary
indicator for positive electricity consumption expend#uX is a vector of independent variables, whidfeat the
probability of household electricity consumption, ghds a vector of associated parameters to be estimated.

The second part is specified as an ordinary least squares) (@h&ssion of the logged dependent variable

In(Y|Y > 0, X), conducted on the electricity consuming subset.

E[Y]Y > 0,X] = XB2 + E[¢]Y > 0, X], 3)

whereX is the same vector of independent variables for Eq.A2)s a vector of associated parameter estimatés;
an error term. Following Dow and Norton (2003), normal hokeskastic errors and EE|Y > 0, X] = 0 are assumed.
We use the STATA command, “twopm” (Belotti et al., 2015), tdatlate marginalf@ects of the 2PM. In our setting,
which has stratified random sampling, we need to apply a manpetric bootstrap to calculate the standard errors
for marginal éfects of the 2PM (Belotti et al., 2015). However, it should lo¢ed that the second part is based on
InY = In p+Ing; we observe both expendituré)(and local pricesyf), but not the quantityq). There are two features
to keep in mind in this setting. First}is expected to fall when prices rise; therefore, an incr@ageice will only
raise total expenditure, if the quantity does not fall famiwgh (i.e., if the price elasticity is less than one). Se¢time
price elasticity of demand, conditional on positive elieity expenditure, is given bgnp — 1,1° while the income
elasticity of conditional demand is given I8y)n,. Furthermore, the marginatfects in the full model are based on
re-transformed data, i.€Y, such that the marginatiect of, for example, Ip or In1, are expenditure semi-elasticities,

rather than demand elasticities.

5. Empirical Results

5.1. Prices and Incomes

Our primary interest is in the price and income elasticitieslectricity demand; thus, we focus on those results
for the 2PM, which are available in Table 5. This table camgahree sets of estimates: one for all households and
two for a reduced set of households. The reduction in numbsraoted in the data section, is primarily due to the
use of additional controls, grid connection and access ta. ABius, the two reduced sample estimates allow us to
compare the elasticities with and without additional colstr The results of the second-stage OLS (Columns (3)-(4) of
Table 5) outline theféects of price and income on conditional electricity demalritey show that electricity demand
is normal, but income inelastic. Income elasticity fallsrfr approximately 0.4, when there are no congrts0.1,
when additional household controls are included. Furtloeemconditional electricity demand is reduced by higher
prices, but the reduction is not always elastic. For thererstample, an increase in the price of 10% is expected to

reduce conditional demand by 11.2%. However, those realsitsincorporate households without access to the grid,

18We defings, . to the parametepn variablezin Eq. (3).
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and, therefore, are not expected to be representativedifieley demand. After eliminating such households, a 10%
increase in the price of electricity is expected to reduselédmand by 11.6%. Once additional household controls
are included, the price elasticity drops; a 10% increaskérptice is expected to reduce demand by 8.9%. The price
elasticity suggests that consumption does respond togpticevever, the household sector is found to have inelastic
demand, once the full set of controls are incorporated. €sults suggest that despite the fact that households in our
sample were recently subjected to an electricity crisisgpresponsiveness has fallen; Anderson (2004) estingated
elasticity of -1.35 using data from the year 2000. Howevewya discuss below, that can be at least partly attributable
to the availability of FBE.

Table 5 about here.

Despite these general results, households in South Afresanare likely to buy electricity in areas with higher
prices, as shown in Columns (1)-(2) of Table 5 — results thatadso in agreement with Anderson (2004). For all
estimation samples, prices are higher for those purcha$ingricity than those who do not; see Table 6. Specifically,
consistent with Jack and Smith (2015), who note that a largpgstion of residential electricity connections use
prepaid meters, households accessing power via prepagdaminate the sample. Furthermore, they face the highest
average price, while those with conventional electricithese who purchase their electricity post-pay — face a lower
price; see Table 7. Thatffierence translates into theflidirences seen in Table 6. However, we did undertake further
investigation, thinking the élierence might be location dependent: electricity priceshinie higher in wealthier
areas that are also more likely to purchase electricity.sTue re-ran the model with area-specific controls related
to household characteristics, such as income, wealth amchédn — specifically, we included local-level means of
all control variables — in order to account for possible etation between prices and municipality attributes. Those
results, shown in Table A2, suggest there is some corral&@@ween price and municipal attributes, and that they
affect both the probability of purchase and conditional dematalvever, they do not change the signs or values in
any meaningful way.

Tables 6 and 7 about here.

Previous research in South Africa — see Table 1 — finds incdastig@ties ranging from 0 to 1.673 and price
elasticities ranging from-1.35 to 0298, although these studies are not only focused upon rd&tlelectricity
consumption. Internationally, a smaller spread in eld®& is observed in the literature; income elasticities li
between 0 and 0.23, see Reiss and White (2005) and BrancB)(1@8le price elasticities lie betweerl.32 (Bernard
etal., 2011) and-0.08 (Alberini and Filippini, 2011). These studies, unlikeitfSouth African counterparts, are only
for the residential sector, which probably explains the llnapread in values. Our estimates lie within the ranges

observed both nationally and internationally.

5.2. Additional Determinants

The marginal &ects from the 2PM related to non-price and non-income ctnén@ presented in Table 8. The

nuance in results support our use of the 2PM. Both the namlitaeiT structure (which we interact with the log of the
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price) and FBE influence the probability that householdsipase electricity and total (log) expenditure, conditiona
on purchase. The nonlinear structure reduces the protyadjifpurchase, while FBE increases the probability by 1.6%.
As it is designed to do, FBE reduces (log) expenditure, dardil on purchasing electricity. Despite the opposing
effects in each of the two-parts, the overdikeet of FBE is a reduction in electricity expenditure in hdudds. On
the other hand, the nonlinear structure operates in thesijgpdirection of the electricity price. In other words,qai
responsiveness for nonlinear faidonsumers is smaller than for other consumers. Recalli@dgatige proportion of
prepaid households in our sample, along with Jack and SSM{@15) assertion that prepaid metefi@pimproved
flexibility, the result makes sense. Overall, however, #muilts also suggest that a nonlinearffatructure works as

expected; in areas with both higher prices and nonlineaini households spend less on electricity.

In additionto expectingown prices,aswell asfreely availableelectricity, to matter, substituteenergyoptions
shouldalsodetermineelectricity demand.Althoughit would be preferableto incorporatethe pricesof alternatives,
we were not ableto do so, asdescribedabove. Therefore,we incorporatedactual expenditureand indicatorsof

ositiveexpenditurefocusingon solid fuels (primarily candleandfirewood),(natural

ardfin). With respectto thesesubstitutesthe correlationbetweenexpenditureand the probability of purchase,
conditionalandfull demandvaseconomicallysmall, but suggestivef energy-mixingat the householdevel, at least

in thefull model.Specifically,total electricityexpendituras higherfor householdspendingnoreon eitherliquid or
solid fuels (Columns(5)-(6) of Table8). Whenexaminingtheindicators howevertheresultsaremoresuggestivef

substitution Householdpurchasingitherliquid or solidfuelshadalower probabilityof purchasinglectricity (about

,andthereductionwasstatisticallysignificantfor solid fuels. Furthermorepurchasindiquid fuelsstatisticall

to areduction,comparedo previousstudies. Secondlyasoutlinedabove we find evidenceof both energy-mixing
— more spendingon any type of energyraisesexpenditureon other sources- and energysubstitution— usingany
overall, areattemptingto usealternativesourcesof energyto limit their dependencen electricity. Althoughsome
therewill belessflexibility in theremainingelectricityneedsand,thereforeareducedoriceresponseBoth of these

energycrisesandrolling blackouts.
Further, our results suggest that larger households liniteyger urban homes, especially if owned, are more like-

ly to purchase electricity. We also find evidence that apgaownership, especially radio, TV, refrigergbmezer

and stove ownership are associated with an increased pligbabpurchasing electricity. With respect to total con-

sumption on electricity, which we see in Columns (5)-(6) able 8, nearly all appliances lead to increased total
13



electricity expenditure, as well as on conditional expandi (Columns (3) and (4)), although refrigeratreezers
and stoves have a larger impact on total expenditure, theer appliances. Similarly, as with the probability of pur-
chase, household size, actual size of the dwelling (in numitr®oms) and urban locale are associated with increased
expenditure. Given the nature of the analysis, the aforéioveed determinants have the same qualitati¥eot on
electricity demand. In other words, electricity demandighlr in appliance-rich large houses and households, but

lower in FBE households and those facing higher averagegimca nonlinear taffi structure area-inathyhousehelds

The results related to education were not entirely expediadh of the estimated margindfects on the prob-
ability of purchase, which are relative to a non-educateatlhes negative, while some — secondary and matric plus
— are statistically significantly so. We expected educationorrelate with wealth and income, and, therefore, be
associated with an increased purchase probability. Howigv&important to recall that we have incorporated income
and various measures of wealth, measured by number of ronchevanership of appliances. Therefore, once we
control for income and appliance-based electricity neddgcation no longer matters in the probability of purchase.
Furthermore, we see that education is not an importantmétant of total expenditure (or conditional expenditure),
once controlling for other factors.

In general, the results across both parts of the 2PM work posite directions, see Columns (1)-(4) of Table 8.
In addition to the results already described, the margifiacts ofpipe waterandflush toilet— the household has
access to piped water and flush toilet sanitation — are titatig significant under both parts, which means they are
important determinants of both purchase and quantity (tiomél on purchase). However, the full two-part model
estimates (in Columns (5)-(6) of Table 8) are insignificémis, the probability of buying and expenditure conditiona
on purchase cancel each other in the full modeffddénces in estimates across the first and second stage deat®ns
the advantage of the 2PM. It separately takes into accouthtthe decision to buy electricity and the expenditure,

conditional on purchase, because these decision procassasot be the same.

5.3. Policy Discussion

Unfortunately, South Africa’s apartheid past can be obsgin these results. Non-black households consume
more electricity, and that fierence is made worse by applianc&eatiences (not reported, but extensive across race
groups). In terms of policy, FBE was designed to partly alevinequality in the access to electricity, and, to some
degree, appears to have made at least soffereice: increasing access and alleviating the burdensiatsbwith
purchase. However, since the FBE policy does not aim to eedlectricity consumption (rather, it aims to increase
it), and the lack of clarity in the data regarding which hdusdds may have received FBE, one should be careful,
when interpreting the relationship between FBE and eldttruse we found. The racial fierences, unfortunately,
are underscored by South Africa’s historical legacy, amy firesent big challenges.

Because electricity is an important input for the economangh needed to potentially reverse apartheid’s racial
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differences, and, given the supply limitations discussed pustly, there remains a need to reign-in residential demand.
Doing so will expand availability for the primary and secangproduction sectors of the economy, and, according
to our results, this might be achieved by (a) focusing attartn dficient electrical appliances, (b) increasing prices
andor extending access to prepaid meters and (c) increasirtcatiigparency and focus of the FBE policy.

Electrical appliances were found to increase the demargldotricity, and, therefore, higheffieiency appliances
are expected to reduce demand; as noted above, De la Rue drt 8la2013) present evidence that the residential
sector has delivered 76% (2 333 MW) of all peak demand savi@igsilar programs aimed at reducing the purchase
price of energy flicient appliances such as previous solar water heater ai@néisl heat pump rebates would be
expected to further reduce electricity demand and experedit

With respect to price, electricity demand is price inelasince the full set of household controls are incorporated,
while nonlinear tafffs further reduce price responsiveness. Thus, an alteenthiit focuses consumer attention on
the price they pay — requiring prepaid meters, for exampke likély to have a larger impact. However, the price
inelastic nature of electricity demand implies that inseghprices will increase household expenditure on elégtric
at least for those who purchase, eroding household purdhasiwer. Given the legacy of apartheid, which led to
wide racial disparities in welfare, electricity price iases could further exacerbate thosBedénces. However, the
post-apartheid government has developed the FBE prograffsit some of those problems. Available data suggest
that this program is not applied in the same manner in allggdaand, more concerning, may not even be applied
directly to relatively poorer households. Thus, it is neegg to make FBE more transparent, since it is applied to the
benefit of poor households. If the electricity price keepseasing, then the FBE will be able tdéfget that rise in

price.

6. Conclusions

This study investigates the determinants of South Afriesidential electricity consumption in order to shed some
light on the demand for electricity in developing countrigfe study is based on data from the SA IES 2020Q1.
The results uncover a wide range of determinants, whoseibotion to the probability of buying electricity and
consumption conditional on purchase are often opposite etlter. The result that determinants migfieat the
probability of purchase in a fierent direction than conditional purchases supports oaiofithe two-part model in
this analysis.

Economically, expectations associated with demand werneldpIn terms of South Africa’s energy problems and
need for economic growth, the results present challengesedsed growth means increased income, and, therefore,
increased electricity demand at a time when new power ggorfacilities are not yet online. Meanwhile, increased
prices are expected to yield consumption reductions witklaé equal; yet, price increases may negatively impact
household welfare. Thus, a delicate balance will need tdrbelsand maintained. We find that the electricity price

and household income are major economic factors, and, éomtbst part, accord with economic expectations. A
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higher electricity price contributes to reduced consuomtwhile electricity is a normal good. Both price and income
elasticities are inelastic, once the full range of add#icsheterminants is incorporated in the model, and are within

the range of estimates available in the developing couitggature. Furthermorepur resultspoint to a reduction

in the price elasticity of demandcomparedo previousstudies. With regardsto alternativeenergysourceswe also
featuressuggesthathouseholdsoverall, areattemptingto usealternativesourcef energyto limit theirdependence

on electricity, andis a reasonableéesponsdo previousenergycrises. Unfortunately, racial dferences that can be
tied to South Africa’s historical legacy remain a featune.atldition to this set of expected results, we find that our

measures of electricity need and wealth are importantihéants of electricity consumption. Households with more
persons, a larger number of rooms and more appliances (df/reeyy kind) are found to spend more on electricity.
Similarly, households residing in urban areas consume elentricity than households living elsewhere.

Although a large number of determinants were uncoveredifenedconomic expectations associated with demand
were upheld by the research, further research is neededpréoeding analysis was limited to those connected to
the grid, partly because households not connected wouldararally be in a position to use electricity; they would
be unlikely to own appliances, for example. However, as tittig extended, more households will have access. At
this stage, we are not in a position to say anything about tienpial éfect of grid extension on overall residential
electricity consumption. Therefore, further researclo itite d@fect of rolling out the national electricity grid on

household electricity use, and even other forms of enesgyeded.
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Table 1: Electricity consumption analysis in South Africa.

Source Data and period Price and income elasticities Ecetramrmod-
el

Pouris (1987) time-series, 1950-1983  LR:income 0.71emc9 Unconstrained dis-
tributed lag model

Anderson (2004) household-level, 2000  income 0.32, pficgs Heckman selection
model

Louw et al. (2008) household-level, 1998  income: 0.243 §3D. Logarithm  OLS
regressing model

Ziramba (2008) time-series, 1978-2005 LR: income 0.3Lep0.04; SR: in- ARDL bounds

come 0.3, price -0.02 testing approach

Amusa et al. (2009) time-series, 1960-2007  LR: income 1.68e 0.298 ARDL bounds
testing approach

Inglesi (2010) time-series, 1980-2005 LR:income 0.4Z;e¢D.56 Engle-Granger and
ECM models

Inglesi-Lotz (2011) time-series, 1980-2005 income: O tprige: -1.077 t0-0.045  Kalman filter

Inglesi-Lotz (2014) time-series, 1970-2007  price: -1 t®50 Kalman filter

Jack and Smith (2015) household-level, 2014 - -

SR, short-run; LR, long-run.

Table 2: Tarf types by type of payment.

Tariff type Sample size
(1) Elec= 0, Prepaid-0 Prepaid 15128
(2) Elec= Prepaic= FBE=0or Elec>0 Conventional 9673
(3) Elec= Prepaid=0, FBE> 0 Indigent 214
Total 25015

Table 3: Tarff structures according to the NERSA approved list.

Tariff structure Sample size
Linear Single rate 15844
Nonlinear Single rate with a basic charge 3 029
Incline block tarit (IBT) 6 142
Total 25015
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Table 4: Descriptive statistics of variablds €16 851).

Variable name Description Mean Std. Dev  Min Max
Y monthly household electricity consumption expenditungt(ZAR?) 225.352 335.153 0 10085.5
| monthly household income (unit: ZAR) 8396.801 13501.620 075 809.8
p electricity price (unit: kWhP) 80.506 11.144 275 114
nonlinear dummy: 1 if household facing following electricity téristructure: the 0.318 0.466 0 1
incline block tarif (IBT) or a single rate with a basic charge
fbe dummy: 1 if household has received free basic electricity 288. 0.450 0 1
Ygas Monthly household gas expenditure, including expenditwe gas sup- 2.74 56.59 0 6 047.92
plied through either a public network or purchased in cydirsd(including
gas for heating purposes) (unit: ZAR)
Yiiquid Monthly household expenditure on liquid fuels, includingenditures on 7.83 63.88 0 3276.33
pardfin, petrol and diesel (petrol and diesel for household usetrans-
port) (unit: ZAR)
Ysolid Monthly household expenditure on solid fuels, includingexditures on 5.14 43.35 0 1839.42
candle, firewood bought, coal, charcoal, dung and cropywastenclud-
ing fetched firewood and dung values (unit: ZAR)
dgas dummy: 1ifYgas> 0 0.01 0.10 1
diquid dummy: 1 ifYjiguig > 0 0.08 0.28 1
dsolig dummy: 1 ifYselig > O 0.08 0.27 1
hhsize household size (number of persons in a household) 4.037 9234 1 21
room total number of rooms in use excluding bathrooms in a houdeho 4.451 2.074 0 18
urban dummy: 1 if household settles in urban formal or urban infalrareas 0.628 0.483 0 1
formal dummy: 1 if the type of main dwelling is dwellirigouse or briciconcrete 0.875 0.331 0 1
block structure on a separate stand or yard or on a farm; fiapartment
in a block of flats; cluster house in security complex; towmusgsemi-
detached house; dwelliffpuséflatroom in backyard; rooyflatlet on a
property or a larger dwelling, servants quartgranny'’s flat
traditional dummy: 1 if the type of main dwelling is traditional dwellifrgt/structure 0.070 0.255 0 1
made of traditional materials
informal dummy: 1 if the type of main dwelling is informal dwelliyghack in back- 0.055 0.228 0 1
yard; informal dwellingshack not in backyard, e.g. in an inforrfsajuatter
settlement or on farm; caravéent
owner dummy: 1 if household owns the property 0.896 0.306 0
pipe water dummy: 1 if household has access to pipe water 0.867 0.340 0
flush toilet dummy: 1 if household has access to flush toilet 0.595 0.491 0
winter dummy: 1 if household is interviewed in July, August or Segter 0.245 0.430 0 1
summer dummy: 1 if household is interviewed in December, Januatyefruary 0.275 0.446 0 1
age age of household head 48.390 15.913 15 95

... continued on next page ...
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Variable name Description Mean Std. Dev  Min Max
female dummy: 1 if household head is female 0.459 0.498 0 1
AfricanBlack dummy: 1 if household head is Africélack 0.797 0.402 0 1
Coloured dummy: 1 if household head is Coloured 0.115 0.319 0 1
IndiaryAsian dummy: 1 if household head is Indj#sian 0.015 0.120 0 1
White dummy: 1 if household head is White 0.074 0.261 0 1
no schooling dummy: 1 if household head has no schooling 0.125 0.331
primary dummy: 1 if the highest level of education that householddreacess- 0.271 0.444 0 1
fully completed is between Grade 0-7
secondary dummy: 1 if the highest level of education that householddreeacess- 0.329 0.470 0 1
fully completed is between Grade 8-11
matric dummy: 1 if the highest level of education that householddre&cess- 0.227 0.419 0 1
fully completed is Grade 12
matric plus dummy: 1 if the highest level of education that householdireecessful- 0.048 0.213 0 1
ly completed is higher than Grade 12, e.g. Bachelors, Hanouhigher
degree (Masters, PhD)
radio dummy: 1 if household owns radio 0.546 0.498 0 1
steregHiFi dummy: 1 if household owns stereo or HiFi 0.301 0.459
TV dummy: 1 if household owns television set 0.854 0.353
DVD dummy: 1 if household owns DVD player 0.653 0.476
refrigerator dummy: 1 if household owns refrigerator or freezer 0.823 8R.3 0 1
stove dummy: 1 if household owns gas, electric or fanastove 0.908 0.289 0 1
microwave dummy: 1 if household owns microwave oven 0.479 0.500
washing machine dummy: 1 if household owns washing machine 0.349 0.477
computer dummy: 1 if household owns computer 0.166 0.372 0 1
camera dummy: 1 if household owns camera 0.115 0.319 0 1
cellphone dummy: 1 if household owns cellphone 0.907 0.290 0 1
telephone dummy: 1 if household owns telephone 0.142 0.349 0 1
DStv dummy: 1 if household owns DStv 0.229 0.420 0 1
internet dummy: 1 if household has internet service 0.060 0.238
power tool dummy: 1 if household owns power driven tool, e.g. eledyridrill 0.131 0.337 0 1
Western Cape dummy: 1 if household residents in Western Cape province 280.1 0.334 0 1
Eastern Cape dummy: 1 if household residents in Eastern Cape province 280.1 0.334 0 1
Northern Cape dummy: 1 if household residents in Northern Cape province 05D. 0.220 0 1
Free State dummy: 1 if household residents in Free State province 0.097 0.296 0 1
KwaZulu-Natal dummy: 1 if household residents in KwaZulu-Natal province V.4 0.333 0 1
North West dummy: 1 if household residents in North West province 0.112 0.315 0 1
Gauteng dummy: 1 if household residents in Gauteng province 0.115 319. 0 1
Mpumalanga dummy: 1 if household residents in Mpumalanga province ®.09 0.290 0 1
Limpopo dummy: 1 if household residents in Limpopo province 0.150 350. 0 1

a|n March of 2011, USD % ZAR 6.90.P ¢ denotes cent, ZAR & 100 cents.
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Table 5: Marginal &ects, income and price elasticities from the 2PM

) @)

©) 4

(5)

(6)

(A) Estimates from Entire Sample

Variable Probit The second-stage OLS 2PM

Marginal éfect  Delta-method Std. Err. Elasticity — Std. Err. ElasticityBootstrap Std. Err.
In(l) 0.030™ (0.002) 0.397*  (0.004) 0.427*  (0.012)
In(p) 0.183** (0.018) -1.121*  (0.041) -0.188*  (0.098)
constant 2.254** (0.182)
R? 0.3259
Observation 25015 17 810 25015

(B) Estimates from Primary Estimation Sample

Variable Probit The second-stage OLS 2PM

Marginal éfect  Delta-method Std. Err. Elasticity — Std. Err. ElasticityBootstrap Std. Err.
In(l) 0.005** (0.001) 0.432* (0.005) 0.430* (0.011)
In(p) 0.098** (0.011) -1.159*  (0.042) -0.665*  (0.072)
constant 2.123* (0.189)
23 0.3530
Observation 16 851 15903 16 851

(C) Estimates from Primary Estimation Sample with Controls

Variable Probit The second-stage OLS 2PM

Marginal éfect  Delta-method Std. Err. Elasticity  Std. Err. ElasticityBootstrap Std. Err.
In(l) 0.001 (0.002) 0.131* (0.005) 0.128* (0.011)
In(p) 0.119* (0.011) -0.888°  (0.039) -0.305™*  (0.069)
constant 2.356** (0.195)
23 0.5664
Observation 16 851 15903 16 851

Panel A uses all householdsl£25 015), while Panel B uses the primary estimation samiglelgé 851, which is the sample that
arises, when additional controls are incorporated); eeiflets of regressions include controls other than priceiramame (in their
natural log). Panel C uses the primary estimation saniy#€l6 851), along with additional controls. Probit containtineates of
the probability that a household purchases electricisyiasng normality. Dependent variable in OLS model is In rhgnélectricity

expenditure. *p < 0.05, ** p < 0.01, ** p < 0.001.

Table 6: Average price paid by value of electricity expemdit

Y>>0 Y=0 Y>0

P 80.69 77.46 80.51
N 15903 948 16851

Mean price given to households
separated by electricity expendi-
ture levels.
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Table 7: Average price paid by type of payment

Prepaid  Conventional Indigent Total

p 81.23 77.82 67.16 80.51
N 13543 3222 86 16851

Mean price given to households infidirent data
subsets.
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Table 8: Marginal &ects from the 2PM.

) ) (©) 4) (5) (6)
Variable Probit The second-stage OLS 2PM
Marginal éfect  Delta-method Std. Err. Marginatect  Std. Err. Marginalféect  Bootstrap Std. Err.

nonlinear<n(p) -0.006* (0.001) 0.011* (0.003) -0.018 (0.006)
fbe 0.016* (0.004) -0.22%* (0.012) -0.132* (0.023)

v Ygas 0.000 (0.002) 0.006 (0.006) 0.06 (0.014)
\NMiquid 0.003 (0.002) 0.004 (0.003) 0.019 (0.007)
VYsolid 0.005 (0.002) -0.004 (0.004) 0.023 (0.011)
dgas 0.011 (0.038) 0.084 (0.094) 0.134 (0.210)
diquid -0.026 (0.014) -0.085 (0.033) -0.207 (0.066)

solid -0.040* (0.014) 0.002 (0.031) -0.199 (0.067)
In(hhsiz¢ 0.011* (0.003) 0.093* (0.009) 0.142* (0.017)
In(room) 0.018* (0.004) 0.210* (0.012) 0.287* (0.023)
urban 0.024™ (0.007) 0.078* (0.020) 0.193* (0.042)
traditional 0.006 (0.008) -0.070 (0.023) -0.038 (0.046)
informal -0.005 (0.007) 0.069 (0.024) 0.039 (0.043)
owner 0.014* (0.005) -0.135* (0.018) -0.059 (0.032)
pipe water 0.013 (0.006) -0.050° (0.017) 0.018 (0.034)
flush toilet -0.040* (0.007) 0.215* (0.019) 0.003 (0.040)
winter 0.002 (0.004) -0.002 (0.012) 0.007 (0.024)
summer -0.001 (0.004) -0.021 (0.012) -0.025 (0.023)
In(age 0.001 (0.006) 0.010 (0.016) 0.013 (0.031)
female -0.001 (0.004) -0.038* (0.011) -0.040 (0.020)
Coloured -0.009 (0.007) 0.180* (0.022) 0.12% (0.038)
IndiaryAsian 0.034 (0.019) 0.479" (0.044) 0.620* (0.112)
White -0.009 (0.008) 0.485" (0.027) 0.415* (0.051)
primary -0.005 (0.007) 0.012 (0.017) -0.014 (0.037)
secondary -0.016 (0.007) 0.010 (0.018) -0.070 (0.038)
matric -0.010 (0.007) 0.026 (0.020) -0.025 (0.040)
matric plus -0.029* (0.009) 0.056 (0.028) -0.091 (0.054)
radio 0.008 (0.004) -0.003 (0.010) 0.035 (0.020)
steregHiFi 0.007 (0.004) 0.055" (0.012) 0.085™ (0.023)
TV 0.012 (0.005) 0.099* (0.018) 0.153* (0.032)
DVD 0.004 (0.004) 0.050" (0.013) 0.068 (0.024)
refrigerator 0.022** (0.005) 0.169* (0.017) 0.267* (0.030)
stove 0.023* (0.006) 0.113* (0.019) 0.219* (0.034)
microwave 0.006 (0.005) 0.133* (0.013) 0.154* (0.027)
washing machine 0.001 (0.005) 0.12%* (0.015) 0.123* (0.029)
computer -0.009 (0.006) 0.150* (0.018) 0.098 (0.034)
camera 0.003 (0.007) 0.063 (0.021) 0.072 (0.041)
cellphone 0.002 (0.006) 0.100* (0.019) 0.10% (0.033)
telephone -0.006 (0.006) 0.126* (0.019) 0.088 (0.036)
DStv 0.002 (0.005) 0.138" (0.015) 0.140* (0.031)
internet -0.013 (0.009) 0.061 (0.028) -0.009 (0.049)
power tool -0.002 (0.006) 0.072* (0.018) 0.057 (0.036)
Western Cape 0.062** (0.007) -0.078 (0.025) 0.23%* (0.042)
Eastern Cape 0.046* (0.007) -0.200* (0.023) 0.041 (0.041)
Northern Cape  0.027** (0.008) -0.10%* (0.029) 0.037 (0.052)
Free State 0.086™* (0.008) -0.137* (0.023) 0.298* (0.047)
Kwazulu-Natal ~ 0.068** (0.007) 0.180* (0.024) 0.506'* (0.044)
North West 0.074™ (0.008) -0.069" (0.024) 0.303* (0.046)
Mpumalanga 0.076* (0.008) -0.048 (0.024) 0.331** (0.047)
Limpopo 0.075™* (0.008) -0.159* (0.024) 0.220** (0.051)
constant 2.356™* (0.195)

0.5664

Observation 16 851 15903 16 851

* p<0.05,* p<0.01,** p< 0.001.
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Figure 1: Proportion of consumer units receiving FBE s&wiover the period 2010 and 2011.
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Appendix A

Table A2: Marginal &ects from the 2PM with additional controls of municipaléémeans

of the independent variables

Variable Probit The second-stage OLS 2PM

Marginal éfect  Delta-method Std. Err. Marginaftect  Std. Err. Marginalféect  Bootstrap Std. Err.
In(r) 0.003 (0.002) 0.121* (0.005) 0.128* (0.011)
In(l_-mean -0.029* (0.011) 0.097 (0.031) -0.053 (0.070)
In(p) 0.462* (0.022) -0.389* (0.105) 1.942 (0.169)
In(p_mear) -0.383* (0.026) 0.529* (0.116) -1.415* (0.187)
nonlinear<n(p) -0.019** (0.001) 0.031* (0.006) -0.066" (0.009)
nonlineacmearIn(p_mear)  0.026** (0.002) -0.026f (0.008) 0.106* (0.014)
fbe 0.018** (0.004) -0.206* (0.013) -0.105* (0.025)
fbe.mean -0.000 (0.013) -0.038 (0.036) -0.037 (0.083)
\Vgas -0.001 (0.002) 0.005 (0.006) -0.000 (0.016)
\Ygasmean -0.008* (0.003) 0.029* (0.008) -0.011 (0.016)
\Niquid 0.003 (0.002) 0.005 (0.003) 0.020 (0.007)
\Niiquia-mean -0.0058 (0.002) -0.010 (0.006) -0.032 (0.012)
VYsolid 0.004 (0.002) -0.002 (0.004) 0.021 (0.010)
VYsolig-mean 0.002 (0.003) -0.001 (0.007) 0.007 (0.016)
dgas 0.037 (0.035) 0.049 (0.094) 0.229 (0.232)
dgas-mean 0.058 (0.147) -0.056 (0.452) 0.239 (0.799)
dliquid -0.026 (0.013) -0.115* (0.033) -0.241* (0.065)
diiquid-mean 0.085 (0.058) 0.423 (0.158) 0.825 (0.335)
dsolid -0.038* (0.013) 0.002 (0.031) -0.188 (0.067)
dsolig-mean -0.109 (0.062) -0.324 (0.161) -0.848 (0.374)
In(hsizg 0.009* (0.003) 0.099* (0.009) 0.140* (0.017)
In(hsizemear) -0.032 (0.026) 0.109 (0.073) -0.056 (0.171)
In(room) 0.016* (0.004) 0.207* (0.012) 0.273* (0.023)
In(room.mear) -0.001 (0.026) 0.164 (0.071) 0.150 (0.155)
urban 0.025** (0.008) 0.104* (0.023) 0.223* (0.047)
urbanmean 0.010 (0.022) -0.065 (0.060) -0.013 (0.142)
traditional 0.015 (0.009) -0.092* (0.025) -0.011 (0.049)
traditional_mean -0.075* (0.028) 0.131 (0.080) -0.252 (0.176)
informal 0.002 (0.007) 0.044 (0.024) 0.049 (0.041)
informaLmean -0.008 (0.045) 0.318 (0.126) 0.263 (0.275)
owner 0.009 (0.005) -0.112* (0.019) -0.061 (0.032)
ownermean 0.023 (0.033) -0.250 (0.097) -0.122 (0.194)
pipe water 0.005 (0.007) -0.039 (0.019) -0.010 (0.037)
pipe watermean -0.007 (0.020) -0.034 (0.052) -0.068 (0.113)
flush toilet -0.038* (0.007) 0.232* (0.021) 0.029 (0.043)

... continued on next page ...
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Probit The second-stage OLS 2PM

variable Marginal éfect  Delta-method Std. Err. Marginafftect  Std. Err. Marginalféect  Bootstrap Std. Err.
flush toiletmean 0.003 (0.022) -0.087 (0.063) -0.065 (0.154)
winter 0.002 (0.004) -0.004 (0.013) 0.004 (0.025)
winter.mean 0.017 (0.018) 0.038 (0.047) 0.119 (0.107)
summer -0.001 (0.004) -0.010 (0.013) -0.016 (0.023)
summermean -0.019 (0.016) -0.104 (0.044) -0.196 (0.097)
In(age 0.004 (0.005) 0.009 (0.016) 0.029 (0.031)
In(age.mear) -0.047 (0.047) -0.098 (0.124) -0.327 (0.285)
female 0.000 (0.004) -0.032 (0.011) -0.030 (0.020)
femalemean -0.071 (0.031) -0.163 (0.088) -0.511 (0.190)
Coloured -0.011 (0.007) 0.234" (0.023) 0.165* (0.039)
Colouredmean 0.021 (0.026) -0.247 (0.077) -0.129 (0.158)
IndiaryAsian 0.021 (0.018) 0.487* (0.045) 0.562* (0.111)
IndiaryAsianmean 0.021 (0.081) 0.227 (0.237) 0.321 (0.512)
White -0.010 (0.008) 0.511* (0.028) 0.430* (0.050)
White mean 0.161* (0.059) -0.039 (0.155) 0.769 (0.350)
primary -0.004 (0.007) -0.006 (0.018) -0.027 (0.037)
primary_mean -0.084 (0.048) 0.173 (0.122) -0.254 (0.300)
secondary -0.009 (0.007) -0.010 (0.019) -0.053 (0.038)
secondmean -0.132* (0.046) -0.048 (0.121) -0.704 (0.289)
matric -0.004 (0.007) 0.002 (0.020) -0.016 (0.041)
matric.mean -0.111 (0.047) 0.002 (0.123) -0.552 (0.272)
matric plus -0.020 (0.009) 0.027 (0.029) -0.073 (0.055)
matric plusmean -0.075 (0.090) 0.215 (0.233) -0.170 (0.465)
radio 0.008 (0.003) 0.003 (0.010) 0.045 (0.020)
radio.mean 0.052 (0.021) 0173 (0.060) 0.095 (0.134)
steregHiFi 0.004 (0.004) 0.052* (0.012) 0.068 (0.022)
steregHiFi_mean 0.125* (0.029) 0.192 (0.075) 0.807* (0.181)
TV 0.014* (0.005) 0.090* (0.018) 0.153* (0.032)
TV.mean -0.231* (0.054) 0.430 (0.138) -0.747 (0.316)
DVD 0.005 (0.004) 0.056* (0.013) 0.076 (0.024)
DVD_mean -0.060 (0.045) -0.139 (0.118) -0.430 (0.271)
refrigerator 0.020** (0.005) 0.172* (0.017) 0.263* (0.030)
refrigerator_-mean 0.018 (0.045) -0.150 (0.126) -0.052 (0.270)
stove 0.021+** (0.006) 0.107* (0.019) 0.207* (0.034)
stovemean 0.047 (0.039) -0.110 (0.102) 0.129 (0.233)
microwave 0.005 (0.005) 0.119* (0.014) 0.138* (0.026)
microwavemean 0.018 (0.042) 0.366 (0.113) 0.435 (0.266)
washing machine 0.003 (0.005) 0.115* (0.015) 0.123* (0.028)
washing machingnean -0.028 (0.040) 0.012 (0.110) -0.127 (0.236)

... continued on next page ...
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Variable Probit The second-stage OLS 2PM

Marginal éfect  Delta-method Std. Err. Marginafftect  Std. Err. Marginalféect  Bootstrap Std. Err.
computer -0.010 (0.006) 0.148* (0.018) 0.090¢ (0.034)
computermean 0.177 (0.071) -0.170 (0.180) 0.722 (0.400)
camera 0.002 (0.007) 0.065 (0.021) 0.072 (0.039)
cameramean -0.128 (0.068) -0.290 (0.199) -0.915 (0.471)
cellphone 0.002 (0.006) 0.092* (0.019) 0.098 (0.033)
cellphonemean 0.141 (0.047) 0.181 (0.132) 0.875 (0.291)
telephone -0.002 (0.006) 0.124* (0.019) 0.109 (0.034)
telephonemean -0.121 (0.051) 0.109 (0.136) -0.503 (0.321)
DStv 0.002 (0.005) 0.139* (0.015) 0.142+ (0.030)
DStvmean 0.079 (0.037) -0.140 (0.098) 0.264 (0.208)
internet -0.014 (0.008) 0.073 (0.028) -0.000 (0.047)
internetmean -0.211 (0.113) -0.497 (0.293) -1.524 (0.636)
power tool 0.003 (0.006) 0.069* (0.018) 0.080 (0.035)
power toolmean -0.054 (0.047) -0.001 (0.129) -0.269 (0.306)
Western Cape 0.040 (0.016) -0.023 (0.047) 0.181 (0.093)
Eastern Cape 0.050™ (0.013) -0.26%* (0.039) -0.001 (0.078)
Northern Cape 0.028 (0.014) 0.024 (0.045) 0.164 (0.084)
Free State 0.031 (0.013) -0.210* (0.034) -0.043 (0.076)
KZN 0.062** (0.015) 0.143* (0.040) 0.445* (0.089)
North West 0.061+** (0.011) -0.107 (0.031) 0.206 (0.064)
Mpumalanga 0.027 (0.0112) -0.036 (0.031) 0.100 (0.063)
Limpopo 0.063** (0.014) -0.130* (0.039) 0.192 (0.089)
constant 1.580 (0.627)
23 0.5759
Observation 16 851 15903 16 851

_meandenotes the mean value of corresponding variable. Depewmdeable is IrY for the second-stage OLSpf< 0.05, ** p < 0.01,

*** p < 0.001.
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Table A1: Comparison of the variable means.

Variable Retained sample\=16 851) Dropped samplé\&8 164)

Observation Mean Std. Dev Observation Mean Std. Dev
Y 16 851 225.352 335.153 8164 54.105 188.873
| 16 851 8396.801 13501.620 8164 7531.617 13653.720
p 16 851 80.506 11.144 8164 79.805 12.193
nonlinear 16 851 0.318 0.466 8164 0.468 0.499
fbe 16 851 0.283 0.450 5209 0.171 0.377
Ygas 16 851 2.74 56.59 8164 4.379 48.868
Yiiquid 16 851 7.83 63.88 8164 16.363 64.229
Ysolid 16 851 5.14 43.35 8164 7.848 36.174
dgas 16 851 0.01 0.10 8164 0.013 0.114
diquid 16 851 0.08 0.28 8164 0.188 0.390
dsolid 16 851 0.08 0.27 8164 0.185 0.388
hsize 16 851 4.037 2.349 8164 3.184 2.247
room 16 851 4.451 2.074 8164 3.251 2.226
urban 16 851 0.628 0.483 8164 0.676 0.468
formal 16 851 0.875 0.331 8027 0.730 0.444
traditional 16 851 0.070 0.255 8027 0.131 0.338
informal 16 851 0.055 0.228 8027 0.139 0.346
owner 16 851 0.896 0.306 8 160 0.492 0.500
pipe water 16 851 0.867 0.340 8144 0.788 0.409
flush toilet 16 851 0.595 0.491 8 059 0.612 0.487
winter 16 851 0.245 0.430 8164 0.238 0.426
summer 16 851 0.275 0.446 8164 0.249 0.432
age 16 851 48.390 15.913 8164 47.703 15.782
female 16 851 0.459 0.498 8164 0.387 0.487
AfricanBlack 16 851 0.797 0.402 8164 0.785 0.411
Coloured 16 851 0.115 0.319 8164 0.093 0.291
IndiaryAsian 16 851 0.015 0.120 8164 0.026 0.160
White 16 851 0.074 0.261 8164 0.096 0.294
no schooling 16 851 0.125 0.331 7972 0.111 0.314
primary 16 851 0.271 0.444 7972 0.264 0.441
secondary 16 851 0.329 0.470 7972 0.331 0.470
matric 16 851 0.227 0.419 7972 0.240 0.427
matric plus 16 851 0.048 0.213 7972 0.054 0.226
radio 16 851 0.546 0.498 8112 0.538 0.499
steregHiFi 16 851 0.301 0.459 8029 0.204 0.403
TV 16 851 0.854 0.353 8123 0.606 0.489
DVD 16 851 0.653 0.476 8111 0.464 0.499
refrigerator 16 851 0.823 0.382 8114 0.524 0.499
stove 16 851 0.908 0.289 8116 0.811 0.392
microwave 16 851 0.479 0.500 8102 0.327 0.469
washing machine 16 851 0.349 0.477 8115 0.235 0.424
computer 16 851 0.166 0.372 8081 0.147 0.354
camera 16 851 0.115 0.319 8 057 0.117 0.321
cellphone 16 851 0.907 0.290 8091 0.871 0.335
telephone 16 851 0.142 0.349 8083 0.097 0.296
DStv 16 851 0.229 0.420 8 086 0.158 0.364
internet 16 851 0.060 0.238 8092 0.059 0.236
power tool 16 851 0.131 0.337 8 051 0.092 0.288
Western Cape 16 851 0.128 0.334 8164 0.097 0.296
Eastern Cape 16 851 0.128 0.334 8164 0.138 0.345
Northern Cape 16 851 0.051 0.220 8164 0.041 0.198
Free State 16 851 0.097 0.296 8164 0.063 0.243
KwaZulu-Natal 16 851 0.127 0.333 8164 0.176 0.381
North West 16 851 0.112 0.315 8164 0.075 0.264
Gauteng 16 851 0.115 0.319 8164 0.232 0.422
Mpumalanga 16 851 0.093 0.290 8164 0.088 0.284
Limpopo 16 851 0.150 0.357 8164 0.088 0.284
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Table A3: Marginal &ects from the 2PM with IMD) as dependent variable.

Independent variable The second-stage OLS 2PM

Marginal éfect ~ Std. Err. Marginalféect  Bootstrap Std. Err.
In(1) 0.131* (0.005) 0.128* (0.011)
In(p) -0.888** (0.039) -0.218 (0.073)
nonlinearIn(p) 0.01%* (0.003) -0.020¢ (0.006)
fbe -0.224* (0.012) -0.128* (0.024)
VYgas 0.006 (0.006) 0.006 (0.014)
WNiiquid 0.004 (0.003) 0.020 (0.007)
VYsolid -0.004 (0.004) 0.024 (0.011)
dgas 0.084 (0.094) 0.137 (0.217)
diquid -0.085 (0.033) -0.213 (0.069)
dsolid 0.002 (0.031) -0.209 (0.070)
In(hsizg 0.093** (0.009) 0.145* (0.018)
In(room) 0.210** (0.012) 0.291* (0.024)
urban 0.078™* (0.020) 0.199* (0.043)
traditional -0.070* (0.023) -0.036 (0.048)
informal 0.069* (0.024) 0.038 (0.045)
owner -0.135** (0.018) -0.055 (0.033)
pipe water -0.050* (0.017) 0.021 (0.035)
flush toilet 0.215™ (0.019) -0.007 (0.041)
winter -0.002 (0.012) 0.008 (0.025)
summer -0.021 (0.012) -0.026 (0.024)
In(age 0.010 (0.016) 0.014 (0.032)
female -0.036** (0.011) -0.040 (0.021)
Coloured 0.180** (0.022) 0.122 (0.040)
IndiaryAsian 0.479* (0.044) 0.628* (0.117)
White 0.485™* (0.027) 0.412 (0.053)
primary 0.012 (0.017) -0.016 (0.039)
secondary 0.010 (0.018) -0.074 (0.040)
matric 0.026 (0.020) -0.028 (0.042)
matric plus 0.056 (0.028) -0.098 (0.056)
radio -0.003 (0.010) 0.037 (0.020)
steregHiFi 0.055™ (0.012) 0.087* (0.024)
TV 0.099™* (0.018) 0.156* (0.033)
DVD 0.050** (0.013) 0.069" (0.025)
refrigerator 0.169** (0.017) 0.273* (0.032)
stove 0.113* (0.019) 0.224* (0.035)
microwave 0.133* (0.013) 0.156 (0.028)
washing machine 0.124** (0.015) 0.12#+ (0.030)
computer 0.150"* (0.018) 0.096* (0.036)
camera 0.063* (0.021) 0.073 (0.042)
cellphone 0.100** (0.019) 0.10% (0.034)
telephone 0.126™* (0.019) 0.086 (0.037)
DStv 0.138* (0.015) 0.141* (0.032)
internet 0.06% (0.028) -0.013 (0.051)
power tool 0.072* (0.018) 0.057 (0.037)
Western Cape -0.078* (0.025) 0.250* (0.043)
Eastern Cape -0.200™** (0.023) 0.053 (0.042)
Northern Cape -0.104** (0.029) 0.044 (0.054)
Free State -0.137* (0.023) 0.321* (0.049)
Kwazulu-Natal 0.180** (0.024) 0.524* (0.045)
North West -0.069* (0.024) 0.322* (0.048)
Mpumalanga -0.048 (0.024) 0.351 (0.049)
Limpopo -0.159** (0.024) 0.240* (0.053)
constant 6.962* (0.195)
R? 0.5785
Observation OLS: 15903 2PM: 16 851

Q is estimated monthly electricity consumption in kWh, it éaulated by monthly electricity expen-
diture divided by matched electricity téti* p < 0.05, ** p < 0.01, *** p < 0.001.
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