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Abstract 

One of the legacies of the apartheid policies in South Africa.has been·the huge gap between rich 

and poor households in terms of th~ir access to basic energy services. This study explores the 

essence of shif;l:ing from· supply-driven approach to an integrcited framework in energy planning in 
- ~ . .. 

order to evolve policies that match national goals and objectiyes with the energy needs of the low-

income households. The principles of Integrated Energy Planning (IEP) are outlinea-for the 

household sector and the development of an energy databaseis identified as one of the important 

processes required in IEP. The design of the database is practically demonstrated by capturing 

existing secondary and primary data on energy use in low-income households in South Africa. The 

user-interface and on-line data analysis of the database are ru,~o illustrated. Furthermore, the data 

has been extensively analysed to show the factors that influen~~ energy demand in the low-income 

households and how these factors may interact with one another. In· addition, energy erid-use data· 

has been aggregated from the· database as input into an energy modelling computer programme for. 

estimating . energy demand projections for low'."income households. These energy demand 

projections are based on 'energy scenarios which investigate alternate energy supply options. Thus 

the study illustrates how ·energy use data can be organised into a tool for informing policy 

formulation. 
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1. 

Introduction 

1.1 ·:Background 

Information is crucial for development planning and it improves the decision making process. 

When the available information is progressively refined a reliable picture of the past and current 

situation can be easily presented, which provides a basis for development planners in the effective 

allocation of resources to achieve particular goals. This also applies to energy planning. Energy is 

cntical here in terms of the vital role it plays in economic and social development. Despite this 

understallding,. data for energy planning is often 'not available and, if available, is often 

qualitatively unreliable (APDC 1985:25). An extreme situation was the excessive secrecy 

governing the South African energy sector during the apartheid era. For example, the Petroleum 

Products Act (No. 120 of 1977) prohibited the 

publication, releasing, announcement, disclosure or conveyance to any person of information or the 

making of cominent regarding the source, manufacture, transportation, destination, storage, 

consumption, quantity or stock-level of any petroleum product acquired or manufactured or being 

acquired or manufactured for or in the Republic. 

The strict enforcement of the secrecy provisions and the severe penalties meted out to defaulters 

made rational and public debate on·energy policy almost impossible. The ultimate consequence of 

this was an absence of government commitment to collect and publish data on the energy sector 

which would allow the development of sound and balanced energy policies (Eberhard & Van Horen 
------ -·---·--·· - - -----.- - - --- -----------------

1995). Instead, energy policy under apartheid was governed primarily by the desire for greater 

energy security against the United Nations-led oil embargo placed then on South Africa. 

The e~~~~-~~~urity goal was P1:1rs~ed mainly.at the e)'.':pense of social equity and access to basic --, 

energy services and infrastructure. The sociaj_gg_sts of this energy policy have been enormous. The -- ---- --~ _______ .. _________ -· ---- --------- --- .. - -~-----

additional time spent collecting and purchasing fuels where electricity is not available is significant, 

and represents the loss of time for potentially more productive or enjoyable activities such as 

farming, education and entertainment. There is a huge social burden on women mostly in the rural 

areas 'to collect fuelwood from far distances. Low levels of access to electricity mean that millions 

of people are denied the convenience and improved quality of life that comes with the use of 

electric appliances. 

Moreover, substantial environmental and health costs were incurred. In the absence of demand 

management electricity 'generation was expanded eXtensively to over-capacity levels. The power 

stations involved burn coal and pollute the atmosphere. In addition, the lack of access to cleaner 
' fuels like electricity· has resulted in poor households burning coal, paraffin and candles to meet ~ J 
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their cooking, heating and lighting needs. Unfortunately, most of these households liv9 in poorly 

ventilated households and this has led to many environmental and health hazards, espec~ally in the 

urban areas. Similarly, the lack of affordable housing and the absence of appropriate thermal 

performance in many dwellings have resulted in uncomfortable living conditions for most poor 

households. In the rural areas most households depend heavily on fuelwood for their en~rgy needs 

and this has compounded the problems of deforestation and dessertification. Best (197;9) records 

the occurrence of households burning dung for their energy needs in some areas of Sor, th Africa 

where wood supplies are scanty. 
I 
I 

Furthermore, due to the deep involvement of the South African State in the energy sttb-sectors, 
. I 

e~onomic efficiency and competitiveness have been largely hampered in spite of tpe foreign 

exchange ·savings from the investments in the Sasol and Mossgas synthetic petroleum fµel plants. 

An example of this has been the disastrously fragmented electricity distribution sector previously 
I 

linked to racially segregated local government which was ineffective in the provision off electricity 

to the majority of South Africans. A further example is the over-capacity of electricity generation 

plants, although there are already problems with peak demand. i 
I 
I 

Decisions in the energy sector, involving production factor allocations among energy, qapital and 
I 

labour, as well as investments in large projects will have long-lasting impacts not ohly on the 
I 

energy sector but on the entire economy. The financial and opportunity costs of bad decisions in 
- I 

the energy sector can be high. Informed decisions need to be made but information ibout such 
I 

aspects is often difficult to generate, not only because its collection is time constj.ming and 

expensive but also due to the fact that energy is not merely a quantity which may b~ ~e~pressed in 
- -- ~ 

physical terms such as tonnes and barrels or in heat values such as joules and BTµ (British 

, Thermal Units). Energy issues are not only physical and technological in nature but 
1 
also have 

economic, social, cultural, political and environmental dimensions. Energy is not an erld in itself 
.. -- . - - - .. -- t 

but it is an input to the production of many basic human needs. For example, we do not enjoy the 

electricity supplied to our dwellings until it has been connected to an appliance to pro.Jide power 
I 

for our cooking, heating, refrigeration or lighting needs. Information on the end-use of energy is 

thus a necessity for linking the socio-economic role of energy to its physical dimension. The 
! -

peculiar nature of energy therefore makes it understandable that not all energy related information 

is quantifiable. l 
" I 

. . I 
Eberhard (1992:13) asserts that the energy system is analogous to the financial srstem. All 

economies employ financial planning and regulation, · likewise, energy planning has ibecome a 

necessity for all developing countries including those which are net exporters of energy. 'ut energy 

planning is also very different from financial planning which is generally short-tenp. Energy 

projects are usually large, and a short-term energy planning horizon is typically ten yclars. Also, 

unlike money that can be devalued, energy is counted in constant physical units, thu~ enabling · 
I 

more reliable long-term planning. The planning, however, will be as good as the infotation on 

I 
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which it is based. A comprehensive database enables the energy planner to identify and clarify a 

wide range of energy policy issues and objectives. 

1.2 The shift from sub-sectoral supply-side energy planning to an 

Integrated Energy Planning (IEP) approach. 

In the past, even though planning for secure energy supplies was recognised internationally as an 

important public responsibility, this was undertaken mainly at the level of separate energy supply 

sub-sectors. In South Africa, despite the creation of a central body like the National Energy 

Council, which managed to focus much needed attention on energy sub-sectors other than 

electricity, coal and oil, there was very little deviation from sub-sectoral approaches in terms of 

energy planning until the beginning of this decade when .!!?-~i(lr ~~!k on energy policy research 

sprang up. Although Garidar (1988) and Rivett-Carnac (199~) discuss integrated energy planning 

in their work in South Africa toward the end of the last decade, the notion of "integrated" is applied 

mainly to an integrated .analysis of supply options, together with some emphasis on ecologically 

sound exploitation of resources, rather than linking energy planning to broader development 

objectives. 

The international energy si~ation changed fundamentally vvith the end of cheap and predictable oil 1 

supplies in the 1970s. Th~ in,terc0Illl~~t~c1nes~_9f energy and the economy became. a growing' ·--~"d 
consciousness and the focus began to shift from supply planning to an awareness of energy end· 

-
uses and the potential of demand management. Market-induced equilibrium between supply and. 

demand became increasingly unpredictable and incapable of guaranteeing desirable development f 
I 

goals in the energy system. Thus the concept of integrated energy planning (IEP) evolved as anJ 
' . 

important ingredient in public policy and planning environments. It has gradually become clear that 

an exclusive focus on sub-sectoral supply-oriented planning, as unpredictable as it is, could 

undermine the achievement of socio-economic objectives, such as meeting the basic needs of poor 

households and the provision of development opportunities. 

An i~t_eg~at~ _a_Py~~':~ _t~-~nergy plann~g seeks t~ ~stablish an. understanding of the links between 

energy supply and demand sectors, and between energy and macro-economic factors as well as 
·-

socio-econonic objectives, thus, planning for the entire energy system. Moss and Morgan (1981: 

190) argue that .effective energy planning needs factual data and especially 

an understanding of the web of inter-relationships which links together not only all aspects of the 

energy use system, but all other related aspects of environment and, of social and economic activity. 
' 

After a voluminous analysis of a socio-economic survey of energy consumption patterns in the 

domestic sector of Eastern Cape, Rossouw & Van Wyk (1993: 389) conclude that 
(---, 

! r- the matter of energy supply and consumption cannot be addressed . effectively if it is not viewed 

/ : wi.thin the framework of other needs such as housing, job creation, health services and education. . 

"---.. '---'-. 
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/' i 
One of the main points made by Golding & Hoets (1992) in the summary of their study; of energy 

usage in eleven urban black townships in South Africa is that, in order to be meaningful and 

effective, energy planning must be both comprehensive in scope and sensitive to the s?cio­

economic context in which policies are to be formulated. On the contrary, in the recent past, 

electricity dominated the scene where governmental attention was concerned and the modus vivendi 
I 

of energy sector planners was essentially to keep increasing the levels of supply on a least cost 

basis to meet the (often encouraged) increases in demand. The l~ck of co-ordinated policies by ( 

energy sub-sectors and consumption categories resulted in the diffusion of energy cdnservation 
I -

efforts. In addition, resource development could not be handled in a balanced manner a:nd a vivid 

e~ample is the late awareness of the contribution renewable energy resources could m'.ake to the 

energy equation. 

For the Asian Pacific Development Centre (APDC), integrated energy planning means ~e analysis 

of all energy issues within a unified policy framework in order to arrive at a set of, nationally 
I 

optimal energy solutions over the long-term (APDC 1985 :5). In other words, it is the process by 
-1 ~ ~ ~ 

wlft!ch all physical· energy needs of all sectors of the economy are planned in concert (Munasinghe - . ' 

1980). 

In IEP, unlike the traditional approach in energy planning, demand is no longer seen as1 a market­

given imperative determining energy-supply planning, with prices as the sole mec~anism of 

adjustment. Instead, planning is integrated across sectors and can include a wider range of policy 
I 

measures to achieve desirable goals. ·Energy end-use analysis becomes central. It involves an 

investigation into what people are using and why, as well as an analysis of their needs. This 

i/1 ~ppro~~h leads inevitably to a consideration of energy intensity, conservation and ~fficiency, 
· technical innovation and diffusion, and to fuel-switching and improved access. i 

I 

Energy supply sectors haye been traditionally defined according to individual energy sources_ such 

as coal or petroleum, ·and analysis has followed the energy chain from sourc~, through 
I 

transformation and distribution, to the services the end user demands. IEP, however, starts with the 
. ' -

consumer. Through disaggregated end-use analysis, major consumption sectors : (such as 

households, commerce, industry, mining, transport and agriculture) are defined. These ~ectors are 

then broken down into sub-sectors (such as rural or urban households), which are, in tufn, divided 

into end uses (such as· cooking or lighting) and end user sections disaggregated by fuel type,· energy 

1_ technology used, level of energy intensity and social class of users. Building up each energy end 

use from this level of disaggregation allows a clear analysis of policy options from fuel~switching 

through technology transfer and energy efficiency, to government strategies for diffetent users. 

Planning for individual energy supply industries, such as electricity, is much more effective if it is 

undertaken with a broader IEP framework as described above. I 

I 
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The end-use oriented approach is directed towards sustainable development that is based·on actual 

uses for which energy is needed and the ways the needs could be most efficiently met. In ~sway, 

a number of energy-saving opportunities are identified to .formulate .technological and policy 

alternatives for attaining higher efficiency. 

1.2.1 Layers of analysis in integrated energy planning. · 

From the above discussion, IEP can be broken down into three layers of analysis: 

1. The relationship between the -~n_ergy sector and other 'economic sectors (industry, transport~ 

households, etc.), .mac~o~economic variables _(for example, economic growth), social welfare 

(for example, basic needs and equity) and the.environment (for example, sustainability). 

2. In~~E~subsectoral links within the energy sector (interactions, competition, conflicts, fuel 

substitutions, and integration ofresource development). 

3. Intra-subsectoral analysis (for example, energy end~tise analysis, demand analysis and · 

forecasts, supply options, investment planning and pricing). 

1.2.2 Process of integrated energy planning 

The major tasks required in the three layers of the IEP process have been listed below. It must be 
. . 

understood, however, that, although the tasks may be taken sequentially, the process is often 

iterative and it is frequently necessary to return to previous tasks as data or analyses improve and 

deepen. These tasks are: 

1.2.2.1 Definition ofgoals and scope. 

The development goals need to be defined and these should be akin to the "end result" specification 

of the whole planning effort to _meet the macro-economic targets and socio-economic needs of the 

people. The scope of the planning effort can be defined as national or regional or district level, all 
. ' . 

or specific energy sub-sectors required for the fulfilment of the goals, and short- or medium-term. 

1.2.2.2 Database development. 

The current and past energy systems should be described through data collection and appropriate 

presentation. The development 0f a database can establish the links between various energy sub­

sectors in a quantitative framework as well as the links between the energy sector and the broader 

economy. Data collation is necessary where data is already available and, in the absence of 

adequate data, appropriate methodology for data collection needs to be designed and implemented. 

The lessons in the 1992/93 Energy Policy Research and Training (EPRET) project at the Energy 

and Development Research Centre (EDRC), University of Cape Town, is useful here. In the 

EPRET project, the search for energy related studies on low-income households done in South 

Africa yielded a surprising number of titles, although not all were found useful. Within a few 

.; 
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months into the project 400 studies had been identified, of which about 200 were identifi¥ as being 

potentially useful for providing quantitative data {Trollip 1994:5). j 

For IEP, both past and present data is required on the consumption (disaggregated by enp use) and 

production of energy within the energy sub-sectors identified in the development goals. pata must 
I 

also be collected on linked macro-economic and socio-economic variables relevant to understanding 
! 

determinants of energy demand and supply or the achievement of the goals. I 

1.2.2.3 Demand analysis and projections. i 

From the database, energy demand can then be estimated through disaggregation by en~ use. With 

alternative economic growth scenarios, detailed projections of energy demand by bonsuming 

sectors and end uses are then derived. The number of such projections will be determihed by the 
I 

extent of variation in assumptions and policy guidelines regarding prices, incomes! levels of 
I 

econoimc activity, supply constraints, intensity of conservation efforts, and other relevant 
I 
I variables. 
! -

I. 2. 2.4 Supply analysis. I 

This is essentially a stock-taking exercise. It involves an inventory of resources, lboth non­

renewable and renewable, followed by an evaluation of associated supply technologies. All possible 
I 
I future options are investigated, disaggregated by energy sub-sectors. 

i 
1.2.2.5 Energy policy (integrated) analysis. I 

This involves the balancing of energy supply and demand, construction of scenarios I for future 

energy balances and the analysis of policy options for meetirlg the projected balances. En~rgy flows 

have to be traced from each end use, through conversion technologies to ~nergy source. ro~icies to 

manage desired supply and demand are then formulated in order to achieve a desired balance, using 
I 

identified policy instruments for tlie energy system as a whole, and for energy sub-sec~ors. These 
I 

will include demand management and the configuration of supply options in terms o~ fuels and 

technologies. 
I 
I 

1.3 Need for widened access to basic energy needs in South ~frica 
I 

In the period leading to political transformation of South Africa into a system 0:£ universal 

franchise, the need for a comprehensive national energy planning could not be overemphJsised. The 

appropriate development objectives, goals and scope were very critical in order to caJ down the 

political temperature at the time. The overwhelming expectations of the previously disa~vantaged, 
which were black and formed the majority of the population, required a thorough, progressive and 

! 
intelligent analysis in order to give assurance of a better future for a people who h~d suffered 

suppression for centuries under the white minority rule of discrimination by race and gentler. At the 

' same time, the fears of the minority privileged whites deserved a cautious consideraiion in the 
I 
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development goals in order to avert any disastrous disruptions in the democratic transformation 

process. 

In the period after the release of Nelson Mandela from prison in 1990, it became apparent that 

there would be a radical shift in policies in almost every facet of the South African society and 

economy. The time was therefore ripe for progressive academics and researchers to initiate energy 

policy research and analysis in order to develop detailed sectoral and sub-sectoral policy options, 

mainly along the new broad policy directions of the democratic movements, as a resource for the 

new government. Thus the evolution of the South African Energy Policy Research and Training 

(EPRET) project undertaken by the Energy and Development Research Centre (EDRC) at the 

University of Cape Town in 1992. 

The EPRET project sought to address the huge inequalities in•levels of access to adequate energy 

services and its main objective therefore was to identify and develop polices which would widen 

access to_ ade9uate and affordable energy services for the urban and rural poor households in South 

Africa (Eberhard & Van Horen 1995: 40). With EPRET's strong emphasis on the understanding of 

·demand of energy services and exploration of a range of energy strategies from demand-side 

management to energy efficiency, the need for background information, particularly on the 

domestic energy sector to serve as a foundation for policy analysis became imperative. It was 

against this background that the then South African Department of_ Mineral and Energy Affairs 

(DMEA) funded a project to establish a National Domestic Energy Use Database system. The 

purpose was to integrate data from all available sources on household energy use into an organised 

form useful for integrated energy planning and to identify the existing data gaps. 

Even though South Africa constitutes only 4% of Africa's population, about 20% of the continent's 

GDP and more than half of her electricity are generated by this country (Eberhard & Trollip 1994). 

It was therefore a surprising anomaly, during the EPRET project of 1992..:93, that two-thirds of 

South Africans, predominantly the urban and rural poor households, still did not have access to 

electricity and had to depend on inconvenient and expensive fuels like fuelwood, coal and paraffin 

for basic domestic needs like cooking, heating and lighting. Despite the on-going massive rural 

electrification programme by Eskom, the national electric utility, the situation has not changed 

much for most African households and those in the rural areas are worst off. Recent estimation of 

households in the former homeland areas without electricity is about more than 80% (National 

Social Development Report 1995: 16). Research has thus been urgently needed into the available 

policy options that would enhance access to affordable and adequate energy services to meet 

1!.<?usehold needs and development goals. 

The surplus capacity of Eskom has been between 7000 and 9000 MW (Eskom 1993). Alongside the 

democratic transformation, Eskom has cormiritted itself to an overall objective of providing least cost 

electricity for all those who can afford it and has been encouraging electricity uptake to :facilitate 
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development goals in a democratic South Africa. However, it is widely accepted that the im~act of new 

electricity connections on Eskom's load profile could have serious repercussions if effective d~d-side 
. I 

analysis and management are not integrated into the electrification programme. j 

I 

Beute (1993) assumes that the domestic sector accounts for only about 14% of the electrical <fergy used 

in the country. Eberhard & Trollip (1994) estimate the domestic energy demand to be ~out 19%. 

However small this domestic energy demand is, the domestic load is the largest contributor to the peak of 

the national load. There is a very strong correlation between the time of the peak of the l~ad for the 

domestic sector and the time of the peak of the national load (Beute 1993). This makes the dohiestic load 

more important than is generally realised. The load factor of the electricity grid is alr~~ ~t 
present, and this is likely to be exacerbated as more and more households of both the formal and 

informal dwelling types are connected to the electricity grid (Thome 1993). I 

Thus access to adequate and quality energy services has become a critical question in en~rgy policy 
I 

analysis. Eberhard & Theron (1992: 10) conclude their introduction to the proceedings of aiconference 
I 

on the International Experience in Energy Policy Research and Planning thus 1 
I 

i 
Perhaps the most significant distinction, in energy terms, between the North and the S~uth, is that 

the citizens of industrialised countries universally enjoy an abundance of convenif nt energy 

sources, while in developing countries access to basic energy services is still very skewed. 
I 

I 
Probably nowhere in the world is the above statement as true as it is in South Afrf ca. Again 

Eberhard & Van Horen (1995:47) explain that a simple way of identifying the "urbad and rural 
I 

poor" is to define them in terms of their access to, ?r more correctly, their lack o~ access to 

electricity. Cecelski (1987: 53) suggests that energy can serve as a starting-point for addressing 
I 

poor people's priority concerns. Clearly, thelack of electricity connection does not meap a person 

is "poor" in the ordinary sense of the word but, in South Africa, it can act as a usbful initial 
I 

indicator of energy poverty and the restricted choices which result from a lack off access to 

electricity services. Thus the need for critical emphasis on the domestic sector in the d~velopment 

of energy databases fur integrated energy planning. I 

I 1.4 Research objectives and outputs: 
I 

The purpose of this study embodies the first three of the main tasks involved in the brocess of 
i 

integrated energy planning discussed in Section 1.2.2. The main thrust of the study deals with the 
I 

organisation or compilation of energy use data in the domestic sector in a comprehensive and 
• I 

consistent manner that is useful for integrated energy analysis and decision making. !The study 

demonstrates how the development of a database on the energy use of low-income hous~holds can 

be used as a tool for identifying research or data gaps in the energy planning proces~ and help 

redefine the goals and scope of integrated energy planning to include the need to widerl access to 
• . I 

basic energy services as a national responsibility. A broader objective of the sfudy is to 
I 

I 
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demonstrate the usefulness. of an energy database for the. analysis and projections of energy 

demand by the application of a model based on socio-economic· scenarios. 

The problem of lack of access to basic energy services among the urban and rural poor households 

has been described in the above section. Apart from the low-income households, which are 

predominantly black households, most of the other sectors of the· economy have adequate access to 

quality energy services. For example, the industries, the mining sector, the commercial sector and, 

almost all the high- and medium-income households have adequate access to electricity. Thus the 

energy supply industries ·have reliable information on these sectors of the economy constituting 

their customer base. 

On the other hand, however, properly organised and reliable information on low-income households 

has been very scanty and, in many cases non-existent, since under apartheid such households that 

formed the majority of the population were completely neglected. Under such disc~ation, no 

incentives existed for the supply industries to collect and organise information on low-income 

households regularly, except for adhoc measures. Data on low-income households that were 

collected were for short-term goals only and no national objectives foqned the underlying principle. 

Thus data that existed were not in the form that 'could support policy formulation. This study ·· .. 

therefore seeks to bring into the national development picture the status of the low-income 

households in terms of energy provision in order to focus the goals of integrated energy planning 

on access to basic energy services. It thus elevates social equity issues to the political 

transformation agenda. 

Primarily, therefore, this study seeks to create a deeper understanding of energy use in the low­

income portion of the domestic sector in order to provide accurate data for policy-making that is 

tot3.J.ly linked up with the broader economy. This could inform the electrification programme, for 

example, since the bulk of this programme involves low-income households. 

1.4.1 . Research outputs 

The main research outputs of the study are: 

• Collation of energy use data on low-income households from all existing studies and surveys 

done in South Africa to date. This includes variables relevant to understanding determinants of 

energy dernand and supply or the achievement of goals. 

• Estabiishment of a database system which provides the means of capturing, storing and 

updating a wide~ range of data sets on energy use and related information in the low-income 

households. 

• Provision of a user-friendly interface to make the organised information easily accessible to the 

ordinary user. 
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• Data management system that is capable of analysing and reporting on aggregated· data from 

the database. 

• Geographic display of aggregated energy use information through Geographic Information 

System (GIS). 

• Past and current regional (climatic) energy use profiles developed from the database.system. 

• National energy use profiles mapped out from the regional profiles. 

• National and regional energy fatures under a "business-as-usual" scenario. 

• Alternative energy profiles resulting from energy demand scenarios. 

1.5 Research methodology. 

This section summarises the research methodologies applied for the various objectives and outputs 

of the study. Where necessary the ensuing chapters will elaborate on methodological aspects. 

At the outset of the development of the domestic energy use database system, its initial data 

requirement is assessed through the collation of all available reports on energy use studies and 

surveys undertaken in various parts of South Africa. Since all these reports represent a1 myriad of 

research objectives, data measurements and analyses, a wide range of data kinds are eilpountered. 

A database is developed in Microsoft Access software to pull together all the data in ~e various · 

studies and surveys into an integrated system that could allow the organisation of all the data into a 

useful information tool. Data fields are then established in the database for all relevant variables 

found in the studies that could influence energy demand in the domestic sector. These data fields 

are further grouped into data categories covering household energy use information like fuel 

~ption, fu~l expenditure, fuel price~, ·-;md a broad range of ·socio-economic issues like 
..---··-~--- ~ - - ! 

household income and education. - -- -

About 500 energy use or energy-related studies have been reviewed and the relevant da~sets have 

been extracted into one database component. These studies comprise over 360 survey:s co~ring 

ov~r 50,000 low-inc~me ~ou~e?olds. This component of the database has sub-compone~ts dealing 

with bibliographic and review information on studies and their attached surveys, <lfld a sub­

component that allows the extraction and editing of all quantitative data from the surveys. The 

bibliographic and review information serves as a guide to the user concerning issues like ;the source 

of the data, the coverage of information in a particular survey, the statistical usefulness qf the data, 

the quality of information, and so on. This component of the database is design¢d for the 

continuous capturing of secondary data in cases where the primary data is not available in 

electronic format. It therefore requires specialised attention in the extraction of data sinte the data 

extracted in different forms from their original documents will have to be transfortiied into a 
' 

common format established in the data capturing process of the database. 
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Apart from the secondary data component, a primary data component of the database has been set 

up to link the secondary data component. This extracts and stores data in electronic format. All the 

datasets are linked by geographic location to enable spatial aggregation of energy use data at the 

locality, magisterial, provincial or national level. A data management system designed in Microsoft 

Access aggregates data from both components of the database and the output can be in the form of 

a report (ready for the printer) or in a spreadsheet format (that can be tailored to meet the needs of 

the user). Another option is provided for the O\:ttput of the data aggregation to be exported into a 

Point Attribute Table (PAT file) for graphic display of the data spatially using a Geographic 

Information Systems package like Arcview. 

The design of a step-by-step user-friendly interface for both the data entry/editing and the data 

aggregation systems provides separate routes for the three activities in order to avoid any confusion 

that could arise for users with very little knowledge about computers. 

For the energy demand analysis and projections, energy end-use and appliance data covering the· 

whole of South Africa are extracted from the database in the form of dwelling type disaggregatkm. 

These are further aggregated into three primary climatic regions of South Africa. The energy 

requirements for the devices providing the end uses are estimated from secondary sources. 

Furthermore, data on projections of the number of households are estimated from secondary 

sources. Aggregation and disaggregation of these data sources result in a four-level hierarchical 

data format as the main input into the Long-range Energy Alternatives Planning (LEAP)1 model for 

the energy demand analysis and projections using scenario development. 

1.6 Dissertation structure 

This chapter has created a theoretical background for developing a domestic energy database 

system as a research tool for integrated energy planning in South Africa. The chapter examined the 

evblution and principles of the IEP concept, outlined the processes involved, established the data 

needs, and discussed database development as one of the major tasks in an IEP framework. It 

. identified lack of access to basic energy services as a critical area for policy research and focused 

energy database development efforts on low-income households. The chapter also sketched the 

broad research methodology for the thesis. 

I Chapter 2 focuses on low-income households and relevant issues for integrated household energy 

planning. The chapter discusses the characteristics of household energy as well as energy poverty 

in South African low-income households. For the purposes of energy demand analysis, the number 

of low-income households have been aggregated into dwelling types and climatic regions. 

1 LEAP is the Stockholm Environment Institute's computer-based tool for performing integrated energy 

planning. The application of LEAP and its principles can be found in Chapters 5 and 6 ofthis study. 

J 
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Chapter 3 describes the processes involved in the development of a National Domestic Em~rgy Use 

Database system. The chapter details the structure of the database system, its composition, its 

user-interface and the data aggregation system. 

v Chapter 4 gives a short overview of some of the data in the domestic energy use database covering 

household characteristics, multiple fuel use, energy expenditure, energy end uses, electrification, 

wood collection and prevalence of different fuel use among households in different dwelling types. 

For the purpose of energy demand analysis and projections, the end-use information is 

disaggregated into dwelling types and primary climatic regions. 

Chapter 5 details the research methodology for projecting energy demand. The chapter also gives a 

layout for assembling all data required for the estimations. 

In Chapter 6, energy demand scenarios are developed for the energy demand analysis and 

projections. Graphic illustrations of some of the outputs of the energy demand profiles and 

projections are presented in this chapter. The chapter also analyses the output of the projections 

and the energy savings involved in each of the demand scenarios. 

Finally, the dissertation ends with Chapter 7 demonstrating how the development of energy~ 

databases can facilitate the identification of gaps in the planning process. The chapter also makes · 

recommendations in terms of the collection and assembling of energy use data and further dtaws 

conclusions on the benefits of exploring energy demand projections based on demand scenarios. 



2. 

The household sector of the e.nergy economy 

2.1 Introduction 

The household unit has become an important factor in the energy economy, The democratic 

experience in South Africa has brought to the fore social equity issues, particularly access to basic 

services in the household. The emergence of Community Based Organisations (CBOs) with the 

democratic transformation process has brought households together more than ever before, as a 

force to reckon with concerning service provision. Whilst 4t the past, industry and commerce 

dominated the focus of the Electricity Supply Industry (ESI);~.the electrification of households has 

gradually become an entrenched issue in the political arena. 

It is likely that the household sector will feature prominently for a long time in policy issues 

regarding the energy economy. As .discussed in Section 1.3, the scope of this study is largely 

focussed on the low-income portion of the households sector since most of the previously 

disadvantaged people fall under this category. At the outset, however, it is necessary to accurately 

define the term "household" as a measuring unit in energy demand analysis. 

2.2 Definition of the "household" 

According to Becker (1965 and 1988), a household can be viewed as a rational economic unit 

maximising utility subject to a time and income constraint. The changes in household size and 

structure over time provide important insights into the household's changing environment. 

Household structure is therefore an important "economic variable" that responds to changing 

economic signals over time (Sperber FS 1993: 7). 

In a national survey for the Statistics on Living Standard~, and Development Project, which 

covered many basic human needs including energy, the definition of the .household was one of the 

crucial concepts in the questionnaire (SALDRU 1994). The definition was drax¥n up in such a 

manner as to avoid double-counting .of individuals who· may live in more than one place, and as 

such, two definitions of the household were used. 

1. The first definition comprised all individuals who: 

• live under this "roof' or within the same compound/homestead/stand at least 15 days 

out of the past year; and 

• when they are together they share food from a common source (i.e. they cook and eat 

together); and 
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• contribute to or share in, a common "resource pool" (i.e. they contributd to the 

household through wages and salaries or other cash and in-kind income or they I may be 

benefiting from this income but not contributing to it, e.g. children, and oilier non­

economically active people in the household). Visitors were excluded fr~m this 

definition. 

2. The second definition of the household included only those members who had lived "wider this 

roof for more than 15 days of the last 30 days". This definition was derived to eliminate! double­

counting of individuals. 

For the purposes of this study, a householcf is defined as a socio-economic unit of a p¢rson or 

persons who "eat(s) from the same pot" or who contribute to a common budget and is h~used by 

a dwelling or group of dwellings. The common budget here refers to the combined in~ome or 

resource pool from which the household expenditure or consumption comes, although' not all 

members of the household may have equal access or contribution to the budget. 

In terms of the analysis of energy usage, the service provided by an energy source is i usually 

enjoyed not only by individuals but by a part or the whole of the household. For example, ']vhen the 

space heater is switched on, everyone in the house enjoys the comfort of the warmth it brings. Also 

when the cooking is finished energy is derived from the meal by all who eat it. In the same way, the 

light in the common room provides illumination for all individuals in a dwelling. Thrts, it is 
I 

believed that, from an energy consumption point of view, energy would largely be consumed 

jointly by such a grouping as the household. In this study, whilst a large volume of data is ~ollected 

per capita, sufficient data is identified or redefined in terms of the household in order to es*1blish a . 

common basis for the database design. In the analysis of data, however, per capita basis has been 
I 

used extensively in the study to provide a common basis of comparison since household sizes may 
I 

differ. 

2.3 Characteristics of household energy 

As mentioned in Section 1.3, the low-income household sector, in particular, continues ,to pose 
I 

major energy planning challenges in South Africa. Information on household energy use still 
I 

remains relatively scarce and scattered, and the interpretations of the data vary· widely. Tqis study 

intends to bring together the scattered data on household energy use in one database in ~rder to 

facilitate the analysis of the data in an integrated manner, and deepen the understanding of the 

characteristics of household energy. 

Compared with industry and commerce, the household sector has energy demand anq supply 
I 

characteristics which make assessment and project analysis at times difficult and uniqu~. Leach 

2 The definition of the term "household" has often been a contested issue. 
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and Gowen (1987: 2-3) and APDC (1985: 92) identify some of these critical differences between 

the household sector and other sectors: 

• The household sector consists of many individual users who live in a great variety of energy· 

"landscapes". There is enormous diversity in the availability and costs of energy supplies; in the 

levels of consumption and mix of fuels employed; in end uses such as cooking, water heating, 

space heating and lighting; and in technologies and energy-related preferences and modes of 

behaviour. 

• Most household energy use is not recorded by supply agencies but must be ascertained through 

household surveys. It is in the electricity sector, and piped gas in some countries, are there 

centralised and disaggregated records of household consumption, because these supplies are 

metered and billed. 

• Low-income households, especially in the rural areas, depend heavily on traditional fuels from 

(i) biomass and its related sources e.g. woodfuels, and (ii)· animate energy. sources like dung. 

These traditional fuels represent only one aspect of the complex, interrelated systems for 

producing, exchanging, and using biomass materials of all kinds, including, for example, human 

food,. animal fodder, timber and crop residues for construction materials, as well as for foeis. 

There are no established market mechanisms in the rural areas to bring. supply and demand for 

traditional fuels into balance and this situation has negative severe impacts on the livelihood of 

the rural and urban poor. "Energy problems" and solutions must, therefore, almost invariably 

be considered within this total context. 

• Traditional household fuels and their usage technologies are often difficult to change, largely 

because alternatives are not known, or unaffordable, or inconvenient, and thus households tend 

to prefer to continue with age-old customs. 

• Traditional fuels are collected and measured in non-standard units such as bundles, bags, 

headloads, backloads, baskets, buckets, etc. Since these wiits vary from person to person, 

region to region and season to season, it is very difficult to get precise measurements from 

adhoc surveys. 

o The gross energy content of each category of traditional fuel is different and it varies from one 

season to another due to moisture content. Thus, in data collection, "norms" of energy content 

of these fuels cannot be used for obtaining estimates of energy consumption. 

• Energy supply and demand patterns of households are location-spe~ific. They normally vary 

considerably by region, district, village and town, and by household or dwelling type within 

towns and villages. National energy use studies must reflect these differences if they are to 

provide any valid basis for planning. 
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• Household energy is linked with the provision of other basic services and products 14~ water 

and food. For example, the electricity connected to a household is useless for satiscying the 
I 

hunger of a household unless water and food items are available for a meal to be I cooked. 

Furthermore, energy provision is linked with many informal commercial activitie~ in the 

household or the immediate neighbourhood (e.g. sewing, welding, beer brewing, and ctjmputer­

basedjobs like typing). Thus there is a need for consideration of other relevant basic se~ces in 

household energy data collection. In this way, linkages within the household energy dertland can 

be explored, and there can be disaggregation of demand into that for actual domestiJ energy 
I 

use and that for the associated informal commercial activities. Methodologies incotj:>orating 
I 

end-use approach are usually helpful in analysing the energy demand for these informal 
I 

activities. I 

I 
These characteristics make it especially difficult to gather and assess basic energy dat4- on the 

household sector, particularly among the rural and urban poor. Thus, in the collation o~ data on 

energy use in low-income households for the domestic energy use database developmentj special 

attention is paid to the methodological and analytical aspects of data collection in each sburce of 
I 

data. I 

i 
I 2.4 Defining the scope of the study: "low-income households" i 

This section briefly describes the characteristics of the "rural and urban households" in /order to 

define the focus of this study. A classic feature of the South African household sector is i~s highly 

unequal distribution of income and wealth, with a high proportion of the population iiving in 
I 

varying conditions of poverty. One indicator of personal income distribution is the Gini coefficient. 
I 
I 

Using this measure, an index value of 0 would signify minimum inequality, and a value of 1 
I 

maximum inequality. With a Gini coefficient of 0.68 in 1991, South Africa's income distribution 

was among the most unequal in the world (Whiteford 1994). Van Horen et al (199~a: 624) 

illustrate this inequality thus: 
I 
I 

In terms of income distribution, the poorest 40% of the population earned only about 9flo of the 

total income in 1990, whereas the wealthiest 10% earned about 44% of the total income. ! 

One measure of poverty is the Minimum Living Level (MLL), which represents the nbnnum 
I 

financial requirement of a family for the maintenance of acceptable standards of health, hygiene, 
I 

clothing and nutrition. The MLL for South Africa in 1990 was set at R709 (i.e. about US~l91.43) 

per household per month. According to a quote of one source by Makan (1994: 22), 145% of 

households received incomes below this level in 1989. 
I 

i 
I 

Another significant feature of poverty in South Africa is that there are enormous raci4, gender 

(mostly in terms of household head) and geographical (in terms of rural and urban) disparities in 
I 

income levels, as well as in access to land, employment, education and other social services 

(Eberhard & Van Horen 1995: 46). 
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While 53% of the households with income levels below the 1990 MLL were Africans only less 

than 2% were whites. In terms of income and the other indicators 'of poverty, women in South 

Africa are at a relatively disadvantaged position. In the same vein, rural areas in South Africa are 

more impoverished than urban areas, with about 80% of African households in rural areas having 

incomes below the MLL, compared to 50% in urban areas in 1990. Perhaps these disparities are 

more simplified in a source noted by Wilson (1991:53) and Makan (1994: 32) as: 

poverty is most likely to be found in a rural household headed by a black woman. 

Bekker et al (1992) estimates that more than one-third of South African population may be 

described as the "rural poor". 

This thesis uses the 1994 Nelf EDI Database for its estimation of the number of low-income 

households (Nelf 1994). The Nelf database was established by the Eskom-sponsored National 

Electrification Forum (Nelf) under broad consultations with many relevant organisations. It was 

established during the period leading to the 1994 democratic elections, in a pro-active and open 

manner, integrating all the available data on demographics into a common base as an information 

resource for the Electricity Supply Industry. 1993 estimations from the Nelf database result in a 

total of 5,847,668 low..,income households as shown in Table 2-2 and Appendix I. This represents 

over 67% of the total 8,707,679 households3 in South Africa in 1993 (Table 2-2 and Appendix I). 

From Table 2-3 it can be seen that rural households constitute over 65% of the low-income 

households, and this confirms the generalised assertion above that low-income households are in 

the rural areas more than in the urban areas. Methodology for these estimations is discussed in 

sections 2.6 and 2.8. 

2.5 Characteristics of energy poverty in South African households 

In characterising energy poverty in South African homes, Eberhard and Van Horen (1995:44) 

summarise the "urban and rural poor" briefly by the following themes: 

• household access to electricity is highly skewed; 

• multiple fuel use is the norm rather than the exception; 

• geographical factors have an important influence on energy consumption; 

• energy constitutes an important item in household budgets; 

• energy transition theory cannot adequately account for real decision-making processes in 

households; 

3 This figure includes dwellings of rural and urban formal institutions as dwelling units. 
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I 
I 
I 

• energy poverty has environmental, health and social costs which are of national si~ficance; 

and I 

• a supply-driven household energy policy will not produce the optimal result. I 
I 

Mehlwana & Qase ( 1996) further identify fuel and appliance sharing, household and !dwelling 

structure, and perceptions of fuels as some of the socio-enonomic determinants of ener~ use in 

low-income households. 

2.5.1 Climatic regions and dwelling types as basis for energy demand analysis 

Some of the features of household energy poverty above will be explored further in Chaptet 4 when 

an overview ~fthe data in the domestic energy use database is presented. However, in thisJchapter, 

geographical factors (in essence, climatic influence) and dwelling structure (mainly dwell~g type) 

will be explored further as the basis for the energy demand analysis and projections in Cttapters 5 

and6. 

Of all the household end-uses of energy, it appears like heating (mostly space heating aµd, by a 

smaller measure, water heating) has the most saving potential, especially with affordable/ housing 

being a high priority of the first democratic government. Simmonds & Mammon (1996: 2~) asserts 

that the amount of fuel required for heating purposes can · be tempered by using apbropriate 

construction materials and design strategies in residential buildings. Information on the m~ans and 

fluctuations in climate can be used to determine whether or when a building requires heatiJg and/or 

cooling to maintain an acceptable level of comfort. In this way, climatic data, specifibally the 
I 

parameter of temperature, together with solar geometry, can be used to select appropria~e design 

strategies and construction materials for building in a specific area. I 

In the methodology for estimating energy demand projections in Chapter 5, the energy endjuse data 

extracted from the domestic energy use database is first aggregated at the dwelling type level and 

then further on to the climatic level. Subsequent sections of this chapter explain the estJation of 

the number of households for these two levels. I 

2.6 Climatic classification of South Africa 

Williams (1993) mentions geographical location as one of the primary macro-determindnts of a 

household's energy consumption in South Africa. One important dimension of this is the ukuences 
I 

that climate has on household energy, especially space heating. In examining the role 0£ thermal 
I 

design in the future of South African housing provision, Thome (1994:36) suggests the ne9essity of 

first considering the national climatic zones. While the climate of a region largely detedmnes its 
I 

natural thermal situation, the geographic location also determines the natural resources fdr energy 

provision, although these two determinants are often interrelated. Thus this study classifie~ all end­

use data according to climatic regions. 
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In South Africa .. the NationalBµildingResearch Institute (NBRI) has identified, six: climatic zones: 

cold interior, . temperate interio~, hot interior, temperate ~oaStal, sub-tropi~ coa.Stal, and arid 

interior: Figure 2-~ outlines Sm~thAfrica's six climatic zones,. 

18oE 

·. Zone Climaticconditions 
1 lt::::r~I Cci1d i riterior 
2 D Temperate interior 

Figure 2-1: Climatic zo.nes of South Africa 

Source: adapted from Meyer (19B;J) 

However, with respect to energy consumption, it can b.e assumed that three main climatic variables 
. . * . . . 

are important: seasonal and diurnal temperature ·and humidity flu~tuations. Based on .these 

variables, South Africa can be classified broadly into three main Climatic zones: hot-humid, hot­

dry and temperate (Thorne 1994). The hot-.humid .zone comprises the subtropical coast and small 

southern .portions of the te~peraie interior and hot interior. The hot-dry comprises the rest of the 

hot i.q~rior, the arid.interior and small middle portion of the co~.9 interior. The temperate is largely 

the temperate coastal region together with most parts of the cold interior. 

Tnorne (1993) further groups the geographic area of South Africa.into the three climatic zones as 

follows: 
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Climatic zone Geographic coverage 
I 

Temperate Western and Southern Cape, Gauteng Province I 

I 

Hot-humid Eastern Cape Province, KwaZulu/Natal Province, Mpumalanga LO\fveld 

i 
Hot-dry Free State Province, Northern Cape Province, North-West pl . 

~OVlilCe, 

NorthernProvince,Karoo i 
I 

TABLE 2-1: Geographic coverage of climatic regions4 

Source: Thorne (1993) 

2.7 Dwelling types classification 

For effective study of household el}ergy_ demand and supply analysis, data has to be gathered at the 

point of energy end use, tha~-is, at the household level. However: different household~ are Jo:Sed in 

different dwelling types whose construction materials and design have appreciable effect Jn energy 

consumption, especially space heating. Dwelling categories of households exhibit differeAt energy 

use patterns and ar~ affected differently by various policy options (Trollip 1994: 10). A ntJnber of 
---------- - - --- - I 

dwelling types were postulated for the National Electrification Forum (Nelf), together vl-1.th their-

associated socio-economic variables. Those Nelf dwelling types that are relevant to this skdy (i.e. 

those housing low-income households) are classified below (Nelf 1994): 

Urban formal 

These are formally built structures (usually brick or mortar) in formally planned and adniinistered 

urban areas. They usually occur in planned townships and surburbs. 

Urban informal planned 

These are informal structures (e.g. shack) in a formerly planned and administered areas. !Informal 

settlements are generally defined in terms of the building materials used in the construction. The 

building materials may "vary considerably in origin, nature and durability, and include wJttle-and­

daub, mud bricks, corrugated iron, plywood sheeting and sometimes more orthodox mateJals such 

as concrete blocks and clay bricks" (Urban Foundation n.d.). Planned settlements are cbmmonly 

4 The names of the regions in the table from the original source, which referred to those classifications 

used in the former apartheid South Africa, have been changed to reflect the names of thb present 

dispensation. 
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described as official site-and-service schemes. They are established townships offering legal tenure 

and widely differing levels of service. 

Urban informal unplanned. 

They are informal structures in non-planned, non-formerly administered areas (e.g. squatter camp). 

These dwellings usually do not have access to services. 

Urban backyard shacks 

These are separate dwellings containing separate households on the premises of a formal or 

informal structure in a formally planned and administered area. They are usually erected on 

residential properties in formal legal townships. 

Rural dwellings 

These comprise all the rural dwellings classified in the Nelf database as Rural Farm Labourer 

Formal, Rural Farm Labourer Informal, Rural Settlements Nucleated Formal, Rural Settlements 

Nucleated Informal, Rural Settlements Scattered Formal, Rural Settlements Scattered Informal. 

2.8 Aggregation of low-income households into dwelling types and 

climatic regions 

In making estimates of the number of low-income households in the country for this study, two 

sources of data have been used. First, Nelf EDI database is used to pull together the total number 

of households for the urban formal, urban informal (planned and unplanned) and rural dwellings in 

the various magisterial districts within the regions classified under the three primary climatic zones 

in Table 2-1. Second, work done by Trollip (1993) is used for splitting urban formal low-income 

households from the high and medium income households which occur as an aggregate urban 

formal in the Nelf database. Using the percentage split worked out by Trollip (1993) 

approximations are made to match the present regional areas ip. Table 2-1 with those in that study 

which were classified according to the old DBSA Development Regions5
. The results are 

summarised in Table 2-2. The totals of the disaggregated data in Table 2-2 can be cross-checked 

with the figures in Appendix I which gives the aggregated data for all the dwelling types extracted 

from the Nelf database. 

It can be inferred from Table 2-2 and Appendix I that rural farmworker households and rural 

homeland households combine to form the rural dwellings in Table 2-2. 

5 The DBSA Development Regions refer to the provincial demarcations developed by the Development 

Bank of Southern Africa during the period leading to the 1994 democratic elections (DBSA 1990). 
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Climatic No of households in dwelling type 

Zone Formal Planned Unplanned 

housing Shack shack 

Temperate Total 698,119 268,433 149,098 

Hot-humid Total 190,471 127,555 10,913 

Hot-dry Total 262,522 112,446 45,879 

Total 1,151,112 508,434 205,890 

Backyard 

shack 

114,428 

9,640 

23,023 

147,091 

Rural 

dwelling 

1,012,142 

1,650,352 

1,172,647 

3,835,141 

22 

2,,42,220 

1,~88,931 
I 

1,116,516 

5,~47,668 

TABLE 2-2: 
I 

Estimated number of households in each dwelling type in each climatic zone from the 
I 

projections in the Nelf EDI database (Nelf 1994). 

The total number of low-income households can then be categorised into percentages of dwelling 

types as shown below in Table 2-3. The data in Tables 2-2 and 2-3 are used in Chapters 5jand 6 as 

input into the energy demand projections. The projections for the household data in Table 2-2 and 
. I 

2-3 from 1993 up to 2020 are shown in Appendices VIII and IX. These projections are based on 

the Nelf EDI database and they are also used as input into the energy demand projebtions in 

Chapters 5 and 6. I 

Climatic Urban Planned Unplanned Backyard Rural! 

zone Formal shack shack shack dwelling 
I 

Total 

Temperate total 31.1 12.0 6.7 5.1 45.1 I 100.0 

Hot-humid total 9.6 6.4 0.5 0.5 83.0 

Hot-dry total 16.2 7.0 2.9 1.4 72.5 

Total 19.7 8.7 3.5 2.5 65.61 

TABLE 2-3: Percentage of low-income households in each category of dwelling type in each 

climatic zone 

- ., ____ . =-=--:-- - .. 

100.0 

100.00 

100.00 

- ·~~~~~~~~~~~~~~~- -- ··-----·---··---···. '----·· --



3. 

Domestic energy use databas~ development 

3.1 Database development in the IEP process 

D<i_~~~se development was discussed in Section 1.2.2 as one oft}ie main tasks in integrated energy 

planning (IEP). Bouille (1992) cites database development as an essential prerequisite to the 

implementation of an integrated energy planning process. It involves the data aspect of energy 

planning. If energy_pl~n~ c_an be considered to be a_ .set of activities leading to the structuring of 

~~oflllation so as to facilitate decision-making, database devel()pment would reach over the entire 

gamut of energy planning (APDC 1985). The ultimate go~J of data .base development is a 

complete, reliable an~ dis~¥gr~gat~~ energy and socio-economic information as a resource for IEP. 

Database development has to be understood as very much a part of the iterative process of IEP. 

Although the database serves as an input to demand and supply analysis its development does not 

precede the analysis stage. Usually database development and analysis are carried out 

simultaneously, with considerable iteration between them. As the planning process becomes more 

sophisticated, the quality of the database, as well as that of the energy plans constructed, will 

improve. Even if the initial data set is incomplete and simple, it allows for a consistent and 

comprehensive approach to analysing national energy problems which is superjor to the traditional 

uncoordinated planning by sub-sector (Eberhard· 1992). In this way data gaps can be clearly 

identified and further research could incorporate the necessary data collection. A case in point is 

the development of energy demand data in the Energy Policy Research and Training (EPRET) 

project at the University of Cape Town in 1992-93. At the beginning of the project a coherent set 

of data describing low-income household energy usage was not available. The development of 

energy demand data therefore had to start from scratch at the same time as other ·policy work 

(Trollip 1994:4). In the words of the research outline: · 

The analysis of existing primacy and secondary data sources (of energy demand data) would 

provide the starting point for the sectoral studies dealing with energy supply options in both urban 

and rural areas. In turn, the energy usage information would be refined by closer investigation 

undertaken in these sectors (Eberhard 1993). 

The most distinguishing characteristic of database developmen!, is that it provides a quantitative 

framework for energy planning. The amount of data required for energy planning can be enormous 

but it should be borne in mind that the importance of database development does not lie in its 

sophistication, but in the extent to which it is useful for energy planning. It must endeavour to 

provide answers to analytical questions concerning energy needs, and the means and resources for 

achieving those needs. 
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I 
I 

In IEP it is not sufficient for an energy database to provide answers to analytical ques~ion like 
' ' 

"how much energy from a specific source is required by a group of people or househtjlds or a 

sector of the economy for a period of time?". Database development requires questi~ns more 

pertinent than this in order for the IEP process to be demand oriented and end-use driven~ Rather, 

the database must go on further to provide data on the specific purposes for which Jnergy is . I . 

required, and also, the technology or devices or appliances with which those purposd can be 

achieved satisfactorily. In addition, it must be able to appraise how accessible and affor~ble the 
I 

supply of energy from specific sources and their respective technologies are. The datab~se must 

also disaggregate consumers into smaller groups with likely energy use patterns so thJt energy 
• I 

supply solutions can be properly channelled. i 

At the outset, then, data is required for energy demand analysis and energy supply ~al~sis. This 
I 

study focuses on database development for domestic energy ·demand analysis as disqussed in 
I 

Chapters 1 and 2. Most of the discussion in this chapter will focus on data for demand !analysis. 

APDC (1985: 28-34) specifies three main sequential steps in database deve~opment,! namely, 
• I 

identification of data required, collection of data identified and assembling of data colle~ted. 

! 

3.1.1 Identification of data required i 
I 

,I • • 

This step in database development relates to a country's energy system where act1~1t1es of 

production, transformation and consumption of energy interact. It also pertains to vari~bles and 

parameters that influence the energy system. According to the IEP Manual by APDC ( 19~5) there 

is no ready made or standardised database since, as a planning concept, IEP does not pres~ribe any 

universally applicable data requirement. The kinds of data and the level of their detail req~ired for 

a database depend solely on a country's energy situation and its policy objectives. i 
i 

For the purposes of energy demand analysis, data requirement can be grouped into two cdtegories. 
!. -

The first category comprises information affecting the demand for energy. This i includes 
. I 

information on macro and sectoral economic activities, prices, demographics, climatic cbnditions 

and governmental policies and regulations. It explains the close relationship betwee~ energy 
I 

consumption and socio-economic activities. The second aspect of data is on energy demand proper. 
- I 

This consists of data on actual energy consumption by economic sub-sectors (e.g. households) by 

demand categories (or end-uses like space heating and lighting) by energy source (e.g. el~ctricity, 
fuelwood, and coal). Data on conversion efficiencies of end-use devices is also importaAt at this 

I 

~e. I 

I 
For energy supply analysis, data is required on energy resource assessment (including total 

I 
reserves and possible production rates) and technology evaluation (involving all types of 

technologies for transfonning raw energy materials into energy forms useful to the consumlr. 

I 
I 
I 
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3.1.2 Data collection 

Data collection for. energy demand' analysis usually involves the design of time-consuming and 
,,,, •• . &.· 

expensive surveys and questionnaires. It is therefore necessary to review existing data sources 

before beginning the actual data collection exercise. In some cases much of the required data can 

be generated from secondary sources (i.e. existing statistics, p~blished and unpublished reports, 

macro. and sectoral plans and programmes). However, in many cases; primary data is required, 

and this is where the design of questionnaires and surveys are very important. Primary data is 

usually difficult to collect and, therefore, a carefully designed method is required. This includes 

data on end-use energy consumption by households by fuel source and demand category such as 

cooking and space heating. 

Often surveys are the only means to gather primary information .for energy planning. There are no 

generalised survey methods or approaches that are universally applicable. The survey design will 
-"'' 

differ ·according to a country's energy resource situation and according its energy consuming sector. 

or groupings. Practically, there is a limit to the resources available for surveys (time, skilled 

manpower, money). Therefore proper sampling is important in order to utilise the available 

resources efficiently to achieve a desirable coverage in the survey. 

Special attention is required for collecting data on traditional sources of energy which supply a 

substantial portion of the total energy demand of low~income households. As discussed in Section 

2.3, traditional energy sources data are difficult to collect and assemble due to the complexities 

involved in estimating their consumption. Care should therefore be taken when integrating such 

data with formal energy systems. 

3.1.3 Assembling data collected 

The last step in database development is the assembling of the data collected in a comprehensive 

and consistent manner for integrated analysis and decision-making. Again, there is no single 

database framework that is superior to others, the country situation would determine the 

appropriated level of detail and framework suitable. Most of the rest of this chapter deals with how 

both primary and secondary data on t:nergy use in low-income households have been assembled in 

a National Domestic Energy Use Database System. 

3.2 Domestic energy consumption variables 

At the outset, energy planners should be cautioned about the use of the term "demand". The notion 

of demand typically expresses a relationship between price and quantity in a free market system. It 

represents the quantities that will be purchased at a given price. On the other hand, when the 

purchase has been made, like in most energy usage situations, we refer to "consumption" rather 

than demand. But actual consumption may obscure unfulfilled demand, particularly in South 

Africa where demand was intentionally suppressed by restricted access of black households to 
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energy servi~. Jn corlipilation of historical data the equivalence of demand and cons1ption is 

often assumed. I 

Energy consumption and the choice of fuels consumed depend on interrelated variables. ~t should 

be obvious that many of these variables overlap and that there is often no clear distinctionjbetween 

variables that affect demand and supply. For example, the cost of end-use equipment !is listed 

below as a demand variable since it concerns the final end of the energy supply-conversibn chain 

and is linked to factors such as income, preferences for using certain fuels, and· even tas~es in the 

case of cooking equipment. However, end-use technologies are often fuel-specific, a$ with a 
~ . i 

kerosene lamp or stove, and so depend on supply-side issues such as the availability and1 price of 

fuels, and the price of the household equipment. 

Some of these interrelated variables have been listed by Leach and Gowen (1987: 33-35): I 

3.2.1 Supply variables: 

• 'Price (for marketed fuels); 

I 
I 

I 
I 
I 

• Abundance and scarcity of fuels. The measurements of these variables are not easily' defined. 

They include the "time" and "effort" devoted to fuel gathering and fuel use; access to fuels by 

different household types, seasonal variation in supply; and cultural and socio-economic factors 

such as gender differences over decision-making; . I 

• Fuel preferences. The reasons for choosing particular fuels and their associated appli<jllces are 

usually determined by the characteristics of the energy output of the fuel. For exdmple, in 

cooking, some fuels will be preferred to others because of the handling and lightJg, flame 

quality and temperature, ability to secure fire from children, smokiness and the taste im~arted to 

food. In a study by Cline-Cole ( 1981) in Sierra Leone, the cost of woodfuels relative tb that of 

fossil fuels was the least important consideration for fuel switching by households. AlJough the 

average family in the town of Waterloo, Sierra Leone, spent 30% of its income on :$.rewood, 

two-thirds of them would not switch from it because of reasons including food tastes, s*fety and 

wider range of cooking methods that are possible with open fire; I 

• Urban, peri-urban or rural location (i.e. settlement size and proximity to large towns dr cities). 

These factors are closely related to supply factors such as fuel availability.; ! 
I 
I 

• Substitutes for fuel and non-fuel uses of biomass (e.g. the availability of dung j and the 

competition between the use of dung as a manure in agriculture and as fuel for coo~g and 

heating in rural poor households). 

3.2.2 Demand variables: 

• Household income; 
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• Household size; 

• Climatic factors like temperature, relative humidity and rainfall (for space heating and drying 

needs); 

• Cultural factors (diet, cooking and lighting habits, etc.) 

• Cost and performance of end-use equipment. 

3.3 Background of the National Domestic Energy Use Database 

System 

The National Dcmestic Energy Use Database System was initiated as a data resource for the South 

African Energy Policy Research and Training Project (EPRET) in 1992/93 mentioned in Section 

1.3. Tl).us the da,tabase has been developed alongside actual policy research, influencing and being · 

influenced by the other tasks of IEP. The project for the development of the database is currently in 

its second phase, which is mainly funded by the Department of Minerals and Energy (DME), 

although Eskom has supported certain aspects of the project. The project attempts to provide a 

comprehensive. collection of all research that has been done in South Africa on low-income 
> 

household energy usage and related indicators in a consistent format, and to provide quick access 

to key quantitative data in the studies necessary for planning purposes. In this way, key national 

research gaps are identified 

A user-friendly computerised database system has been designed and it comprises a number of data 

categories that are relevant to integrated energy planning for the low-income household sector: The 

database components hold large volumes of data on energy usage and other socio-econo­

demographic and housing information. The system further aggregates data from secondary and 

primary sources on different levels of locality. The data agg~~gation facility has a Geographic 

Information System (GIS) output which can be viewed with a G~S package like Arcview. Attempts 

have been made to put the system in the public domain, by possibly making the Department of 

Minerals and Energy the official custodian, to enhance policy formulation that would ensure better 

energy provision for the poor. A framework has been designed to undertake the continuous 

maintenance of the system, its expansion and updating, and to rationalise energy usage and related 

data collection in the household sector. The main tasks involved in the project are therefore the 

following: 

Institutionalisation of the database: Energy planning and policy work need to be situated in an 

institutional framework that can balance national economic and development goals, the. needs of 

energy consumers and the capacities of energy supi;>liers. This function can be explicitly defined 

and resourced if the database could be placed in an appropriate public domain that could provide 
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the required institutional capacity for its effective development and dissemination. It is Lerefore 

proposed that the DMEA becomes the official custodian of the database, responsibl~ for co­

ordinating and overseeing maintenance actions that are necessary. This programme w9uld also 

involve the operational requirements and dissemination. Prospective users need to be ide*ified by 

the department and subsequently informed of its existence, trained and supported in its u~e. In the 

project, the DMEA would co-ordinate all training needs of users, maintenance requests !and user 

feedbacks while the Energy & Development Research Centre (EDRC) at the Universityj of Cape 

Town would be responsible for taking all necessary actions on training, mainten~ce and 

feedbacks, within the constraints of the project. [ 
I 

Data enrichment. Even though the database system has extensive coverage of many fjelds and 

studies, there are still many data gaps that need to be filled. Much work has been ac~eved in 

gathering bibliographic and review data from the available studies into the database, blf! a large 

portion of the quantitative data is still sitting in the various reports. One clear examrlle is the , 
I 

inadequate data on appliance in the database. Data gathering manually from reports of srudies by 

different researchers with different methodologies and measurements could be quite a i daunting 
I 

task. The first phase of this database development was not adequately funded to provide! effective 
I 

data entry into the system. However, the data gathering form the reports and its capturing into the 

system should be obviously one of the most critical specialised function since any serious! errors in 

this function could easily jeopardise the whole noble purpose of energy planning. It is estimated 

that .Eskom alone has spent not less than R2.5 million on energy studies in recent years. I It would 

therefore be reasonable if some efforts are put into extracting the necessary data from t#e reports 

on those studies into an organised format in the database in order to make such a huge iJvestment 
I 

useful. Furthermore, the programme would also ensure that all necessary data is promptly 

extracted from new energy study reports that come up. I 

Database maintenance. It is important to note that energy data is not an end in itsJlf but is 

collected essentially for use in energy planning. As the database is transferred into Je public 

domain it would certainly require some regular maintenance in order to meet the needs o~ different 
I 

users and at the same time keep the data up-to-date. Data integrity needs to be kept intact by 
I 

incorporation of the necessary validation rules so that searches will pick up all relevant re~ords and 

to ensure that data is entered correctly. Sufficient user-friendliness would need to be incbrporated 

into the system if it is to remain useful effectively in the public domain. An on-line win~ows help 

system should be helpful in this regard. A simple user manual is required to be written! and this 
. I 

should be continuously refined. This manual should include details on creating simple queries, a 

simple explanation of the internal structure of the database and how to use the individuat primary 

household records. I 
I 
I 

I 
I 
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Database svstem expansion. Although the data ·and fields in the primary data sets comprising 

individual household records have .. been largely transformed into a form accessible to users the 
• .i.- ' 

data remained inadequate~y useful for integration with the other components of the database system 

since much of it are in some form of codes. The project therefore seeks to increase .the level of 

integration of the individual household records with the other components of the database. Also, the 

system needs to be expanded to include primary data sets thafbecome available. The primary data 

on the·Project for Statistics on Living Standards and Development (SALDRU 1994) has so far 
. ' 

been linked with the database in electronic form and the.database system aggregates data from this 

primary data source. 

Analvsis and synthesis. The iterative processes of IEP are to be sieved through analysis and 

synthe~is of data to demonstrate the power of the database in supporting policy-making. To achieve 

this, data queries are constructed to yield aggregate data reports on different basis and levels of 

data in orderto provide statistical estimates from the existing data. This would have to be built up, 

progressively and iteratively to paint more detailed quantitative pictures of energy usage patterns 

and how they relate to household economic and social characteristics. Some conversion facilities in 

terms of survey dates, currency values, energy units, etc., are also be provided at all levels of data 

to enhance analysis and synthesis. 

Standardisation ofdomestic e11ergy data collection. In the past,, domestic energy data collection, 

was undertaken in a very fragmented way in South Africa with different methodologies and 

measurements. Evidently, that approach not only entailed much duplication of effort and waste of 

resources, but also more importantly, by lacking standard definition. of the common data entities 

collected, resulted in incompatible data sets. It is therefore proposed that, as part of this project, all 

questionnaires used fot domestic energy data collection be pulled together and standardised, with 

common entities accorded standard definitions. Harmonising the definition of the common entities 

does 11ot imply collecting all data in a single database (Harf<).µsh, .N & Wild, K 1994). On the 

contrary, the standard definitions allow the decentralised collection of data, the establishment of 

many application specific databases, while maintaining the possibility of aggregating or correlating 

such data consistently with that generated by other efforts. It is proposed that this project be 

informed of all national efforts in domestic energy data collection and be made part of the co.:. 

ordination of such efforts in order to ensure proper sampling coverage and standard methodology 

and measurements. 

3.4 Review of secondary data sources for the database 

development 
As discussed above, the development of the domestic energy use database has largely involved the 

collation of data from diverse kinds of studies. The extraction of data from these secondary sources 
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. . I 
required critical evaluation, since the data in the various studies were not generated primarily for 

energy planning and, as such, varied in terms of measurement factors, time periods, metiJodology, 

and so on (NAS 1980: 9-14). None of these studies had a national coverage, rather the~ covered 

certain selected rural, peri-urban and urban areas in different parts of South Africa. 

Rural energy studies in South Africa have been extensively reviewed by Ward (1995) detailing the 

types of existing studies and their shortcomings, quality of data, and coverage in ierms of 

geographic location and issues of energy use and related variables. Loon (1996: 61 J69) also 

reviews a selected representation of rural energy studies in South Africa in terms of their 

methodological approach with respect to IEP. This section does not attempt to review in detail the 

sources of the secondary data in the database since this has been extensively done in the r+iew and 

bibliographic component of the database itself (see Sections 3.3.2 and 3.3.3). However, an attempt 

has been made to summarise briefly below the types of studies from which data were extrdcted into 

the database, and also, a general observation of the studies, especially the constraints in Japturing 

data from all the different sources of data into one database. 

3.4.1 Types of studies 
At the outset, a comprehensive search for all energy and energy-related studies on households in I 

South Africa was initiated. This happened in a period when most institutions were strum~~ing with 

the transformation of South Africa into a society of openness. In spite of the initial difficJlties, the 

search produced overwhelming results, bringing together hard copies of reports and plapers on 
I 

diverse kinds of studies. Each of the reports was carefully read and the data therein critically 

examined. 

All the studies were classified by the type of information that the particular studies pm;posed to 

gather. Another categorisation of the studies was by the kind of institution that commis1ioned or 

conducted the studies. Some of the types of studies are: 

• Energy survey/studies 

• Policy/analysis 

• Income and expenditure survey 

. . 
• soc10-econorruc surveys 

• In-depth studies 

• Conference papers & journal papers 

• Thesis (MSc. & PhD) 

• Development studies 
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3.4.2 General observations of studies: constraints in da~a capturing 
' -. J:· 

There have been many constraints to the capturing of data from the various studies. Many .of these 

constraints are resource-related. The reading of the reports requires the services of specialised 

personnel with qualified experience and lmowledge about household energy use especially. in the 

low-income areas. This ensures that accurate data is captured to offer the database a good 

foundation. This aspect is also time consuming since the data captured from one report would often 

require some manipulation in order to fit into a common form for the data from all other studies. 

The design aspects of the database have also ·been a dauntmg task as well as the database 

maintenance. It must be obvious that a lot of thinking needs to go into the task of designing of a 

common database. to suit data that has already been gathered under different circumstances, by 

different researchers with different objectives and methodologies. 

There are other constraints too that are related to the studies themselves. Some of these constraints 

are: 

• GeographiC coverage. While some areas have been extensively researched, and sometimes 

research has been mere duplications, other areas have very scanty coverage. Although the 

database is useful in this regard in exposing research gaps, it does also render the aggregation 

of data on .regional basis less meaningful. Coverage in rural areas is worse than in urban areas 
. . ' . . . . . ~---

with some rural areas being completely neglected. Areas in the former homelands are also 

poorly researched. For example, the only useful stUdy on Venda that could be identified is one 

undertaken as far back as 1989 on the demand and supply of firewood in the homelands (Aron, 

Eberhard and Gandar 1989). Although there are some few useful studies on self-governing 

states like Gazankulu and KwaZulu, others have scanty information. Qwa Qwa, Lebowa, 

KwaNdebele and KaNgwane have poor coverage of data on household energy use. 

• Units of measurement. In some studies researchers ignore the· importance of the units of 

measurement in their presentation of data. This is probably due to the fact ,such a study report 

was intended for the internal readership of an institution and,:as such, units were usually !mown 

to be of a specific format. However, this creates problems when such data is integrated with 

data from other sources. 

• Study review problems. In some of the studies no background information was reported on the 

study and in some others no objectives were provided for the ~tudy. An example of this problem 

is the frequent omission of the sample size and the universe __ for the sampling in the reports of 

some studies. With no information on the sample size and the universe it is impossible to 

estimate how representative the available data is. This creates review problems since accurate 

data can only be extracted when it is placed in the appropriate context. 
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• Poor identification of study locality. Some studies completely leave out a description of the 

physical location of the study area. Others that provide this do not include the necessary 

information like maps to clearly mark out the study area and the way it is linked with other 

geographic locations within South Africa. In some instances the names of certain localities and 

settlements have been spelt or given names differently in various reports. There are a few 

reports too where localities have been wrongly placed. A lot of effort is· put into reconciling 

these differences and omissions in order to provide unique locality for each study. This is 

necessary for the purposes of data aggregation at different levels of locality so that no data is 

lost in the process. 

• Loss of survey data. Usually, only a few tables of data are included in a report. The data that 

is presented therefore provides only a small fraction of the utility that the underlying data from 

the survey work actually holds. 

• Omission of references. There have been times when one requires information from the author · 

of a report (or his/her institution) in order to ~ake any sense out of the data in the r;eport. In 

some cases explanation or clarification of a methodology or measurement or a study location or 

objective is required, and in other cases more empirical data is needed. However, some reports 

leave out the institution of the author or the institution that commissioned the study. There are 

some instances where authors names cannot be identified. This makes it difficult to track the 

source of the data set and renders any data authentication process futile. 

• Limited grouping of data. The data in reports are usually aggregated data that have been 

grouped into pre-defined categories. This limits the reader of such reports to the categories pre­

defined in the report. To be able to re-group the data to suit the categories in the database one 

would sometimes require the actual data behind the pre-defined categorisation, for example, in 

the database data is categorised according to dwelling types whose definition go beyond 

informal and formal households. Thus studies with data categorisation according to formal and 

informal categorisation pose a lot of problem in data capturing. Another example is the 

categorisation of data into urban, peri-urban and rural area in the database. For reports which 

categorise data into only rural and urban, one would require some background information in 

order manipulate the data into the preferred categories. It must be mentioned that a lot of care is 

needed in such data manipulation, and in many cases data manipulation is virtually impossible 

or meaningless. 

• Omission of research dates. Since the policy environment is rapidly changing one must be 

conscious of the time certain :findings are made. Furthermore, for proper demand an~ysis and 

projections, time is a crucial factor. One must be able to track the changes in energy use 

patterns with time. Unfortunately, many of the studies have not reported the time .in which 

survey data were collected. 
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• Lack of information on statistical usefulness. To bunch together aggregate data from different 

sources without any information on the statistical usefulness of the data can be very misleading. 

While some reports do not provide information on the sampling method used in the study, others 

do not even mention the sample size for the study. Some of the reports with information on the 

sample size too omit the size of the universe out of which the sample was selected. In such 

situations it is difficult to assess representativity of the data presented in the report. 

• Conflicting definition of terms. The most confusing constraint in the reports is the conflicting 

nature of definition given to some of the terms in the reports. For example, energy consumption 

can mean a lot of things if the report refuses to define it adequately with the appropriate basis 

and units. Energy consumption can be in terms of physical units (e.g. weight of wood, volume 

of paraffin, etc .. ) or useful energy or delivered energy. The bas_is of measurement can be all the 

households in the study or only those households using the. particular fuel. Estimation of 

consfunption must also state clearly whether it is weekly, monthly or annual consumption .. 

These minor omissions sometimes make the data in reports worthless. Another example is the 

definition of "the household" which many studies take for granted. Since most of the household 

energy demand variables are measured in terms of the household unit, inappropriate definition 

of the household can easily distort the picture of energy use patterns. In like manner, the 

omission of a definition of the hou.sehold in a report on a study also reduces the integrity of the 

data it presents. 

• Conflicting research methodologies. The research methodologies of a lot of the studies are in 

some cases found to be diametrically opposite to the purpose of the database. While the 

database is designed as a tool for integrated energy planning, a lot of the existing data were 

collected with supply-oriented approaches. Clear examples are the Eskom S 1 reports (Eskom 

1991, Eskom n.d.a, Eskom n.d.b, Eskom n.d.c) which are basically electricity marketing studies 

aimed at finding out people's attitudes towards electricity and th~ir affordability. The marketing 

bias in the studies is clearly seen in the questionnaire design a.Ild the data presentation. All the 

studies have almost the same format, based on the same questionnaire in spite of the different 

study areas, and usually the dates of the studies are not reported. 

A second example is found in the studies by Gandar (1998) and Rivett-Carnac (1990) where 

even though the idea of integrated energy planning was posited, a different interpretation was 

employed. The word "integrated" in IBP was interpreted to mean "holistic" in the sense that all 

energy supply options should be considered, with special emphasis on an ecologically sound 

exploitation. 

Another example is cited by Loon (1996: 62) in a review of a study by Eberhard & Dickson 

(1987). In this case, even though the IBP principle was followed in the sense that energy 

demand was analysed before considering energy supply scenarios, the energy sub-sectors were 
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I 
I 
I 

taken as the focus for the analysis, causing overlapping of end-uses and subsequent in~dequate 
I 

analysis of the energy services by the sub-sectors. 
I 

• Lack of important cross-tabulation. Many important cross-tabulations of the derrtand and 

supply variables are very important in assessing the effect of one on the other. Howeyer, such 

cross-tabulations were largely left out in many of the reports. For example, even tho1gh there 

were substantial amount of data presented on income and demographics, these variaqles were 
, I 

not, in many cases, cross-tabulated with energy use variables like energy expendi~re and 

consumption. Thus the relationships between these variables are not easily analysed. I 
I 
I 
I 

• Omission of important data categorisation. The restrictive nature of data categorisat~on in the 
I 

studies has led to the insufficient coverage of important social issues like gender ai}d power 

relations concerning energy use in the household. Only a few studies, like that of IAnnecke 

(1992), deal with gender issues. I 
• Lack of data on important energy demand variables. A lot of the studies left out important I 

energy demand variables. End-use information was generally lacking in most of thJ studies. 
I 

Data on appliance acquisition is also very poor in most of the studies. Moreover, datalthat was 

not disaggregated into dwelling types could not easily fit into the design of the databas~. 
I 
I 

3.5 The structure of the National Domestic Energy Use Database 

System 

3.5.1 Introduction 
The database system consists of three Microsoft Access database files, namely; NDEJn.MDB, 

ENGDATA.MDB and SALDRU.MDB. The NDEUD.MDB file contains the programme objects 
I 

and various lookup objects required to run the whole National Domestic Energy Use !Database 
I 

(NDEUD) system. These objects are tables, queries, forms, reports, macros and modules which 

form the backbone of the system, managing the data sets in the system. The actual s~condary 
energy and energy-related data that has been collated from various household energy study reports 

I 

is contained in the ENGDATA.MDB file. The SALDRU.MDB file contains a separatd primary 

data set that has been extracted from a national household survey co-ordinated by the South 

African Labour and Development Research Unit (SALDRU) for the World Bank dALDRU 

1994). I 

3.5.2 Collation of existing domestic energy use data 

The ENGDATA.MDB file embodies the National Domestic Energy Use secondary! data set 

gathered from reports and papers on household energy use studies all over South Africa. I It is thus 
I 

a comprehensive collection of aggregated data already analysed by the respective authJrs of the 
I 

various reports. As one would imagine, data collection and analysis of such aggregated data 

~~~~~~~~~~~~~~~~~~~~--------------------------11111111. .............. .... 
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covering several years and different geographic locations in t1f e country would definitely require 

different research methodologies . by the different authors according io. the objectives ~et for each 

specific study. The extraction of data from such diverse sources into one unifying database 

requires a broad understanding of the issues at stake and a lot of care has been taken in grouping 

data items into the appropriate similar fields of information in the database. 

The focus of this data set has been mainly low-income households. This is because the supply-side 

information on high and medium income households has been reasonably reliable whilst 

information on low-income households remains virtually non-existent, a situation resulting from 

the total neglect by the previous political dispensation. Furthermore, the development of this data 

set has been demand-side driven since it was purposed to identify factors for estimating the energy 

demand of low-income households based on the needs of the people. 
;~ .. 

The demand for a source of energy is based on the services fot. which. it is required, the extent to 

which such services are spread among the population and the efficiency with which they can be 

delivered (Reddy et al 1995). The energy requirement so estimated is then matched with energy­

supply and/or energy saving options, so as to minimise costs. Thus, the coverage in this data set 

extends to all issues like demographics and socio-econorriics that could directly or indirectly 

determine the energy requirement by a household in an integrated energy planning process. 

There are two sub-components of this data set. For each study that has been identified as having 

possible relevance to low-income household energy use, there is a provision for a record in the data 

set consisting of basic bibliographic data and comments on the nature of the study, its objectives 

and usefulness. If the study was found to have quantitative data relevant to household energy 

consumption, the data set would then have indications on the kind of information covered by the 

quantitative data in that specific study. This sub-component of the data set constitutes the 

bibliographic and review database. 

The second sub-component of this data set contains actual survey numerical household energy use ,.. 

data. It is referred to as aggregate data because it is invariably presented in reports as tables of 

averages, across a wide variety of groupings, for quantitative data from individual households. The 

primary groupings are locality and dwelling type. The locality can be a zone in a township, or a 

township, or a town or city, or a magisterial district or a province and a distinction is also made 

between rural and urban localities. Thus, for each study/report, provision is made for any possible 

nwnber of records for dwelling type/locality combinations. This .serves as a link to the groupings 

for energy usage profiles that also use geographic area and dwelling type as main criteria for 

aggregation of data. In terms of geographic locality, four levels ·of data aggregation are possible in 

the system, namely: national, provincial, magisterial district and·locality levels. These four levels of 

aggregation of data by geographic location are stored as data fields in the Locality table found in 

the NDEUD.MDB file which can be linked up with any survey placename, provided 
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Fuel consumption by users: net energy (MJ/month/hh) 

% households usina fuels ,· 
Fuel orices I cents/unit of measurement\ 
Fuel exoenditure bv all IR/month/hh) 
Fuel exoenditure bv users: IR/month/hh\ 
Fuel consumotion bv all: net enerav IMJ/month/hh\ 
Fuel consumotion bv all: ohvsical auantities luniUmonth/hh) 
Fuel consumotion bv users: ohvsical auantities (units/month/hh) 
Wood collection 1% households\ 
End uses of fuels - liahtina (% hh) 
End uses of fuels - water heatina 1% hh \ 
End uses of fuels - soace heatina <% hh) 
End uses of fuels - cookina (% hh) 
Fuel consumotion bv all: useful enerav <MJ/month/hh\ 
Annliances: olanned ourchases 1% hh\ 
Annliances: ourchases 1% hh) -
Aooliances : % hh ownershio 
Attitudes to Electricitv: oriorities of advantaae 1% hh\ 
Attitudes to Electricitv: oerceived affordabilitv (%hh) 
Attitudes to Electricitv: oavment oreference 1%hh) 
Attitudes to Electricitv: oriorities for annliances 1% hh\ 
Emolovment: emolovment levels(% hh\ 
Emolovment: freouencv of miaration 1% hh\ 
Emolovment: economic sector 1% hh\ 
Emolovment: olace of emolovment 1% hh) 
Services orovided 1% hh\ 
Services: communitv oriorities (% hh\ 
Services: household oriorities <% hh\ 
Socio demoaraohics : education 1% resoondent\ 
Socio demoa: education(% samoled hh) 
Socio demoaraohics: ace 1% hh in aae arouo\ 
Housina 
Household Income lR/month) 
Household Exoenditure lR/month\ 

I 
TABLE 3-1: Categories of quantitative data in the form of tables attached to each survey!number 

it can be identified amongst the pre-defined enumerated areas by the Central Statistical !Services. 
. I 

Besides the four levels, the data can also be aggregated at the level of the former homelkds. The 
I 

coverage of aggregated quantitative data attached to each survey is very broad. Table 3-!1 lists 34 

categories of data with wide range of fields for data capturing. I 

The ENGDATA.MDB database file contains 497 documents out of which 364 surveys have been 

identified. It must be pointed out clearly, however, that not all the surveys have the same :details of 
I 

data. Due to the varied objectives and different survey methodologies of the variou~ studies, 
I 

surveys may have different coverages of data fields and, as a result, not all surveys hav¢ data for 

every data field in the database. The programme file NDEUD.MDB works together! with the 

ENGDATA.MDB data file in the analysis of the quantitative data in the various documdnts. Such 
I 

analysis produces aggregated information in the form of reports which can be printed or butputs in 
I 

I 
I 

I 

~-~~~~~~~~~~~~~~~~--------------------------------------------~!---
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the format of Geographic Information System (GIS) which, can be displayed in Arcview. The 

synergy of both the programme and data files, respectively NDEUD.MDB and,ENGDATA.MDB, . .... ·:, 

is hereafter referred to as the NDEUD (National Domestic ~nergy Use Database) system. 

3.5.3 Linking of primary energy use data with secondary data set 

Like the NDEUD system, the NDEUD:MDB programme file works with the SALDRU data set 

(SALDRU.MDB file) in a similar fashion to produce the Saldru system. However, the Saldru 

system works with a separate data set of individual. primary records consisting of about 9 000 

households in the form of coded information. The data is stored mainly in its original form as 

coded information that the Saldru system decodes into meaningful formats in its analysis of the 

data. 

The Saldru data set is an extract from the SALDRU study as: mentioned in Section 3 .5 .1. The 

study was an attempt to measure a wide range of measures of living standards in South Africa, of 

which energy was one. Table 3-2 lists the categories of data extracted from the bulk data of the 

SALDRU study into the Saldru data set which forms part of this database system. 

Item Category 

1 Household Roster - demographics, gender, relations, etc. 

2 Housing - dwelling type, construction, ownership, etc. 

3 Sampling frnme - locality information 

4 Appliance data 

5 Household fuel expenditure 

6 Household monthly expenditure 

7 Fuel end-use - cooking, house heating, water heating, lighting 

8 Wood collection 

9 Employment status 

10 Water and Sa.nitation 

11 Quality of life 

TABLE 3-2: Categories of data in the Saldru data set 

Unlike the NDUED system where the various surveys focused on specific localities, the Saldru 

data set had a national basis with coverage over all the nin~ new provinces of South Africa. In all, 

188 magisterial districts were part of the clusters used for the sul'Vey. 

In the database, the Saldru data set has been grouped into three tables, namely Saldru, Saldru _ HH 

and Saldru _Cluster. The Saldru table contains data collected on individual household respondents. 

The key fields for this table are 'the HIIlD that identifies each household and the PCODE that 

identifies each respondent in the household. The Saldru _ HH table contains inform~tion unique to 
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each household. The key fields for this table are the HHID, which is the unique identification 

number for each household, and CLUSTNUM, which is the cluster to which the particular 

household belongs. The Saldru _Cluster table contains infonnation about each cluster. The [key field 

for this table is CLUSTNUM, which is the unique cluster number. In this table ther~ is also 

magisterial district code, MagCode, which links Magisterial District field to the Locali~ table in 

NDEUD.MDB file to provide locality for the cluster, and hence for each household in tile Saldru 
I 

system. Figure 3-1 below illustrates the data fields through which the Saldru system files and th~ NDEUD 

system are linked. 

!saldru system 

• 

Saldrudataon 

!:~~ertsin 
households 

.·:·:·.·.·.·.·:::·.·.·.·.·.·.·.·.·:·:·:·:· 

I 
I 

I 
I 

! 
I 

BrE 
Data fields : Data fields : Data fields : Data fihlds : 
HHI o .... ~J----+-f-----+-1;1111HID Ma gCode ... ~1---+----+---t--tt1, ~p1 Ma gCdde 
PCODE CLUSTNUM'4~t--+-+----H ... .iCLUSTNUM Locali~ 

Fuel use ~ Proltince Placename Age 
Gender End uses 
Education Fuel expenditure 
etc. etc. 

Rural/Urbani Docu~ent No 
Metro 
etc: 

Surwy/No 
etc. i 

! 
I 

Figure 3-1: Links between the files of the Saldru system and the NDEUD system I 
I 
I 

I 
I 

3.6 General user-friendly interface of the database I 
As mentioned earlier on in Section 3.3, the current phase of the database development is: aimed at 

transferring the system into the public domain. To facilitate the transfer of the syste~ into the 

appropriate institutional set-up in the public domain, a user-friendly interface had to be !provided. 

The system had to be improved and this improvement was extended to all the ~ecessary 

requirements for expansion of the system to include the large volume of data from die Saldru 
I 

studies. 11 

As a first step, the data fields in the system were reviewed to accommodate the changes ;nvisaged. 

Then the whole system was completely re-designed to enhance the linkage with the Saldcl data set. 
I 

To avoid scrolling through lengthy hidden pages when viewing or capturing data, a m4lti-paged 

form design is the approach largely used. Forms with lengthy pages have been broken ~own into 

many pages with each page completely visible on the screen. the pages are now easil~ accessed 

through mouse clicking on tab controls. I 
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FIGURE 3-2: The first screen presenting the system 1 

When the database system is loaded up it is introduced to the user as presented in Figure 3-2 

above. The clicking of the mouse on the buttons at the bottom of the figure leads the user to 

specific tasks. For example, the clicking of the mouse on the Enter Data button will lead the user 

to the data capturing or editing' screens of the NDEUD system and also, a presentation of the raw 

data in that system. 

3.6.1 The structure of the data capturing system 

The structure of the data entry system for the NDEUD system can be seen in Figure 3-3 below. In 

this system, it is possible to visualise the linkage between the· various documents and the attached 

surveys. For example, in Figure 3-3 below, 21 surveys are attached to document Number 290 

which is entitled Energy Usage in Urban Black Households in Selected Formal and Informal 

Townships of South Africa, a study which was undertaken by Hoets, PA and Golding, AP. It can 

also be seen at the bottom of the figure that this document Number 290 is the 2~0th record out of 

497 records of reports. Whereas the horizontal arrows at the bottom of the figure allows you to 

1 The main tec1111ical aspects of the database were designed by the Lateral Alternative Consultancy cc, 

Cape Town. 
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move to any particular document, those in the middle of the figure allow you to scroll through all 

the surveys attached to the document in view. 

Figure 3-3: The data capturing system 

Each of the buttons below the figure above takes you to a different page of information on the 

selected document by a mouse click. The Title button is the default page, which is the one in view. 

The Biblio button takes you to the bibliographic information on the selected document. The Revl , 

Rev2, Rev3 buttons are those three buttons that take you to the three pages ofreview of the selected 

documents. The Scribble button allows you to enter any comments on a particular document that 

did not fit anywhere else in the database. The New Doc button creates a completely new form for a 

new document one intends to add to the system and, in addition, any number of surveys you wish to 

attach to that particular document can be created at this point. The Close button takes you back to 

the first page of the database system. This screen and all those linked to it also allow editing of 

data. An unwanted document can be deleted from the system and a new survey can be added to a 

document. 

In the document shown in the above figure, within one single report, 21 surveys were identified, 

with the difference being the survey place or the dwelling type. A combination of a document 

number, a survey number, a survey place and a dwelling type uniquely identifies a survey. For 

example, the triple occurrence of Alexandra as surveys attached to Document Number 290 in the 
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above figure indicates that there were three dwelling types surveyed, namely; Formal Housing, 

Planned Shacks and Unplanned Shacks. The linkage between documents and their attached surveys 

has been illustrated in the figure below. It must be noted that not all documents have surveys 

attached to them. The emphasis here has been surveys with quantitative data on energy use and 

consumption. 

Doc 
Number 

497 

Survey 
Number 

364 

Placename 

Placename 
A 

.............. ·.·:::: ... 

Dwelling 
Type 

Placename 
B 

-~ 
Placename 

c "El 
Figure 3-4: Linkage between documents and their attached surveys 

3.6.2 Bibliographic and review data 

As mentioned in the above section, the clicking of the Biblio button in Figure 3-3 opens up the first 

screen of the Bibliographic and review section of the NDEUD database system. On this screen all 

the bibliographic information recorded in the particular report or document is extracted and entered 

into the system for the benefit of the user in ascertaining the background of the data in the system. 

It also helps in making references to specific documents a user may be interested in checking the 

details of the background information. It also deals with the extent of electrification, dwelling types 

and urbanisation issues covered in a particular study. Figure 3-5 shows the Biblio screen. It can be 

seen on this screen that dwelling types covered by surveys attached to Document 290 are formal 

housing, planned shacks and unplanned shacks. 
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As much as possible, each document has been reviewed and a summary of the review has been 

entered into the system through buttons Rev 1, Rev 2, and Rev 3. Rev 1 stores information on the 

main objectives of the study, a short abstract of the study and the key recommendations made. 

Comments are also made on the study as well as short notes to guide the user concerning the 

usefulness and limitations of the particular study. Other outputs of the study that are useful 

information related to energy use are also captured by Rev 2 screen. Rev 3 also captures 

information on the survey methodology, statistical information and the location of the study. 

Figure 3-5: The Bibliography screen 

3.6.3 Review information on surveys 

Editing of the surveys have been made easy by providing immediate access to them the first time 

they appear with their linked document as in Figure 3-3. For example, double-clicking 
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Figure 3-6: First screen of survey review information 

Survey 1 of Document 290 in Figure 3-3 opens up the first screen with review information on this 

particular survey as shown in Figure 3-6 above. Whilst buttons Biblio, Rev 1, Rev 2, and Rev 3 

cover summarised review of a whole document or report, review information captured on the above 

screen deals with indiYidual surveys attached to documents . It captures methodology used for 

collecting data and also supporting statistical information like Confidence Level, Sample Size and 

Universe to show the representativeness of the data collected during the survey. It also captures the 

level of urbanisation of the sampled households with mutually exclusive choice between Rural, 

Urban, Peri-urban and Metro . For the purposes of converting energy expenditures and fuel prices 

into present worth values the year in which the survey was conducted is captured to indicate which 

Consumer Price Index (CPI) value is used for the conversion. 

In Figure 3-6 above, both the survey Place and the Locality fields are Alexandra township. In 

some cases the survey place and the locality fields have different values showing different levels of 

data aggregation according to geographic location(e.g. if the survey place were say a small zone in 

the Al~xandra township). This is because there is a pre-defined Locality Builder in the database 

system that categorises all survey places according to the enumerated areas assigned by the Central 

Statistical Services (CSS). 



Domestic energy use database for integrated energy planning 44 

Figure 3-7: Pre-defined locality builder 

The purpose of this is to link every survey in the system to identifiable geographic location so that 

aggregated data from the system could be displayed in a GIS output. Some survey places can be so 

small that they may not constitute enumerated areas, rather they are just portions of enumerated 

areas . For example, a survey place could be a zone in a big township or a small township or a 

small rural community. The database system aggregates data from such small survey places to the 

enumerated areas in which they occur. In such a case the Locality field will be the enumerated area 

whilst the name of the actual small survey place will be captured into the survey Place field. 

During data capturing or editing, the survey placename is typed into the survey Place field but the 

associated Locality field would have to be selected from pre-defined values in the locality builder 

as shown in Figure 3-7 above. The locality builder pops up when the locality builder icon :~IJll in 

Figure 3-6 is double-clicked. As illustrated in Figure 3-7 above, Alexandra township was selected 

from the drop-down list in the Locality field in this figure. Consequently, Randburg Magisterial 

District and PWV (now Gauteng) Province in which Alexandria falls are then automatically 

selected. The locality builder further selects a unique Locality Code, 7902603, which identifies 

Alexandra on a GIS . Depending on the data available and the survey place in question, the locality 

code can be provided at any of the four levels of resolutions, namely: Locality, Magisterial 

District, Provincial and National levels. 

On the second screen of the survey information review items like settlement type and size are 

indicated if the survey report covered those issues . Figure 3-8 shows the information captured on 

this screen. Other issues covered on this screen are household definition and size, dwelling type and 

the extent of electrification. 

There is a third screen that captures any extra survey review information that does not fit anywhere 

else. 
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·- · 
Figure 3-8: The second screen of the survey review information 

3.6.4 Quantitative energy use data storage 

As mentioned in Section 3.5.2, quantitative energy use data attached to the surveys of the 

secondary data set have been grouped into distinct categories. A screen displaying this list of 

categories comes up when the Data button on Figure 3-3 is clicked. Besides this list of quantitative 

data categories, one can also indicate on this same screen other general quantitative Aggregate 

Data covered in that particular report. In Figure 3-9 none of the check boxes on the left of this list 

of general aggregate data has been checked, which means that none of them is covered in report 

Number 290. In this figure Fuel Prices has been selected as the category of data desired. When this 

category of data is double-clicked a table pops up, as shown in Figure 3-10, listing the fuel prices 

for all the placenames of the surveys attached to document/report Number 290. The unit of each 

particular field can be seen in the status bar when the cursor is placed on a particular field. For 

example, the unit of the price of wood, cent/kg, can be seen in the status bar when the cursor is 

placed in the wood field. 
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Figure 3-9: Selecting category of quantitative energy use data 

Figure 3-10: Quantitative energy use survey data linked to documents in tables 
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3.6.5 On-line help 

There is an on-line help facility provided in the system. Wherever one is in the system, the help 

system is invoked when Fl is pressed. Like most Windows-based on-line help facility, help topics 

are linked to facilitate understanding of related issues. However, this facility does not provide 

deeper understanding of the system and would require further development. 

3.6.6 Database documentation 

In addition to the on-line help facility, a simple database documentation has been put together for 

the system. This manual provides a basic description of the internal structure of the database 

system. Part I of the documentation covers simple use of the database system and the application of 

query mechanisms called wizards for aggregating data on different levels of resolutions . Part II 

covers the more complicated aspects of the database design, for which an understanding of 

Microsoft Access is required. Part II also discusses the coding used for the various data stored in 

the tables, and explains how queries can be customised for more sophisticated requirements . The 

manual tries to explain how the database system has been designed to allow users to access the 

data easily and quickly with minimum understanding of the technical aspects of computer 

programming or database manipulation. 

Apart from this separate manual on the documentation of the database, a table has been provided 

in the system itself called DB_ Structure that lists all the important objects forming the database 

structure. Appendix II lists the names of the objects, the type of objects (table, query, report, etc.), · 

their descriptions and where they are located in the system. 

3. 7 Data aggregation from the database system 

3. 7.1 Data aggregation from the secondary data component of the database 

system 

As mentioned in Section 3 .5 .2, the NDEUD system is that which manages all the secondary data 

extracted from the various documents/reports on energy studies all over South Africa. In essence, it 

is the ENGDATA.MDB data file managed by the programme file NDEUD.MDB. Data 

aggregation from this system has been made possible through the design of a Data Wizard that 

serves as a primary query mechanism for the database. The Data Wizard is a short programme that 

leads the user step-by-step through the data selection process for building up queries from the 

database system. The wizard can organise the output of the data aggregation in four formats , 

namely: 

• Query output: a spreadsheet-like output with the raw aggregated data not properly formatted . 

This format is useful when the output is required for further analysis in spreadsheet packages. 
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Thus, this output can be exported to other packages for the required analysis or graphical 

presentation. 

• Report output: a well-organised output with aggregated data properly formatted. This output is 

a preview of a printing output and it can be included in a report when printed out. 

• GIS output: a Point Attribute Table (PAT) file including the aggregated data from the system. 

In this output the wizard creates extra data fields in a GIS PAT file for the exportation of the 

aggregated data. With the help of GIS software package like Arcview, the PAT file can be used 

to create graphical displays of the aggregated data in several forms according to geographic 

locations . 

• SQL output: a Structured Query Language (SQL) output of the query for more technical query 

design purposes . 

Figure 3-11: First screen of the Data Wizard 

Access to the Data Wizard is gained through the clicking of the Data Wizard button in Figure 3-2. 

This brings up the first screen of the wizard that involves the selection of the data Category and the 

locality Data Resolution desired as shown in Figure 3-11 on the previous page. The level of data 

resolution to be selected can be National, Provincial, Magisterial District, former Homeland, or 

Locality. The lowest level of data resolution, which is the Locality level, is made up of the 

enumerated areas of the CSS . 
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On the second screen of the Data Wizard, a list of data fields is made available for inclusion in the 

query depending on the particular data category that is already selected. As shown in Figure 3-12 

below, higher data resolutions are made available for possible inclusion in the query should one be 

interested in sub-grouping aggregated data. Even though Magisterial District was selected as the 

data resolution in Figure 3-11, the Provincial level has been made available for possible inclusion 

in the query so that the energy usage patterns for the Magisterial Districts could be grouped into 

their various Provinces, if so desired. The clicking of the Zoom button in the figure below also 

allows the user to edit the field names of the data as desired. This is especially useful for 

distinguishing data in the NDEUD system from the Saldru System. If data from the two systems 

are combined in the query it is necessary to give clear indications ofthis in the field names. 

I 

Figure 3-12: Data fields selection screen of the Data Wizard 

Tne next screen of the Wizard lists 20 restrictions that can be specified on the data aggregation as 

shown in Figure 3-13 . Most of the restrictions are simple logical (yes/no) fields but there are some 

that require specific name, number or code to be stated. For example, to restrict the data 

aggregation to some specific magisterial district, the user will have to use the Locality Builder icon 

for the selection of the specific codes interested in as explained in Section 3.6.3 . The codes 



Domestic energy use database for integrated energy planning 50 

identified in the builder can then be copied to the Magisterial District field in Figure 3-13 using the 

usual Windows CTRL-C keyboard combination. For the query in Figure 3-13 only two restrictions 

have been specified and these are that the query should only select data on Urban, Planned Shacks 

as shown in the figure with Yes in those fields . Also, as indicated in the figure, double clicking of a 

field on the left side of the figure selects that field onto the right side for inclusion in the query. 

Figure 3-13: Specification of restrictions on data aggregation 

The fourth screen of the Data Wizard provides three options for the format of data aggregation 

output desired as shown in Figure 3-14. Report, query or GIS outputs are the options available. 

For the report and the query outputs a portrait or landscape page set-up can be specified. In 

addition, an appropriate title describing the report or query may be specified, otherwise the system 

will provide a temporary name for it. If the output would be required for future reference it can be 

saved in the Info Wizard with an appropriate title. For cost-related data, like fuel expenditure, the 

required year for the consumer price index (CPI) conversion would have to be specified as shown 

in Figure 3-14. In this figure, all cost-related data will be converted to 1995 values using CPI for 

the conversion. The clicking of the GIS button runs the query as well as initiating the exportation 

of the data into a GIS PAT file . The PAT file is then accessed through Arcview for the creation of 
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views. The query can be executed on the fourth or the fifth screen. The last screen of the Data 

Wizard offers the option to provide the SQL of the query for further technical design. 

Figure 3-14: Output options for the Data Wizard 

3.7.2 Data aggregation from the primary data component of the database 

system. 

The Saldru system is that which manages the energy use and related data extracted from the 

Saldru/World Bank national survey in 1993 (SALDRU 1994). It functions in the database system 

as the SALDRU.MDB data file managed by the programme file NDEUD.MDB. Data aggregation 

from the Saldru system is provided through the application of a Saldru Wizard. The Saldru Wizard 

works on similar principles as the Data Wizard with few modifications . Unlike the NDEUD 

system, the Saldru system does not require a selection of data category for the Saldru wizard. The 

Saldru wizard uses the same first screen of the Data Wizard for the selection of its locality data 

resolution as was shown in Figure 3-11 . On this screen, no data category is required for selection. 

Data resolution is permitted only up to the Magisterial District level since the raw data is not 

further disaggregated. 

After the selection of the data resolution, the Saldru Wizard is initiated by the clicking of the 

Saldru button on the second screen of the Data Wizard (Figure 3-12). At this point the Data 

Wizard branches off to the Saldru Wizard. The first page of the Saldru Wizard lists all the data 
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fields available in the Saldru system on the left-hand side of the screen. The main difference here is 

that all the data fields in the Saldru system are listed whilst in the case of the Data Wizard only the 

data fields of the chosen category are listed. The list of fields is a bit lengthy but it has been 

ordered alphabetically to make it easy for making selections. The typing of the first few letters of 

the field brings up the focus on that particular field for selection. Double clicking on that field 

selects it onto the right hand side of the screen. There is also a Zoom button on this screen with the 

same function as the one in the Data Wizard (Figure 3-12). 

The second page of the Saldru wizard is similar to the third screen of the Data Wizard, the only 

difference being that more restrictions are available for specification in this case. In the third page 

of the Saldru Wizard a query or a GIS Link or an SQL output can be specified. However, for a 

report output, the Saldru Wizard must be closed for a default return to the Data Wizard. The Data 

Wizard is then proceeded to its fourth page where the option for a report output can be selected. At 

this point the output can also be saved with the Info Wizard by providing an appropriate title. 

Depending on the computer hardware being used the Saldru system may run very slowly since it 

has very large number of records to go through in each query. The GIS transfer of the data may 

take much longer in this case than the case of the NDEUD system. 

It is possible to combine data from both systems as separate data fields but this would have to be 

indicated clearly by using the Zoom button. To combine data from both the NDEUD and Saldru 

systems the desired data fields in the NDEUD system are selected first in the second page of the 

Data Wizard. Then the Saldru Wizard is clicked for the selection of additional fields from the 

Saldru system. 

3.7.3 Sample outputs from the database system 

GIS outputs display the aggregated data in the form of provincial and magisterial district maps of 

South Africa. The shades of the provinces or magisterial districts depict the quantitative 

information aggregated. An example of this has been depicted in Appendix III showing the monthly 

household e,{penditure on electricity in the sampled magisterial districts of the Saldru study. It 

must be noted that the Saldru system gives a better coverage of the country than the NDEUD 

system since the former was a national survey whilst the latter was mostly local surveys put 

together. It is hoped that as more data is entered into the NDEUD system the coverage could be 

improved. The printouts of the GIS outputs from an average printer do not have good resolution 

compared with the usual clear displays on the screen. For better printouts of the outputs high 

quality printers are required. 

Appendix IV shows some of the report outputs from the energy use data aggregation of the 

database system. Most of the outputs in this appendix were done as a response to a request by 

someone in Eskom for their electrification programme in Kimberly, the Northern Cape Province. A 
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report output can be information on magisterial districts alone or provinces alone or magisterial 

districts grouped into their various provinces. 

One output of the NDEUD system can also be an overview of the content of the database. 

Appendix V shows a shorter version of a report on the list of documents/reports in the database. 

This list shows the title of the study, the author, the publisher, the publishing date, etc. Similar 

separate reports are possible for rural and urban studies. 



4. 
Overview of domestic energy use data 

4.1 Introduction 

In Chapter 2 the household sector of the energy economy is discussed as well as a brief description 

of the characteristics of energy poverty in South Africa. In this chapter an overview of data on 

domestic energy use is presented with a short analysis to illustrate, in more detail, some of the 

energy poverty characteristics of South African households discussed in Chapter 2. All the data 

presented in this chapter come from analysis of the data sets captured by the National Domestic 

Energy Use Database system. The data is graphically presented to facilitate an understanding of 

the analyses. This chapter also demonstrates some of the strengths of such a database system in 

handling many of the issues involved in integrated energy planning. 

To simplify the data presentation in this chapter, most of the data for the analysis have been drawn 

from the primary data component of the database (i .e. the Saldru data set) . As mentioned in 

Chapter 3, the Saldru data set was collected in a national survey in 1993. Thus this survey had a 

better coverage of the country than many of the secondary data sources put together. Secondly, 

since the Saldru data was collected in one national survey, the analysis of the whole data set is less 

complex than in the case of the secondary data set since, in this case, one would have to deal with 

one research methodology covering almost the same period of time with the same basis of 

measurements and definitions. In the case of the secondary data set, data presentation often 

requires extensive presentation of the background of the data sources as well. Since the secondary 

data set is a combination of many surveys undertaken during different periods of time with 

different research objectives, data gaps are a rampant phenomenon. 

However, the Saldru data does not have strong categorisation according to dwelling type. The 

research methodology for the energy demand projections in Chapter 5 and 6 requires good 

categorisation of data according to dwelling type as mentioned briefly in Section 1.5 and outlined 

in detail in Chapters 2 and 5. Thus the Saldru data is not found to be suitable for that analysis. For 

the purposes of the energy demand projections, end-use and appliance data have been extracted 

from the secondary data component of the database (i .e. the NDEUD system mentioned in Chapter 

3) for aggregation into dwelling types representing low-income households. The aggregated end-use 

data has been graphically presented and discussed in Section 4.12. 
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4.2 Basis of data analysis 

4.2.1 Primary data set 

Income distribution 

55 

In the case of the primary data (i.e. Saldru data) the total monthly household mcome and 

expenditure were determined for each of the 8848 households surveyed nation-wide. Thus there is a 

possibility of cross-tabulation of energy use variables with household income or expenditure. 

However, the total household income data was found to be very inconsistent, unrealistic and 

unreliable. The indication is that the respondents were a bit hesitant to release the truth. about their 

incomes. The survey was conducted during the few months leading to the first democratic elections 

in South Africa and, in such a volatile situation, many people were apparently sceptical about the 

future and could hardly trust interviewers with information about their income. On the other hand, 

the data on the total household expenditure seems to make sense to a large extent. A plausible 

explanation here can be that a lot of the respondents were scared of being later on accused of, or 

even prosecuted for, income tax evasion if they exposed all their incomes. On the other hand, most 

of them were rather quite comfortable to speak about how much it costs them to provide for the 

needs of their households. 

It must be stated clearly that this thesis accepts the fact that household income and expenditure and 

not always the same even when the irregular expenditures like donations, remittances, savings, 

health costs, vehicle and appliance repairs, etc., are taken into account. Although it looks very 

expedient that the more income one receives the more one can give donations to charities, or remit 

to relatives or probably save, the human nature can be so unpredictable that it does not necessarily 

happen that way. However, most of the common household expenditures may seem to have some 

proportional relationship with income. Hence, for the sake of reliable analysis, this study chooses 

total household expenditure as the basis of analysis of the Saldru data instead of total household 

income. An assumption is therefore made in this study that household expenditure and income have 

a direct relationship . 

Specifically, expenditure levels are used as indicators for income levels in the analysis of the 

Saldru data. The income categories for cross tabulation of the data as shown in Table 4-1 are 

arrived at as follows : 

• First, to avoid the influence of household size on household expenditure, per capita total 

household expenditure is used. This is achieved by dividing each total household expenditure by 

the particular household size. 

• Second, Rl 00 monthly per capita household expenditure in 1993 is used as the difference 

betv..-een different income categories. 
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• Third, since this study focuses on low-income households, an attempt is made to avoid a bias by 

extraordinary higher income households and those respondent households with over-estimated 

household expenditures. To achieve this, households with per capita expenditures exceeding 

R2000/month were assumed to belong to this group and therefore co~veniently excluded in all 

analysis based on income distribution. About 5% of the sampled households were excluded this 

way from all analysis based on income distribution (Figure 4-1). 

Income category 

2 

3 

4 

5 

6 

Per capita expenditure level (Rlmonth) 

Less than 100 

Less than 200 

Less than 300 

Less than 400 

Less than 500 

Equal/Above 500 

TABLE 4-1: Income categories for the Saldru data analysis 

Urbanisation 

As stated in Chapter 2, geographical factors have some influences on energy use in the household. 

In this chapter these influences are analysed only to the levels of urbanisation and not further to the 

level of provinces. The differences between the energy use in rural, urban and metropolitan areas 

are analysed and, in some cases where such differences look very grey urban and metropolitan 

areas are combined as non-rural. The main problem with the Saldru data here is the distinction 

made between what was rural and what was not. This distinction is still not very clear and this can 

be the main source of errors in the analysis based on urbanisation. Rural areas were largely 

considered as settlements with no local authority during that period of time. Metropolitan 

household samples were drawn from Cape Town, Johannesburg, Pretoria, East London, Port 

Elizabeth and Durban. 

Electrification 

The extent of electrification has also been examined amongst different income groups, rural and 

non-rural areas, and different population groups . Electrification has also been used in some cases 

as a basis of analysis to show the influence of electrification on other energy use variables. 

Apartheid svstem of regions 

Even though apartheid is formally gone m a democratic South Africa, the damage done to 

disadvantaged communities in certain geographic locations in terms of energy provision will not 

vanish easily unless the situation is constantly assessed and policies reviewed accordingly to avert 
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the situation. It is for this reason that the Saldru data has also been analysed in terms of the old 

apartheid provinces and the homelands. The Old Provinces embody all the areas that used to be 

referred to as the Republic of South Africa under the apartheid system. The Homelands include the 

TBVC 1 states and all the so-citlled self-governing states2
. The Old Provinces and the Homelands 

have been compared with the overall situation in the New Provinces of the present dispensation. 

4.2.2 Secondary data set: dwelling type 

In most of the studies from which the secondary data set has been extracted, there is insignificant 

cross-tabulation of energy demand and supply variables with income distribution. Thus it is 

impossible to analyse the data based on income distribution. However, one major useful basis of 

analysis for this data set is dwelling type categorisation, though quite a number of the studies did 

not provide any information on the dwelling types of the households. In cases where the dwelling 

type information is not extensive enough, the background information on the study in the report is 

used to re-organise the provided dwelling type information into the required classification. This 

makes the secondary data set specifically suitable for the methodology for the energy demand 

projections in Chapters 5 and 6. The main disadvantage in this case is that a lot of useful data had 

to be left out if they could not be categorised into any of the pre-determined dwelling types . 

4.3 Demographics 

The understanding of the population composition of a nation is very important in household energy 

policy analysis. It facilitates the identification of energy demand and supply factors among 

differ~nt population groups and provides the necessary background information as-a check on how 

policy is shaped to avert inequities in energy provision. The specific characteristics of the traditions 

of different population groups may influence their energy use patterns . Appropriate policy 

instruments would therefore have to be put in place in order to achieve equity across the different 

population groups. 

To begin with, it is important to assess the authenticity of the data overview in this chapter by 

examining the extent to which the sampled households are representative of the South African 

population in general. Since the secondary data set consists of many studies with different sampling 
' 

methodologies, it is a little complex making such an assessment. However, for the primary Saldru 

data set that consists of data collected in a once-off national survey it is more straightforward 

assessing the data representativity of the population. 

1 The TBVC states refer to the Transkei, Bophuthatswana, Venda and Ceskei homelands. 

2 The self-governing states were KwaZulu, KaNgwane, Qwa Qwa, Gazankulu, Lebowa and KwaNdebele 
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Although, as mentioned in Section 4.2.1 , about 5% of the Saldru data was excluded from all the 

data analysis based on income distribution in order to avoid over-shadowing of the energy use 

patterns by upper higher income households, it is worth knowing the population distribution of the 

data excluded. This helps in substantiating the reason for the exclusion and also to facilitate any 

later inferences that may be necessary when it becomes imperative to extrapolate the analysis to 

include the excluded data. 

Total 

\Mi it es 

Indians 

Coloureds 

Africans 

0% 5% 10% 15% 20% 25% 30% 

% of sampled households 

FIGURE 4-1: Percentage of sampled households excluded from the Saldru data analysis 

Figure 4-1 shows the racial distribution of the data excluded from the Saldru data analysis. This 

figure typifies the skewness of income distribution as one main feature of the South African 

household economy (Section 2.5). The extent to which the income-based exclusion affects the 

different races is in the decreasing order for Whites, Indians, Coloureds and Africans as widely 

known in the South African population. While the percentages of sampled African, Coloured and 

Indian households excluded from the analysis are relatively very small (all under 5%), the 

percentage of the White households excluded is significantly high. It is therefore very important to 

remember that, based on income distribution, about 27% of the White population are beyond the 

Saldru data analysis in this chapter. This will help to focus the analysis on the low-income 

households and also avoid making distorted conclusions about the energy use patterns of low­

income households. 
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4.3.1 Distribution of the different races in rural, urban and metropolitan areas 

Figure 4-2 depicts the distribution of the sampled households in the Saldru data set. It must be 

mentioned that none of the data was excluded in this analysis and that this is a true reflection of 

how representative the sample is of the population in terms of racial groupings and the distribution 

among rural, urban and metropolitan areas. 

% of sampled households 

I iii l'lrican I Coloured O Indian []'Nhite j 

l\fetro 

Urban 
22% 

FIGURE 4-2: Distribution of the different races In rural, urban and metropolitan areas 

Source: Saldru data analysis 

Rural 
49% 

The pie chart in this figure shows that, in 1993 (i.e. the year in which the data was collected), about 49% 

of South African households lived in rural areas, leaving about 51 % urbanised. These percentages 

compare very well with data in a 1995 publication by the Central Statistical Service (CSS). While the CSS 

publication (Central Statistical Service 1995) puts the rural component of the population at about 51 % in 

1991, the urban component is stated as about 49%. However, it is widely believed that urbanisation 

increased dramatically from the period when Nelson Mandela was released from prison and most 

oppressive laws of apartheid were repealed to the period of democratic elections and governance. Thus it 

could be that urbanisation might have increased by 2% from 1991 to 1993 leaving the rural households at 

about 49%. On other hand, the indistinct divide between rural and non-rural households in the sampling 

methodology might have contributed to the 2% discrepancy. Furthermore, the difference might be due to 

·the fact that the CSS rural and non-rural distinction is based on individuals rather than households. The 

NelfDemand-side Database (Nelf 1994) also gives the rural households' component as about 47% leaving 

about 53% of the households urbanised. This data excludes dwellings for rural and urban institutions (see 

Table 2-5). On the whole, it could be concluded that the urbanisation distribution of the Saldru sample is 

fairly close to existing data. 

TI1e bar chart in Figure 4-2 illustrates how the Saldru data set reflects the racial groupings in South 

African in terms of rural, urban and metropolitan areas. The figure shows that, of the total sampled 

households, 74% are Africans, 15% are Whites, 8% are Coloureds and 3% are Indians . The 
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existing data sets are usually based on population and therefore do not offer a common basis for 

comparison. For example, an African National Congress Women League publication reflects the 

racial breakdown of the South African population in 1990 as 75.5% African, 13.3% White, 8.5% 

Coloured and 2.7% Indian (ANCWL 1993:5). Similarly, computations from figures in the CSS 

publication (CSS 1995) results in a 1995 mid-year population distribution of 76% African, 13% 

Whites, 8.5% Coloured and 2.5% Indian. These population figures represent the African 

percentage a little bit higher and the White population a little lower than the household breakdown 

from the Saldru data set. The explanation for the little differences could be that majority of African 

households generally have household sizes higher than Whites as would become clearer in Section 

4. 4. Thus the racial disaggregation of the Saldru data comes very close to existing observations 

and this goes to prove how well the Saldru data represents the South African households in terms 

of racial groupings. 

When the upper higher income households mentioned in Section 4.2.2 are excluded from the 

sample, the racial distribution of households looks like Figure 4-3 . It must be noted that it is this 

racial distribution of the households which will be inherent in subsequent income-based analysis of 

household energy use variables in this chapter. Besides the distribution of the total sampled 

households amongst the different races, the bar chart in Figure 4-2 also depicts the extent of 

urbanisation of the different racial groupings . The main observation from the graph is the influence 

of urbanisation on the racial composition of the population. 
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FIGURE 4-3: Racial distribution of sampled households with the upper higher income group 

excluded 
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It is interesting to note that, the higher the extent of urbanisation (i .e. from rural, urban to 

metropolitan areas) the less the composition of African households. It can be seen from the graph 

that, while about 96% of the sampled rural households are African, about 60% and 46% of the 

sampled urban and metropolitan households respectively are African. For the sampled White 

households the trend is completely opposite. While 35% of the sampled Metropolitan households 

are White, about 18% and 3% of the sampled urban and rural households respectively are White. 

Most of the White households living in rural areas are likely to be commercial farmers. For the 

sampled Coloured households, there is no significant difference between the compositions of both 

the urban and metropolitan households (i .e. about 15%). The 1 % Coloured households in the rural 

areas could be largely farmworker households. Figure 4-2 shows that the composition of rural 

Indian households among the sample is virtually insignificant and that the urban households have 

an Indian composition (8%) a little bit higher than the metropolitan composition (4%). 

The foregoing discussion shows that the racial groupings to which households belong have had 

great influence on where people live and the extent to which they are urbanised. This has emanated 

from the racial segregation policy under the erstwhile apartheid government that has obviously had 

an impact on the access of households from different racial backgrounds to energy resources and 

services. 

4.4 Income distribution 

4.4.1 The overall situation of racial differences 

The skewness of income distribution among different racial groupings in South Africa is made 

vivid in Figure 4-4. This figure represents the total sampled households with no exclusion of the 

upper higher income. 

The most interesting aspect of the graph is the split of the total sample into distinct socio-economic 

entities along racial lines, with each race having its own trend of income distribution. A careful 

examination of the trends reveals that the African households are far worse off in terms of income 

groupings, followed by the Coloured, and then the Indian households. For lower income groups, the 

percentage of African households exceeds that of the average for the total sample till the fifth 

income group where it equalises with the average for the population. At the sixth income group the 

percentage of African households falls below that of the total population. 

The Coloured households seem to be a little better off than the total population for the first two 

income groups with lower percentage of households than the total population. For increased income 

levels from group three to group five the percentage of Coloured households stays above that of the 

overall population. At the sixth income 'group, even though the percentage of Coloured households 

is far above that of the African population, it still remains below that of the general population. 
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There is no Indian household in the lowest income group. From the second income group the 

percentage of Indian households rises gradually past that of the overall population at the fourth 

income group and jumps from the fifth income group to over 60% at the sixth income group. In 

fact, over 75% of the Indian households seem to be in the fifth and the sixth income groups . For the 

White households, over 95% are in the highest income group, leaving a mere less than 5% spread 

evenly among the lower five income groups. 

Let us assume that income groups one to three constitute lower income group with monthly 

household expenditure not exceeding R300 per capita, income groups four and five middle income 

group with monthly per capita expenditure not exceeding R500, and income group six higher 

income group with monthly per capita expenditure exceeding R500. This will mean that the 

African households, which are the majority of the population, are mainly lower income households 

with about 67% occurring in that group. The rest of the African households are distributed almost 

equally among the middle and the higher income groups (i .e. 16% and 17% respectively). The 

percentage of lower income Coloured households (44%) is also reasonably higher than those in the 

middle and higher income groups. The middle and higher income Coloured households are almost 

equally distributed (i .e. 28% and 27% respectively). The Indian households seem to have very 

small lower income group (12%), a slightly bigger middle income group (26%) and a substantial 

higher income group (63%). The White population is mostly in the higher income group (95%) 

with about 2.5% each in the lower and middle income groups. 
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It is very important to bear the above income inequalities in mind when analysing energy demand 

and supply factors. It is clear that the South African society has a very slim middle income group 

(about 15%) compared with the lower income group (about 53%), yet the high incomes of a 

minority of the population in the higher income group distort the income per capita picture. Energy 

policy formulation must address these inequalities, and energy service provision must incorporate 

the necessary policy instruments that deal with the inherent affordability issues. 

4.4.2 Income distribution in metropolitan, urban and rural areas. 

The extent to which income distribution is skewed also differs a little depending on whether a household 

is located in a metropolitan or urban or rural area. Figure 4-5 shows the differences in the income 

distributions of households in metropolitan, urban and rural areas. 
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FIGURE 4-5: Income distribution of rural, urban and metropolitan households 

Source: Saldru data analysis 

First, comparing the total sample and the metropolitan households in Figures 4-5, it can be seen 

that the metropolitan area households are better off in terms of income distribution than the overall 

situation in the country (i .e. than the rural and urban households). While about 58% of the 

metropolitan households are in the top income group (i.e. Income Group 6), only about 32% of the 

overall sample happen to be in this group. Second, for the lower and middle income groups, while 

the percentage of the total sample rises from about 17% to about 23% at the second income group, 

and falls gradually to about 6% for at the fifth income group, the percentage of metropolitan 
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households rises from a mere 3 % to about 10% at the second income group and stays almost 

constant till the fifth income group. 
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For the urban households, if the total sample and the urban households in Figures 4-5 are 

compared, it can be seen that urban households are a little better off in income distribution than the 

overall situation but not as much as the metropolitan households. In the lower income group, the 

percentage of urban households is found below that of the total sample whilst in the higher income 

group the reverse is the case. 

For the rural households sample, the lower income group (i .e. income groups 1 - 3) constitutes 

about 75%, the middle income group 11 % and the higher income group about 14%. This shows the 

extent of poverty among rural households and it is therefore obvious that affordability will be a 

major constraint to energy provision to the rural households. 

A further investigation into the income distribution of the households in the old homelands of the 

former apartheid South Africa shows a situation similar to that of the rural households. This is 

because most of the homeland areas are located in rural areas . However, poverty in homeland areas 

is generally found to be more widespread than in the former provincial rural areas. Comparison of 

Figures 4-5 and 4-6 shows the similarity between the homelands and the rural areas as well as the 

widespread poverty in the homeland areas . 
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A substantial proportion of about 81 % of the households in the homelands is in the lower income 

group (i.e. income groups 1 - 3). However, a mere 7% occurs in the higher income group (i.e. 

income group 6). On the other hand, only 33% of the households in the former provinces are in the 

lower income group, leaving almost half of the households in the higher income group. 

This observation shows the extent to which the lack of access to basic needs like land and energy 

services has led to the extreme impoverishment of the households in the homelands almost in 

favour of those in the former provinces. Many of the households in the homelands seem to be 

merely surviving on the monthly remittances from household members who are migrant labourers 

in areas of the former provinces. It must be noted that this extreme situation is not likely to change 

overnight. It is therefore imperative that subsequent household energy use analysis should continue 

to investigate the improvements in this gross imbalance. Even though the homelands are gone with 

the obnoxious apartheid system, it is only when the realities of the legacies of the racial segregation 

policies of the past are continually assessed in a democratic South Africa, and are adequately 

exposed in policy analysis, can there be tangible change in the livelihoods of the people who find 

themselves in this sorry situation. 

4.5 Household size variation 

It is important to analyse briefly the household sizes of the sampled households since household 

size may have a great effect on energy consumption (Baranzini & Goldemberg 1996: 33). 

Household energy use often shows large economies of scale associated with increasing household 

size. Thus, although total energy consumption usually increases with household size, per capitaj · 

energy consumption may decrease. For the analysis of the average household size below, the 

households with upper higher incomes have not been excluded from the Saldru data set. 

4.5.1 Urbanisation and average household size 

Figure 4-8 illustrates the effect of urbanisation on the variation of average household size with 

income whilst Figure 4-7 shows the distribution of household size in terms of the extent of 

urbanisation. In Figure 4-7, it can be seen that the distribution of average hcusehold size seems to 

follow different asymptotes to the 1 OOth percentile for households in metropolitan, urban and rural 

areas . This illustrates that there are differences in the sizes of households in the metropolitan, 

urban and rural areas. A closer look at the curves in the figure gives an impression that, in general, 

metropolitan households seem to have sizes slightly less than those of the urban households . The 

average household sizes for the overall population seem to be generally above those of the 

metropolitan and urban households but lower than the rural households . For example, the 

percentage of households with a maximum size of five people will be roughly 80%, 73%, 50%, and 

63% for metropolitan, urban, rural areas and the overall population respectively. 
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In Figure 4-8, apart from the first income group of the metropolitan households which is only 

about 3% (refer to Figure 4-5), average household size3 seems to have approximate linear 

relationships with income for metropolitan, urban and rural households . However, each of these 

linear relationships has its own slightly different gradient, showing that average household size is 

influenced by income at slightly different rates in the metropolitan, urban and rural households. In 

general, average household size decreases with income. First, this is not surprising since, as 

household income increases, households are able to afford basic socio-economic services, although 

this could also depend on the distribution of power in the household. Households with improved 

incomes are naturally able to afford electrification connection fees and tariffs, better housing and 

better education that can lead to better employment opportunities . As people become more 

educated they question the essence of many traditional values like the traditionally admired large 

family sizes. Second, improved access to good education, efficient energy supply services, better 

employment opportunities, improved housing and entertainment facilities, which invariably emerge 

with improved income, usually places a lot of stress on the time available to households for their 

social activities and consequently dry up the natural desire for households to have big families. 

There seems to be a general belief that rural households are usually stuck in old traditions of 

making large family sizes. Even though there could be some iota of truth in this belief, Figure 4-8 

presents some striking revelations that tend to make such views unacceptable generalisation. The 

graph illustrates that rural households do not necessarily prefer to be stuck in old traditions of 

making large family sizes, but rather, they have not been financially empowered enough to rid 

themselves of such traditions. In Figure 4-8, apart from the first income group, the average sizes of 

metropolitan households are higher than those of urban and rural households for all other income 

groups . The average rural household size falls from 7 in income group 1 to about 5 in the middle of 

income groups 2 and 3 where it starts falling below that of urban households for the rest of the 

upper income groups . In fact, it can be seen that rural households have the steepest gradient for the 

relation between average household size and income. This seems to show that, although most rural 

households are trapped in lower income levels (see Section 4.4.2), the few who have been 

empowered to break the barrier of poverty into upper income levels seem to be dramatically 

trimming their household sizes. One could fairly conclude that it is not urbanisation per se that 

could help size down households but, more importantly, other factors that facilitate access to basic 

needs like improved household income and increased affordability of energy supply services. It 

does appear that, in the rural areas where there is greater lack of access to basic needs, more hands 

are needed to provide those needs in the households, hence the larger sizes of households . 

3 The average household size in Figure 4-8 represents the average of all the sizes of the households in a 

particular income group. 
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4.5.2 Race and average household size 

For the different racial groupings, Figure 4-9 shows the distribution of household size and Figure 

4-10 shows the variation of average household size with income. Similar to the case of 

urbanisation, racial differences also exhibit asymptotic relationship for the distribution of 

household size and approximate linear relationship between average household size and income. A 

critical examination of the curves in Figure 4-9 shows that, in terms of percentages, most of the 

White households seem to have sizes smaller than the other racial groups. This is followed by the 

Indian, Coloured and African households respectively in terms of percentage of households with 

smaller household sizes . The average household sizes for the overall population seem to be 

generally larger than those of the White, Indian and Coloured households but smaller than those of 

. the African households. 
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FIGURE 4-9: Distribution of average household size amongst different racial groupings 

Source: Saldru data analysis 

For example, for households with maximum size of five, the percentages of White, Indian, 

Coloured and African households and the overall population are about 93%, 76%, 68%, 57% and 

63% respectively. 

The discussion of Figure 4-10 requires a little bit of care in order avoid wrong impressions. In fact, 

the illustrated pattern for the White households for income groups 1 to 5 might be completely 

irrelevant since only about 5% of the White households belong to these 5 income groups (Refer to 

Section 4.4.1). Now, if the approximately 8% Coloured households (Refer to Section 4.4.1) 

showing much deviation in income group l are also termed irrelevant, the rest of the figure is left 

with approximate linear relationships if best fit lines are drawn through the points. 
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The resultant graph leaves the African households sizes lying below all the other racial groupings 

in each income group. The Coloured households also lie a little below that of the Indian. This 

shows that, for each given income level, the African households seem to be likely to have the lowest 

household size followed by the Coloured and then the Indian households . Even for the 

approximately 95% of the White households in income group 6, the about 17% of African 

households in that income group (Refer to Section 4.4.1) have lower average household size than 

the Whites. The average White household size is however lower than the Coloured and Indian 

households in income group 6. 

These revelations are quite striking because it is widely believed that African households generally 

have larger sizes. However, the figure shows that it is in terms of the large number of African 

households that makes it look like they have larger average household sizes. In terms of increasing 

income levels, African households tend to prefer smaller household size than all the other races, 

followed by the Coloured and then the Indian households. The relationship for the African 

households seem to have the steepest negative slope followed by the Coloured and then the Indian 

households . The White households cannot be generally compared with the others here si ;e their 

incomes are mostly beyond the scope of this comparison. It may be concluded here that as more 

African, Coloured, and Indian households are empowered with increasing incomes they will likely 

trim their household sizes. 
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For further investigation into the household size distribution in the former apartheid regional 

structures, it is realised that, in general, the average household sizes for the overall population seem 

to be higher than those of the households in the former provinces but lower than those in the former 

homeland areas. For the variation of average household size with income, in lower income levels, 

households in the areas of the former provinces have average sizes smaller than those in the areas 

of the former homelands. However, as income increases, the gap between household sizes in the 

areas of the former provinces and the homelands decreases. 

In subsequent chapters, energy use patterns are analysed largely with income levels as the basis . It 

should be noted that the household sizes of the various income groups are not the same but rather 

vary according to the patterns described in this section. The link between average household size 

and income should always be maintained in the analysis of energy use patterns in order to avoid 

misinterpretation of data. 

4.6 Prevalence of fuels use 

4.6.1 General household fuel use 

The overall situation, areas in the former provinces and homelands 

Figure 4-11 depicts the prevalence of the use of different fuels in areas of the former provinces and 

homelands under the apartheid structures and the overall situation. From the onset, a general 

observation of the overall situation (i .e. the combination of the areas of the former provinces and 

homelands) shows that multiple fuel use is a common phenomenon amongst many of South African 

households since the sum of the percentages of households using different fuels far exceeds 100%. 

This observation of multiple fuel use is revisited extensively in Section 4.7, but for now, it does 

question the simplicity of the linear model of movement up the "energy ladder" which is theorised 

in energy transition4 concept (Viljoen 1990: 22, Smith 1988: 20-30) . The model is less useful in 

explaining the occurrence of extensive multiple fuel use in many households . It is difficult 

accounting for a situation where electrified households continue to use coal and wood for house 

heating and cooking, especially when these fuels occupy different rungs at both ends of the energy 

ladder. Perhaps, households find themselves in a more or less permanent state of transition - a 

contradiction in terms, as suggested by Eberhard & Van Horen (1995 :67) . Furthermore, many 

_households are probably found in overlapping states of transition. 

It can be seen from Figure 4-11 that, in general, the most used fuels in the households are paraffin, 

..£.an~s and electricity. At least half of the South African households use one or more of these fuels 

4 A common representation of the energy transition theory is the concept of an "energy ladder" which 

represents the different positions of society or households during their transition from "traditional" to 

"modern" fuels (Eberhard & Van Horen 1995: 66) 
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for various purposes. Wood seems to be fairly used since about 36% of the households use it for 

various purposes. It does appear from the graph that coal, LPG5 (liquefied petroleum gas) and car 

batteries are less popular sources of energy in the domestic sector since not more than 10% of the 

households use them. Even though, in the overall sense, these fuels could be less popular amongst 

the households, it should not be assumed that they are less important since they play a critical role 

in the livelihoods of those households who have no access to other forms of energy or are not in the 

position to afford other energy services. 
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homelands and the overall situation 

Source: Sadru data analysis 

For the most used fuels (paraffin, candles, electricity and wood) there seems to be a marked 

difference in the extent of their usage between households of the areas in the former provinces and 

those in the former homeland areas. Figure 4-11 shows that whilst at least 65% of the households 

in the former homeland areas use paraffin, candles or wood (the less desirable fuels) or any 

combination of the three fuels, only less than 40% of the households in the former provinces use 

any of these less desirable fuels . In fact, paraffin and candles are most used amongst the 

households in the former homeland areas with as many as 80% of them using these for their daily 

5 LPG (liquefied petroleum gas) is represented simply in the graphs in this chapter as Gas 
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needs . Amongst the households in the areas of the former provinces, wood seems to be the less 

preferred, or probably the least available or affordable fuel. Less than 15% of the households in 

these areas use it. For electricity, the opposite situation seems to be the case. Whilst more than 

70% of the households in the areas of the former provinces use electricity, only about 20% of the 

households in the areas of the former homelands use electricity. This observation vividly illustrates 

the extent to which energy resources were unequally distributed in the former apartheid structures. 

The low level of electricity usage amongst households in the former homelands areas is not a 

question of choice but rather lack of access to electricity in those parts of the country. This is made 

clear in Section 4.8 where electrification is extensively discussed. 

In the case of LPG and coal, it does appear from the figure that, in general, the extent of use of the 

fuel is not necessarily influenced by the former apartheid structures of homelands and provinces. 

About 10% of households in areas of either the former provinces or homelands use coal or LPG or 

a combination of the two fuels . Distribution of these two fuels is usually limited by the difficulties 

involved in their bulk transportation. It does appear therefore that the use of coal and LPG are 

largely influenced by their proximity to coalfields and oil refineries respectively. 

The use of car batteries does not seem to be common amongst households in the areas of the former 

provinces. However, in the former homeland areas the use of car batteries is quite significant 

involving about 20% of the households for most of their basic electrical needs like lighting and 

entertainment. This may be due to the acute lack of access to electricity in the former homeland 

areas. It should be interesting to monitor whether the situation changes with the crumbling of the 

former apartheid artificial borders, especially now that a lot of households have moved from the 

homeland areas to settle in certain areas of the former provinces where there is still no 

electrification. 

Rural and non-rural households 

Figure 4-12 depicts the extent to which different fuels are used amongst households in rural and 

non-rural areas of South Africa. It is interesting to note that the differences between the fuel use in 

the rural and non-rural households are very similar to those observed in Figure 4-1 1 between 

households in the former homelands and those in the areas of the former provinces. This is because 

most of the rural households occur in the homeland areas whilst the non-rural households occur 

mostly in the areas of the former provinces. Thus an approximate generalisation could be made 

that the general fuel use pattern of urban households is similar to the fuel use pattern amongst 

households in the areas of the former provinces whilst the general fuel use pattern of the rural 

households may be likened to the fuel use pattern of households in the areas of the former 

homelands. 
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Figure 4-12: Percentage of households using different fuels in rural and non-rural South Africa 

Source: Saldru data analysis 

4.6.2 General effect of electrification on fuel use 

There is much resemblance between the graphs comparing fuel use in the homelands and the 

former provinces in Figure 4-11 and that of the electrified and non-electrified households in Figure 

4-13 . This is due to the fact that the households in the former homelands are largely non-electrified 

whilst those in the former provinces are largely electrified. This shows that the type of fuel used in 

households is influenced by electrification, although there are other equally important factors that 

dictate choice of fuels used in the households. From Figure 4-13 it can be seen that at least 60% of 

the non-electrified households use the less desirable fuels wood, paraffin and candles. The cooking 

and heating needs of non-electrified households are usually met by the use of paraffin and wood 

whilst their lighting needs are usually met by the use of candles and paraffin. Even though the 

figure shows that about 96% of the electrified households use electricity, it can also be seen that 

the use of the less desirable fuels amongst electrified households is still significant. About 28% of 

the electrified households use paraffin and candles and about 12% use wood. Although the use of 

these less desirable fuels amongst electrified households is sometimes for special purposes like fire 

kindling or braaiing6 or lighting of dining table in the case of candles, many of the low-income 

electrified households are unable to afford the electricity supply service. Households that find the 

6 Braaiing is a traditional South African way of making barbecue. 
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service unaffordable may resort to the less desirable fuels whose supplies do not require upfront 

large payments and these households devise survival strategies for coping with their situations. 
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FIGURE 4-13: Percentage of households using fuels amongst electrified and non-electrified 
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Source: Saldru data analysis 

4.6.3 Fuel use variation with income 

The overall situation in South Africa 

Figure 4-14 depicts the overall picture of the extent to which different fuels are used amongst 

households in different income groups in South Africa. With respect to fuel use variation according 

to income, the six domestic fuels in Figure 4-14 fall into three main categories . Paraffin, candles 

and wood fall into one category that is clearly shown to be consisting of fuels predominantly used 

by the poor. These fuels are used extensively at lower income levels (for example, 73-80% of the 

households in income group 1, 60-78% of households in income group 2, etc.). However, as 

household income increases their usage diminishes. The degree to which the use of these faels of 

the poor diminishes with income rise is not the same for all the fuels . Whilst paraffin and candles 

seem to have a gradual fall in their use as income levels rise, wood use falls steeply with income 

level rise. The use of paraffin and candles falls from about 78-80% at income group 1 to 23-26% 

at income group 6 whilst wood use falls from about 73 % at income group 1 to about 5 % at income 

group 6. Of the three fuels in this category, it appears like wood is the least preferred as household 
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income is improved. This may be due to the dwindling availability of wood in certain parts of the 

country and the inconvenience involved in its use compared with paraffin and candles . 

The use of paraffin and candles is surprisingly high even amongst the top income group (23-26%). 

There could be two reasons for this . First, candles may be used amongst higher income households 

mainly for the dining table and some minor celebrations like birthdays. Second, the high paraffin 

use in higher income households could be an indication of the extent to which the lack of access to 

electricity can be a barrier to even those who may be able to afford the electricity supply service. 

90% 

80% 

70% 

Qi 
2 60% 
C> c ·;;; 

50% ::::r 
<II 

'1J 
0 40% .r: 
QI 
<II 
::::r 
0 30% .r: 
0 
';/!. 20% 

10% 

0% 

2 3 4 5 

Income Groups 

6 

-+-Wood 

-11-Paraffin 

--tr-Coal 

~Elec 

~Candle 

-+-Gas 

--t-Car Batteries 

Figure 4-14: Percentage of the households in each income group in South Africa using a particular 

fuel 

Source: Sa.'dru data analysis 

Electricity makes up the second category. In this case the extent to which electricity is used 

amongst the households increases almost linearly with income levels . This is obviously due to the 

fact Lilat , as household incomes are improved electrification becomes affordable and households 

then tend to shift from the use of fuels in the first category to electricity. 

The tlt.ird category in Figure 4-14 is made up ofthefae/s of the minority, which are LPG, coal and 

car batteries . Their use in all the income groups is very low and does not exceed 18% of the 

households in any income group. Their curves have maximum points which means that, as income 

improves more households are able to afford the use of the fuels till the point where they shift to 
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other fuels and their appliances which become affordable as well at higher income levels, especially 

electricity and electrical appliances. From the figure, it appears like income enhances tI:e 

affordability of LPG supply service more than the other two fuels in this category since LPG's 

maximum point occurs at a higher income level (Group 4) than coal and car batteries. This is 

probably because LPG has many desirable characteristics as domestic fuel like convenience and 

cleanliness. Perhaps the main problems with it are reliability of supply and versatility when it is 

compared with the wide range of appliances that can be used with electricity. Higher income does 

not seem to influence the affordability of car batteries very much as the maximum point (about 

17%) is reached at income group 2. From then on its use drops heavily to about 2% at income 

group 6, indicating shifts to other fuels more convenient, efficient and affordable. The extent to 

which income affects household choices for coal use seems to lie between LPG and car batteries . 

Rural households 

Figure 4-15 depicts fuel use variation with income for rural households in South Africa. For the 

rural households, the use of the six fuels can be grouped into the same three categories like in the 

case of the overall situation in Figure 4-14. 
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Figure 4-15: Percentage of households in each income group in rural' South Africa using particular 

fuels 

Source: Saldru data analysis 

However, fuel use variation with income levels for rural households has the following specific 

characteristics: 
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• Wood stands out as the main fuel in the rural poor households since it is used extensively at 

lower income levels but its use drops very steeply with income level rise. Many of these rural 

households do not purchase fuelwood but collect it from nearby farms or woodlands. The 

opportunity cost involved in this wood collection could be very arduous . Paraffin and candles 

are also shown to be not only the fuel of the poor but also of the middle income rural 

households. In fact, paraffin use remains almost constant at about 80% till after the fourth 

income level before it drops . The drop in the use of candles with income levels is very slight till 

after ·the fourth income group when it starts falling steeply. Indeed over 70% of households use 

candles even at income level 4. Thus one could conveniently say that paraffin and candles are 

faels of the majority in rural areas since over 85% of rural households are below income level 

5 (see Section 4.4.2). 

• For the second category, electricity can be classified as the fael of the rich in the rural areas . 

As income improves households are able to afford the service in rural areas. Compared with 

the overall situation in Figure 4-14, electricity use amongst rural households exhibits a curve 

relationship concave towards the vertical axis. This shows that only a small minority in income 

levels 5 and 6 use it. The figure shows that affordability seems to an influencing factor in the 

choice of electricity as fuel in rural households, although lack of access is another important 

factor. 

• The third category comprises LPG, coal and car batteries whose usage relationships with 

income have maximum points. Income level seems to be a positive factor in the use of these 

fuels at the lower income levels but a negative factor in the higher income levels . Unlike the 

non-rural areas, affordability of the use of car batteries seems to be enhanced by income rise till 

t.':ie fourth income level where households start shifting to other fuels. Coal use in rural areas 

also increase with income till the third income level where households start shifting to the use of 

other fuels. · There does not seem to be any significant shift from the use of LPG to other fuels at 

higher income levels in the rural areas . 

Non-rural households 

The fuel use variation according to income levels for non-rural households (i.e. urban and metropolitan 

households) is depicted in Figure 4-16. The six fuels in this figure can be grouped into the same three 

categories for the overall situation. The nature of the curves for the fuels in the three categories are 

similar to the overall situation but with the following differences: 

• The .feels of the poor in non-rural areas are mainly paraffin and candles. However, amongst the 

low-income households in the non-rural areas these fuels are not used as extensively as in the 

overall situation described above. For example, whilst about 76-80% of the households in 

income groups 1 an 2 use these fuels in the case of the overall situation in South Africa, only 

about 58-70% of the households in these income groups use these fuels in the non-rural areas. 
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Figure 4-16: Percentage of households in each income group in non-rural South Africa using 

particular fuels 

Source: Saldru data analysis 

• The nature of the usage relationship for the electricity category is pretty much the same as the 

overall situation except that lower income households seem to have better access to the fuel in 

the non-rural areas than the overall situation in South Africa. For example, about 35% of non­

rural households in income group I use electricity compared with the 14 % in the case of the 

overall situation. 

• There are some differences in the third category of fuels too. In the non-rural areas this category 

does not only consists of LPG, coal, and car batteries but also wood. The use of wood in the 

lower income levels in the non-rural areas is so low that wood can be counted as one of the fuels 

of the minority. Affordability does not seem to be a determining factor in the choice of these 

fuels since increase in income level does not reflect in any appreciable increment in the extent of 

use. For example, the extent of LPG use stays pretty constant for almost all income groups. 

This shows that the choice for LPG use in the areas of the former provinces is more dependent 

on other factors rather than affordability of the fuel supply service. Car batteries seem to be 

unpopular at all income levels and it appears like a few households start shifting from coal use 

to electricity as household income improves from income level 2 upwards. 

Further investigation into the fuel use variation with income in the former homelands and provinces 

shows that the situation in the homelands is similar to that in the rural areas whilst that in the 

former provinces is similar to that in the non-rural areas . However, there are some striking 

differences too. 
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4. 7 Multiple fuel use in the household 
In Chapter 2 (Section 2.5) it was mentioned that multiple fuel use is the norm in most South 

African households rather than the exception. In the discussion of the prevalence of fuels use in 

Section 4.6, it was shown that the sum of the percentages of households using different fuels far 

exceeds 100% which gives an indication that multiple fuel use is a common phenomenon. The 

extent of this phenomenon amongst South African households is explored further in this section 

and the fuels involved are also identified. The effect of urbanisation and electrification on multiple 

fuel use are briefly analysed as well as the variation of the phenomenon with income levels of 

households . 

4. 7 .1 Overall South Africa, areas of the fonner homelands and the fonner provinces 
Figure 4-17 depicts multiple fuel use patterns for overall South Africa, areas in the former 

homelands and areas in the former provinces. It can be seen from this figure that only about 32% 

of the households in South Africa are able to depend on one fuel in meeting their daily energy 

needs, the rest depend on combinations of 2 or more fuels . The most common phenomenon of 

multiple fuel use is the combinations of 3 fuels (about 30% of all South African households) 

compared with the combinations of 2 fuels (about 23%) and of 4 or more fuels (15%). 
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Figure 4-1 7: Multiple fuel use in the overall South Africa, areas of the former homelands and the 
old provinces 
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The fuels involved in the single and multiple fuel use in overall South Africa have been illustrated 

in Figure 4-18. It can be seen that single fuel users are largely electrified households using 

electricity, however, it is clearly shown here that electricity is not only used as a single fuel but also 

in combinations with other fuels . In fact, almost half of the electricity users use it in combination 

with either one or two or more fuels . Apart from electricity, paraffin is the only other fuel that is 

significantly used as a single fuel but that is limited to only about 3% of all households. For 

households using combinations of two fuels, the fuels involved are mostly paraffin and candles, and 

to a lesser extent wood and electricity as well as very few households using coal or LPG. For those 

using combinations of three fuels, the fuels involved are mainly paraffin, candles and wood. The 

combinations of electricity with two other fuels is also quite significant (about 9%) but only few 

households combine coal or LPG or car patteries with two other fuels . All the seven fuels under 

discussion seem to be involved in 4-fuel combinations but candles, paraffin and wood appear to 

dominate. 

30% 

Gi 

;20% 
c 
u; 
::J 

~15% 
0 
.c 
GI 
Ill 

~10% 
.c 
0 
~ 
0 5% 

0% 
Wood Paraffin Coal Bee Candles Gas 

Fuels 

I m 1 Fuel 11112 Fuels 0 3 Fuels Q4or More I 

Figure 4-18: Overall fuel combinations in South Africa 
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It is worth noting that all the percentage combinations for each particular fuel should not be 

expected to sum up to 100% since only a portion of the population uses each fuel. For example, the 

sum of the percentage usage combinations for wood users in Figure 4-18 is approximately 36% as 

depicted by the overall population in Figure 4-11 . Combinations for each fuel in Figure 4-18 sum 

up to the overall population value for that particular fuel in Figure 4-11. 
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Again, from Figure 4-17, multiple fuel use seems to be more pronounced in the areas of the former 

homelands than in the areas of the former provinces. Whilst over 50% of the households in the 

areas of the former provinces use a single fuel for their energy needs, about 95% of the households 

in the former homeland areas use 2 or more fuels for their needs. Further ~alysis shows that over 

90% of the households who depend on a single fuel in the former provinces areas are users of 

electricity. It appears that extreme lack of access to affordable electricity provision in the former ' 

homeland areas has compelled the households to resort to multiple fuel use extensively as a 

survival strategy. Even for the 5% of the households in the former homeland areas who depend on 

a single fuel, only about half are electricity users; the other half entirely depend on paraffin. This 

shows that, to some extent, the limited electricity provision in the former homeland areas is either 

not affordable or appropriate or desirable by many households for all energy end uses . It is very 

clear that electricity use is clean and non-poisonous and one could hardl)'. argue about the 

versatility of electricity in its applications and delivery to the point of use. The lighting provided by 

electricity is of higher quality and cheaper than that provided by other fuels like paraffin and 

candles. This makes electricity attractive to low-income households, however, the energy service 

from electricity for key domestic end uses like cooking, space and water heating is usually not 

affordable to poor households . For such end uses that are energy intensive, poor households often 

prefer to use other fuels which they find affordable regardless of the cleanliness or quality of the 

fuel. 

In terms of the percentage of households using combinations of two fuels, Figure 4-17 shows that 

the difference between the former homeland areas and the areas of the former provinces is very 

slight. However, the fuels involved in the 2-fuel combinations are different. Whilst the fuels 

involved in the dual fuel use in the areas of the former provinces are mainly electricity, paraffin and 

candles, those involved in the former homeland areas are mainly paraffin, fuelwood and candles. 

The most common phenomenon of multiple fuel use in the former homeland areas is the 

combinations of three fuels but the u~e of four or more fuels in some households is also substantial. 

Whilst the overall multiple fuel use situation for the former homeland areas is not uniform for all 

the individual homelands, the overall picture for the former provinces seems to occur in all the 

areas of the individual provinces. In Figure 4-19, it can be seen that ma.11y households in each of 

the former provinces tend to prefer single fuel use. This is a clear example of how the former 

apartheid policies of unequal access to basic needs have influenced differently the lifestyles of the 

households in the areas of the former homelands and those in the former provinces. Single fuel use 

is more pronounced in the areas of the former Cape, Natal and .Transvaal provinces (50-60% of the 

households) than in the areas of the former Orange Free State (about 38% of the households). 
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Figure 4-19: Multiple fuel use in the areas of the former provinces 

4.7.2 Multiple fuel use in rural and non-rural households 
Figure 4-20 depicts multiple fuel use in rural and non-rural South Africa. It can be seen that the 

differences between rural and non-rural households are similar to those between the areas of the 

former homelands and the old provinces. This is because the homeland areas are more rural than 

the old provinces. Whilst the most common phenomenon in the rural households is the 

combinations of three fuels, single fuel use is more prevalent in households in the urban 

households 1
. Whilst about 50% of the urban households depend solely on a single fuel for all their 

energy needs, over 80% of the households in the rural areas depend on more than one fuel for their 

energy needs . The practice of single fuel use is more widespread in rural households (12%) than 

the households in the former homeland areas (5%). This is due to the fact that farmers, and in some 

cases farmworkers, in the rural areas of the former provinces have better access to electricity than 

rural areas in the former homelands. In fact, electricity is the fuel used by over 80% of the 

households in the rural areas who are single fuel users (see Figure 4-21) . This shows that 

affordability of electricity supply service is less a problem for some rural households in the former 

provinces for those in the rural homeland households. 

1 This includes metropolitan households. 
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Figure 4-20: Multiple fuel use in rural and non-rural South Africa 

It is interesting to note from Figures 4-21 and 4-22 that the use of fuelwood, coal, LPG, candles 

and car batteries as a single fuel are not practised significantly in both the rural and urban 

households of South Africa. These fuels are usually used in combination with one or two or more 

fuels since each may not be suitable for providing all the appropriate and affordable energy 

services required by households . In terms of percentage of households involved in dual fuel use, the 

difference between the rural and urban households is not much, however, the fuels involved could 

differ. In the rural areas, the fuels involved in the combinations of two or three fuels are mainly 

paraffin, fuelwood and candles whilst in the urban areas the fuels involved are mainly paraffin, 

candles and electricity. 

In the rural areas, slightly over 20% of the households use more than 3 three fuels but in the urban 

areas this is slightly less than I 0%. This is probably because urban households have improved 

access to the few fuels they use and they are more able to afford the costs of their supply than in 

the case of the rural dwellers . It is interesting to note that car batteries are commonly used in the 

rural areas where the households cannot find their energy needs met by the use of only three fuels . 

In fact, car batteries are used by over 70% of the rural households that use more than 3 fuels . 

..,I JI "\.f , 
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Figure 4-21: Fuel use combinations in rural South African households 
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Figure 4-22: Fuel use combinations in non-rural South African households 
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4.7.3 Effect of electrification on multiple fuel use 
Multiple fuel use in rural and urban households has been discussed in Section 4.7 .2. Figure 4-23 

gives an illustration of the effect of electrification on multiple fuel use in rural and urban 

households. The general observation from this figure is that electrification, whether in the rural or 

urban area, seems to reduce multiple fuel use drastically. The reason for this is that the application 

of electricity is very flexible and it is suitable for most of the domestic end uses of energy, provided 

the service and the required appliances are affordable. 

Comparison between electrified rural households and non-electrified rural households shows that 

electrification appears to have resulted in an increase in single fuel use from about 3 % to about 

38%. This consequently reduces the combination of three fuels, which is the most widespread 

multiple fuel use phenomenon, from about 48% to about 22%. A similar comparison between 

electrified urban (elec non-rural) households and non-electrified urban (non-elec non-rural) shows 

that electrification has resulted in an increase in single fuel use from about 18% to about 60%. In 

the case of electrification of urban households, the combination of two fuels , which is the most 

common practice in non-electrified households, is consequently reduced from 38% to about 15%. If 

electrification is taken out of the equation too, that is, comparing non-electrified rural and non­

electrified urban, multiple fuel use is more widespread amongst rural households than urban 

households . In this case, whilst the combination of two fuels is more popular in urban households, 

combination of three fuels is more common with rural households . 
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Figure 4-23: Effect of electrification on multiple fuel use in South Africa 
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4.7.4 Effect of household income on multiple fuel use 
Overall South Africa 

86 

Figure 4-24 gives an illustration of the relationship between multiple fuel use and household 

income for all South African households. It is clear from the graph that, for low-income households 

(from income group 1 to 3), the most common practice is the combination of three fuels . On the 

other hand, for the higher income levels (income groups 4 to 6), the most common phenomenon 

tends to be single fuel use. Combinations of two fuels, four or more fuels do not appear to have any 

strong relationships with household income. 
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Figure 4-24: Overall multiple fuel use variation with income in South Africa 

It can be seen from the graph that single fuel use becomes the preferred option for most households 

as income improves . On the other hand, there seems to be a negative straight-line relationship 

between the practice involving the combination of three fuels and household income. This means 

that households appear to opt out of the practice involving the combination of three fuels as their 

income situation improves . This is explained by the fact that, as income improves households are 

able to afford the cost of electrification, appliance purchases and electricity supply service or the 

bulk purchase of paraffin. Thus higher income households could depend solely on electricity or 

otherwise choose to depend solely on paraffin if they already own paraffin appliances and cannot 

afford the costs involved in electricity provision as well. 
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Figure 4-25: Single fuel use variation with household income in overall South Africa 

From analysis in Figure 4-25 concerning single fuel use variation with income, it can be seen that 

single fuel users tend to shift from paraffin use to electricity use as income improves. In fact, at 

income level 1, about 47% of the single fuel users are paraffin users but this decreases to about 2% 

at income level 6 since most households (98%) at that income level use electricity, for they 

obviously can afford it. Although improved income influences households greatly towards the use 

of electricity as a single fuel in households, there are reasons why multiple fuel use persists at 

higher income levels. Many households might have already spent a lot of money on appliances for 

the less desirable fuels like paraffin, coal and wood before their dwellings were electrified. Thus, it 

becomes burdensome for them to purchase another set of appliances for electricity use only. Even 

when they can afford the purchase of these electrical appliances, they tend not to use them for end 

uses like cooking, water heating and space heating which are energy intensive since other fuels 

ap12ear to be more affordable. Furthermore, the use of some of these fuels could be for multiple 

purposes, for example, cooking with fuelwood or coal stove could provide the necessary space 

heating. 

The former homeland areas 

It was discussed in Section 4. 7 .1 that multiple fuel use is more widely spread in the areas of the 

former homelands than in the areas of the old provinces. Figure 4-26 depicts how multiple fuel use 

varies with household income in the areas of the former homelands. It is very clear from the graph 

that the use of three fuels is the predominant phenomenon at every income level. In income group 1, 
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almost 60% of the households use three fuels for their energy needs. This practice reduces as 

income level increases but only up to the 3rd income level. From income level 3 to 6, income does 

not seem to empower households to shift to single fuel use since the graph remains almost constant. 

It must be remembered that the lower income groups 1 and 2 constitute about 60% of the 

households in the former homeland areas (see Section 4.4 .2) . This shows that the combination of 

three fuels is very widespread amongst households in the areas of the former homelands . Apart 

from single fuel use that shows very slight increase with increase in income level, other phenomena 

of multiple fuel use do not appear to have any strong relationship with income. This is probably 

reflective how limited choices there are in the former homeland areas . 
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Figure 4-26: Multiple fuel use variation with income in the households of the former homeland 
areas 

Rural and urban South African households 

It has been established in Section 4.7.2 that over 80% of the households in rural South Africa 

depend on more than one fuel for their energy needs whilst in the urban areas about half of the 

households depend on only one fuel. Figure 4-27 shows that the combination of three fuels is the 

most common multiple fuel use phenomenon amongst all the income groups in the rural area except 

the highest income group whose preferred option is largely single fuel use. Those rural households 

in income group 6 are mostly the commercial farmers in the old provinces that are able to afford 
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the service of electricity provision. The figure seems to portray a shift from combination of three 

fuels in the rural households to single fuel use as household income increases. 
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Figure 4-27: Multiple fuel use variation with income in rural South African households 

Figure 4-28 depicts the variation of multiple fuel use with household income in urban areas . It is 

clear from this figure that higher income households in the urban areas usually opt for single fuel 

use. However, income does not seem to have any profound influence on whether a household would 

use two or three or more fuels in the urban areas. The reason could be that the availability of a 

particular fuel is the more determining factor in the choice of fuels in urban households . 

Non-electrified households. 

Although multiple fuel use persists in a number of electrified households, there is usually a 

tendency for such households to shift to single fuel use when electricity provision is affordable (see 

Figure 4-29. In the non-electrified households, however, multiple fuel use prevails at all income 

levels as shown in Figure 4-30. However, income seems to have some influence on the extent of 

multiple fuel use. In the figure, it can be seen that combination of three fuels is the predominant 

phenomenon in the lower income groups (i .e. income groups 1 to 3). As income level increases 

more households shift to the use of two fuels . 
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Figure 4-28: Multiple fuel use variation with income in non-rural South African households 
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Figure 4-29: Multiple fuel use variation in electrified households in South Africa 
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Figure 4-30: Multiple fuel use variation in non-electrified households in South Africa 

4.8 Electrification 

91 

The former South African Minister for Mineral and Energy Affairs, Mr R F Botha, once said that 

the winning countries of the world are fully electrified (Du Plessis 1996). He argued that bringing 

electricity to South Africans who do not yet enjoy its benefits must be a national priority. He saw 

electrification in a democratic South Africa as a great opportunity that must not be delayed when 

he said: 

Now is our chance to bring electricity to the humblest squatter, the mother urging her children to 
do their homework, the tired father who seeks to enjoy some television, the baby who may 
otherwise shiver through the winter, the office clerk studying into the night to become a lawyer. _ 

Mr Jay Naidoo, a former Minister in the Office of the President of South Africa, once singled out 

electrification as a crucial element in the Reconstruction and Development Programme (RDP) of 

the Government of National Unity (GNU) (Du Plessis 1996). He acknowledged that, world wide, 

one of the most effective ways to improve people' s quality of life is to give them electricity. 

Although one could argue that electrification per se would not necessarily bring upliftrnent and 

empowerment of the disadvantaged communities unless it is appropriately integrated with the 

provision of affordable appliances as well as efficient and reliable service, the point being made 

here is that there is great lack of access to electricity amongst many South African households 

which requires an urgent attention of the government. In spite of the fact that South Africa boasts 

of power stations, transmission technology and infrastructure that compare with the best in the 
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world, a large portion of her population have to depend on inconvenient and less desirable fuels like 

coal, fuelwood and paraffin for their basic energy needs . 

In Chapter 2, it was briefly mentioned that household access to electricity is highly skewed. 

Eberhard and Van Horen assert that a simple way of identifying the urban and rural poor is to 

define them in terms of their access to, or more correctly, their lack of access to electricity 

(1995 :47) . Thus, in a way, electricity connection can serve as a useful initial indicator of energy 

poverty amongst households in South Africa. It is this aspect of energy poverty that is explored 

further in this section. 

4.8.1 Overall, new provinces, areas in the old provinces and homelands 
Figure 4-31 shows the extent of electrification of households in the entire South Africa, the areas of 

the former provinces and the old homelands . The figure shows that almost half of the households in 

South Africa are electrified. Comparison with other data sources shows that this could be a little 

bit on the high side as an estimate of electrification for 1993. · 
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Figure 4-31: Percentage of households electrified in overall South Africa, areas in the former 
homelands and the old provinces 

Source: Saldru data analysis 

The National Electricity Regulator (NER) estimates electrification at the end of 1995 as 50.38% of 

all households and gives a 1992 estimate as 40% (Du Plessis 1996). Given the fact that the rate of 

electrification has accelerated tremendously since 1994 at the rate of over 400, 000 households 

annually, the Saldru data could be said to have probably over-sampled electrified households. 

However, if one takes into account the fact that the South African population has been grow'ing at 
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the rate of about 2.06%2
, and that affordable housing provision has also been enhanced since 1994, 

it may be that the over-sampling of electrified households in the Saldru data is not too extreme. The 

over-sampling of electrified households might have occurred due to over-sampling and under­

sampling of households in the individual provinces of South Africa. At the time of the survey, the 

boundaries of the new provinces had not been fixed and some changes have occurred after the 

election in 1994. If the samples of the three most populous provinces are compared with some data 

by the NER (Du Plessis 1996:12), it can be verified that the Gauteng province which is largely 

electrified was over-sampled by about 2% whilst KwaZulu/Natal and the Eastern Cape provinces 

which have low levels of electrification were under-sampled by 2% and I% respectively. In other 

words, the percentage representation of Gauteng households in the Saldru sample exceeds that 

presented in the NER report by 2% whilst those of KwaZulu/Natal and the Eastern Cape are less 

by 2% and I% respectively. 
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Figure 4-32: Percentage of households electrified in the provinces of the new South Africa. 
Source: Saldru data analysis 

The extent of electrification in the homeland areas is far below that in the areas of the old 

provinces. Whilst electrification in the areas of the old provinces exceeds 70%, the old homeland 

areas are only 20% electrified. This goes to show that the unequal distribution of access to 

electricity in South Africa is a product of the same political-economic forces that have shaped the 

2 1991-1995 annual compound population growth rate (Central Statistical Service 1995). 
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society as a whole. The homeland areas, which are mainly inhabited by Africans, do not only have 

limited access to electricity but also the quality of service received has been generally poor. 

The distribution of electricity in the individual new provinces also varies significantly. It can be 

seen from Figure 4-32 that apart from the Western Cape, Gauteng and the Northern Cape, at least 

half of the households in the rest of the provinces are not electrified. The situation is particularly 

grave in the rural areas of the Eastern Cape and the Northern Province where about 95% and 81% 

respectively of the dwellings do not have electricity (Figure 4-33). The Western Cape has the 

lowest percentage of rural households not electrified (less than 20%). The extent of electrification 

in Gauteng shown in Figure 4-32 could be too high due to over-sampling of electrified households 

especially in the rural areas. 

The electrification in the Northern Cape is also a little bit too high in this figure due to the fact that 

insignificant number of rural households were sampled. The NER estimates the 1995 electrification 

figures for Gauteng and the Northern Cape as 77% and 63% respectively. 
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Figure 4-33: Percentage of households electrified in rural and non-rural areas of the new provinces 
of South Africa. · 

Source: Saldru data analysis 

In Figure 4-34, it is shown that electrification increases with household income level for overall 

South Africa, the old homeland areas and the areas in the old provinces . This shows that household 

income is one of the main factors influencing the electrification of dwellings whether in the areas of 

the former provinces or the former homeland areas. It can also be seen from the figure that, at any 

income level, electrification in the old provinces is higher than in the former homeland areas, 



Overview of domestic energy use data 95 

although it must be remembered that most of the households in the homelands are in the first and 

second income levels. 
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Figure 4-34: Percentage of electrified households in different income categories of overall South 
Africa, areas in the former homelands and the old provinces. 

Source: Saldru data analysis 

The gap between the electrification of the old provinces and that of the former homeland areas 

widens as income level increases. This indicates that the influence of household income on a 

household' s access to electrification is less in the areas of the former homelands than in the areas of 

the old provinces. In the former homeland areas, the cost of electricity connee-tion would be 

generally higher than the areas of the old provinces due to longer distances from the electricity grid. 

The quality of service in the homeland areas is also . usually poor. Households in the homeland 

areas will thus consider these factors in their decisions concerning electrification. 

4.8.2 Rural, urban and metropolitan areas 
In Figure 4-35 it is shown that electrification in the rural areas of South Africa is far below that in 

the metropolitan or urban areas. Though 27% electrification of rural households shown in this 

figure is a little bit on the high side when compared with the 1995 figures by the NER (Du Plessis 

1996), it is far below the over 60% and 80% electrification of urban and metropolitan households 

respectively. This is indicative of the levels of development in the rural and non-rural areas since 

electrification may lead to the establishment of other enterprises that depend on electricity. 
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Figure 4-35: Percentage of households electrified in rural, urban and metropolitan areas of South 
Africa. 

Source: Saldru data analysis 
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Figure 4-36: Percentage of electrified households in different income categories of rural, urban and 
metropolitan areas of South Africa. 

Source: Saldru data analysis 

Figure 4-36 shows the influence of household income on the extent of electrification in the rural, 

urban and metropolitan areas of South Africa. With the exception of income group 5 of the urban 
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households, the figure seems to show that the higher the household income, the more likely 

households are to be electrified in the rural, urban or metropolitan areas . 

For the non-rural households in the former homelands areas shown in Figure 4-37, the effect of 

household income on electrification seems to have a limit. It can be seen from the figure that 

electrification increases with household income level till the fourth income level. Beyond this 

income level, households who are able to afford other sources of energy like LPG may opt for such 

to avoid high electricity connection fees and poor level of service. Another reason why some high­

income urban households in the homeland areas opt for other fuels rather than electrification of 

their households could be proximity to the distribution networks of these fuels. In such a situation 

location becomes more important. For rural households in the areas of the former homelands, 

however, electrification is higher only amongst high-income households since only those can 

probably afford the high connection costs. 

70% 

'C 60% QI 
;;::: 
·;:: 
0 50% 
QI 
a; 
II) 40% 
'C 
0 
.i:::. 30% QI 
II) 
::I 
0 

20% .i:::. -0 
~ 0 10% 

0% 

1 2 3 4 5 6 

Income Group 

I-+-Rural --11-Non-Rural ---1r- Total I 

Figure 4-37: Percentage of electrified households in different income categories of rural and non­
rural areas of the former homelands of South Africa. 

Source: Saldru data analysis 

4.8.3 Racial groupings 
Figure 4-38 shows electrification of households amongst different population groups . It is amazing 

to notice how electrification of the households of certain population groups has been used as a form 

of advantage over other population groups. Whilst almost all White households are electrified, only 

about 35% of the African households are electrified. The electrification of Indian households is 

also shown here to be almost 100% but one cannot be sure about this since the sample size for the 
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Indian people was relatively small. Amongst the Coloured households, over 80% are electrified. It 

is therefore clear that, in the past, government policy was shaped in such a way that Blacks, 

especially African people, would be denied access to electricity as a means of undermining their 

progress as a people. 
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Figure 4-38: Percentage of electrified households amongst different racial groupings in South 
Africa 

Source: Saldru data analysis 

In this way, majority of Black people indirectly suffered oppression of untold measures. Due to 

lack of electricity for lighting, audio-visual equipment and computers, they have received poor 

quality education over the years. Their women in the rural areas have to spend many hours every 

week collecting firewood. Health services amongst the Black community have been grossly 

inadequate due to lack of adequate sterilisation equipment and cold storage of medicine and food. 

Income generating activities like welding, baking and sewing usually linked to electrification have 

been denied them. This observation goe:; to refute the paradigm of "modernisation" which underlies 

the "energy transition" theory. The fact that almost half of the South African households do not 

have access to electricity is not a natural state of underdevelopment as the theory postulates, 

neither is it a true reflection of the people' s genuine choices. Rather, it was a calculated attempt by 

the prevailing political system to dehumanise a specific section of the population. 

Figure 4-39 shows the effect of household income on electrification of households amongst 

different racial groupings. For the White households, the income groups 1 to 5 shown on the graph 

mean very little since about 95% of White households are in income group 6. It can therefore be 

said that, for the White and the Indian households, the level of household income does not seem to 

have any meaningful influence on electrification. For the Coloured households, the extent of 

I 
I 
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electrification of households increases with household income level but only at a very slow rate. 

However, amongst the African population group, which constitutes three-quarters of the total 

population, household income seems to be one of the main criteria for determining whether a 

household should gain access to electricity or not. 

90% 

,, 80% 
Cll 
lo: 

70% ·;:: -(.) 
Cll 60% Qi 
Cll 

50% ,, 
0 .s::. 40% Cll 
Cll 
:::s 
0 30% .s::. 
'O 20% 
::::!! 0 

10% 

0% 

2 3 4 5 6 

Income Group 

-+-Africans --Coloureds -tr- Indians -*-Wiites ------ Total 

Figure 4-39: Percentage of electrified households in different income categories amongst different 
racia l groupings in South Africa 

Source: Saldru data analysis 
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4.9 Expenditure on individual fuels in the household 
Although the prices of fuels in different parts of the country may differ slightly from one another, 

the average monthly household expenditure on individual fuels presented in Figure 4-40 gives some 

indication of how intensively the particular fuels are used in the household. In the .case of wood, it 

must be pointed out that what is presented in the figure below may not be the complete picture 

since not all the fuelwood used in the households is purchased at some monetary value. In actual 

fact, it can be verified from Figures 4-11 and 4-49 that over 70% of the 36% of Sou¢ African 

households who use wood for fuel do not buy the wood but collect it from the farm or natural 

woodlands. The actual cost of the wood collected is not included in the expenditure on wood 

presented in the figure below. The expenditure on wood presented below is only the average for the 

10% South African households who purchase wood for fuel. 
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Figure 4-40: Average monthly household expenditure on individual fuels in overall South Africa, 
the former homeland areas and the former provinces. 

Source: Saldru data analysis 

On average, each household that purchases wood for fuel spends over 1993 R50 per month on 

wood purchase1
. Apart from electricity, it appears like the amount spent on fuelwood by 

households exceeds that which households spend on any other fuel. Thus the use of fuelwood does 

1 All the expenditure values in this chapter are in 1993 South African Rand value. Consumer Price Indices 
(CPI) can be used to convert these expenditures to present worth values. 
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~~ ~~~-- haye_ adverse eff~~ts on the environment, it is also e}C.pensive if it has to be purchased. 

Even for those households who do not buy. their fuelwood, Fbe labour and other costs involved in 

the fuelwood collection can rob families of their meaningful social life and development, especially 

~o~en and chllcke~. Howeve~, it must be accepted that wood gathering exercise is a social event in 

some cases and the positive social aspects of it must not be overlooked. 

Comparing the monthly household expenditure on fuel wood· in the areas of the old provinces and 

the former homeland areas, it can be seen tha( ~ot only is wood used more extensively in the former 

~o~eland areas than in the areas of the old provinces (see· Figure 4'-11) but also it is used more 

intensively in the homeland areas than in the areas of the old provinces. Whilst households in the ·- ' 

homeland areas spend over R60 monthly on fuelwood, those in the· areas of the old provinces spend 

less than R20 monthly. The 9}f!'eren~ here may not be completely due to how intensively the fuel 

is used, but also due to_<!ttferences in the availability of fuelwqod. Wood usage in the old provinces 
............,,..__.,." .., __ .. -~ ,....,__ -- - . "' . 

-
is probably ~()stly on farms and given free. Wood resour~es are very much related .to land 

availability but most of the homeland households have been severely marginalised in terms of land 

_resources. Scarcity of wood resources might have been contributing to the higher fuelwood 

expenditure in the homeland areas. 

.J 

Although paraffin, candles and car batteries are used more extensively amongst households in the 

fo!IDer li.omelIDl:d areas than in the areas of the former provinces (see Figure 4-11), it appears from 

Figure 4-40 ·that there is not much difference b<mveen househoids in th'.e former homeland areas and 

those in the areas of the old provinces concerning how mtensively ;paraffin, coal, candles and car 
~-·- ---·------- ·---· - - - - '• • •• ..1 

batteries are used. This seems to suggest that there is some limited amount of each of these fuels 

required for the survival of household users irrespective of their location (Williams A 1994: 14). 

Average monthly expenditures by household users of paraffin, coal, candles and car batteries are 

R24, R34, R9 and Rl4 respectively. For users of car batteries this is primarily the amount spent 

on battery charging. 

For liquefied petroleum gas (LPG) household users spend ab6ut R40 per month on average. Users 

in the areas of the qlcl,.provinces spend about RIO less than that spent by tho~e in the former , / 
homeland areas. The difference in expenditure could be largely due to the poorer distribution 

network in the homeland areas and the consequent higher prices. 

It can be seen from the above figure that, on average, households who use electricity spend about 

R96 per month on electricity. It is striking that one finds expenditure on electricity to be very high 
--- --- " . 

when it is compared with the other fuels. One reason for this apparent high expenditure on 

electricity is that about half of electricity users are single fuel users (see Figure 4-18) whilst users ;f 
-----~---- - - -·-- ~·· ' . '· .- . . 

of other fuels are often multiple fuel users. However, when the cost of multiple fuel use is taken - -
into consideratio~, ~~p~ndi~_re on electricity is still very "high. Electricity is not only more 

extensively used amongst the households in the areas of the old provinces than in the former 

.. 

Jr· 
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homeland areas, but it is also intensively used in the areas of the old provinces than the former 

homeland areas. Whilst households in the areas of the old provinces spend about Rl 10 per month 

on electricity on the average, those in the former homeland areas spend less than half of that 

amount on electricity. The poor quality of service, the affordability of the service and of the 

purchase of appliances could be some of the main reasons for low electricity consumption in the 

homeland areas. 

4.9.1 Effect of household income on expenditure on individual fuels 
Figure 4-41 shows the effect of household income on the household expenditure on the various 

fuels in South Africa. In general, it can be seen from the figure that, apart from electricity_ and· 

fuelwood, hou~ehold income does not seem to have appreciable influ~~ on the expenditure on the 

individual fuels. In other words, ~?'P!!!l_~~f<'. on fuels other than electricity is income inelastic_, 

although fuelwood shows some minor elasticity towards income up to income level 4. 
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Figure 4-41: Average monthly expenditure on individual fuels by households in different income 
groups in South Africa. 

Source: Saldru data analysis 

For households up to the fourth income level, fuelwood users are able to afford to spend a little bit 

more on wood purchase as their income increases, even though the number of households using 

wood generally decreases with household income (see Figure 4-14). Beyond the fourth ii}~ome 

group, households seem to prefer to either shift completely or partially to other fuels, or spend less 

on fuelwood and more on other fuels like electricity. 
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. ;' 

H~usehoids·'. 9o no~ only tend to shift from-_ other fuel_s ·to ~lectricity (see Figure 4-14) as . their 
• . • ' ~ . . .. :s. - . •• ." . . . . -· ', . ,~·. 

mcomes 1mprove. but .also 'they_ ~end to spend more on: -electricity.. Average_ monthly electricity . ,;. 

~o~~~tionin~rease·~ -fro~ about R40 in incom~_gr~up ·2 to ~bbufR130 in income group 6. The 

drop in·electricity-expenditu-re from income group l to 2 is·a bit odd. In ge~eral, it appears that the 

more mcome the hous~holds receive, the more they are able to afford -the service. and the purchase 

of more appliances. I~ is, however, not known _whether iiicrea.Se in household income does not 

eventually lead t~ extravagant use 'Of electricity that could create' ~ecessary load o~ electricity 

generation plants. 
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Figure 4-42: Average monthly expenditure on individual f(JE!ls ti,y-:non-rural households in pifferent . 
. income groups in South Africa;- _ if 

Source: Saldru data analysis 

Figure 4-42 shows that,. in the h~n-~r~l are~ -of South ~gt,J(including metropolitan areas), 
. . - . . . . - . 

household income does not appear to have any ipfluence -on the amount of money spent ~y 

- hous~h~l; ;n~y--~fth~--fuel~,-th~ C9ajy .~!'c.~pti6~-~~~g--el~~S~!Y)rius .seems to suggest-that 
-- ---..... -w •••• _,_ •• • .... ' ~. - • • - • • -

, households, irrespective of their income, would always find strategies of acquiring the required 
- . . 

amount of fuels for their survival, except for electricity. In the ~case of ~lectricity the consumption 
---- -- ..... --· . .. - ~· 

by ho~_s_e~a.~~s. i~ -~ea~l}')~~ ~}'-~e_ir. income. 
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On the other hand, Figure 4-43 shows that, in the rural areas of South Africa, expenditure ~n (or in 

other words, consumption of) electricity, LPG and fuelwood are all influenced by household 

income. 
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Figure 4-43: Average monthly expenditure on individual fuels by rural households in different 
income groups in South Africa. 

Source: Saldru data analysis 

In general, as household income improves, households are able to afford to spend more on 

electricity or LPG. Wood consumption also increases with household income but beyond the fourth 

income group households tend to either lower their consumption or shift to other fuels (see Figure 

4-15). 

4.10 Total household expenditure on fuels 

4.10.1 Overall South Africa 
Section 4-7 details the widespread multiple fuel use phenomenon in South Africa. In such an 

extensive multiple fuel use situation, expenditure on individual fuels which is discussed in the 

preceding section. does not give a clear picture of the total household expenditure on fuels. Figure 

4-44 presents a total picture of the variation of average total monthly household expenditure on 

fuels with household income for overall South Africa. 

The figure shows a general increase in average household total expenditure on fuels as household 

income improves. At the same time, it also depicts that as household income improves, the lower 

the percentage of the total household expenditure spe~t on fuels. This paints an impression that 
' 
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lower income households might be feeling the pinch of their expenditure on .fuels more than the 

higher income households might. ' 
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Figure 4-44: Average total monthly fuel expenditure by households in different income groups in 
South Africa compared with total monthly expenditure 

Source: Saldru data analysis 

4.10.2 Racial groupings 
Energy use in South Africa is not only skewed amongst the different racial· groups in terms of 

access to energy resources but also in terms of how intensively the energy is used in the 

households. Figure 4-45 shows a vivid illustration of the skewness of energy consumption amongst 

different racial groups in South Africa. The figure shows· that White households spend more on 

energy in their homes than all the other races. 

This is followed by the Indian and Coloured households respectivefully with African households 

spending the least amount on energy. Whilst White households spend an average of about Rl64 per 

month on energy in the home, the Indian, Coloured and African households spend about Rl48, 

Rl06 and R55 per month respectively in the home. This is in spite of the fact that African, 

Coloured und the Indian households are generally larger in numbers than White households (see 

Section 4.5.2). The differences in energy expenditure amongst the different races are not likely to 

be due to mere differences in prices at which the different racial groupings purchase their fuels. 

This is because it can be argued that the most remote areas in the country where prices are likely to 
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be higher due to lack of access to the fuels, are inhabited by Africans more than any other racial 

group. 

Whites 

Indians 

Coloureds 

Africans 

0 50 100 150 200 

Average total monthly fuel expenditure (R/mon) 

Figure 4-45: Average total monthly household fuel expenditure by different population groups in 
South Africa 

Source: Saldru data analysis 

One probable explanation for the different expenditures by the different racial groups could be that 

the different fuels are not used by the different racial groups to the same extent. Figure 4-38 shows 

that almost all White and Indian households are electrified whilst about 85% and 35% of Coloured 

and African households respectively are electrified. It follows that whilst the White and Indian 

households are largely dependent on electricity, African households are mostly dependent on other 

fuels like paraffin, coal and wood. But in Figure 4-41, household expenditure on electricity in the 

high-income groups is shown to be very high compared with the other fuels. Since White 

households, and to some extent Indian households, are mostly in the higher income groups, it is not 

very surprising that their total expenditure on energy in the home is that much higher. 

Figure 4-46 depicts the variation of total energy expenditure with household income amongst the 

different racial groupings. The Indian and White households do not have relevant data for the first 

2 and 3 income groups respectively since data on those income groups.is scanty. 

For the White households no clear relation is seen between the two variables (household income 

and energy expenditure) and, perhaps, the appropriate relationship lies beyond the analysis here 

since most of the households are in the income group 6. For the Indian and Coloured households, 

the average total expenditure on fuels generally increases as household income improves. The 

households tend to spend more on energy as they become empowered with more income. In the case 

of the African households, they tend to spend more on energy as their income improves but only up 

to the fourth income group. Beyond the fourth income group African households tend to spend a 
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Figure 4-46: Average monthly fuel exp~iiditure. by hous.eholds in different income groups of 
· :different racial groups· in ·south Africa 

Source: Saldru•data analysis. 

4.10.3 . Rural and n9n-rural areas 
There is also a big gap'between,the consumption of energy by rural households and that of the non• 

rural or urban areas. Figure 4-4 7 shows that the ave~~ge ertergf'expenditure by households in rural 

areas is just :a: little o~er half of the amount of ·money. ~at hbuseholds in urban areas spend on . . ' .. 
energy. There may be two main reasons for .this. First, rural households generally have -incomes 

lower than. those of :nrban·hous~.holds. Second, the -cost of wood collected from' the farm and 
' ' • I • 

. natural woodlands for fuelwood is usually not accounted for in the household expenditure . 

. •- .~~ ~-.. ,_,.-,_·.~··~" 

. ' .. ":··.: ..... 

'i 
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Figure 4-47: Average total monthly fuel expenditure by rural and non-rural households of South 
Africa 

Source: Saldru data analysis 

4.10.4 Electrified and non-electrified households 
It is widely believed that electrification of households will bring a much awaited relief to many 

households in terms of lower expenditure on energy in the home. The promise of electrification has 

therefore become politically expedient means of providing hope for the previously marginalised 

communities. There is obviously little doubt about the many advantages of electricity over the other 

household fuels in terms of convenience of use, versatility, safety, and so on. However, the 

cheapness of electricity compared with the other household fuels is debatable. The analysis of the 

Saldru data reveals a totally different picture as depicted in Figure 4-48. 

First, as can be seen from the figure, in every income group, electrified households spend m~ ~~ 

energy than non-electrified households do. Second, whilst energy expenditure by electrified 

households generally increases with household income, that by non-electrified households increases 

with income only up to the fourth income group and then stays almost constant. This explains why 

it has not been prudent for many low-income households to use electricity intensively after they 

have been connected. Besides the expensive nature of the service, households have to pay for high 

connection fees as well as purchase different costly appliances for almost every end use. For some 

other fuels, a cheaper appliance may be sufficient for multiple end uses for a poor household. For 

example, paraffin stove, which is invariably cheaper than electric stove in general could be used for 

cooking as well as for spa¢e heating and ironing2
• The affordability of the electricity supply service ; 

1 

should be looked at more carefully otherwise the cost involved in extending the grid to many 

1

. ~f 

households may be w~tef if households cannot afford to use the service. It is worth mentioning '. ·~ 

2 Paraffin ironing is done by heating the solid ironing appliance on paraffin stove. 
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that Eskom, the main utility, has found a way around this by incorporating the electricity 

connection fee into the tarrif structure in order to avoid high upfront costs by consumers. 
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Figure 4-48: Average household expenditure spent on fuels in different income groups of 
electrified and non-electrified households in South Africa 

Source: Saldru data analysis 

4.11 Wood collection 
As mentioned in Section 4.9, most of the households in South Africa who use wood for fuel usually 

collect them from farms or natural woodlands. Therefore, the actual value of fuelwood used does 

not reflect in the household expenditure on energy. In Figure 4-49 it is shown that over 25% of 

South African households collect all or part of their wood from available sources without buying it. 

Wood collection is more prevalent in the former homeland areas than in the areas of the former 

provinces. Whilst about 50% of the households in the former homeland areas are involved in wood 

collection, only about 8% in the areas of the old provinces collect their wood. 

Although no monetary value is usually attnbuted to fuelwood that is collected from the bush, the 

social cost involved can be enormous. Wood collection is usually a chore performed by women and 

children, which means that other essential activities of those women and children are severely 

hampered since wood collection often consumes a lot of time. According to Best (1979: 71) women 

in African villages spend a long time collecting wood, averaging up to 15 hours a week, a chore 

that hardly exists for an urban housewife. There is physical hardship of collecting and carrying the 

bundle of wood, which causes pain in the heads, necks and shoulders. 
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Figure 4-49: Percentage of households collecting wood in South Africa 
Source: Sa/dru data analys~s 
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Figure 4-50 illustrates that fuelwood collection is mainly a low-income household affair. 

Households tend to stop collecting wood as their income improves. For the households in the areas 

of the former homelands, the percentage of households collect)ng wood drops from over 75% at the 

lowest income level to about 10% in the highest income level. This shows how people's dependence 
! 

on wood as a fuel could probably be reduced enormously as they are provided with income 

generation opportunities. In this way, environmental degradation resulting from wood denudation is 

also reduced. 
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Figure 4-50: Percentage of households collecting wood in different.income groups of South Africa 
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Figure 4-51: Percentage of rural and non-rural households collecting wood in different income 
groups of South Africa 

Source: Saldru data analysis;: 

Figure 4-51 also depicts that wood collection is not only ma~y lo""'.·income household affair but 

a_l~~-!argely a rural activity. Whilst wood collection is below 10% even in the lowest income 

households in the urban areas, the activity is common amongst over 70% in the lowest income 

households of the rural areas and drops below 10% in the highest income group in the rural areas. 

'· 
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I 
4.12 Energy end uses in different climatic ~ones 
The energy required for specific purposes could differ from place to place depending on the 

climatic conditions. The dwelling type inhabited by a houJehold can also influence the energy 

required for a specific end use. However, as mentioned in [the introduction of this chapter, the 

primary data set (i.e. the Saldru data set) does not have usclful representation of dwelling types. 

Thus, for the purposes of the energy demand projections I in Chapters 5 and 6, end-use ~d 
appliance usage data have been extracted from the secondal data component of the database (t.e. 

the NDEUD1 system) instead of the primary data. The extracted data at the provincial level has 

been aggregated into the 5 dwelling types classified in SectioJ 2.7. It is then further aggregated into 

the three basic climatic zones classified in Section 2.6 as tem1erate, hot-humid and hot-dry zones. 

It must be noted though that the resultant end-use data is [ a reflection of only the low-income 

households since the stu~es in the NDEUD cover only lowlincome households at this stage. The 

energy demand projections from this source of data is therefore only for the low-income 

households. The low-income households in the NDEUD are roughly equivalent to the first three 
I 

income groups in the Saldru data set. j 
4.12.1 Status of energy end-use and appliance data in he secondary data set 
In the NDEUD, there are quite a number of fields covering dJmestic energy end uses and appliance 

ownership or usage. However, for the purposes of the energy! demand projections, the discussion in 

this section is limited to only 5 basic end uses in the low-income households, namely: cooking, 

lighting, space heating, water heating and refrigeration. rle fuels whose end uses are disc~ed 
are electricity, wood, paraffin, liquefied petroleum gas (LPGi and coal. In cases where data has not 

been categorised into end uses, it is sometimes possible to Jganise appliance usage or ownership 

data into end uses depending on the type of appliances used. tor example, a refrigerator is matched 

with refrigeration services and an electric stove with cookinJ services. 
I 

1 NDEUD stands for the secondary data set in the National Domestic Energy Use Database whilst Saldru 
da1a set constituttes the primary data set. These da1a sets have 1 described in Chapter 3. 

'· 
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Figure 4-52: Status of end-use and appliance data in the secondary data set component of the 
energy database 

Figure 4-52 shows the number of stu~es that have energy end-use or appliance usage data in the 

secondary data set component of the NDEUD system. The data types in the above figure are 

explained as follows: 

end-use data: 

appliance info: 

appliance data: 

quantitative data on the percentage of households staying in a particular 

dwelling type in a specific geographic location using a specific type of fuel 

for a specific end use; 

qualitative general information on appliance usage or ownership; 

quantitative data on appliance usage - percentage of households 

using a particular appliance; 

appliance owned data: quantitative data on appliance ownership. 

The figure shows that end-use data in the NDEUD system is scanty compared with the other 

categories of data in the system. Out of the about 5 00 studies captured into the system, just only 72 

of them have end-use data. The data on appliance usage is used to improve the end-use data as 

explained earlier on. The aggregated end-use data for the three broad climatic zones gives an 

indication of who is using which fuels for specific purposes and under what conditions. The 

aggregated end-use data for the three climatic zones, the five household dwelling types, the five 

end-uses, and th,e five fuels have been graphically depicted in Figures 4-53 to 4-57. 

4.12.2 Cooking 
It can be seen from Figure 4-53 that most of the low-income households do not cook with 

electricity. This seems to be the general situation in all the three climatic zones and this coulc;l be 

due to the question of affordability and/or the lack of access to electricity and adequate quality of 

services. It could be said further from Figure 4-53 that the more formalised the dwelling type in 
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, I 
each climatic region, the Jore households tend to use electricity for cooking. The reason could be 

that the more formalised d~elling types have better access tol electricity. However, it is important 

to bear in mind the completty of making fuel choices for vari0us end uses in the household. 

Extensive wood usage for dooking in all the zones is very stnJng. Wood appears to be used widely 

for cooking in all three ~limatic zones. This shows the Jnportant role which fuelwood, and 

therefore it~ collection, plays in the socio-economic life of low~income households, if the time spent 

by mostly women and chi~dren in the collection of fuelwootl is taken into consideration. Wood 

~sage for cooking is extrerhely high in the hot-dry climatic zohe among all dwelling types although 

the over 80% usage indic~ted seems to be on the high side. [Across the climatic zones, backyard 

shacks seem to be involved in wood use more than the other housing types. Rural households also 

use wood extensively for 4ooking in the temperate and hot-~b.zones but surprisingly, less wood 

use is indicated in the hot-humid zone. l I . 

Paraffin is also an impo~t fuel for cooking among low-inc ,me households. In the temperate and 

hot-humid zones, paraffin ~sage for cooking is very promineht among the planned and unplanned 

shacks, with over 70% of ~ouseholds using it. In the hot-dry blimate, paraffin usage for cooking is 

lower, at around 40% of ~II housing types except for plannbd shacks, where its use is higher at 
I 

about 75%. · 



Overview of domestic energy use data 

Cl 
.5 
Ill 
::r 
Ill 
"C o-

l.c ~ I: ... 
• ::r 

I~ Jo 
I 

Ill 
::r 
Ill 

"C 
0 
.c 
GI 
Ill 
::r 
0 
.c 

0 
~ 

Cl 
.5 
Ill 
::r 
Ill 
"C 
0 
.c 
GI 
Ill 
::r 
0 
.c -

tt. 

Temperate Cooking 

80 .-...-----::::!' 
60 f.i:Wmm~~ 

40 -e~f.w.f.iw. 

20 

0 
B..EC 

l!I Formal housing 

E:I Backyard shack 

WOOD PARAFFIN 

1111 Aanned shack 

• Rural dw elling 

Hot-humid Cooking 

0 0 

100 

80 

60 

40 

20 

0 

B..EC 

rii!I Formal housing 

EJ Backyard shack 

WOOD PARAFFIN 

Ill Aanned shack 

II Rural dw elling 

Hot-dry Cooking 

B..EC WOOD PARAFFIN 

m Formal housing 

m Backyard shack 

l!I Aanned shack 

II Rural dw elling 

115 

GAS COAL 

Cl Unplanned shack 

GAS COAL 

CJ Unplanned shack 

GAS COAL 

Ill Unplanned shack 

Figure 4-53: Percentage of households using fuels for cooking in the 3 broad climatic zones 
Source: NDEUD data set 

Liquid petroleum gas (LPG) does not seem to be an important fuel for cooking except for planned 

shacks in the temperate climate where over 60% of households are reported to use it. This might 
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• cj 
even be too high taken into consideration the low LPG use arriongst the lower income groups of the 

Saldru da~ set I 

Coal usage for cooking in the temperate and the hot-humid fones seems very similar. In the two 

zones, about 50% of households in formal and unplanned shacks use coal for cooking. The 

decrease in coal use for cooking in the hot-dry zone might b~ due to relative inaccessibility of the 
I resource and its resultant high price. I 
I 
I 

4.12.3 Space heating I · 
From Figure 4-54 it can be seen that electricity usage for sp~ce heating is very similar to cooking 

I 
in all the climatic zones and among the different dwelli11g. i}mong rural households, wood is the 

I 

fuel most commonly used for space heating, with a range of ~0% to 90% of households using it. In 
I 

the hot-dry zone, wood seems to be important for space heatirtg in the urban dwelling types but it is 

very low in other climatic zones. Paraffin usage for space h~ating is prominent only in the urban 

planned and unplanned shacks in the temperate and hot-humicl zones. The percentage of households 

using LPG is below 10% in all cases. 
I 
I 
I 
I 

Surprisingly, the data shows that coal is used by a relativelr low percentage of households in all 

three zones, with the exceptions only of formal houses and rural dwellingss in the hot-humid zone. 

In general, coal use in the household is not so high as shownf by the Saldru data set (see Figure 4-

11). However, the low percentage usage for cooking shown liere does not seem consistent with the 

known situation where coal is widely used in many household~ in the Gauteng province, which falls 

into the temperate zone. 

Three reasons may exist for the low coal use for space heating shown here. First, while coal use is 

reported to be low for space heating, it is more widely used ~or cooking purposes (refer to Figure 

_ 4-53) with about 50% of low-income households in some dJ,elling types using coal. The low coal 

usage for space heating may therefore be attributable to a cla~sification problem: surveys often fail I ~ 

to account for the multiple services provided by coal sto~es, namely that they are often used 

simultaneously for cooking as well as space and water he~ting. This is an important point that 

underlies the need for household surveys to consider the e~ergy services which different energy 

sources fulfil. The second.reason for the surprisingly low le~els of coal use in the temperate zone, 

is that there are very different conditions within the zone regarding the availability and cost of coal 
I . -

resources. In other words, there is a divergence between climatic conditions and resource 

availability. In the Western Cape, which largely falls within ~e temperate zone, for instance, coal 

is relatively expensive compared to other sources of fuel beca~se of the high costs of transporting it 
I 

from the coalfields and so few households use it for heating. f Consequently the average percentage 

for the temperate zone is lower. Another reason could be thkt some of the data might have come I . 

from summer surveys, thus introducing a seasonal bias to the results. 
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Figure 4-54: Percentage of households using fuels for space heating in the three climatic zones. 
Source: NDEUD data· set 
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4.12.4 Water heating 
Wood and paraffin are the most common sources of energy among low-income households in the 
"- =-·,_, ._ - ._ - ' 

case of water heating. Figure 4-55 shows the percentage of households using the five fuels for 
I 

space heating in the thre¢ broad climatic zones. On average, about 50% of households in all 

dwelling types and at least, 80% of rural dwellers use wood for water heating. In all climatic zones, 

wood usage for water h~ating drops in the formal housing category, while electricity usage 

increases, probably as mru;iy formal houses have electric water geysers installed. Coal use for water 

heating does not exceed 2q% except for the rural dwellings in the hot-dry climatic zone. Again, this 

coal use figure may be low, especially for the temperate zone where many households are known to 

use coal for cooking. The same explanations as were given in Section 4.12.3 above for space 

heating probably apply to water heating. 

In general, the mix of el).ergy sources used for water heating does not differ widely between 

climatic zones; importantly, however, this does not suggest that the quantity of energy consumed is 
I 

the same in each zone. Chitpter Five addresses the absolute amounts of energy consumed. 

4.12.5 Lighting 
The basic fuels used for lighting in the low-income households are paraffin, candles, electricity 

• - l - --

. and, to a small extent, LPG. Paraffin and candles are the most common fuels for lighting. At least 
' - ' -

70% of rural households use paraffin for lighting except in the hot-dry zone where only about 40% 

is indicated. The zero candle usage indicated on Figure 4-56 for some dwelling types is not really 

the case. Rather, it is an irldication of data gaps in the case of candle use, since most surveys ignore 
I 

candles as one of the basic fuels for low-income households. Where data is availaole there is a high 

indication of candle usage (at least 60% of households in the temperate and hot-humid zones). It 

could even be that the lower paraffin usage in the rural areas of the hot-dry zone might be due to 

high candle usage that has. not been recorded. It must, however, be said that candles are quite often 

used as back-up light in s9me homes. Electricity use for lighting is much higher than for the other 

end uses. The pattern of electricity usage for lighting amongst the different dwelling types is very 
I 

similar in all the zones: the more formal the housing, the more electricity is used. However, more 

households use electricity for lighting in the temperate zone than in the other zones. This is 

probably because the areas occurring in temperate zone (Gauteng and Western Cape) are mo.re 

urbanised, and thus more ,electrified, than those occurring in the other zones. Comparatively, LPG 

is very rarely used for li~ting. 
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Figure 4-55: Percentage of households using fuels for water heating in the three climatic zones. 
Source: NDEUD data set 
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Flgure 4-56: PercentJge of households using fuels for lighting in the three climatic zones. 
Source: NDEUD data set 
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Figure 4-57: Percentage of households using fuels for refrigeration in the three climatic zones. 
Source: NDEUD data set 
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4.12.6 Refrigeration • 
Electricity is the main fuel: for refrigeration in all the climatic zones. In the formal houses, planned 

and unplanned shacks, at· least 35% of households use electricity for refrigeration. In general, 

refrigeration in rural ho~seholds is insignificant. Paraffin is used only in formal houses for 

refrigeration and even the~ it is used only to a small extent. LPG is also used for refrigeration in 

25% of formal houses andfunplanned shacks. -

; 

4.12. 7 General remarks: 
There is a need to caution, that the above discussion has mainly dwelt on the data available in the 

energy database and as svch some misrepresentation of facts could result from data gaps in the 

system. For example, the iµgh percentage of formal households using wood for cooking reported in 

Figure 4-53 needs to be questioned. However, this in practice, only shows how extensively that 

energy carrier is used and inot how intensively it is used. Other data sources show that low-income 

.formal houses use less guantity of wood compared with other low-income household types. 

Another explanation for ~at could also be that wood is often used as kindling for coal-fires, which 

is a frequent practice in ~ow-income households, but might have been reported as cooking with 

wood. 



5. 
Methodology for the estimation of energy demand 

projections for low-income households 

5.1 Introduction 
The general research methodology for this study has been briefly outlined in Section 1.5. This 

chapter deals with the detailed methodology for estimating energy demand projections for the 

various dwelling types in different climatic regions. In Section 2.4 the scope of this study has been 

limited to low-income households and therefore only dwelling types of the low-income households 

are included in this energy demand estimation. These dwelling types have been defined and 

classified in Section 2. 7 as formal housing, planned shack, unplanned shack, backyard shack and 

rural shack. In Section 2.6, South Africa has been classified into three basic climatic regions 

namely temperate, hot-humid and hot-dry for the purposes of regional energy demand projections. 

It is into these three climatic regions that the number of households in each of the 5 dwelling types 

has been aggregated in Section 2.8. 

Household energy end use data drawn from the energy use database is aggregated (see Section 

4.12) and used as an input for the energy demand model. The energy requirement for each end use 

by each dwelling type in each climatic zone is estimated. The data on the number of households for 

each dwelling type, together with the aggregated end-use data (i.e. the percentage of households 

involved in a particular end use) and the related energy requirements are used in the energy model 

to estimate the energy demand for each dwelling type in each climatic zone. With the application of 

the energy model, the "scenario approach" is then used for computing the energy demand 

projections for alternative policy options. 

5.2 Energy demand analysis by the "end-use approach" 
Energy consumption is not a goal in itself. The real goal of using energy is to provide end-use 

services like cooking, space heating, water heating, lighting and refrigeration. Additional end-use 

service can be met either by increased supply or by more efficient use on the demand-side. It is the 

latter method for providiiig additional end-use service which forms the purpose of the energy 

demand analysis in this study. 

The study uses the Long-range Energy Alternatives Planning (LEAP) system for the energy 

demand analysis. LEAP is the Stockholm Environment Institute's computer-based tool for 

performing integrated energy planning (IBP). It is an accounting and simulation tool designed by 

Stockholm Environment Institute-Boston to assist policy makers in evaluating energy policies and 

developing sound, sustainable energy plans (Raskin et al 1993). LEAP is used in this study to 

estimate and project the energy demand situation of the low-income households of South Africa in 
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order to glimpse future patterns, identify potential savings and shortages, and assess the likely 

impacts of energy policies in the medium- to long-term. 

LEAP is based on a disaggregated, end-use, demand-driven approach. The first task in an analysis 

is to 4etermine the specific end uses or "energy services" required by different socio-economic 

groups or sectors. In the household sector, end uses are mainly cooking, space heating, water 

heatirig, lightirig and refrigeration. Then, the energy requirements associated with those end uses 

are estimated. Finally, the analyst seeks the optimal mix of energy resources and efficiency 

improvements for meetirig those energy end-use requirements. The end-use approach reflects the 

understanding that energy is not a final commodity in itself, but rather a means for meetirig some 

human amenity or economic purpose. 

In the household energy demand analysis, LEAP achieves the goal of IBP by allowing the 

developing plans of different socio-economic groups-households in different dwelling types. For 

example, with a given improved living standard objectives in a development plan, the analyst can 

determine required energy, and then evaluate various strategies for meeting those needs at the 

lowest cost. Thus in demand analysis, LEAP permits the blending of demand-side initiatives in 

designing a low-cost integrated system. Its scenario approach allows the testing of the 

consequences of alternative assumptions about the future. 

In addition, the LEAP model permits the treatment of all fuels and end-uses in one comprehensive 

framework. Therefore, OJ!lportunities of fuel switching can be assessed and included in strategic 

plans that encompass effi~iency and supply enhancement. 
< 

In this study, energy end-use data on the various dwelling type is gathered from the energy 

database (NDEUD) and tised as the main input to the LEAP Demand programme. LEAP allows 

for co-ordinated planning at more than one spatial level due to its Aggregation programme. For 

example, energy scenarios can be built at the national level or climatic regional level or the 

dwelling type level. Consequently, the household sector has been disaggregated according to the 

differ~nt climatic zones of South Africa, and the different household types typified by the different 

dwelling types. 

5.2.1 Disaggregation of energy demand by the "end-use" approach 
Levels of disaggregation of data 

Energy demand data is assembled in a hierarchical format based on four levels, denoted by the names 

Sector, Subsector, End Usk, and Device. At level 1 in the LEAP programme, the low-income household 

sector split into the climiltic regions which form the Sectors. At level 2, each climatic region is 
: I 

disaggregated into subsectbrs of dwelling types. At level 3, each subsector is divided into end uses. 

Finally, at level 4, each enq use is further divided into the Devices or appliances used. The analysis takes 

place at each of the four levels. 
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Aggregation of end-use data into climatic sectors·and dwellingtvpe subsectors 
; 

In order to obtain a better representation of information in the analysis, all available data is grouped into 

the respective geographic locations to reflect the appropriate climatic conditions and energy resource 

availability. End-use data on low-income households.extracted from the energy database is categorised 

into the former nine Development Bank of South Africa (DBSA) development regions1
• The end-use 

data at the development regions level is further aggi-egated into the three main climatic regions. 

To summarise then, the main components of the demand analysis are the following: 

A The demand for each domestic fuel is projected from the point of consumption (i.e. "end-use" 

demand) and thus domestic energy use data is assembled within the following four-level hierarchical 

structure: 

I. Firstly, South Africa is categorised into three climatic sectors:· 

2. Households in each climatic sector are disaggregated into five dwelling type subsectors: formal, 

planned shacks, unplanned shacks, backyard shacks and rural shacks. 

3. For each sub-sector, different end uses to which each fuel is utilised are analysed. These end-uses are 

cooking, water heating, space heating, lighting, refrigeration, and-others (others referring to all 

other end uses). 

4. For each end use, devices which provide that end use are identified. For example, devices for electric 

lighting include fluorescent tube and incandescent bulb. A lot of generalisations are incorporated in 

assigning devices to end uses and fuels due to lack of data. For example, all electric cooking in low­

income households is generalised as electric stove/hot plate.· For each device, the fuel(s) used is/are 

specified and how much energy the unit of that device consumes per month of normal usage by a 

particular household type is estimated. This is referred to as the energy requirementof that device for 

that particular dwelling type. Work done by Thome (1994) on the estimation of life-cycle costs of 

appliances is particularly useful in this estimation of the energy requirements. 

The domestic fuels considered in this study are electricity, coal, paraffin, liquid petroleum gas (LPG) 

and wood. This is due. to a combination of two factors: firstly, the realities of basic household energy 

needs and, secondly, data availability. The construction of a fully developed energy use profile for 

each climatic region is like the one depicted in Table 5-1. 

B. The climatic regional level profiles are further aggregated into a national profile. 

C. The scenario analysis approach is used to paint a picture of alternative energy/appliance mixes for 

the current situation and the future under defined assumptions. The impacts on future energy balances, 

1 The data was captured into development regions in the database since the new provinces were not yet in 
place. 

'· 
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social costs and benefits, dJforestation, and the environment for each scenario could be further evaluated 
I 

from scenario outputs. Itj this way, the most desirable scenanos can be identified for informed . 
I 

recommendations to be rnrujle on possible courses of action. 
i 

Sector 

Temperate Urban 

Households 

(Number of 

household) 

Temperate Rural 

Households 

(Number of 

households) 

I 
I 
I 
I 

Sub~sector 
, I 

i 
I 
I 

ForljYlal Housing 

(% bf households) 
I 
' 
! 
i 
I 
! 
i 
I 

I 
Pla~ned shacks 

I 

(% ?f households) 
I 

UnRlanned shacks 

(% ~f households) 

Backyard shacks 
I 

(% ?t households) 

Rur~I shacks 

(% 6t households) 
I 

i 
I 
I 
I 

End-use 

Cooking 

(%of households) 

Water heating 

(%of households) 

Space heating 

(%of households) 

Lighting 

(%of households) 

Refrigeration 
(%of households) 

ditto 

ditto 

ditto 

ditto 

Device 

elec stove/hot plate(% hh)2 

wood stove(% hh) 

primus/ wick stove(% hh) 

gas stove(% hh) 

coal stove(% hh) 

electric geyser(% hh) 

gas geyser(% hh) 

paraffin stove(% hh) 

elec heater(% hh) 

gas heater(% hh) 

paraffin (% hh) 

wood stove(% hh) 

incandescent bulb (% hh) 

fluorescent tube(% hh) 

elec (% hh) 

gas(% hh) 

paraffin (% hh) 

ditto 

ditto 

ditto 

ditto 

Table 5-1: 
I 

St~ucture of energy use profile for the temperate climatic region 

I 
I 

5.3 Energy requi~ements for domestic end uses 
In addition to the percen~ge of households using a particular fuel for specific end uses, one other 

important variable requirfd for the LEAP energy demand analysis is the energy requirement for 

2 % of households 
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each device. Energy requirement for the analysis in this is defined as the annual energy required 

by a household for a specific end use with a specific device. It can also. be expressed ht terms of 

daily or monthly energy requirement. Ideally, its estimation is best accomplished by directly 

measuring end uses in a representative sample of households. However, in the absence of good end­

use data, a less direct approach known as conditional demand analysis· can be used in which a 

regression technique relates total energy use to the saturation of different end-use devices (obtained 

from survey data), and establishes unit consumption figures (de Villa 1993). This section outlines 

the method used to estimate this variable for the LEAP energy demand analysis. 

Appendix VI details the practical ranges of energy efficiencies for a range of appliances that are 

used for cooking, space heating and water heating. Using both extremes of the efficiency ranges 

and a number of assumptions, the maximum and minimum daily energy required by each appliance 

have been estimated - these are evident from the last two columns of the table. The various 

assumptions made for these estimations have been detailed in Thome (1994), which reviews data 

sources and analysis of many works on household energy efficiency and appliances, such as Leach 

& Gowen (1987), Uken & Beute (1991), and others. 

For refrigeration and lighting, whose energy requirements presented in the work by Thome (1994) 

are not in the format suitable for this study, an indication of the energy requirements of various 

appliances is given in Tables 5-2 and 5-3. In Table 5-2, it is assumed that each household which 

has access to a refrigeration service uses a 200-litre refrig<;;rator on the average. Maximum and 

minimum daily energy requirements have been estimated for refrigerators powered by electricity, 

paraffin and LPG in Table 5-2. The energy requirements assumed for this study are the middle 

points of the maximum and minimum energy requirements in the table. 

In Table 5-3, the average number of incandescent bulbs required for the different dwelling types 

has been assumed. For all dwelling types, an average of 5 hours of lighting daily has been assumed 

for the estimation of the annual and monthly energy requiremen,ts. For paraffin lighting, an average 

requirement assumed is roughly 25 litres/household/year (Leach & Gowen 1987) which is 0.025 

cubic metres/household/year. 

· All devices of each fuel for any of the end-uses under discussion have been simplified as one. For 

example, all electric devices for cooking are simplified as "Elec Cook", and paraffin devices for 

space heating are simplified as "Paraffin Space Heat", etc. Since electricity has many other uses in 

the home, all other end uses besides the ones considered in this study are classified together as 

"Elec Other" and this includes the use of appliances like irons, televisions, radios, fans, etc: 
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average monthly household energy consumption by dwelling type and fuel type aggregated from the 

secondary data set component of the database (NDEUD). 

For the purpose of energy requirements estimation, these consumption values have been iteratively 

disaggregated into energy requirements for the five basic end uses. This has been done on the basis 

of the daily energy requirements for the different end uses in Appendix VI, Table 5-2, Table 5-3 

and the discussion above. These proportions have been varied iteratively within the range of the 

maxima and minima until the monthly energy requirement calculated for the end uses for a specific 

fuel sums up to the consumption values in Appendix VII. 

Table 5-4 presents an illustration of the output of such an iterative calculation for the energy 
' requirements of electric appliances in formal low-income households. It can be verified that the 

totals of the monthly electrical energy requirements approximately match the monthly energy 

consumption data in Appendix VII. An assumption made in this calculation is that all other end 

uses besides the five basic ones in Table 5-4 (i.e. 'Elec Other') consume at least 20% of the total 

electricity of an electrified dwelling. 

Finally, it is possible to get a rough idea of the efficiencies of appliances used in low-income 

households, by converting the energy requirements in Table 5-4 to daily energy requirements, and 

comparing the results with the ranges given in Appendix VI, Tables 5-2 and 5-3. For example, 

from Table 5-4, the daily energy requirements for 'Elec Cook' (assumed to be a hot plate on the 

average for low-income households) in the temperate, hot-humid and hot-dry climatic zones 

become 7.61, 7.15 and 8.38 MJ/day respectively. These values are on the high side of the range for 

an electric hot plate (2.7 - 7.92 MJ/day) as shown in Appendix VI. This suggests that the efficiency 

of electric cooking is poor in low-income formal households. 

End use Temperate Climate 

kWh/month GJ/y 

Elec Cook 64.3 2.8 

Elec Space Heat 164.2 

Elec Water Heat 85.5 

Elec 59.4 
Refrigeration 

Elec Lighting 42 

~f~E~~r1:::=::·:_,:··: 
Total 

7.1 

3.7 

2.6 

1.8 

Hot-humid Climate 

kWh/month GJ/yr 

60.4 2.6 

154.7 6.7 

80.6 3.5 

55.4 2.4 

39.6 1.7 

Hot-dry Climate 

kWh/month GJ/yr 

70.8 3.1 

181.1 

94.4 

64.9 

46.4 

7.8 

4.1 

2.8 

2 

Table 5-4: Energy intensities for end-uses of electricity in low-income formal houses 

3 IGJ/yr is approximately equal to 2.74 MJ/day. 
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5.4 Energy demand scenarios 
In this section, energy demand projections for low-income households are estimated for the period 

1993 to 2010. These projections are produced by the LEAP model and are based on a scenario 

approach. They are specifically aimed at examining possibilities and they are not meant to predict 

the future. Initially, a picture of the current energy situation and estimated future changes is 

created: This 'business-as-usual' scenario is referred to as the Base Case in LEAP and the 

estimated future changes in this case are based on expected or likely plans and growth trajectories. 

With the Base Case in place, one or more policy scenarios can be developed with alternative 

assumptions about future developments. Scenario features can be used to ask an unlimited number 

of "what if' questions like "what if the number of households in a climatic region changes over a 

period of time at a certain growth rate?" 

Four scenarios have been used in this section to examine some development strategies. To build 

fuel use into the scenarios, energy use profiles are entered into the LEAP Demand programme for· 

each household type in each climatic zone. Each fully developed energy use profile describes the 

percentage of households using each appliance-fuel combination (as described in Section 5.2), as 

well as the average amount of energy used by each appliance per household per annum (refer to 

Section 5.3). With the inclusion of the number of households for each dwelling type, LEAP then 

calculates the total demand for that specific household type in each climatic zone. 

5.4.1 Base Case (BA) Scenario 
The Base Case for this study assumes that there are no direct major development interventions in 

energy supply options for low-income households. The household projections entered into the 

scenario have been estimated from the NELF EDI demand-side database (Nelf 1994) which 

represents a collective effort by many institutions to incorporate growth trajectories into 

demographics (this data is discussed in Chapters 2). These demographic projections have been 

compiled from the NELF database in terms of dwelling types and aggregated into climatic zones in 

Chapter 2 (Table 2-2). These dwelling type aggregates in Tables 2-2 and 2-3 are used together 

with the energy requirements of the devices for the end uses as LEAP inputs for the Base Case 

energy demand projections. 

5.4.2 Energy efficiency (EF) scenario 
This scenario introduces energy efficiency policy interventions into the Base Case. One main 

intervel)tion is a major drive to encourage the use of compact fluorescent light bulbs instead of 

incandescent bulbs. It is widely accepted that compact fluorescent lights can achieve electric energy 

savings up to about 75% of the demand required by incandescent bulbs. However, as people begin 

to experience lower expenditure on lighting by the use of such efficient system, they tend to leave 

their li~ts on for longer times in the night. Thus, actual savings on consumption is about two­

thirds of the theoretical demand. In this scenario, it is assumed that the use of compact fluorescent 
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lighting will be progressively promoted and implemented in such a manner that about two-thirds 

electric energy savings on lighting will be'achieved by the ~~ar 2010. '' 

Another major policy intervention assumed in this scenario is the installation of an insulating 

ceiling in every dwelling type. The use of this type of insulation in the design of houses can save up 

to 91% of the energy consumption during winter (Matthews & van Wyk n~d.). It is assumed in this 

scenario that about 70% energy savings from space heating is achievable by all households by the 

year 2010. 

5.4.3 Electrification (EL) scenario 
The current ESKOM Electrification Programme will impact heavily on fuel/appliance usage 

among low-income households. This scenario examines possible fuel and appliance switches 

resulting from this major electrification programme. It mustbe emphasised that electrification of a 

dwelling does not necessarily mean that the household will :switch over immediately or completely 

to electricity usage. Electricity is not used in a vacuum in tlie household but it requires appliances 

to be purchased first. For low-income households, this is a very difficult step since they might have 

already invested heavily in appliances for wood, coal, paraffin and gas and they may not have 
. -

enough resources to fully utilise electricity in the dwelling. Appliance penetration in the low-income 

households is usually lower than the rate of electrification due to affordability problems. In this 

scenario, a number of assumptions have been made for fuel-switching for each end use that could 

result from electrification. One general assumption is that backyard shacks will have end-use 

characteristics similar to planned shacks by the year 2010, in the hope that backyard ,shacks will 

have been upgraded to the status of planned shacks. The rest of the assumptions are detailed below. 

Cooking: 

By 2010 the percentage of formal low-income houses, urban planned shacks, urban unplanned 

shacks and rural_ dwellings using electricity for cooking will be 75%, 50%, 30%, 20% respectively. 

These _end-use percentage switches to electricity are assumed to have resulted from paraffin, coal, 

wood, LPG in the ratio 5:4:2:1 respectively; in other words, five-twelfths of the increa.Se in 

dwellings using electricity will come from those previously using paraffin, four-t.velfths from coal, 

and so on. 

Space heating & water heating: 

It is assumed that by 2010 fuel-switching to electricity for. space heating will be the same· as that 

for water heating. All formal houses are assumed to have completely switched over to electricity by 

2010. By 2010, percentage of planned shacks, unplanned shacks and rural dwellings using 

electricity for space and water heating are assumed to be 60%, 40% and 40% respectively. Just 

like in the case of cooking, these end-use percentage switches to electricity are assumed to have 

resulted from paraffin, coal, wood, LPG in the ratio 5:4:2:1 respectively. 

,, 
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Lighting: 

All fonnal houses and planned shacks are assumed to have switched completely to electricity for 

lighting by 2010. For unplanned shacks and rural dwellings, electricity for lighting is assumed to 

be 80% and 50% respectively by 2010, otherwise paraffin is used for lighting. For simplicity's 

sake, candles are not assumed to be used at all by 2010. 

Refrigeration: 

It is assumed that no paraffin is used for refrigeration in all dwelling types by 2010 and that all 

fonnal households will have switched over to electricity. For planned shacks, unplanned shacks and 

rural dwellings, households using electricity for refrigeration by 2010 are assumed to be 60%, 40% 

and 40% respectively; LPG usage for refrigeration in these household types will have reduced to 

half the 1993 percentages by 2010. 

5.4.4 Combined (CO) scenario 
This scenario is a combination of the electrification and energy efficiency interventions. Thus 

efforts are made to introduce energy saving lighting systems and housing with efficient thennal 

perfonnance at the same time electrification is proceeding. The combined effects of the two 

strategies are examined under this scenario. 



6. 
Energy demand projections for ,low-income 

households 

The outputs of the energy demand projections with the LEAP model discussed in Chapter 5 

constitute an enormous amount of data on low-income. households. This data set has been 

organised into several categories of profiles, in the form of energy demand projections from 1993 

to 2010 for the three climatic zones (sectors), five household types (sub-sectors), five end uses and 

their fuel devices. A detailed discussion of all the outputs of the LEAP analysis is beyond the scope 

ofthis study. Nonetheless, important sample outputs are presented in the form of graphs at the end 

of the chapter. It must be noted that not all levels of disaggregation of the outputs form part of each 

gro~p of graphical presentation in this study, and that som(graphs have been included primru,ily to 

illustrate the capabilities of energy demand modelling as· a computerised planning tool. For a 

discussion of some of the important outputs under the scenarios mentioned in Chapter 5, some of 

the profiles have been graphically presented in Figures 6-1 to 6-1 ld. In all the graphs demand is 

expressed in annual net energy delivered by each fuel type or by all fuels combined. 

6.1 National and regional total energy demand projections of all low­
income households 
Figure 6-1 depicts the national energy demand projections for all low-income ·households under the 

four scenarios. It also shows the energy demand projections for the temperate, hot-dry and hot­

humid climatic regions under each scenario. Each graph shows bot.11 the national energy demand 

(i.e. 'total demand' in Figure 6.1) and dem.and in each climatic region. 

Under the Base Case scenario, it can be seen that the national energy demand would increase 

progressively from about 225 million GJ in 1993 to about 289 miilion GJ in 2010. The 

imP.lications of this massive rise in 1emand in the low-income sector of the national economy alone 

can be tre111endous. It could require the expansion of elec_tricity generation capacity that could 

consequently involve serious environmental costs and a huge burden on national resources. 

However, the graphs illustrate that alternative policy options seem to offer some solutions. If fuel­

switching and appliance-switching follow the trends assumed under the Electrification Scenario, it 

could be expected that electrification alone can lower the growth of the national energy demand 

significantly, such that the increase in demand would only be about 6 million GJ by 2010. 

Moreover, energy efficiency policies seem to offer a more effective energy savings option. Under 

the Efficiency Scenario, the national energy demand decreases progressively from 1993, until it 

starts iising at the end of the period under review, due to probably an increase in urbanisation in 

the temperate zone (which includes Gauteng and the Western Cape Provinces). The Efficiency 

Scenario offers an overall decrease in the national energy demand of about 2.8 million GJ over the 

period to 2010. The wisdom of undertaking the national electrification programme concurrently 

with energy efficiency policy interventions is clearly seen by the projections from the Combined 

--------------------'------------------~---~-~·· ~---~···---··-----
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Scenario. This suggests that a combination of energy efficiency measures with the electrification of 

the low-income households would result in a general decrease of the national energy demand over 

the period and an overall decrease of about 43.5 million GJ by the end of the period under review. 

For the energy demand projections of the climatic regions, it can be seen that the demand 

projections of the temperate region lie between those of the hot-humid and hot-dry regions under all 

the scenarios. This level of disaggregation in the LEAP analysis therefore allows for development 

strategies to be targeted at specific climatic regions since one can identify which option will be the 

most appropriate for a particular region. For example, the energy demand for the hot-humid region 

should be of great concern since its projections lie way above the others in all the scenarios. 

Another striking result is the rise of energy demand in the temperate region even under the 

Efficiency and Electrification Scenarios. It appears that there would be a great need for integrating 

energy planning with interventions to accommodate the rise of urbanisation in the temperate region. 

For the hot-dry region, Figure 6-1 seems to suggest that both energy efficiency and the 

electrification drive could cause a decrease in energy demand growth. Again for the Combined 

Scenario, there is an apparent downward trend of the energy demand for all the three climatic 

zones. 

6.2 Electricity demand projections of low-income household 
Figure 6-2 depicts the national electricity demand projections for low-income households in the 

three climatic regions from 1993 to 2010 under the four scenarios. The figure clearly depicts a 

positive growth in electricity demand for all the four scenarios since electricity supply is considered 

an important service for development. In the 'business-as-usual' scenario, the low-income 

household demand for electricity increases from about 28.8 million GJ in 1993 to about 39.4 

million GJ in 2010, an increase of over 10 million GJ for a period of 17 years. It is apparent from 

Figure 6-2 that energy efficiency measures in the low-income households could lower the electricity 

demand growth in such a way that the increase in demand over the period would only be about 6.7 

million GJ. On the other hand, if the national electrification programme proceeds without any 

serious energy efficiency interventions, it is clear from the figure that the rise in electricity demand 

could be phenomenal, which obviously has serious implications for policy-making, not least of all, 

for generation planning. Under this electrification programme there is an overall increase of over 

45 million GJ in electricity demand by 2010, at an annual growth rate of over 9%. However, an 

introduction of energy efficiency measures at the same time as the electrification programme would 

reduce this overall increase to about 28.5 million GJ (i.e. a 35% reduction compared to the 

Electrification Scenario) and the annual demand growth rate to about 6%. The economic gains in 

the development paths under the four scenarios could therefore be estimated in terms of power 

generation costs, enviroru:llental costs, natural and human resources. 

In terms of the demand projections for electricity in the climatic regions, similar growth trends 

result from all the scenarios but at different rates. The major point here is that, unlike the national 

energy demand projections for the climatic zones described in the preceding section, the electricity 

profile of the hot-dry climatic zone lies in between the temperate and the hot-humid zones with the 

--------------· 
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temperate zone lying on top of all the L~ curves. This demonstrates again 00:. integrated 

energy planning approach allows the planner to identify different development strategies both for 

· the energy sector as a whole and,for the individual fuel sub-sectors. such as electricity. 

6.3 Energy demand projections for different fuels 
Figure 6-3 compares the national energy demand projections for the individual fuels, as well as for 

all fuels combined under the different scenarios. This facilitates planning for the individual fuel 

sectors at the national level in an integrated manner. Apart from liquefied petroleum gas (LPG) and 

paraffin which appear to have similat profiles under the four scenarios, the rest of the energy 

carriers have different trajectories. 

For LPG and paraffin, the energy efficiency measures introduced do not seem adequate to effect 

any visible. drop in the demand over the period. On the other hand, electrification appears to result 

in a dramatic drop in demand for both fuels. However, the g~s in combining electrification with 

efficiency interventions are not as significant as in the other fuel sub-sectors. Energy planners and 

policy-makers would have to identify the appropriate incentives for the petroleum sector to support 

improvements in these directions. 

For wood, it appears as both energy efficiency interventions and electrification drive would result 

in immediate negative growth in demand. However, it can be seen that the energy savings from the 

energy efficiency policy option alone would be far greater than the· savings from the electrification 

programme. To save the environment from continual fuelwood depletion, policy-makers and 

planners would need to consider the combined. effect of electrification and energy efficiency 

programmes since this approach results in greater energy savings. 

For coal, efficiency measures alone do not seem to result in negative growth in demand over the 

period under review but the measures are apparently significant enough to stabilise demand during 

the period. On the other hand, electrification alone seems to result in immediate negative growth in 

demand and much greater energy savings over the years. The combination of electrification with 

energy efficiency measures would decrease the demand even further. These projections on the 

energy savings could provide a background information for estimating the socio-economic benefits 

from the electrification and energy efficiency programmes in terms of pollution and health costs. 

6.4 Other energy demand projections 
The LEAP model produces several other outputs for the energy demand projection analysis in the 

form of different categories and levels of aggregation. Some ·of these results have been presented 

graphically in Figures 6-4 to 6-1 ld. 

Figure 6-4 makes comparisons of the national energy demand· projections for the different energy 

carriers under each scenario. Figure 6-5 illustrates that similar comparisons can be made 

according to the different climatic zones, in this case, for the temperate zone. 

Figure 6-6 gives an overview of the overall savings in the national and the climatic regional energy 

demand for the four scenarios over the period under review. The savings for each energy carrier 
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have been depicted for the year 2010 and the 1993 demand projections have been summarised for 

comparison and estimation of energy savings. 

Figures 6-7 to 6-i 0 depict the energy demand projections for various f!nd uses of a typical dwelling 

type in the temperate region ilnder each scenario. Clearly, many more permutations exist than have 

been illustrated here, but the figures demonstrate the levels of disaggregation of outputs that are 

possible in the LEAP model. The figures illustrate the situation only for formal housing and urban · 

planned shacks and they cover electricity, paraffin and all fuels combined. 

Figures 6-1 la to 6-1 ld illustrate a further lower level of disaggregation of demand of an end use 

into different fuel devices. Formal housing, urban planned shacks and rural dwellings in the 

temperate zone have been used for this illustration. Space heating has been used to illustrate the 

energy savings that can be achieved in fuel- and device-switching for a particular end use. 

6.5 Conclusion 
It is i;-eadily apparent from the preceding section, and from close examination of the graphs at the 

end ofthis chapter, that the LEAP model has a formidable range of outputs. An attempt to analyse 

all its potential outputs would be overwhelming and would require enormous resources. 

None~eless, one of the strengths of the model is its ability to produce a wide range of detail in the 

outputs which result from any given policy question. Thus, if any one scenario is being considered 

as a policy option, it is possible to model the effects of such an option in a comprehensive manner, 

at a number of levels of detail in the economy. Ultimately, this can assist in energy planning by 

improving the information base underlying policy decisions. 
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7. 
Conclusions 

The study has demonstrated the importance of integrated approach to energy planning over sub­

sectoral supply-oriented planning. The household sector has been used to illustrate how integrated 

ei:e!Jn' pl~ing (!EP) facilitates the understanding of the links between the energy supply and 

demand sectors, and between energy services and socio-economic objectives. It has been shown 

that the IEP concept allows the coverage of a wider range of policy issues in the household sector 

and it establishes the existing inter-relationships linking the household sector with the entire energy 

use system. The various layers of analysis in IEP have also been explored. Besides establishing 

various relationships between the energy supply sectors and the household sector, inter-subsectoral 

links within the household energy sector have also been established including fuel interactions, 

competition, conflicts and fuel substitution. The IEP concept also enabled intra-subsectoral 

analysis in the household sector, for example, end-use analysis for a particular fuel, appliance use 

analysis, and total demand analysis and projections. 

The study has shown the role database development can play in an IEP process to enhance decision 

makiJ;ig in policy formulation. It has shown that data, however quantitative and/or qualitative it 

may be, may not be classified as information until it has been properly organised into a structured 

and comprehe?sive manner to provide adequate response to relevant issues in decision making 

process. This has been done through the collation of scattered energy use data on low-income 

hc.~mseholds from all existing studies and surveys done in South Africa. Data variables relevant to 

understanding determinants of energy demand and supply in the domestic sector have been included 

in this. A database system has been established for capturing, storing and updating a wide range of 

data sets on energy use in the low-income households and related information. The system captures 

not only quantitative data but also qualitative information, providing background information to 

enable the user to place the available data in the right context. Apart from capturing and storing 

secondary data sets, the system also allows the storage of primary data so that data available in 

electronic format could be directly linked to the system. 

For the information available in the system to be useful, the ordinary user would require easy 

access. This has been achieved by the provision of a user-friendly interface that has been illustrated 

in the study. The dissemination of the system has, however, remained an obstacle due to the lack of 

adequate institutional support and it is recommended that the system be published on the Internet 

providing all the necessary query functions. In addition to the ordinary user-interface, the database 

has a data management system that is capable of analysing and reporting on aggregated data from 

the database so that users may not require any technical knowledge of the software. The 

/ (' 
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availability of this aggregated energy use information has been enhanced by the provision of 

graphic display through a linkage to Geographic Information System (GIS). 

150 

The overview of the analysis of domestic energy use data drawn from the database system 

illustrates how a database developed with the IEP concept can help bring the status of the low­

income households into the national development picture in terms of energy provision. It has been 

demonstrated in this thesis that the National Domestic Energy Use Database system contains 

useful organised data that can be periodically updated in a structured manner to provide a wealth 

of valuable information for energy researchers, planners and policy-makers in South Africa. The 

output~ of the extensive data analysis in the thesis clearly illustrate how such a resource can 

facilitate the identification of the basic energy needs in the various geographic locations. Some of 

the factors influencing these energy needs of the poor are also analysed and the outputs could 

provide some direction in policy-making and implementation. For example, it is interesting to note 

how energy demand variables are correlated with household income. The analysis also helps to . ' 

quantify who constitute the poor in South Africa and what the types and levels of fuels used in 

those households are. In the delivery of energy services to low-income households, this information 

could help in drawing up policies for subsidy provision and the setting up of selection criteria, 

especially in the case of electrification. 

Some of the conclusions of the energy use data analysis are summarised here as follows: 

• Multiple fuel use. It is striking to notice the extent of multiple fuel use phenomenon in the 

whole country and the analysis points out the communities, the geographic locations and the 

income group brackets in which it is more of a norm than an exception. About 45% of all 

households depend on a combination of at least three fuels for their daily household needs and 

the fuels involved are mostly paraffin, fuelwood and candles. Whilst over 50% of the 

households in the areas of the former provinces of South Africa use a single fuel for their 

energy needs, about 95% of the households in the former homeland areas use 2 or more fuels 

for their needs. Similar observations are also distinguished between rural, urban and 

metropolitan areas and it is made clear that the provision of a single fuel like electricity to poor 

households may not meet their basic needs. In fact, almost half of the electricity users use it in 

combination with either one or two or more fuels. Apart from electricity, paraffin is the only 

other fuel that is significantly used as a single fuel but that is limited to only about 3% of all 

households. For the end uses that are energy intensive, poor households often prefer to use 

other fuels which they find affordable regardless of the cleanliness or quality of the fuel. 

• Electrification. First, the general observation about electrification of households is that, 

wh;ether in the rural or urban area, it seems to facilitate the reduction of multiple fuel use 

drastically. The reason for this is that the application of electricity is flexible and it is suitable 

for most of the domestic end uses of energy, provided the service and the required appliances 
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are affordable. However, appliance requirement in the household use of electricity is usually 
' found to be too high since the electric appliances are not suitable for multiple purposes. 

Second, the high paraffin use in higher income households could be an indication of the extent 

to which the lack of access to electricity has been a barrier to even those who may be able to 

afford the electricity supply service. 

• Affordability of electricity. First, it appears from the study that the more income the households 

. receive, the more they are able to afford the electricity supply service and the purchase of more 

appliances. However, the study suspects that increase in household income eventually leads to 

extravagant use of electricity which could create unnecessary load. This is because it was found 

in the study that, whilst energy expenditure by electrified households generally increases with 

household income, that by non-electrified households increases with income only up to the 

fourth income group and then stays almost constant for the fifth and sixth income groups. 

Second, in every income group, electrified households spend more on energy than non­

electrified households do. This picture might not _be entirely correct since over 25% of South 

African households collect their fuelwood from the bush and woodlands and thus the cost of the 

"free wood" is not included in this analysis. However, this explains the reason why it has not 

been prudent for many low-income households to use electricity intensively after they have been 

connected to electricity. Besides the expensive nature of the service compared with other fuel 

sources, households have to pay for the purchase of different costly appliances for almost every 

end use. For some other fuels, a cheaper appliance may be sufficient for multiple end uses for a 

poor household. For example, paraffin stove, which is invariably cheaper faar1 electric stove in 

general, could be used for cooking as well as for space heating and ironing. The affordability of 

electricity supply service should be looked at more carefully otherwise the cost involved in 

extending the grid to many households would become a waste if households cannot afford to use 

the service. 

• Total fael expenditure. The study illustrates that, as household income improves the lower the 

percentage of the total household expenditure spent on fuels.· This paints an impression that 

lower income households might be feeling the pinch of their expenditure on fuels more than the 

higher income households might. 

• Wood collection. The study shows that fuelwood collection is mainly a low-income household . 

affair. Households tend to stop collecting wood as their income improves. For example, for the 

households in the areas of the former homelands, the percentage of households collecting wood 

drops from over 7 5 % at the lowest income level to about I 0% in the highest income level. This 

shows how people's dependence on wood as a fuel could probably be reduced enormously as 

they are provided with income generation opportunities. In this way, environmental degradation 

resulting from wood denudation is also reduced. 



Domestic energy use database for integrated energy planning 152 

• End-use analysis. In the energy end-use analysis the study shows that certain anomalies may 

arise in the energy use data due to poor classification of end uses that occur in surveys. Surveys 

often fail to account for the multiple services provided by the traditional and transitional fuel 

cooksto~es, namely that they are often used simultaneously for cooking as well as space and 

water heating. This is an important point that underlies the need for household surveys to 

consider the broad energy services which different energy sources fulfil. 

• Demographics. The understanding of the population make-up of a nation is very important in 

household energy policy analysis. It facilitates the identification of energy demand and supply 

factors among different population groups and provides the necessary background information 

. as a check on how policy is shaped to avert inequities in energy provision. The specific 

characteristics of the traditions of different population groups may influence their energy use 

.Patterns. Appropriate policy instruments can therefore be put in place in order to achieve equity 

across the different population groups. 

• Household income. The study exposes the extent of income inequaiities that characterise the 

South African society in terms of different population groups and geographic locations. It 

shows how important it is to bear the income inequalities in mind when analysing energy, 

demand and supply factors. It is clear that the South African society has a very slim middle 

income group (about 1~%) compared with the lower income group (about 53%), yet the high 

incomes of a minority of the population in the higher income group distort the income per capita 

picture. Energy policy formulation must address these inequalities, and energy service provision 

must incorporate the necessary policy instruments that deal with the inherent affordability 

issues. 

_,,, • Household size variation. First, the study shows that household sizes of the various income 

groups are not the same and, where possible, this must be taken into consideration when 

quantifying energy consumption on the basis of households. In general, it was established that 

households tend to trim their sizes as household income improves. There is therefore the need to 

maintain the link between average household size and income in the analysis of energy use 

patterns in order to avoid misinterpretation of data. Second, the study dismisses the generalised 

misconception that most rural and African households have larger household sizes due to their 

own choices and preferences according to their traditions. The study suggests that, although. 

most rural and African households are trapped in poverty due to past policies, a few that have 

been empowered to break the barrier of poverty into upper income levels seem to be 

dramatically trimming their household sizes more than other population groups. One could 

fairly conclude that it is not urbanisation or a particular culture per se that could help size down 

households but, more i~portantly, other socio-economic factors that facilitate access to basic 

needs like improved household income. 
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• Data gaps. An important data gap identified in the · study was in the area of appliance 

information. Much of the error in this study is attributed'to.the scanty information .in this area. 
Data on energy required for specific end uses were also yery scanty ~d a iot of approximati~ns 
were made. It is reco~ended that these areas be given speciar'attention in the gathering of 

domestic energy use data. 

Finally, the study h<is shown that the IEP analysis starts wi~ the consumer. It allows the 

investigation into what people are using and why they are us,ing certain fuels for certain purposes. 

In the analysis of the needs of different groups of people, IEP permits demand sectors to be 

disaggregated into subsectors a.Ild energy end uses, fuel types, energy technology or appliances, 

levels of energy requirements - all these lead to clear analysis of policy options. The study has 

demonstrated the usefulness of domestic energy use databas~_fot analysis and projections of 

domestic energy demand based on socio-economic scenarios;':;.Tite projections were based on data 
' ·i-: •. 

drawn from the datab~se to practically illustrate how fuel s~tching, energy efficiency measures, . 

electrification and combinations of these measures could result in different energy. demand 

trajectories. The consequencies of potential policies and strategies become apparent and hence, 

better and more informed decisions can be made. 
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' 
Appendix VI 
Energy ,efficiencies and intensities of cooking, space heating and water heating 

' cooking Energy energy 

efficiency hrs/day hrs/day Units per hour ave power MJ/day MJ/day 

•uel appliance MJ/unit worst best accept max min vol.or mass assumption minima maxima 

elec I hot plate 3.6 55 75 65 4 1 1 1.00 2.70 7.92 

oven 3.6 55 75 65 4 1 2 2.00 5.40 15.84 

micro-wave 3.6 55 65 2 0.5 1 1.3 1.52 5.15 

paraffin wick 37 20 35 30 8 1 0.13 0.13 1.68 7.70 
I 

prim us 37 30 55 40 8 1 0.13 0.13 2.65 11.54 
' 

gas ring 49 40 60 45 4 1 0.19 0.19 5.59 14.90 

stove 49 40 60 4 1 0.19 0.19 5.59 14.90 

wood 3-stone 17 13 15 15 4 1 2.6 2.6 6.63 22.98 

stove 17 20 30 25 4 1 2.6 2.6 13.26 35.36 

dung stove 12 11 11 11 4 1 2.6 2.6 3.43 13.73 

coal stove 27 20 30 8 2 4 4 64.80 172.80 
' 

brazier 27 6 10 8 4 2 4 4 21.60 25.92 

low-smoke coal stove 27 20 46 8 2 3.2 3.20 79.49 138.24 

space heating 0.00 0.00 

elec radiant heater 3.6 100 100 4 1 1.4 1.4 5.04 20.16 

heat pump 3.6 250 340 24 24 12 3 881.28 648.00 

blower 3.6 100 100 4 1 2 2 7.20 28.80 

panel 3.6 100 100 6 2 0.65 0.65 4.68 14.04 

paraffin heater 37 45 100 4 1 0.13 0.13 4.81 8.66 

prim us 37 45 100 8 1 0.13 0.13 4.81 17.32 

gas heater 49 40 100 4 1 0.19 0.19 9.31 14.90 

ring/stove 49 40 100 4 1 0.19 0.19 9.31 14.90 

wood open fire 17 85 100 inside 4 1 2.6 2.6 44.20 150.28 

stove 17 20 60 4 1 2.6 2.6 26.52 35.36 

fireplace 17 27 27 4 1 2.6 2.6 11.93 47.74 

dung wood stove 12 20 60 4 1 2.6 2.6 18.72 24.96 

coal stove 27 20 60 8 1 4 4 64.80 172.80 

brazier 27 17 17 17 4 1 4 4 18.36 73.44 

low-smoke coal stove 27 20 60 8 1 3.2 3.2 51.84 138.24 

water heating 0.00 0.00 

elec heat pump 3.6 250 340 320 15 2 1 1 24.48 135.00 

geyser 3.6 48 92 58 2 0.5 3 3 4.97 10.37 

on line 3.6 96 96 96 0.5 0.5 9 9 15.55 15.55 

paraffin wick/pot 37 20 35 30 2 0.5 0.13 0.13 0.84 1.92 

' primus/pot 37 30 55 40 2 0.5 0.13 0.13 1.32 2.89 

gas ring/pot 49 40 60 45 1 0.5 0.19 0.19 2.79 3.72 

' geyser 49 75 92 1 0.25 0.19 0.19 2.14 6.98 

wood pot/fire 17 13 15 1 1 2.6 2.6 6.63 5.75 

pot/stove 17 20 30 1 1 2.6 2.6 13.26 8.84 

dung pot 12 11 11 1 1 2.6 2.6 3.43 3.43 

solar SWH 1 1000 1000 8 6 0 1 

mix ' Solar/electric 3.6 160 307 2 6 1 

coal stove(jacket/pot) 27 20 46 2 1 4 4 49.68 43.20 

low-smoke I stove(jacket/pot) 27 20 46 2 1 3.2 5.00 62.10 54.00 

Source: Thorne, S 1994 
, ... 
~'-' 
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