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Abstract 

Due to urbanization and governmental incapacity to cope with the consequent increase in 

demand for housing in cities, more than 10 % of the South African population is living in 

informal settlements. This group is also growing at high rates, causing settlements in cities to 

be established in ever less suitable conditions (Gaunt et al. 2012; Wolpe & Reddy 2010). 

Informal households in locations considered unsuitable for habitation are not sufficiently 

addressed by current national policies aimed at relieving energy poverty. These households 

instead resort to buying electricity from their neighbors or stealing from the grid, posing 

issues of revenue losses, network reliability, safety and affordability, and they also continue to 

rely on unclean use of fuel for cooking and lighting (Franks & Prasad 2014; Tait 2013). At the 

same time, alternative ways of providing energy services, such as Solar Home Systems and 

LPG being tested in such contexts need further examination.   

This thesis explores how access to basic energy services can be sustainably provided to 

informal households that are ineligible for grid electrification, by comparing current and 

alternative ways of accessing energy services and identifying some barriers and opportunities 

related to these. The sustainability of the access alternatives is studied using a multi-criteria 

sustainability assessment (MCSA). This approach incorporates a case study in the Western 

Cape Province, focused on Cape Town, using semi-structured interviews to explore views and 

knowledge of stakeholders and experts. 

The MCSA identifies notable trade-offs of various access alternatives and suggests that off-

grid electricity alternatives may provide a short or medium-term solution if provided along 

with gas for cooking accessed at local convenience stores. The case study further shows that 

barriers for electrification can be overcome in most cases, providing that there is political will 

at the local level to do so. At the same time, it is shown that the current focus on electricity is 

limited in its success of providing access to basic energy services. It is suggested that 

sustainable implementation of alternatives to grid electricity is likely to depend on a range of 

factors, including political will, policy framework, funding and allocation of subsidies, the 

model of service provision, as well as social dynamics. The case study also indicate that non-

government initiatives may be necessary in some cases, both to overcome political inertia and 

to gain social acceptance among households.  

In conclusion, this study supports the suggestion that governmental efforts aimed at access to 

energy services, as opposed to supply of electricity, may be more effective in meeting basic 

needs. It also suggests that close cooperation between various government levels, as well as 

non-government actors and the local community is crucial to sustainably meeting these needs. 

As this work was limited both in time and scope, further studies should apply and/or study 

possible models of providing access to basic energy services, using findings from this study as 

a starting point. 

 

Keywords: Informal Urban Settlements, Energy Access, Multi-Criteria Sustainability 

Assessment 
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Sammanfattning 

Till följd av urbanisering och regeringens oförmåga att hantera åtföljande ökade efterfrågan 

på bostäder i städer lever mer än 10 % av den Sydafrikanska befolkningen i informella 

bosättningar eller slumområden. Denna grupp växer också kraftigt vilket leder till att 

bosättningar etableras på allt sämre lämpade platser (Gaunt et al. 2012; Wolpe & Reddy 

2010). Informella hushåll på platser som anses olämpliga för boende nås inte av nuvarande 

nationella policyer inriktade på att bekämpa energifattigdom. Dessa hushåll lämnas således åt 

att köpa elektricitet från sina grannar eller att stjäla från elnätet, vilket orsakar problem med 

intäktsförluster, elnätets pålitlighet, säkerhet och betalningssvårigheter, och de får också 

fortsätta att förlita sig på oren användning av bränslen för matlagning och belysning (Franks 

& Prasad 2014; Tait 2013). Samtidigt behöver alternativa sätt att tillhandahålla energitjänster, 

så som Solar Home Systems och gasol, som testas i sådana sammanhang undersökas 

ytterligare. 

Denna uppsats undersöker hur tillgång till grundläggande energitjänster kan förmedlas på ett 

hållbart sätt till informella hushåll som inte är berättigade till elnätsanslutning, genom att 

jämföra nuvarande och alternativa sätt att få tillgång till energitjänster, samt genom att 

identifiera vissa hinder och möjligheter i samband med dessa. Hållbarheten hos 

försörjningsalternativen studeras genom en multi-kriteriell hållbarhetsbedömning (MCSA). 

Detta tillvägagångssätt inbegriper en fallstudie i Västra Kapprovinsen med fokus på 

Kapstaden och använder semistrukturerade intervjuer för att utforska åsikter och kunskap hos 

intressegrupper och experter.  

Med MCSA identifieras betydande avvägningar mellan olika försörjningsalternativ och det 

föreslås att icke nätbaserade alternativ kan utgöra möjliga lösningar på kort eller meddelång 

sikt, ifall de tillhandahålls tillsammans med gas för matlagning genom lokala närbutiker. 

Fallstudien visar vidare att hinder för elektrifiering kan övervinnas i de flesta fall, förutsatt att 

det finns politisk vilja på lokal nivå för detta.  Samtidigt visas att den nuvarande fokusen på 

elnätsanslutning är begränsad i dess förmåga att tillhandahålla grundläggande energitjänster. 

Det föreslås att hållbarheten i genomförande av alternativ till elnätsanslutningar i kontexten 

sannolikt beror på en rad faktorer, bland annat politisk vilja, politiska ramverk, finansiering 

och fördelning av styrmedel, modellen för tillhandahållande av tjänster, samt social dynamik. 

Fallstudien visar också att icke-statliga insatser kan vara nödvändiga i vissa fall, både för att 

övervinna politisk tröghet samt att vinna social acceptans bland hushållen. 

Sammanfattningsvis stöder denna studie förslaget att statliga ansatser som syftar till att 

tillgång till energitjänster, i motsats till elförsörjning, kan vara mer effektiva när det gäller att 

tillgodose grundläggande behov. Studien föreslår också att ett nära samarbete och interaktion 

mellan olika förvaltningsnivåer, samt icke-statliga aktörer och lokalsamhället är avgörande för 

att på ett hållbart sätt möta dessa behov. Vidare studier bör tillämpa och/eller studera möjliga 

modeller för tillhandahållande av grundläggande energitjänster, med resultaten från denna 

studie som utgångspunkt. 
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Terminology 

Nomenclature 
Informal settlement - In some literature denoted “slum areas” 

Backyard dwellings – Informal housing structure in backyards of formal properties 

Shack – Informal makeshift housing structure 

Spaza shop – informal convenience store 

Un-proclaimed land – Land not zoned for housing or other use 
Units 

Ah – Ampere hour, battery charge capacity 

R – ZAR, South African Rand (currency) - R1 = $0,085 (as of 6 May 2015) 

V - Volt, electric potential 

Wp – Watt peak, nominal power  

Abbreviations 

CFL – Compact Fluorescent Light 

CSI – Corporate Social Investment 

BCS – Battery Charging Station 

CoCT – City of Cape Town 

CORC – Community Organization Resource 

Centre 

DM – Decision Maker 

DME – Department of Minerals and Energy 

DoE – Department of Energy 

EWP – Energy White Paper 

ERI – Energy Resource Institute 

ERC – Energy Research Center 

FBE – Free Basic Electricity 

FBAE – Free Basic Alternative Energy 

GBCS – Grid Battery Charging Station 

HDA – Housing and Development Agency 

IeC – Integrated Energy Center 

LPG – Liquid Petrol Gas 

LED – Light Emitting Diode  

MCSA – Multi-Criteria Sustainability 

Assessment 

NMBM - Nelson Mandela Bay Municipality 

NRDP - National Reconstruction and 

Development Program  

P90X2030 – Project 90 by 2030 

PV – Photo Voltaic 

RSA – Republic of South Africa 

SANERI – South African National Energy 

Research Institute 

SEA – Sustainable Energy Africa 

SHS – Solar Home Systems 

SI – Sustainability Institute 

SSA – Sub-Saharan Africa 

UCT – University of Cape Town 

UNDAP - United Nations Development 

Account Projects 

UNDP - United Nations Development 

Program 

UNIDO - United Nations Industrial 

Development Organization 

UNPF - United Nations Population Fund  

WeC – Western Cape   
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1 Introduction 

This section provides a brief background, introduces the problem statement and states the 

research question and objectives of this thesis. 

1.1 Background 

Universal access to modern forms of energy
1
 is achievable by 2030 (UNDP 2014). However, 

following current trends only 50% of the sub-Saharan African population will have electricity 

access by that same year (WB 2014). Of the people in greatest need of modern energy forms, 

a large part live in growing informal urban areas in developing countries (UNDAP 2011). 

Around 1 billion people in the world are living in slum areas, i.e. informal urban settlements. 

Due to urban in-migration from rural areas in developing countries, slum populations have 

been estimated to grow at an average of 2-5 % (UN-Habitat 2003). In sub-Saharan Africa 

72% of the urban population live under slum conditions (UNPF 2007). 

South Africa is a part of, but also ahead of, both the sub-Saharan and the global urbanization 

trend. Before the end of the apartheid-regime, the government pursued an active policy to 

prevent the black population from being part of urbanization, leaving the cities unprepared for 

the rapid process that would follow. This has left a large part of the population living in 

informal settlements in urban slum areas (Visagie 2008, p. 2). The informal settlement 

population constitutes at least 4.4 million people, thus representing 10 % of the total 

population and growing at a faster rate (3.5 %) than that in formal housing (2.5 %) (DoE 

2011; Wolpe & Reddy 2010). A large number of the informal settlements do not have 

electricity access at all, or have illegal and hazardous access through theft (Gaunt et al. 2012). 

Although the South African government has introduced ambitious energy policies aimed at 

alleviating energy poverty, much remains to be done in order to meet its goal of universal 

access to modern energy by 2025 (SEA 2014).  

Grid electrification has earlier been limited to formal housing, but is now considered the 

primary means for energy provision in informal settlements (DoE 2011). However, due to the 

varying settings and informal features of these settlements, not all households are considered 

eligible for grid connection. This causes what could be called a blind spot of the energy access 

policies (GNESD 2014), leading to these households stealing electricity from the grid or 

buying from neighbors through extension cords, which compromises the safety of the 

households and the stability of service delivery for the electricity network as a whole. This 

suggests that additional measures to grid connection should be considered to better address 

the versatile features of informal settlements (Tait 2013).  

1.1.1 Relation to Previous Research 

Previous research on energy provision in informal settlements has mostly focused on 

conditions for successful grid electrification, e.g. Gaunt et al. (2012) and issues with 

                                                 

 

 

1
 Household access to electricity and clean cooking facilities 
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implementation of such (Wolpe & Reddy 2010). Research also including other forms of 

energy has focused on demand and supply side barriers with energy for cooking purposes, 

cooking being the most energy intensive activity in informal settlements households (GNESD 

2014). In conclusion of reviewing the literature, no research has yet taken a holistic approach 

to evaluate alternatives for energy access in this specific context. While multi-criteria analysis 

has been used frequently for comparing sustainability of options for energy provision 

(Pohekar & Ramachandran 2004; Wang et al. 2009), it has yet to be applied in an informal 

settlements context. 

1.1.2 Problem Statement and Research Question 

Trade-offs among current and alternative practices of accessing electricity, as well as the 

appropriateness and feasibility of such additional alternatives for electricity access remain to 

be investigated. This thesis aims to answer the question of how access to basic energy 

services can be sustainably provided to informal households that are ineligible for grid 

electrification. 

1.1.3 Objective 

The objective of this study is to compare alternatives for electricity access in South African 

informal urban settlements which are considered unsuitable for grid electrification according 

to national guidelines. In this context, the specific objectives of this study are to: 

 Compare alternatives for electricity access regarding multiple criteria of sustainability 

and appropriateness according to stakeholders and experts. 

 Identify key aspects of sustainability of the compared electricity access options 

 Provide an overview of important considerations in providing access to energy 

services in the context, as considered by stakeholders and experts 

 To develop an evidence base that is relevant to the  needs of decision makers, 

government actors as well as NGO’s when considering alternative approaches for 

energy provision  

1.1.4 Delimitations 

Many factors are likely to depend on the local context studied here, such as the political and 

policy context. This thesis is mainly focused on access to electricity in informal settlements in 

South Africa, and attempts to draw lessons from a case study in Cape Town. By 

understanding the case study further, the work may be able to inform future interrogation of 

energy supply options in other developing countries also dealing with issues relating to 

informality.  

Analyzed alternatives for access to energy services are selected through consultation of local 

experts and in consideration of policy standards of basic energy access. The comparison of 

alternatives of accessing electricity is limited to considering a few criteria that are found to be 

most important. The time frame of this work also limits the detail with which each of these 

criteria can be evaluated. In this thesis, specific focus is therefore put on a few criteria for 

each of the alternatives that are found to be specifically noteworthy through consultation of 

experts and stakeholders.  
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2 Informal Urban Settlements and Energy Access 

To understand the needs, issues and possible solutions to electricity access in informal 

settlements, an introduction to the context is provided in this section. A brief description will 

be given of possible drivers of informal settlements development, related issues and relevant 

policies aimed at addressing these. Finally, various technological solutions to electricity 

provision issues will be introduced, along with relevant stakeholders related to these issues. 

2.1 Urbanization and Informal Settlements in South Africa 

While a majority of households lacking access to electricity in SSA are located in rural areas, 

a strong urbanization trend may yield an increasing need to address energy provision issues in 

informal settlements (UN-Habitat 2014). Cities in African countries are presently and 

forthcoming experiencing drastic urbanization. As can be seen in figure 1, much of urban 

transitions in Africa have yet to happen. Since the cities generally lack institutional and 

infrastructural capacity with this, it is likely that a majority of new urban dwellers will 

continuingly be left to live in informal settlements (UN-Habitat 2014). In sub-Saharan Africa 

72% of the urban population has been recorded to live under slum conditions (UNPF 2007). 

 

Figure 1Urban transitions in Africa in millions, adopted from  

Parnell & Walawege (2011) 

It is important here to acknowledge that still nearly 80% of those lacking electricity access in 

SSA live in rural areas. Altogether this indicates that efforts towards modern energy access 

need to address needs in rural as well as urban and peri-urban communities (IEA 2014). 

In RSA informal settlements development since the end of apartheid in 1994 has been 

explained as a legacy of former apartheid policies, which prevented the black population from 

being part of urbanization. The deliberate segregation thus rendered the cities particularly 

unprepared for the influx of people (Visagie 2008). While rapid urbanization has been and 

may come to be an increasing driver of informal settlements growth, currently a majority of 

relocations to informal settlements in RSA’s three largest cities are intra-urban (Keller 2012; 

Misselhorn 2008). 
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2.1.1 Definition of Informal Settlements in South Africa 

The concept of informal urban settlements has been used to describe a variety of low income 

settlements and/or poor human living conditions. Other definitions have been suggested for 

more precision in identification and measuring. To be officially recognized as an informal 

settlement in RSA however, a settlement need to be associated with one or more of the 

following characteristics (Ziblim 2013): 

 Illegality and informality 

 Inappropriate locations 

 Restricted public and private sector investment 

 Poverty and vulnerability 

 Social stress 

The DoE defines informal settlements as residential areas that do not meet the requirements 

for conventional or formal townships of local authorities. Such settlements are further defined 

as being located on land that has not been proclaimed for residential use and typically being 

unauthorized by government. It can further be noted that such settlements are acknowledged 

to be a result of the government’s inability to provide land and infrastructure for housing in 

pace with urbanization (DoE 2011). Statistics South Africa defines informal settlements as 

unplanned settlements on land which has not been surveyed or proclaimed as residential, that 

consist mainly of informal dwellings. Informal dwellings are in turn defined as makeshift 

structures “not approved by a local authority and not intended as a permanent dwelling” 

(Statistics SA 2013). 

2.1.1.1 Backyard Dwellings 

Informal dwellings also include those located in backyards of formal properties, so called 

backyard dwellings (Wolpe & Reddy 2010). This phenomena consists of families renting land 

in the backyard of another household, thus affording an income to the latter (GNESD 2014). 

These areas may be located on formal or informal land, in buildings that do not meet official 

standards and planning (Visagie 2008). While backyard dwellings worsen issues of 

overpopulation and burdens services to the primary households, they are not likely to go away 

(GNESD 2014). It has also been argued that they present an opportunity within post-apartheid 

housing delivery, being a “quick, flexible and regenerative housing asset” (Shapurjee & 

Charlton 2013). The number of informal households in backyard locations in SA has been 

estimated to 700 000 (Statistics SA 2013). 

2.1.2 Issues Related to Informal Urban Settlements 

As described above, incapacity of government to meet rapidly growing demand of housing 

and services from a growing urban population leads to settlements in unplanned areas. Poor 

people have little choice but to settle in whatever space can be found, which leads to 

settlements growth in areas unsuitable for habitation due to land being unstable, risks of 

flooding, environmental or health hazards or land that is reserved for other uses such as 

property development. A continuously increasing density in informal settlements also leads to 

households being established in ever less suitable conditions. Providing basic services, such 

as electricity, to households in such areas may therefore be related to issues of legality, 

financial viability, applying appropriate technologies and social ethics (Gaunt et al. 2012). 
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Due to being located on un-proclaimed land, informal settlements may lack access to basic 

social services, such as schools and healthcare. Unemployment as well as criminal activity is 

often high, not uncommonly related to gangs and criminal syndicates (Engelbrecht 2003, p. 

30). 

2.1.3 Informal Settlements Upgrading 

Urban poverty is increasingly being considered as a non-transient phenomenon, and in later 

years policy makers in RSA and elsewhere have begun to adapt to this (SEA 2014; UN-

Habitat 2014). Informality in cities in the Southern African region has also been described as 

a “vital stabilizing element” of local economies, and attempts of eradication of it is therefore 

regarded as a possible threat to employment and alternative access to basic services (UN-

Habitat 2014). To understand how energy services can be provided to the urban poor, a brief 

introduction to policies addressing upgrading of informal urban settlements is provided here. 

2.1.3.1 Informal Settlements Upgrading approaches 

In striving to upgrade informal settlements two main approaches exist: “total redevelopment” 

and “in situ” upgrading approaches. Total redevelopment aims to relocate inhabitants of an 

informal settlement to other locations considered more suitable, often at the periphery of 

cities. In situ approaches, in contrast, set out to develop the settlement at their current 

locations, through extending services and infrastructure such as water, sanitation and 

electricity. Though it may seem straightforward, tensions do exist between the two 

approaches (Ziblim 2013). In terms of energy provision, the national focus has been said to lie 

on those that are receiving new housing and energy services to go along with it, thus leaving 

out the informal sector (Wolpe & Reddy 2010). 

2.1.3.2 Reconstruction and Development Program 

The National Reconstruction and Development Program (NRDP) initially set out to provide 3 

million houses for the poor. However the peripheral locating of such houses in the cities has 

been said to lock the poor away from the benefits of urbanity (SEA 2014). In a sense, this 

means that the apartheid spatial form persist, contrary to the purpose of the NRDP (Wolpe & 

Reddy 2010). The backlog of housing in RSA currently stands at 2.3 million and is growing 

due to the rapid urbanization, according to Human Settlements Minister Lindiwe Sisulu. The 

issue is also worsened due to much of the land in cities being considered unsuitable for 

housing (Presence 2014). 
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2.2 Energy Poverty in Informal Settlements 

Access to basic services such as energy can, as described in section 2.1.2, be severely 

impaired in informal settlements, due to their unplanned nature, governmental incapacities 

and limited means of people living in such areas. In the urban context, energy poverty is 

especially severe in informal settlements (SEA 2014). Specifically people living settlements 

that are not approved for housing by local government experience energy poverty most 

severely (Visagie 2008). 

2.2.1 Definition of Energy Poverty 

An energy poverty measure related to expenditure render 43% of South Africans energy poor 

as they spend more than 10% of their income on energy expenditures. While defining the 

concept of energy poverty can be a delicate matter (see for example Nussbaumer, Bazilian & 

Modi (2012) and Sovacool et al. (2012)) it can for the purpose of providing a contextual 

overview of related issues be defined according to the UNDP (2000) definition as a lack of 

“sufficient choice in accessing adequate, affordable, reliable, high-quality, safe and 

environmentally benign energy services to support economic and human development”. 

Notably, it is defined here as a form of lack of access to energy services. 

2.2.2 Energy Access in Informal Settlements 

To understand the way that energy poverty is expressed in informal settlements, it is 

necessary to understand how electricity is accessed but also what other energy carriers are 

used alongside the energy that electricity provides. 

2.2.2.1 Access to Electricity 

A large number of informal settlements in South Africa have no access to electricity at all, or 

have illegal and hazardous access through theft (Gaunt et al. 2012). SEA (2014) points out 

that while almost 100% urban formal households have electricity access, only 70 % of urban 

informal households do. Moreover, access among informal households differs notably. E.g. in 

Cape Town, 80-85% of informal households situated on municipal land have electricity 

access, while the same number for all informal households, also including those on private 

land is only 60%. The total electricity access backlog for informal households amounts to 1.2 

million (GNESD 2014). 

Even households that have access to electricity may still suffer from energy poverty, due to 

inability to pay for the energy or through related issues regarding e.g. safety and reliability 

(GNESD 2014). For the urban poor, issues with energy access is not mainly access to clean 

energy services, but rather the constraints of using electricity, the legality of electricity 

connections and safety issues (Visagie 2008). For instance, informal settlements often expand 

unto land not proclaimed for housing, which disqualifies those households for service delivery 

(GNESD 2014). 

Whilst national statistics on energy consumption related to household income levels are 

sparse, it has been estimated that poor households in SA in general use on average 150 kWh 

of electricity per month (Franks & Prasad 2014; Heunis & Dekenah 2014). Households with 

access to electricity will also continue using other fuels and often several different fuels, due 
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to affordability or perceptions thereof, the quality of electricity supply as well as personal 

preferences and cooking habits (GNESD 2014). 

2.2.2.2 Access to Energy for Cooking 

For cooking and heating, the two foremost and most energy intensive applications in 

households, the urban poor resort to fuels such as paraffin, biomass or coal, described further 

in section 2.2.3. These fuels are expensive and also used in ways that are unsafe and 

unhealthy (Wolpe & Reddy 2010). 

2.2.3 Household Energy Use Patterns 

As energy is not consumed for itself, but rather for the energy services that various supplies 

permit, it is necessary to understand the household energy use patterns, to determine the 

adequacy of an energy source. Such energy services include cooking, lighting, heating, 

cooling, productive uses and are important for meeting basic needs, such as cooked food, a 

comfortable living standard, health care, education and communication (SEA 2014; UNDP 

2000). Due to irregular and unpredictable cash flows, poor households are often unable to 

spend large amounts on energy at a time, e.g. paying a monthly electricity bill or stacking up 

on fuel. Instead households have to acquire energy in smaller amount, such as a minimal 

prepaid electricity card or a small amount of paraffin, whenever funds are at hand (SEA 

2014). Table 1 shows reported use of energy sources in informal urban households, contrasted 

by formal households and SA households in general. Some numbers (marked in grey) are 

specifically notable. It is clear that electricity is used to a lower extent, while paraffin to a 

higher, in informal households. 

Table 1 Households reported use of energy sources, by type of household in cell 

percent (multiple response table), adapted from DoE (2012b) 
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South Africa 88 47 37 32 19 7 3 3 1 0 3000 

Urban formal 98 30 25 11 22 5 4 4 2 0 1885 

Urban informal 70 51 62 17 12 12 4 2 2 0 243 

 

2.2.3.1 Energy Used for Cooking 

Two thirds of households in urban informal settlements use electricity for cooking (68%), 

while close to third (27%) of households use kerosene (DoE 2012b). Table 2 shows 

differences between backyard dwellings and non-backyard dwellings. The former group is 

showing a clear tendency of using electricity while the latter group use paraffin to a larger 

extent. 
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Table 2 Energy sources used for cooking in informal dwellings/shacks by type of 

household in thousands. Data from (Statistics SA 2013).  
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Backyard dwelling 554 5 93 13 3 24 5 700 

Not in backyard 722 50 488 74 17 * 5 1358 

(*) – Too few cases for accurate estimates. 

2.2.3.2 Energy Used for Lighting 

While households in formal urban areas almost exclusively (96 %) use electricity for lighting, 

households in informal urban settlements use candles and paraffin to a larger extent. Of the 

half (48 %) of informal urban households using a single source of energy for lighting only 36 

% rely entirely on electricity, another 8 % on candles and 4 % percent on kerosene. Of the 

remaining 52 % consulting multiple energy sources for lighting, electricity and candles  make 

out 15 % and another 14 % kerosene and candles (DoE 2012b). It is notable from table 3 

however that backyard dwellers use electricity for cooking to a larger extent than those in 

other informal dwellings. 

Table 3 Energy sources used for lighting in informal dwellings/shacks by type of 

household in thousands. Data from (Statistics SA 2013).  
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Backyard dwelling 585 19 72 * 23 * 700 

Not in backyard 781 151 414 7 * * 1358 

(*) – Too few cases for accurate estimates. 

2.2.3.3 Energy Used for Heating 

Households in informal urban settlements mostly use paraffin for heating (20%), while 5% 

use firewood. The low use of firewood is likely due to limited availability of biomass in many 

informal settlements. A third of informal households (35%) use electricity while 30% use no 

energy source (DoE 2012b; SEA 2014). When it comes to heating as well as with cooking, 

backyard dwellers show a relatively higher use of electricity, compared to those not located in 

backyards, as can be seen in table 4. Those not located in backyard instead appear to use 

paraffin, firewood or no energy sources at all for heating to a larger extent.  
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Table 4 Energy sources used for heating in informal dwellings/shacks by type of 

household in thousands. Data from (Statistics SA 2013).  
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Backyard dwelling 236 * 76 26 9 7 343 700 

Not in backyard 234 7 173 161 53 * 727 1358 

(*) – Too few cases for accurate estimates. 

2.2.4 Expressions and Consequences of Urban Energy Poverty 

Urban energy poverty is expressed in a multitude of issues and problematic phenomena, both 

to households and to the society. Such issues are related to affordability, health and safety, 

illegal connections and non-payment as well as inferior informal arrangements. 

2.2.4.1 Affordability 

While access to electricity is many times a major issue in low and middle income countries, 

not least in rural settings, affordability is rather the main problem for the majority of the urban 

and peri-urban poor in South Africa (Visagie 2008). However, it requires mention that in 

terms of energy used for lighting purposes for instance, fuel-based technologies are far more 

expensive to operate than electrical alternatives (Pode 2010), making at least some form of 

electricity access a relevant affordability threshold to be overcome. In the case of backyard 

dwellings, secondary households may be forced to pay higher prices for access to electricity 

(Franks & Prasad 2014). 

2.2.4.2 Electricity Theft and non-Payment 

Electricity access in informal settlements are linked to high so called non-technical losses as 

well as high costs for revenue protection (Gaunt et al. 2012). Losses in this context refer to 

electricity supplied to the grid that are not paid for by users, and can be divided into technical 

and non-technical losses. Technical losses consist of power dissipation in the components of 

the electricity system. Non-technical (NTL) losses, on the other hand, are caused by external 

factors, primarily illegal connections to the grid, non-payment by customers, and faulty 

accounting. Such losses have the indirect effect of paying customers subsidizing those who 

are not paying (Antmann 2009). 

NTL from electricity provision constituted 2-9% of the municipalities revenues in 2004 (SEA 

2014). While NTL  are low in South Africa compared to other SSA countries (Antmann 

2009), it has been argued that if non-technical losses in the form of non-payment and theft did 

not occur, then South Africa’s extensive and much debated load shedding and reductions 

would not be needed (Yelland 2008).  

2.2.4.3 Electricity Reselling 

Households without their own metered connection to the electricity grid, such as backyard 

dwellers resort to purchase electricity from neighbors, receiving their electricity through 

extension cords. This is however considered by households to be associated with a degree of 
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unreliability of supply, overcharging by the primary household and possible damage to 

appliances and dangerous installations. Households may pay up to eight times more than what 

they would if they had their own connection (Franks & Prasad 2014). Among surveyed 

households there is a strong will to obtain and pay for a metered supply through the 

authorities (Visagie 2008). Apart from overcharging, such arrangements may also disqualify 

households from electricity subsidies (Franks & Prasad 2014). Although the issues with 

electricity access posed to backyard dwellers is acknowledged by the Department of Energy, 

neighbor reselling is considered to be the best way to provide these households with access 

(DoE 2011). Interventions to reselling practices are likely to be resisted by electricity 

resellers, and it has therefor been argued that provision of other energy sources such as solar 

lighting and LPG for cooking, may be a better way to address this issue (GNESD 2014). 

2.2.4.4 Decreased Network Stability 

As households on un-proclaimed land and backyard dwellers lack legal connections they find 

other ways to obtain access to electricity, through illegal and informal connections. However, 

this increases demand beyond the load capacity design, which comprises the supply quality 

for the whole settlement. The resulting unreliability of services forces households to use other 

inferior energy forms such as kerosene and candles for backup (GNESD 2014). 

2.2.4.5 Safety Risks and Health Hazards 

Absence of metered connections to electricity imposes several safety risks and health hazards.  

Illegal and unsafe electricity connections cause fires and electrocutions. The use of fuel-based 

technologies leads to pollution of the local environment, both indoors and outdoors, and 

accidentally causes fires and severe burns. Failure of handling fuels properly also poses risks 

of ingestion (Visagie 2008). The density of the settlements in which the urban poor live in 

notably makes the risks of fires caused by unsafe use of kerosene especially severe (GNESD 

2014).  

2.3 Policies Addressing Energy Poverty 

Access to electricity is acknowledged by the Department of Energy as a constitutional right of 

every South African citizen, regardless of location (DoE 2011, p. 6). Although electricity is 

not explicitly expressed as a basic right in the constitution, it is strongly implied by various 

law statues (GNESD 2014). The South African electrification program consequently set an 

ambitious target of universal access to electricity by 2012, providing 5 million connections by 

2005. Uncertainties regarding with how the goal was formulated and insufficient means later 

led to the setting of a new target of 97% access by 2025 (Bekker, Eberhard, et al. 2008; 

Bekker, Gaunt, et al. 2008; SEA 2014).  

It has been suggested that current policies may not be sufficient to address all of the 

objectives of electrification (GNESD 2014). As the constitution only asserts the basic right to 

basic services such as energy, it has also been suggested that that a broader set of energy 

carriers could be a more successful approach to energy provision (Winkler 2006, p. 61). 

Experience further show that so far, electrification is unable to fully displace the use of other 

fuels on its own (GNESD 2014). Limitations of the focus on electricity provision by grid 

extension led to the development of policies addressing non-grid electrification, alternative 

energy provision as well as affordability issues, as described in more detail below.  
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2.3.1 National Efforts and Goals for Energy Provision 

The constitutional implication of a universal right to basic energy access has resulted in the 

extensive national electrification program and the country’s white paper on energy policy. 

2.3.1.1 National Electrification Program 

The Integrated National Electrification Program focused on electrification of formal 

settlements and was successful in terms of electrification rates. However, its success was 

limited in the sense that it did not include the growing informal and backyard dweller sector 

(Visagie 2008). 

2.3.1.2  White Paper on Energy 

The government’s commitment to ensure access to affordable and sustainable energy services 

as stipulated by the constitution was asserted in the 1998 White Paper on Energy Policy of 

South Africa (Visagie 2008). The White Papers objectives were (DME 1998): 

 Increasing access to affordable energy services 

 Improving energy governance 

 Stimulating economic development 

 Managing energy-related environmental impacts 

 Securing supply through diversity 

The white paper also call for coordination between various government actors which, while it 

has been successful with the electrification program, it remains to be done with other energy 

sources (Visagie 2008). The White Paper was enacted through the 2008 Energy Act (DME 

2008; GNESD 2014). 

2.3.2 Policies for Grid Electricity Access 

To ensure that the electrification program’s outcome would be in line with the constitutional 

right to basic services, issues with affordability were addressed through a policy guaranteeing 

free basic electricity to poor households as well as tariff policies to cope with rising electricity 

prices, as described below. To ensure that the electrification program would also reach those 

in un-proclaimed areas certain policy guidelines were drawn to that end. 

2.3.2.1 Free Basic Electricity to qualified households 

The target of the FBE is to provide poor households with a limited amount, 50 kWh, of free 

electricity. The subsidy is limited to the poor households using less than 450 kWh per month. 

(GNESD 2014) The amount of 50 kWh was chosen for being considered adequate in meeting 

needs for lighting, media access, limited water heating and basic ironing or basic cooking. It 

is further considered to be accepted politically and by the community (DME 2003, p. 9). It has 

nevertheless been criticized for only covering a small part of total energy needs, at the same 

time as the amount is unlikely to increase (GNESD 2014). It has also been pointed out to be 

unable to reach people living on unauthorized land (Visagie 2008). Depending on how 

available data is interpreted, between 30 % and 70 % of poor households benefit from FBE 

(SEA 2014).  
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2.3.2.2 Policy Guidelines for Un-Proclaimed Areas Electrification 

The constitutional right to basic services is interpreted by the DoE to include access to 

electricity, not excluding households in informal settlements in un-proclaimed areas. For an 

un-proclaimed area to be eligible for grid electrification it must be close to existing 

infrastructure and situated so that electrification is feasible. The area is further not to be 

targeted for upgrading, redevelopment or relocation within three years. Table 5 shows 

responses to electricity access in informal settlements by categories of conditions. Further 

elements of the location of a settlement render it to be considered ineligible:  

 under high voltage lines,  

 on a road or rail reserve 

 on a flood-prone area or flood plain 

 on a storm water retention or detention pond 

 on private land  

 on unstable land 

 on land associated with environmental issues or health and safety hazards 

Neither will backyard dwellings be subsidized for electrification due to requiring additional 

upgrading of network infrastructure, which is considered as double funding of households that 

eventually will require relocating (DoE 2011). 

Table 5 Target categories for un-proclaimed areas electrification policy, adopted from 

DoE (2011) 

 Settlement Condition/Status Response 

Category 1 On suitable land (complies with the set 

criteria and is likely to go through in 

situ upgrading) 

Will be subsidized for 

electrification. 

Category 2 Settlements that do not need immediate 

relocation and will therefore be 

provided basic services with plans to be 

relocated in the future 

Will be subsidized if the settlement 

will not be relocated in the next 3 

years 

Category 3 On unsuitable land (do not comply with 

the set criteria, areas such as on 

dolomite land, in toxic areas, or in a 

dangerous area) and need relocation 

Settlements that have been there for 

a reasonable amount of time will be 

considered on a case by case upon 

application by the Department. 

2.3.2.3 Inclining Block Tariff 

The inclining block tariff policy aimed at assisting low income electrified households in 

meeting electricity price increases. However, it has had limited impact due to low 

implementation and little effect on the prices. It is also been unable to benefit un-electrified 

households (SEA 2014).  

2.3.3 Non-grid Energy Policies 

In consideration of the observation that not all indigent households are able to benefit from 

the poverty alleviating policies aimed at grid electricity access and affordability, additional 

policies have been developed as a response, as described below. 
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2.3.3.1 Free Basic Alternative Energy 

The free basic alternative energy policy aims to provide poor un-electrified households with 

fuels and technology for energy in the form of paraffin and LPG (Wolpe, Reddy & Euston-

Brown 2012), equivalent of R76 per month. It also aims to ensure that energy carriers are 

chosen that are sustainable, safe and easily accessible to the households, as well as to 

minimize health risks by promoting safe use of these energy carriers (DME 2007). 

Implementation of this policy has however been limited in number of households reached as 

well as its impact in larger cities (SEA 2014). The limitations of its success has been linked to 

limited municipal capabilities and resources, as well as a lack of national funding (GNESD 

2014; Wolpe & Reddy 2010). It has been found that the FBAE is in practice being reserved 

for rural areas (GNESD 2014). 

2.3.3.2 Non-grid Electrification Policy and Solar Home Systems 

Due to unviable economic costs of extending grid services to all households in the near future, 

off-grid electrification through SHS is considered as a viable alternative for some rural areas. 

Households are provided with solar home systems costing R3500, with 80 % of the capital 

cost subsidized by the DoE. The customer pays a R100 connection fee and R58 per month. 

The solution is however limited to areas farther than 2 km away from the grid and only areas 

included in municipal planning. It is thus unable to address the needs in informal urban 

settlements. 

It is notable however that the policy points out the importance of meeting the thermal needs 

that cannot be met by the SHS, such as cooking, space heating and refrigeration. The policy 

therefore requires concessionaires of SHS to address cooking needs by selling thermal fuels 

such as paraffin and LPG (DoE 2012a). 

2.3.4 Further Critique of Current Efforts 

Apart from the limitations of focus on grid electrification, and lacking coordination between 

government actors described above, calls have been made for a closer engagement between 

all actors working with energy provision. Similar to the critique of lack of coordination 

between government actors, it has been claimed that NGOs working in the informal sector 

also work separate from each other (SEA 2014). It has been suggested that interaction 

between various levels of government, as well as beneficiaries and the broader community 

would likely be useful in finding more effective approaches to energy service delivery 

{GNESD, 2014 #61}. 
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3 Methodology 

This section describes the methodology used to answer the research question of this thesis, 

starting with an overview of the research and introduction to the exploratory approach. This 

is followed by a theoretical framework and a description of the methodological evolution 

followed by a more detailed description of how alternatives and criteria are chosen for the 

comparison. It then provides a description of the participatory approach, and finally how the 

gathered material is analyzed and presented.  

3.1 Research Overview 

This thesis aims to answer the question of how access to basic energy services can be 

sustainably provided to informal households that are ineligible for grid electrification. To do 

this, a set of current and alternative ways for such households to access electricity access are 

chosen and studied in terms of a selection of criteria, reflecting the alternative’s sustainability 

and stakeholder requirements. As a complement to this, obstacles and opportunities in 

providing access to energy services in this context is explored from the perspective of 

stakeholders and experts. 

3.1.1 Scientific Approach 

This study uses philosophical enquiry (i.e. exploring fundamental assumptions, in this case of 

policies) to deduce standards of basic access to energy services and to consider alternative 

energy provision approaches that challenge the current focus on grid electricity. This 

approach is mixed with a qualitative case study in the Western Cape province of South Africa, 

focused on Cape Town. The main advantage of the case study is that it allows for quick 

gathering of knowledge on a subject that is previously scarcely researched. Specifically, a 

case study allows exploration of stakeholder consideration, and dynamics related to provision 

of energy services in the studied informal settlements context. Speaking to stakeholders and 

experts also allow for evaluation of the various alternatives for energy access where needed to 

complement the available literature. Primary research is thus used in the form of semi-

structured interviews to complement secondary sources. 

3.1.1.1 Exploratory Approach 

To enable engagement with stakeholders and experts, the study is partly carried out as a field 

study in Cape Town, South Africa. An exploratory approach where method and subjects are 

developed as a part of the research is used to draw on existent local knowledge and expertise 

and ensure relevant findings. Figure 2 below shows the overall research methodology. 
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Figure 2 Schematic of research methodology. Adapted from Fuso Nerini et al. (2014) 

3.2 Multi-Criteria Sustainability Assessment 

To explore trade-offs in the application of the chosen alternatives for energy access in 

informal settlements a structured analysis is used, in the form of a Multi-criteria Sustainability 

Assessment. This enables criteria to be selected to reflect various aspects of sustainability 

regarded important by stakeholders and experts. How well the alternatives meet the various 

criteria and the relevance of these criteria are assessed through semi-structured interviews 

with stakeholders and experts, as well as through literature and estimations where applicable. 

3.2.1 Methods for Assessing Energy Systems 

Bhattacharyya (2012b) provides an overview of methodologies for assessing off-grid 

technologies for electricity provision, of which two are sustainability indicator approaches 

and multi-criteria decision making methods (MCDM). The use and categorization of these 

concepts nevertheless seem unambiguous; Pohekar & Ramachandran (2004)  reviews MCDM 

for sustainable energy planning and Wang et al. (2009) reviews methods of multi-criteria 

analysis used for sustainable energy planning. (Mainali & Silveira 2015) reviews applications 

of sustainability indices and regards MCDM to be a sub-category of these.  

3.2.1.1 Multi-Criteria Analyses 

Multi-criteria analyses can be used for sustainability assessments of options for energy access, 

accounting for criteria related to objectives of decision makers (DM) (Mainali & Silveira 

2015). In the related concept of Multi-Criteria Decision Making (MCDM) and Analysis 

(MCDA) a DM is seen as being required to choose among quantifiable or non-quantifiable 

and multiple criteria. The objectives are usually conflicting and therefore, the solution is 

highly dependent on the preferences of the decision-maker and must be a compromise. In 

most of the cases, different groups of decision-makers are involved in the process. Each group 

brings along different criteria and points of view, which must be resolved within a framework 

of understanding and mutual compromise (Pohekar & Ramachandran 2004).  
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3.2.1.2 Sustainability Assessments 

While energy provision efforts earlier often have been evaluated through rates or levels of 

electrification, more recently research has pointed to the importance of including several 

additional aspects e.g. social and environmental to better describe the whole range of aspects 

determining the sustainability and success of such efforts (Mainali & Silveira 2015; Rahman, 

Paatero & Lahdelma 2013). Ilskog (2008a) discusses selection of indicators of sustainability 

and Ugwu & Haupt (2007) point to the importance of regarding regional and national context 

dependent factors. 

3.2.1.3 Value measurement approaches 

Among methods for MCDA and sustainability assessments methods, value measurement 

models or weighted score systems provide simple and user-friendly methods that allow 

analysts to evaluate alternatives in cooperation with DMs. This is done by a weighted 

evaluation of the alternatives performance in various criteria or dimensions (Løken 2007; 

Mainali & Silveira 2015). Ideally the weighting should reflect the choice of tradeoffs by the 

DM (Løken 2007). The index values can be compared for an overview of trade-offs related to 

the studied options for energy access (Fuso Nerini et al. 2014).  

3.2.2 Methodological Evolution 

This research initially set out to determine how households situated on land considered 

unsuitable for housing could be provided with energy services in a sustainable way. To try to 

determine what alternatives might be more adequate than others, the research was meant to be 

done using a value measurement approach. This would be done by evaluating chosen 

alternatives using scales of various criteria related to sustainability and stakeholders 

requirements, weighted according to stakeholder’s view of their relevance.  

After consulting stakeholders and experts, it soon became clear that the issue was not so much 

a matter of optimizing a choice of technological access alternatives considering a set of values 

of sustainability, but rather an issue of the values surrounding the issue conflicting 

dynamically among and between the stakeholders. In other words, an important aspect of 

sustainably providing access to energy services in the context appeared to lie in the political 

and social context. It thus also became relevant to understand why it is actually difficult to 

provide energy services in this context, as well as what obstacles would have to be overcome 

in any such endeavors. Especially, it became clear that an understanding of both policy and 

social dynamics would be needed.  

In conclusion, the contribution of this thesis is meant to be that of providing an overview of 

relevant aspects to be regarded in providing access to energy services in the specific context 

and to briefly explore how well various alternatives are suited to that end. The analysis uses 

feature of both a sustainability assessment and a multi-criteria analysis, in the sense that the 

selection of criteria and assessment of their relevance links the analysis to stakeholder 

considerations. The absence of value measurement or any other mechanism to rank the 

alternatives in the analysis also contrast the approach of this work, why it will simply be 

referred to as a Multi-Criteria Sustainability Assessment (MCSA). 
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3.2.3 Energy System Approach 

This analysis conceptually applies the system approach of Afgan & Carvalho (2002) , where 

an energy system is regarded as a complex system able to interact with its surrounding 

through the use of resources, the provision of energy conversion products and by utilizing 

economic benefits and to absorb social consequences from the process of conversion. In the 

analysis, different interactions across the system boundaries can then be represented by 

indicators as a way of evaluating this complex interplay. Indicators considered relevant to 

stakeholders can then be analyzed as criteria in a decision making process. 

The focus in analyzing the energy systems in this thesis lies on supply of the energy carriers 

and how these fit their end uses. It does not include measures of energy efficiency such as 

housing insulation or efficient cooking appliances although these are an important aspect of 

the energy situation in the context (see for example Keller (2012)). They are excluded here 

due to the focus on energy access. 

3.3 Scoping the Structured Analysis of Access Alternatives 

Access alternatives to be compared in terms of their ability to sustainably providing energy 

access are selected based on a literature review, in consideration of government standards for 

basic energy access, and by consulting relevant stakeholders and experts. The indicators or 

criteria by which these alternatives are compared are similarly selected through reviewing 

literature and validating suggested criteria by speaking to stakeholders and experts. This 

process of “scoping” the comparison is described in more detail in chapter 4. 

3.4 Semi-structured Interviews 

To understand issues and opportunities of providing access to basic energy services in the 

informal settlement context, semi-structured interviews are carried out with stakeholders and 

experts.  

3.4.1 Participants 

Best-practice studies of energy provision in informal settlements conclude on the importance 

of engaging and working closely with multiple stakeholders (ESMAP 2012). Stakeholders 

and experts relevant to consult in the study are various levels of government, local 

communities, service providers and experts from academia and NGO’s (GNESD 2014; 

Visagie 2008). Engaging with local communities is essential to successfully addressing 

challenges and possible solutions of energy provision in the informal settlements context 

(Gaunt et al. 2012).  

The government affects energy provision policy at various levels. The national government 

provides the regulatory framework, norms and standards for electrification. The provincial 

government and local municipalities are responsible for delivery of services such as housing. 

Electrification roll-out, however, is managed by the national utility Eskom and the local 

municipality.  
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3.4.1.1 Respondents 

Interviewees representing stakeholders, academia and other experts such as NGO’s were 

invited in consideration of relevant stakeholders in energy provision, as well as for having 

relevant knowledge and experience from the area (listed in table 6). Notably officials from the 

national government (DoE), although invited, did not respond to the sent invitations for 

interviews.  

Table 6 Interviewed and consulted stakeholders and experts 

Interviewee/ 

Consultant 

(Type) Organization Date 

(2015) 

Alison Hughes (E) UCT, ERC 2/4 

Trevor Gaunt (E) UCT, Dept. of Electrical Engineering 10/4, 8/5 

Gray Maguire et al. (L) Project 90 by 2030 (P90X2030) 15/4 

Maurisha Hammer (C) CoCT, Electrification Unit 16/4, 4/5  

Sarah Ward (G) CoCT, Energy and Climate Change Unit 16/4, 5/5  

George Tatham (C) Kayagas 20/4  

Eugene Visagie (G) WeC Province, Dept. of Human Settlements 21/4  

Managing Director (L) CORC 21/4  

Researcher (E) University, Energy and development research 22/4, 30/4, 14/5  

James van der Walt (C) Ugesi Gold, Solar Turtle project 22/4  

Andrew Keller (E/C) Stellenbosch University SI, iShack project  6/5 

Yachika Reddy (E) Sustainable Energy Africa 26/3, 5/5, 13/5  

Lana Franks (E) Sustainable Energy Africa 5/5, 13/5  

City employee (G) CoCT, Dept. of Informal Settlements Mgmt. 8/5 

Please note that the views of the interviewees may not be representative of their organization. 

C – Corporate perspective (utility or service provider) 

E – Expert perspective (academia or NGO) 

G – Government perspective 

L – Local community perspective (as represented by NGO) 

3.4.1.2 Ethical Considerations 

All interviewees are presented with a consent form, informing participants of their role in the 

study and their rights as participants, see annex 2. 
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3.4.2 Interview Procedures 

The interviews are used evaluate the studied alternatives and to select and validate the 

importance of the suggested criteria, as well as to capture other aspects of the issue of 

providing access to basic energy services in the context. 

3.4.2.1 Relevance of Criteria 

To select and determine the relevance of the used criteria, interviewees are invited to fill out a 

questionnaire (annex 3); grading the importance of each criterion on a scale ranging from 

“Irrelevant to the decision process” to “Dictates all aspects of a decision”. A criterion with 

consistently low scores can then be excluded from the comparison as this means that it is 

considered irrelevant. 

3.4.2.2 Evaluation of Criteria 

Interviewees are invited to contribute in evaluation of alternatives and criteria considering 

their experience and knowledge. As a support in evaluating a criterion, evaluation scales are 

presented to the interviewee.  

3.4.2.3 Complementary Questions 

To cover aspects not included by the criteria described above, interviewees are invited to 

answer three additional questions: 

 What important aspects of the issue with providing basic energy services to these 

households are not covered by these criteria? 

 What, according to you, is the main obstacle in providing these households with 

energy access? 

 What, according to you, would be the best way to provide these households with 

energy access? 

These are meant to give a further understanding of the obstacles related to providing access to 

basic energy services in the context, as well as how such may be overcome. 
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3.5 Analytical Approach 

To answer the question of how well the studied alternatives provide access to energy services, 

the results from the semi-structured interviews are presented in a logical order. First an 

overview of stakeholders’ and experts’ opinions of the relevance of various criteria is 

provided from the results of the questionnaire. This overview is followed by a comparison of 

the access alternatives using the criteria found relevant. Finally, findings regarding issues and 

possibilities of providing access to energy services in the context that are external to the 

comparison of the alternatives are presented thematically. 

3.5.1 Relevance of Criteria 

The relevance of the final selection of criteria is presented in a table by category of the 

interviewee. This may give an indication of what aspects are more relevant from the various 

stakeholders’ and experts’ perspectives. 

3.5.2 Comparison of Alternatives 

The alternatives are first described one by one using the relevant criteria, by notable aspects 

of how well they may provide access to energy services. This approach means that the 

comparison is non-exhaustive but covers aspects critical for each of the alternatives. A quote 

from Winkler (2006) may serve to motivate this: 

“Making development more sustainable does not so much require a precise 

definition of some ideal state of sustainable development – what is important is 

addressing those parts of current development trends that are clearly 

unsustainable.”  

By pointing out positive aspects of the alternatives, possible ways of overcoming the above 

mentioned unsustainable parts can also be identified. To provide an overview of the 

alternatives for access to energy services, all of the alternatives and notable aspects of them 

are finally presented in a table. 

3.5.2.1 Unit of Analysis 

In this work, the unit of used for the comparison of the alternative is a household. This is 

considered natural, since this is the unit to which grid connections are provided.  

3.5.3 Organization of Complementary Findings 

Complementary findings regarding important aspects of energy provision in the context are 

presented through a thematic discussion based on a patchwork of key findings from the 

interviews. 
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4 Selection of Alternatives and Criteria for Analysis 

This section introduces alternatives for access to energy services, as well as criteria with 

which these are analyzed. To better understand what type of access the alternatives mean and 

how this relates to government standards of basic energy access, a framework for measuring 

energy access is introduced briefly as a reference.  

4.1 Introduction of Alternatives for Energy Access 

While government targets for energy provision are defined in terms of electricity access, the 

DoE also point out its own roll of providing access to clean forms of energy for services that 

are not met by mere electricity access. Therefor relevant alternatives for access to electricity 

as well as energy for cooking are studied. 

4.1.1 Defining Energy Access 

The concept of access to energy can at first glance seem trivial. Through efforts of ensuring 

modern access to energy for all, it has however become clear that this is not the case. Rather, 

access can be seen as being determined by a range of factors rather than simply being a binary 

number. The multi-tier approach of measuring access for example acknowledges this, and 

grades various types of household access to energy (electricity, cooking and heating) in tiers 

depending on several factors. This approach covers aspects of energy capacity, duration and 

availability, reliability, quality, affordability, legality, convenience, as well as health and 

safety. The multi-tier approach of measuring energy access allows governments to set their 

own targets (WB 2013). To understand what type of energy access is implied by South 

African policies, definitions of electricity access and access to alternative energy carriers for 

cooking in policy documents are considered here. 

4.1.1.1 Government Definitions of Electricity Access 

The long term goal described previously is to provide electricity to the vast majority of 

household with electricity. The FBE policy aimed at assuring electricity access to the poorest 

household imply that 50 kWh is to be considered basic access to electricity. This 

interpretation however does not go without saying that the amount of 50 kWh is highly 

debatable (McDonald 2012, p. 251).  

Households that are unlikely to be reached by grid electrification in the medium term are 

targeted to be provided with electricity access through the non-grid electrification policy. SHS 

providing power equating to approximately 250Wh/day are seen to be adequate for these 

households, implying a medium-term access level (DoE 2012a). 

4.1.1.2 Government Definitions of Energy Access for Cooking 

To ensure basic access to energy for poor un-electrified households, the FBAE policy aims to 

subsidize other energy carriers such as paraffin and LPG. It also points out the importance of 

these fuels being sustainable, safe, easily accessible, and that health risks are minimized 

through safe use of these energy carriers (DME 2007). The policy for providing SHS to rural 

areas also require concessionaires to provide fuels for cooking such as paraffin and LPG (DoE 

2012a). It is however unlikely that the challenges around paraffin safety will be easily 
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overcome in RSA and stakeholders have expressed a preference of transitioning to modern 

alternatives such as LPG or electricity (Tait, Merven & Senatla 2013). LPG and electricity 

can therefor implicitly be seen as a policy standard for basic access to energy for cooking in 

the RSA context. 

4.1.2 Alternatives for Electricity Access  

As electricity is not consumed for itself, but rather for what activities it enables, it is relevant 

to consider what services may be enabled by various supply alternatives. Table 7 provides an 

introductory overview of services and possible tiers of access, by supply alternative. 

Table 7 Indication of allowed services by various supply technologies, related to the 

multi-tier approach, adopted from WB (2013) and Fuso Nerini et al. (2015) 

GLOBAL 

TRACKING 
NO ACCESS ADVANCED ACCESS 

COUNTRY-LEVEL 

TRACKING 
Tier 0 Tier 1 Tier 2 Tier 3 Tier 4 Tier 5 

Indicative electricity 

services 
- 

Task 

lighting 

+ 

Phone 

charging 

or Radio 

 

General 

lighting 

+ 

Air 

circulation 

+ 

Television 

Tier 2 

+ 

Small 

appliances 

 

Tier 3 

+ 

Medium 

or 

continuous 

appliances 

 

Tier 4 

+ 

Heavy or 

continuous 

appliances 

Consumption (kWh) 

per household per 

year 

< 3 
3– 

66 

67– 

321 

322– 

1,318 

1,319- 

2,121 
> 2,121 

Possible tiers of electricity access by various electricity access alternatives 

Solar lantern X X - - - - 

Rechargeable 

batteries 
X X X - - - 

Solar Home System X X X X X X 

Grid connection  X X X X X X 

 

As the reader may recall from section 2.3, the amount of energy consumed in tier 3 is 

comparable to the 600 kWh/year (50 kWh/month), regarded as basic electricity access in 

policy documents (FBE). According to the non-grid electrification policy, Solar Home 

Systems providing households with approximately 250 Wh/day, i.e. 90 kWh, are considered a 

suitable temporary alternative to grid electricity access; thus comparable in electricity amount 

to the second tier. As a comparison, the previously mentioned 150 kWh per month average 

consumption among poor households is comparable to the fourth tier.  

4.1.2.1 Metered Connection 

In some municipalities providing electricity to informal households has been undertaken for 

more than 15 years. Eligible households in informal settlements in SA are provided electricity 
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connections through applying a maypole design, with cables reaching dwellings from above, 

hanging from a pole. This practice is considered safe and suitable for the varying conditions 

of the housing structures. If insulations points are installed in the network, such connections 

can also be made to settlements on flood prone areas. 

Due to the households being poor, electrification efforts seldom cover their own costs in the 

short term. Connection costs are therefore predominantly financed through national subsidies 

and to some extent recovered through deducing an amount from the monthly fee. Households 

instead pay a connection fee, mainly to establish a commitment (Gaunt et al. 2012). In 

informal settlements as well as the majority of electrified households in RSA, electricity is 

purchased as tokens in the form of cards or payments slips that activated the electricity supply 

through a so called pre-paid meter (DoE 2012b; Gaunt et al. 2012). While such pre-paid 

meters help to make electricity more affordable, the prepaid token system can require 

customers to walk long distances to buy them. Customers with the First National Bank can 

however purchase electricity through cell-phone banking. A system called Flash Cow also 

allows customers to purchase electricity from a local vendor with a voucher machine. 

However, due to the independent nature of these suppliers, customers may be charged with 

high prices (GNESD 2014).  

4.1.2.2 Neighbor Reselling 

The concept of neighbor reselling is used here to describe the practice of households in 

backyards or close proximity of a household with access to electricity buying electricity from 

the primary household through an extension cord. A more detailed description of electricity 

reselling is given in section 2.2.4.3. It is notable in this context that a majority of backyard 

dwellers use electricity for cooking  as previously described in section 2.2.3.1, which might 

possibly be linked to access to electricity through neighbor reselling. 

4.1.2.3 Illegal Grid Connection 

The phenomenon of electricity theft includes the practice of retrieving electricity through 

illegal connections to an electricity network substation. While this practice is clearly 

undesirable due to that it, apart from being done in a hazardous manner, causes revenue losses 

for the utility and decreased network stability, it is nevertheless occurring (see section 

2.2.4.2). This can, however undesirable it may be, be a last resort for households situated on 

land considered unsuitable for electrification and perhaps especially those without the option 

of connection through neighbors, as a means to slightly alleviate their energy poverty if no 

other measures are taken (Tait 2013).  

4.1.2.4 Solar Home Systems 

Solar Home Systems applied to rural settings in SA consist of a 50 Wp photovoltaic (PV) 

panel, a charge controller and a 12 V (105 Ah) battery, along with outlets and wiring for small 

appliances, and four compact fluorescent lights (CFLs). This system provides an amount of 

power that equates to approximately 250Wh/day (DoE 2012a). Such systems cost R3500 per 

household, and have been provided using a fee-for-services model (Lemaire 2011). A similar 

system is currently being applied in informal settlements on un-proclaimed land in Nelson 

Mandela Bay, deploying 3000 units in the first phase at a cost of R12.9 million R7 million for 

maintenance and monitoring of the system (NMBM 2014).  



 

24 

 

The above types of system provide enough energy for four lights (CFL and LED 

respectively), a radio, a black and white TV and to charge a cell phone. It has however been 

pointed out that these systems are unable to satisfy the thermal needs of the poor, such as 

cooking, refrigeration and water heating (Visagie 2008). Critics have also pointed out that 

SHS are costly considering the services that they provide (Wamukonya 2007). Projects with 

smaller systems (10Wp) for lighting and phone charging are however also being deployed 

(Property 24 2014). 

Another example of application of SHS in informal settlements is the iShack project, 

upgrading shacks in the Enkanini settlement in Stellenbosch, which amongst other 

interventions to the housing structures provide them with a so called DC-multigrid system. 

This type of system is scalable by adding more PV panels, and can if scaled up also provide 

energy for the thermal needs mentioned above, although naturally at additional costs (Keller 

2012). Notably this settlement is meant to be evicted, although this unlikely to happen 

(Andreas Keller pers. comm. 6 May 2015). 

4.1.2.5 Solar Lanterns 

Solar lanterns are LED light lanterns with a battery that is charged by solar panels when 

exposed to sunlight. Such lanterns can be provided to and operated by households 

individually or be charged centrally. While these lanterns provide a limited level of service 

(i.e. lighting) compared to SHS they have the advantage of lower capital costs and may thus 

be more feasible financially. Notably, a study in East Timor has recorded a preference for 

SHS over solar lanterns (Bond, Aye & Fuller 2010). Solar lanterns have nevertheless been 

shown to be a viable and health-wise superior alternative to kerosene lamps (Adkins et al. 

2010). A wide range of various makes and types are available on the market, ranging from 

simple lanterns to lanterns with phone chargers to small solar home systems. Some of these 

are quality monitored through the World Bank’s Lighting Global
2
 initiative (Researcher pers. 

comm. 30/4-2015). Some local governments in RSA, such as the City of Cape Town provide 

solar lanterns to informal settlements considered specifically vulnerable to fires, as a part of 

disaster risk management (Sarah Ward, pers. comm., 22 April 2015). 

4.1.2.6 Local Charging Stations 

Local charging stations, also called energy kiosks, community power centers or energy 

centers cover a wide range of concepts for offering the service of charging batteries and 

appliances such as lanterns and may be integrated to offer other services such as 

communication services, retail, entertainment and education. The so called energy kiosk 

model of providing energy has been found to be potentially justifiable where demand for 

electricity energy is low but present. It can be regarded as an additional option for the lowest-

income households rather than a competitive solution to grid connection or SHS (Knobloch & 

Hartl 2014; Selco Foundation 2013).  

                                                 

 

 

2
URL: https://www.lightingglobal.org/ 
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Experience of charging stations exist from rural and peri-urban settings in SSA and elsewhere 

(see for example UNIDO (2008), Kemeny et al. (2014) and Knobloch & Hartl (2014)). One 

example currently being developed in RSA is the “Solar Turtle”, intended for poor and rural 

settings (Ugesi Gold 2015). Such systems may require adaptation to the informal settlement 

setting. In the rural setting renewable energy sources are often applied, but in the urban setting 

grid battery charging stations (GBCS), possibly accompanied by solar PV, might provide 

more reliability and capacity (Kihedu & Kimambo 2006). One possible opportunity would be 

to integrate such charging stations in to smart systems to allow for off-peak charging and 

time-of-day-pricing (Welsch et al. 2013), which would reduce additional stress on the 

electricity network and possibly contribute to affordability of the services if time-of-day 

pricing is applied.  

Battery charging stations (BCS) are often used to charge a number of 12 V automotive 

batteries simultaneously during a day. A diesel generator battery charging station (DGBCS) is 

for instance normally used to charge 40 to 100 batteries in series for approximately five to 

eight hours, depending on the number, type and sizes of the batteries {Pode, 2015 #137}. A 

solar BCS such as the Solar Turtle can on the other hand charge between 75-100 batteries per 

day. A grid connected BCS (GBCS) however would rather be limited by the available 

network capacity, possibly allowing for larger numbers of batteries to be charged. The 

batteries can then be used in home systems similar to the SHS but without a need for the PV 

panel and the charge controller. The charged batteries normally last for three to five days 

depending on the recharging technique, the batteries quality and age and naturally, the size of 

the load applied. For this type of arrangement, several fee options exist such as: renting of a 

recharged battery, fee per charge, paying a monthly fee, or to pay for recharge of individually 

owned batteries (Pode 2015). 

4.1.3 Alternatives for Access to Energy for Cooking 

While policies imply an assumption of that electricity will replace other fuels, it has been 

observed that households provided with electricity continue to rely on multiple fuels for a 

range of reasons (Tait, Merven & Senatla 2013). Previously described policies imply that 

electricity and LPG can be regarded as basic access to energy for cooking, under current 

conditions in RSA (see section 4.1.1.2). These energy carriers are by comparison both 

regarded as advanced access to energy for cooking at a global level according to the WB 

tracking framework, as can be seen in table 8. 
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Table 8 Grading of energy access for cooking according to the multi-tier approach, 

adopted from WB (2013) 

GLOBAL TRACKING NO ACCESS BASIC ACCESS 
ADVANCED 

ACCESS 

Type of cook stove 
Self-made cook 

stove 

Manufactured non-BLEN
3
 

cook stoves 
BLEN cook stove 

COUNTRY LEVEL 

TRACKING 
Tier 0 Tier 1 Tier 2 Tier 3 Tier 4 Tier 5 

 

4.1.3.1 Electricity for Cooking 

The majority of South African households use electricity as their main source of energy for 

cooking, and this holds true also for households in informal backyard dwellings, see section 

2.2.3.1. Electricity has also been recorded to be regarded among surveyed households in some 

informal settlements as very efficient, cheap, very clean, very safe and easy to use (Visagie 

2008). Electricity has also been argued to be the cheapest fuel for households to cook with 

given available subsidies, although perceptions thereof among households may vary (Tait, 

Merven & Senatla 2013, pp. 12-13). 

4.1.3.2 LPG for Cooking 

LPG is comparable to electricity in terms of services provided, i.e. a quickly accessible source 

of heat with no indoor pollution (GNESD 2014). Its uptake among low-income households in 

RSA has however been limited. Four specific barriers to be overcome to that end have been 

identified: fear of using gas, expensive appliances, lack of availability in informal settlements 

and high prices when available (Tatham 2013).  

To overcome barriers of providing LPG for cooking to low-income households and 

specifically in informal settlements, so called integrated energy centers (IeCs) that have 

previously have been applied in rural settings has been suggested also for the informal 

settlements context.  These are meant to offer LPG along with appliances and information 

regarding safe fuel use in a “one-stop-shop” (SANERI 2008; Subramoney 2004; Visagie 

2008). Similar to this idea, a local LPG provider in Cape Town, Kayagas, has developed a 

business model which uses a channel to market that distributes LPG directly to the customers 

through existing local retailers, so called “Spaza” shops. As a part of this model, appliances 

have been developed that are cheaper than those used with paraffin and the size of the 

cylinders are optimized for low costs and affordability, which together with the efficient 

supply-chains increases the affordability of this alternative. To deal with fire risks, cylinders 

are designed to withstand fires without exploding and are provided through fire resistant 

containers on site. Marketing and promotional efforts are also deployed to overcome fears and 

perceptions of inferiority (Tatham 2013).  

The IeC approach has been successful in providing LPG to informal settlements. During 

recent years however, subsidies and support tariffs for electricity, such as the FBAE, and a 

                                                 

 

 

3
 BLEN = Biogas/LPG/Electricity/Natural gas 
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lack of similar policies for LPG in the urban context, may have distorted user choices towards 

cooking with electricity according to George Tatham at Kayagas (pers. comm., 20 April 

2015). This has in turn impacted on the viability of offering LPG to the lowest-income 

households. It is thus currently only viable to sell LPG to households with some form of 

income, wage or grant (George Tatham, pers. comm., 20 April 2015). It has also been argued 

that providing poor households with energy for cooking on a national level can be achieved 

much more cost-efficiently with LPG than with electricity, due to the relative cost of 

additional electricity capacity in RSA, and that the FBE policy may distort user patterns away 

from this optimum (Howells et al. 2006). 

4.2 Conceptualization of Alternatives for Comparison 

Following a limited search of literature (ERI 2011; ESMAP 2012; GNESD 2014; SANERI 

2008) and discussions within the university (Royal Institute of Technology) and local experts 

from academia (Energy Research Center, University of Cape Town) and NGO’s (Sustainable 

Energy Africa), a set of current and possible complementary alternatives for energy access in 

informal settlements have been selected for analysis.  

4.2.1 “Laissez-faire” Alternatives 

To explore trade-offs between current practices of accessing electricity and alternatives, two 

cases of access that are considered to be “business as usual” or non-intervention alternatives 

are compared, illegal grid connections and neighbor reselling.  

4.2.1.1 Illegal grid connections  

An occurring practice to access energy in informal settlements is to steal electricity through 

illegal connections to an electricity network, which is therefore studied as an alternative in 

this study.  

4.2.1.2 Neighbor reselling 

Neighbor reselling is another currently applied alternative to access electricity through buying 

from neighbors, using an extension cord. This practice is described with more detail in section 

2.2.4.3. 

4.2.2 Complementary Alternatives for Energy Access 

To see if alternatives to the current practices of accessing electricity are able to provide access 

to energy services in a more sustainable way, some alternatives that have been tested in 

similar contexts are also studied. To ensure that the alternatives are somewhat comparable in 

terms of service, and considering the standard of basic of access implied by previously 

described policies (see section 4.1.1), such prospect alternatives for access to energy are 

conceptualized to include energy for cooking and heating, in addition to electrical energy 

services. 

4.2.2.1 Metered Grid Connection 

While a regular connection to the grid of the households studied here (i.e. situated on private 

or otherwise problematic land, as described in section 2.3.2.2) is not supported by the DoE 
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guidelines, it is studied as a reference case for the event that policies are reconsidered or the 

guidelines overridden.  

4.2.2.2 Minimal access 

As the focus of this thesis is areas that are considered unsuitable for habitation and thus also 

for grid electrification, a short-term solution providing access to minimal energy access is 

studied here. Such minimal access here is conceptualized here to include a solar lantern 

providing light, and access to LPG for cooking. The justification for studying this alternative 

is that it might provide some alleviation of energy poverty without being hindered by 

regulations related to more permanent solutions. While such a solution is obviously inferior in 

terms of what services it provides and below government standards of basic access, it could 

be a viable alternative in awaiting mid- or long-term solutions.  

Solar Home System - One of the alternative approaches for energy access being tested in 

similar contexts and chosen to be studied here is to provide households with a solar home 

system. Such systems are studied along with access to LPG to provide sufficient energy for 

cooking and thermal purposes, as indicated appropriate by the non-grid electrification policy 

(see section 4.1.1.2). While SHS can be augmented to allow for cooking appliances, such 

systems are not considered here, seeing that the critique of SHS even in the less advanced 

format points to the high cost for the services provided (Gaunt 2003; Wamukonya 2007).  

4.2.2.3 Local Charging Station  

The close proximity of grid-services in many informal settlements can make off-grid 

approaches such as solar seem absurd. Regulatory settings can nonetheless clearly make grid 

extension difficult to areas that are considered unsuitable for habitation. Therefore a concept 

of a local energy center is studied as an alternative approach in this thesis. This concept draws 

on the theoretical possibility of integrating a charging station in a so called integrated energy 

center (IeC) or energy kiosk (see section 4.1.2.6). Such a concept, as considered here, 

includes the facility to charge batteries to be used in home systems, as well as charging of 

appliances such as cell phones and lanterns, along with refilling of LPG, as well as retail of 

safe appliances. In the context of informal settlements on land unsuitable for housing, such 

charging stations offer the possible advantage of providing the electricity service at another 

site which is more compliant with the institutional framework. The service is thus not 

provided to the problematically located household directly but rather to the people that due to 

their poverty may have little option but to reside there. The possibility of applying such a 

solution is also currently being considered by the community organization CORC (pers. 

comm., 21 April). 

4.2.2.4 Off-grid Supply of Energy for Cooking 

In this thesis, the above introduced off-grid alternatives to be studied include LPG for cooking 

as motivated previously. The access to LPG as analyzed in this work is conceptualized to be 

provided by local retailers in the informal settlements, similar to the venture of Kayagas, 

described in detail in section 4.1.3.1, seeing that it has to some extent been able to provide a 

viable alternative to paraffin for cooking in informal settlements contexts. 
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4.3 Introduction to Sustainability Indicators 

To assess the sustainability of alternative solutions for energy provision in informal 

settlement, sustainability should reasonably be defined, in order for it to be possible to 

elaborate relevant criteria. The perhaps most commonly cited definition of sustainable 

development describes it as “development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs” (World commission 

on environment and development 1987, p. 8). 

4.3.1 Sustainable Energy in the South African Context 

The concept of sustainability is often related to issues of climate change. However, in 

developing countries like South Africa, development objectives may be focused on basic 

needs such as reconstruction and poverty alleviation. It may therefore be more appropriate for 

such countries to pursue goals motivated by development policy than climate change 

(Winkler 2006). Goldemberg, Johansson & Reddy (2002) provide a discussion of the 

importance of a paradigmatic shift to focus on energy services as opposed to energy supply to 

sustainable development, and the opportunity for developing countries of adopting such a 

focus. 

To evaluate energy policies for sustainable development, Winkler (2006, pp. 12-13) develops 

a working definition on sustainable development for the energy sector in South Africa; 

Sustainable energy development means that a set of 'development indicators' is 

increasing over time. Indicators would be drawn from social, economic and 

environment dimensions, but different stakeholders might emphasize various 

criteria. […] The increase is not threatened by 'feedback' from either biophysical 

impacts (local air pollution, greenhouse gas emissions) or from social impacts 

(social disruption, e.g. if services are unaffordable)  

While this approach is interested in change of indicators over time, a basic assumption in this 

thesis is that the sustainability of an option for energy provision can be assessed in advance 

through aspects related to sustainable energy development; at least in a way that may provide 

some guidance in decision making, see for example (Pohekar & Ramachandran 2004; 

Rahman, Paatero & Lahdelma 2013; Wang et al. 2009).  

4.3.2 Indicators of sustainability  

It may be noted that the definition of sustainability introduced above considers the well-

established three dimensions of sustainability. Ilskog (2008a) supported by Mainali & Silveira 

(2015) suggest institutional and technical categories, and Amer & Daim (2011) suggest a 

political category. 

4.3.2.1 Economic dimension 

The economic dimension of sustainability is concerned both with aspect of financial 

sustainability and the functioning of markets for economic activities to take place. Economic 

sustainability can thus be related to costs of an option both from the supply point of view, but 

also from the affordability point of view (Ilskog 2008b). 
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4.3.2.2 Social dimension 

The social dimension of sustainability is the most complex and part of a larger interplay than 

the initiative of energy provision itself. Nevertheless, social aspects of energy provision are 

crucial to understanding it as something more than merely a contribution to socio-economic or 

economic development (Gaunt 2003). G.Dagbjartsson, C.T.Gaunt & A.N.Zomers. (2009) 

describes it as follows: 

 

“Social development is concerned with equity, justice and poverty alleviation. 

Most use of electricity is entirely consumptive, without making significant 

contributions to financial or economic development, but important for a social 

benefit generally derived from enabling people who could not otherwise afford 

electricity to use modern energy supplies to alleviate their poverty.”  

4.3.2.3 Environmental dimension 

The environmental dimension concerns the sustainability of ecosystems in both the small and 

large scale. This dimension should be approached considering national or local contexts for 

the purpose of sustainability assessments of energy technology (Ilskog 2008a). 

4.3.2.4 Institutional or Regulatory Dimension 

Criteria in the institutional category accounts the institutional sustainability, i.e. for how well 

the alternative is compliant with the institutional framework, for instance regarding housing 

and other services, as well as regulations and legality, compare with Ilskog (2008b) and (Fuso 

Nerini et al. 2014). 

4.3.2.5 Technical Dimension 

Depending on what the focus is of the sustainability assessment, this dimension can be seen to 

include the technical variables of the performance of an energy alternative, or the technical 

requirements an energy alternative may have on an organizational setting (Fuso Nerini et al. 

2014; Ilskog 2008a; Mainali & Silveira 2015). 

4.3.2.6 Political Dimension 

While the political dimension has been used to cover aspects of national energy security and 

economic benefits (Amer & Daim 2011), it could also be used to cover aspects of political 

acceptance of various alternatives. 

4.4 Selection of Criteria 

Following a partial review of literature a number of criteria (see annex 1) are selected through 

discussion with stakeholders and experts, in accordance with the methodology in figure 2. 

They are selected  regarding their transparency, precision, feasibility to be assessed, as well as 

their ability to describe sustainability in the context studied (Mainali & Silveira 2015). 

Furthermore, an obviously important objective in selection and refinement of the criteria is 

consistency with stakeholders’ objectives. These criteria are not meant to cover all aspects 

that may be relevant to all informal settlements contexts but rather such that are significant to 

the specific context studied here. They are neither meant to give an exhaustive comparison of 

the alternatives of energy access but rather an indication of some important trade-offs that 

may be related to them. 
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4.4.1 Categorization of Criteria 

For the purpose of communicating the methodology and the results of the analysis, the 

analyzed criteria are arranged in categories in line with the various dimensions of 

sustainability described in section 4.3.2. It is however clear that such an approach is limited in 

the sense that some aspects of sustainability, such as affordability are multi-dimensional. The 

categorization is on the other hand merely used for communicative purposes here. 

Indicators of sustainability are often categorized in the three well-established dimensions of 

sustainability: economic, environmental and social. While all criteria could be organized into 

these three dimensions, additional categories of criteria will be used in this work for more 

clarity. For evaluation of options of electricity provision Ilskog (2008a), supported by Mainali 

& Silveira (2015), suggests institutional and technological categories.  

Criteria in the economic category provide a comparison of the economic viability of the 

studied alternatives for energy access, while the institutional category accounts for criteria 

related to compliance with the institutional framework. Criteria in the technical category 

describe what energy services are permitted as well as technical requirements. Criteria related 

to environmental sustainability, along with health and safety is accounted for in a separate 

category. While the amount and adequacy of energy services are clearly linked, it can be 

argued that a high level of services can be provided in an inadequate manner, e.g. illegal and 

hazardous connections to the grid. The perhaps more subjective criterion “level of service” is 

therefore placed in the technical category while the adequacy is organized as a criterion of 

social importance. 

4.4.2 Noteworthy Excluded Criteria 

Naturally, many criteria are excluded from the analysis in this work. Some of these criteria are 

however worthy of mention: 

 GHG-emissions were regarded among interviewees to be important in a larger 

perspective, but not critical in the specific context. It has also been argued that 

supplying energy services to the poor in RSA even with grid electricity supplied by 

coal power would not mean a significant contribution to the country’s carbon footprint 

(Tait & Winkler 2012). 

 Ugwu & Haupt (2007) argue that the African concept of Ubuntu is relevant to 

sustainability assessments in the South African context since “it focuses on 

community, community spirit such as sharing and cooperation, and general 

community wellbeing”. Albeit possibly relevant, it is not explicitly studied in the 

analysis due to being difficult to evaluate. It could perhaps be considered to be 

implicitly included in the criteria of social acceptance.  

 An alternatives compatibility with future grid connection or a households relocation 

for that matter is relevant for sustainability assessments of electrification efforts 

(Ilskog 2008a), and could be particularly important in the dynamic context of informal 

settlements. It is however excluded from the analysis since due to being hard to 

operationalize given the restrictions of this project.  
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 The ability of an alternative to stimulate job creation or economic opportunities is 

another important aspect to consider in this context (Amer & Daim 2011; Rahman, 

Paatero & Lahdelma 2013). This aspect is despite its relevance dependent on the way 

an alternative is implemented and is therefore not included in the comparison, but in 

the following discussion.  

 Local ownership (Rahman, Paatero & Lahdelma 2013) is excluded for, much alike 

job creation, being contingent on dynamics surrounding the studied alternatives rather 

than the alternative itself. 

4.4.3 Assessed Relevance of Criteria 

To understand how important various criteria are considered by the interviewed stakeholders 

and experts, they are invited to grade the importance of each criterion in the questionnaire 

(Annex 3) on a scale ranging from “Irrelevant to the decision process” to “Dictates all aspects 

of a decision”. An overview of the results is presented in table 9 below. As can be noted, the 

relevance of some criteria varies significantly among the interviewees, although the average is 

generally high. Criteria with low averages are on the other hand consistently considered 

relevant by at least one interviewee, thus motivating such criteria to be included in the 

analysis, regardless of the average. While these results were initially meant to be used in the 

overall comparison of the access alternatives, this approach was reconsidered due to the 

difficulty of establishing definite scores for the criteria, as described in section 3.2.2. 
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Table 9 Evaluation of relevance of the final selection of criteria, as regarded by stakeholders and experts. Numbers and colors denote 

importance of criterion. 0 - “Irrelevant to the decision process”, 1 - “Dictates all aspects of a decision”. 
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TECHNICAL 

Level of energy services 0,5 0,8 1,0 0,8 0,9 0,7 1,0 0,8 0,8 0,8 

Reliability 0,7 0,8 0,8 0,6 0,8 0,6 1,0 0,7 0,8 0,8 

O&M needs 0,7 0,5 0,7 0,5 0,7 0,7 1,0 0,5 0,8 0,7 

ECONOMIC 

Capital cost 0,8 0,8 0,9 0,8 0,9 0,5 0,8 0,9 0,9 0,8 

O&M costs 0,6 0,6 0,9 0,5 0,8 0,7 0,8 0,9 0,8 0,7 

Accessibility to subsidies 0,9 0,5 0,9 0,3 0,6 0,3 0,8 0,7 0,8 0,6 

Vulnerability to risks of crime 0,7 0,5 0,5 0,2 0,7 0,8 1,0 0,5 0,8 0,6 

ENVIRONMENTAL AND  HEALTH Health and safety 0,3 0,8 0,9 0,8 0,8 0,4 0,5 0,9 0,9 0,7 

SOCIAL 
Adequacy of energy services 0,5 0,8 1,0 0,8 0,9 0,7 0,7 0,9 0,9 0,8 

Social acceptance 0,7 0,5 0,8 1,0 0,7 0,7 0,8 0,8 0,9 0,8 

INSTITUTIONAL 
Institutional barriers 0,0 0,2 0,8 0,4 0,9 0,7 0,5 0,9 0,8 0,6 

Availability of supply chains 0,6 0,8 0,6 0,5 0,6 0,2 0,8 0,8 0,9 0,6 
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5 Results and Discussion 

This section presents the results of this thesis along with a discussion of their implications.  

First a comparison of the access alternatives is presented using each of the relevant criteria 

consecutively, which is then summarized in an overall comparison of the alternatives. Finally, 

complementary findings regarding barriers and opportunities of providing access to energy 

services in the context are presented thematically. 

5.1 Sustainability Assessment of Energy Access Alternatives 

To provide an overview of trade-offs in application of alternatives for access to energy 

services in informal settlements, results of the MCSA are presented here. The MCSA explores 

various aspects of sustainability and factors important to various stakeholders to be studied. 

5.1.1 Evaluation of Technical Criteria 

Criteria in the technical category describe what energy services are permitted as well as 

technical requirements. This category thus includes variables of the performance of an energy 

alternative, as well as technical requirements an energy alternative may have on an 

organizational setting.  

5.1.1.1 Evaluation of Level of Services 

Level of energy services determines the amount and quality of services provided by the 

alternative. The level of service the alternative provides determines what end uses it permits. 

As can be seen in table 10, off-grid alternatives provide a limited level of energy services but 

sufficient to meet the standards for basic access in the medium term. 

Table 10 Evaluation of level of services enabled by the alternatives 

Alternative Motivation References 

Metered 

connection 

Grid access allows for the entire range of energy 

services, including cooking and heating. 

Gaunt et al. (2012) 

Illegal 

connection 

—″— Ibid. 

Neighbor 

reselling 

—″— Ibid. 

Minimal 

access 

The alternative in its basic form is limited to provide 

lighting and requires other energy sources for phone 

charging and media, although some models enable 

phone charging. Access to LPG enables clean cooking. 

Adkins et al. (2010)  

Tatham (2013) 

Sustainable.co.za (2015) 

SHS Enables general lighting, phone-charging, radio and TV. 

Access to LPG enables clean cooking. 

Keller (2012) 

Visagie (2008) 

Tatham (2013) 

LEC —″—. Services demanding more energy can be made 

available at the charging station. 

Ibid. James van der Walt  

(pers. comm. 22/4 - 2015) 
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5.1.1.2 Evaluation of Reliability 

Reliability constitutes the duration, consistency and availability of services provided by the 

alternative. Reliability is important to meeting various purposes of energy provision efforts 

and likely also for the acceptance of an alternative among households. The results from the 

evaluation, presented in table 11, imply that off-grid alternatives may be more reliable than 

grid supply, thus ensuring that access to basic services are actually accessible when needed. 

Table 11 Evaluation of reliability of energy provided by the alternatives 

Alternative Motivation References 

Metered 

connection 

Networks in informal areas provided with metered 

connections are not necessarily more unreliable than 

formal areas. 

Trevor Gaunt  

(pers. comm., 8/5 - 2015) 

Illegal 

connection 

Electricity supply in informal settlements is specifically 

unreliable, due to demand exceeding the dimensioned load 

of the network. 

GNESD (2014) 

Tait, Merven & Senatla 

(2013) 

Neighbor 

reselling 

—″—. Furthermore, one connection is typically unable to 

support more than one household cooking at a time. 

Access is dependent on inclination of the owner of the 

connection. 

Ibid. 

Franks & Prasad (2014) 

Tait, Merven & Senatla 

(2013) 

Minimal 

access 

Lanterns approved by Lighting Africa are highly reliable. Researcher  

(pers. comm. 30/4 - 2015) 

SHS Reliable if used according to instructions but battery is 

dependent on use patterns of customers. Rain more than 

three days can also cause problems.  

Andreas Keller  

(pers. comm. 6/5 - 2015) 

Keller (2012) 

LEC Energy supply from a local charging station is highly 

reliable. 

Pode (2015) 
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5.1.1.3 Evaluation of O&M Needs 

O&M needs describe the amount of operation and maintenance capabilities and services 

needed for the alternative to work properly. The ability to meet the needs of O&M is crucial 

to successful sustained operation of an alternative and may be impaired in informal 

settlements. As can be seen in table 12, the need for operation and maintenance varies 

considerably among the alternatives, and is thus a necessary factor to take in to account when 

choosing among alternatives for access. The model by which an alternative is provided will 

furthermore likely determine how the needs of operation and maintenance affect its 

sustainability. 

Table 12 Evaluation of operation and maintenance needs for the alternatives 

Alternative Motivation References 

Metered 

connection 

Requires some maintenance on a regular basis to deal 

with corrosion, meter tampering and short circuits.  

Trevor Gaunt  

(pers. comm., 8/5 - 2015) 

Illegal 

connection 

NA  

Neighbor 

reselling 

NA  

Minimal 

access 

Panels and LEDs are expected to last several years. 

Batteries need to be replaced after about 1.5 years, 

which can be done by the user or a service provider, 

depending on the design of the lantern. 

Adkins et al. (2010) 

Researcher 

(pers. comm. 30/4 - 2015) 

SHS Needs monitoring and occasional maintenance. Need of 

training and education for household is crucial to 

ensuring proper functioning of battery. 

Keller (2012) 

Andreas Keller  

(pers. comm. 6/5 - 2015) 

LEC Needs monitoring and occasional maintenance. 

Personnel with some training needed for operation. 

James van der Walt  

(pers. comm. 22/4 - 2015) 
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5.1.2 Evaluation of Economic Criteria 

Criteria in the economic category provide a comparison of the economic viability of the 

studied alternatives for energy access  

5.1.2.1 Evaluation of Capital Costs 

Capital cost is the initial cost of establishing the alternative. Raising capital for energy access 

projects can be an issue and high initial costs can therefore be an obstacle. It is notable from 

table 13 that capital costs of SHS are almost comparable to a regular metered grid connection 

although possibly far cheaper than some cases of connection to backyard dwellings. Local 

charging stations on the other hand can give access to the same level of services as SHS at a 

lower price per household, but at a large initial cost. Naturally, solar lanterns have the lowest 

capital costs by far.  

Table 13 Estimation of capital costs of establishing the alternatives 

Alternative Motivation References 

Metered 

connection 

Grid connection costs are in the range of R8 000-

R12 000. Connecting backyard dwellings require 

upgrading of network infrastructure. Such upgrading 

is dimensioned for a maximal number of residents in 

an area and varies significantly depending on the 

setting, but can if taken into account bring total cost 

of connection up to as much as R30 000 per 

household. 

Gaunt et al. (2012) 

Maurisha Hammer  

(pers. comm. 16/4 - 2015) 

 

Illegal 

connection 

NA  

Neighbor 

reselling 

NA  

Minimal 

access 

Solar lanterns are available in the range of R150-600, 

varying in functionality. 

Adkins et al. (2010) 

Sustainable.co.za (2015) 

SHS Ca R3 000 - 6 000 per unit Gaunt (2003) 

Keller (2012) 

Niemand & Banks (2006) 

NMBM (2014) 

LEC A system such as the Solar Turtle is designed to cater 

for 300 to 400 households and has a capital cost of 

R350K and additional R50K for batteries, which 

equates to ca R1 000 per supplied household.  

James van der Walt  

(pers. comm. 22/4 - 2015) 
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5.1.2.2 Evaluation of Costs for Operation and Maintenance 

Along with capital cost, costs for operation and maintenance of an alternative are two 

important economic aspects of evaluating an alternative. High costs for operation and 

maintenance may adventure sustained application of the alternative. Costs for operation and 

maintenance vary among the studied alternatives and affect customers and utilities differently 

depending on the model of provision, as can be seen in table 14. 

Table 14 Estimation of costs for operation and maintenance by the alternatives 

Alternative Motivation References 

Metered 

connection 

Estimated to be approx. R30
4
 for electricity distribution 

systems in informal settlements. 

(Qase, Gaunt & Winkler 

2001a) 

(Qase, Gaunt & Winkler 

2001b) 

Illegal 

connection 

NA  

Neighbor 

reselling 

NA  

Minimal 

access 

Battery replacement every year and a half, at a cost of ca 

R15-R20 ($2.00–$3.00), equating to R1 per household 

and month. Supply of LPG can cover its own costs. 

Adkins et al. (2010) 

Tatham (2013) 

SHS O&M costs are covered by monthly fees of R60 and 

R150 in rural and urban settings respectively. Supply of 

LPG can cover its own costs. 

Prasad (2007) 

Andreas Keller  

(pers. comm. 6/5 - 2015) 

Tatham (2013) 

LEC Using cost estimations for the Solar Turtle, modified for 

urban application, operation and maintenance costs are 

estimated to be approx. R50 000 per unit and year, 

equating to approx. R15 per household and month. 

Supply of LPG can cover its own costs. 

James van der Walt  

(pers. comm. 22/4 - 2015) 

Tatham (2013) 

 

  

                                                 

 

 

4
 R13 as of 2001, inflation adjusted (PPI) 
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5.1.2.3 Evaluation of Accessibility to Subsidies  

Accessibility to subsidies describe to what extent subsidies are available for application of the 

alternative. Ease of such access affects the ability to implement the alternative. As can be 

noted from table 15, only grid connections are significantly subsidized, both in terms of 

connections costs and tariffs. 

Table 15 Evaluation of accessibility to subsidies for application of the alternatives 

Alternative Motivation References 

Metered 

connection 

Grid connections are subsidized through the INEP, with 

an amount of R9000-11500 per connection, thus 

covering the average capital cost. Households on 

unsuitable land are considered case by case upon 

application to the DoE. Connections to backyard 

dwellings are not subsidized however and must be 

funded by the municipality.  

Maurisha Hammer  

(pers. comm. 16/4 - 2015) 

DoE (2011) 

Illegal 

connection 

The alternative can be seen as a subsidization in it itself, 

but is naturally not subject of any subsidies otherwise. 

Antmann (2009) 

Neighbor 

reselling 

Several households using one connection may override 

the maximal amount of electricity for eligibility of FBE 

for the primary household. 

Franks & Prasad (2014)   

GNESD (2014) 

Minimal 

access 

Solar lanterns are being distributed for free in certain 

areas but are not targeted by any government subsidies. 

As a highly electrified municipality, CoCT is not eligible 

for national funding of FBAE, and the municipality 

choses to focus subsidies on FBE for electrified 

households. FBAE is in practice reserved for rural areas. 

Sarah Ward  

(pers. comm. 16/4 – 2015) 

GNESD (2014) 

SHS The non-grid electrification requires beneficiaries to be 

farther than 2 km from the grid to be eligible for the 

subsidy which is uncommon in urban areas. FBAE 

reserved for rural areas (see above). 

DoE (2012a) 

LEC Not targeted by government subsidies but can as a 

micro-finance be supported through CSI funding. FBAE 

reserved for rural areas (see above). 

James van der Walt  

(pers. comm. 22/4 - 2015) 
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5.1.2.4 Evaluation of Vulnerability to risks of manipulation or theft 

Exposure to risks of manipulation, non-payment or attractiveness to theft of components are 

important aspects of an alternative for energy access since illegal activities can be more 

frequent in poor areas and may risk its viability. All of the alternatives are negatively affected 

by risks of crime, as can be seen in table 16. To what extent the alternatives are affected 

would however need to be further studied through pilot studies.  

Table 16 Evaluation of the alternatives vulnerability to risks of manipulation or theft 

Alternative Motivation References 

Metered 

connection 

Prepayment meters have not solved problems of non-

payment  

Borchers et al. (2001) 

Illegal 

connection 

Unpaid electricity access is a form of theft in itself  

Neighbor 

reselling 

Payments are recovered through the primary 

household and depends on whether that household 

pays or not 

Franks & Prasad (2014) 

Minimal 

access 

High value can make lanterns attractive to theft, but 

not necessarily more so than other valuables 

P90X2030  

(pers. comm. 15/4 – 2015) 

SHS Theft of panels can be a problem with SHS. 

Experience has however shown that this can largely 

be overcome through social capacity building, 

education of customers and installation design. 

Payment can be assured through meter systems 

design. 

Lemaire (2011) 

NMBM (2014) 

Andreas Keller  

(pers. comm. 6,12/5 - 2015) 

LEC Unreturned batteries and appliances can be an issue. 

This could however be overcome through 

institutional arrangements, e.g. depositions. 

Knobloch & Hartl (2014) 
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5.1.3 Evaluation of Environmental and Health Criteria 

Criteria related to environmental sustainability are, along with health and safety, accounted 

for in this separate category. Notably environmental criteria are limited here to the local 

environmental impact accounted for in the criterion of health and safety. 

5.1.3.1 Evaluation of Health and Safety 

Risks to health and safety related to the alternative, e.g. bad wiring or harmful emissions are 

understandably important as health and safety hazards related to the energy access are 

undesirable. Several of the alternatives are limited in their ability to provide access to energy 

that does not impose risks on health and safety as shown in table 17. In this regard, solar PV 

combined with LPG for cooking, appears to be a superior alternative. 

Table 17 Estimation of the alternatives impact on health and safety 

Alternative Motivation References 

Metered 

connection 

The unreliable supply may lead to use of backup fuels 

with safety and health implications. 

GNESD (2014) 

Neighbor 

reselling 

—″— Ibid. 

Illegal 

connection 

—″—. Sub-standard connections may lead to 

electrocutions.  

Ibid.  

Visagie (2008) 

Minimal 

access 

Solar lanterns offer a substantial improvement compared 

to kerosene for lighting purposes, including reduced air 

pollution, improved studying conditions for children, 

saved lives from kerosene risk, and reduced health risks. 

Cooking with LPG is safe and clean, and does not cause 

indoor pollution. 

Adkins et al. (2010), 

Pode (2010), 

GNESD (2014) 

Tatham (2013) 

George Tatham  

(pers. comm. 20/4 - 2015) 

SHS —″— Ibid. 

LEC —″—. The need of retrieving a battery or lantern remotely 

from the household can however pose significant risks to 

criminal offenses in informal settlements 

P90X2030  

(pers. comm. 15/4 - 2015) 

5.1.4 Evaluation of Social Criteria 

The social dimension of sustainability is the most complex and is part of a larger interplay 

than the initiative of energy provision itself. Nevertheless, social aspects of energy provision 

are crucial to understanding it as something more than merely a contribution to socio-

economic or economic development, as previously described. 

5.1.4.1 Evaluation of Adequacy of Access 

Adequacy of access is defined here as the alternative’s ability to provide energy that meets the 

household’s needs in a way that is legal, convenient and affordable. Adequacy of access is 

relevant to consider since social and socio-economic impacts are important motives of 

ensuring electricity access.  
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As can be seen in table 18, the alternatives vary considerably in terms of their ability to 

provide adequate access to energy services. Alternatives including LPG for cooking are 

impaired by the, for some, unaffordable portions in which LPG is offered. Adequacy can also 

be impaired for households buying expensive electricity from their neighbors or connecting 

illegally to the grid. From this point of view, metered connections appear to be superior, 

although affordability may still be an issue for some households. It is worth pointing out that 

although neighbor reselling is potentially inconvenient and unaffordable, this does not always 

need to be the case; such access is obviously considered better than no access at all among 

households. 

Table 18 Evaluation of adequacy of access through the alternatives 

Alternative Motivation References 

Metered 

connection 

Access to FBE and support-tariffs increase the 

affordability. Accessing prepaid electricity cards can 

however require traveling long distances. This problem 

can possibly be overcome by application of mobile 

payment systems. Such services can however impact the 

affordability of access negatively.  

GNESD (2014) 

Illegal 

connection 

The alternative is illegal but nevertheless affordable (sic).   

Neighbor 

reselling 

Can be highly unaffordable and inconvenient.  Secondary 

household is dependent on the good will of the primary 

household. Difficult to manage conveniently and is 

dependent on a sense of community or “Ubuntu” among 

the sharing households. 

Franks & Prasad (2014) 

Lana Franks 

(pers. comm. 5/5-2015). 

 

Minimal 

access 

Legal and convenient and can be affordably provided to 

indigent households as an alternative to kerosene. The size 

of gas portions and depositions can be barriers to 

affordability. 

Adkins et al. (2010) 

GNESD (2014) 

George Tatham  

(pers. comm. 20/4-2015) 

SHS Legal and convenient but may require financial support to 

be affordable. The size of gas portions and depositions can 

be barriers to affordability. 

Lemaire (2011) 

GNESD (2014) 

Andreas Keller  

(pers. comm. 6/5-2015) 

George Tatham  

(pers. comm. 20/4-2015) 

LEC Inconvenient due to requiring retrieval of recharged 

batteries or appliances from LEC. Could be made 

affordable through providing services at various cost 

levels. For instance, the Solar Turtle lets batteries at R10 

and R45 per charge for small and large battery packs 

respectively. The size of gas portions and depositions can 

be barriers to affordability. 

P90X2030 (pers. comm. 

15/4 – 2015) 

James van der Walt  

(pers. comm. 22/4-2015) 

GNESD (2014) 

George Tatham  

(pers. comm. 20/4-2015) 
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5.1.4.2 Evaluation of Social Acceptance 

Social acceptance is used here to denote households’ assessed willingness to commit to the 

practice of an alternative. This criterion is important to consider since favorable opinion 

increases the likelihood of sustained adoption of the alternative. 

While social acceptance of an alternative can be a highly dynamic factor, table 19 provides an 

indication of how it could vary between the studied alternatives. Despite interventions to 

enhance the acceptability of other alternatives, it seems evident that there is a strong 

preference among households to be supplied with a metered connection.  

A strong preference for a metered connection should not be seen as a disqualification of the 

other alternatives; especially seeing that metered connections may at times be difficult to 

provide and considering the consequences that may have on the access to energy services for 

those households. Rather it should be seen as an indication of the importance of overcoming 

issues of social acceptance in order to be able to provide access to basic energy services, 

given the special circumstances in the context. 

Table 19 Evaluation of social acceptance of the alternatives 

Alternative Motivation References 

Metered 

connection 

There is a strong preference among households to be 

supplied with a grid connection by the utility, but the 

access alternative is nevertheless considered costly by 

the households. 

Yachika Reddy  

(pers. comm., 26/3) 

P90X2030  

(pers. comm. 15/4 – 2015) 

Franks & Prasad (2014) 

Wolpe, Reddy & Euston-

Brown (2012) 

Illegal 

connection 

Being connected illegally is generally accepted as a 

long term solution 

P90X2030 

 (pers. comm. 15/4 – 2015) 

Neighbor 

reselling 

Being connected to a neighbor is seen as a temporary 

measure of access 

P90X2030  

(pers. comm. 15/4 – 2015) 

Minimal 

access 

Solar lanterns are only likely to be accepted as a short 

term option. LPG can be made acceptable through 

marketing and education. 

P90X2030  

(pers. comm. 15/4 – 2015) 

Tatham (2013) 

SHS Households are at times reluctant to receive SHS even 

when they are provided for free. Experience from 

informal settlements has however shown that it can be 

viable as a temporary measure, at least when provided 

by non-government actors. 90% of customers of the 

iShack project are paying to obtain services. LPG can 

be made acceptable through marketing and education. 

P90X2030  

(pers. comm. 15/4 – 2015) 

Andreas Keller  

(pers. comm. 6/5-2015) 

Keller (2012) 

Tatham (2013) 

 

LEC Is unlikely to be accepted due to inconvenience and 

risks, unless the LEC is conveniently available. In that 

case, it would only be a short term option. LPG can be 

made acceptable through marketing and education. 

P90X2030  

(pers. comm. 15/4 – 2015) 

Andreas Keller  

(pers. comm. 6/5-2015) 

Tatham (2013) 
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5.1.5 Evaluation of Institutional Criteria 

Criteria in the institutional category account for how well an alternative is compatible with the 

institutional setting, e.g. availability of institutional frameworks and necessary infrastructure. 

5.1.5.1 Evaluation of Institutional Barriers 

The criterion “institutional barriers” is used in the analysis to assess an alternative’s fit with 

the institutional setting and regulatory framework. This is assessed since institutional 

arrangements and regulations may crucially affect the feasibility and political acceptance of 

an alternative. 

A number of institutional barriers have been identified for the various access alternatives, 

listed in table 20. Notably, barriers to providing grid connections to households that are 

considered ineligible according to national guidelines can be overcome if there is a political 

will and financial capacity at the level of local government. Government focus nevertheless 

seem to lie to great extent in access to grid services, whether this means through providing a 

metered connection or accepting neighbor reselling as an alternative. Perhaps as a result of 

this focus, the viability of off-grid energy sources are impaired by the lack of an institutional 

framework of providing energy services as opposed to just electricity.  

Table 20 Evaluation of institutional barriers to application of the alternatives 

Alternative Motivation References 

Metered 

connection 

Electrification rollout follows strict plans and is 

provided to areas considered suitable. Experience from 

Cape Town nevertheless shows that barriers of providing 

connections to backyard dwellings can be overcome. 

Ongoing legal investigations are also likely to indicate 

that municipalities can do installations on private land. 

Experience further shows that connections can also be 

provided to settlements in flood prone areas. 

GNESD (2014) 

Maurisha Hammer 

(pers. comm. 16/4 – 2015) 

Sarah Ward  

(pers. comm. 16/4 – 2015) 

Gaunt et al. (2012) 

Illegal 

connection 

Illegal connections are expectedly counter-acted by the 

government.  

Maurisha Hammer  

(pers. comm. 16/4 – 2015) 

Neighbor 

reselling 

This practice is regarded as the best alternative for 

providing electricity to backyard dwellers by the DoE. 

DoE (2011) 

Minimal 

access 

No framework is available for provision of alternative 

energy sources. Provision of LPG to informal 

settlements is considered to be disadvantaged by 

permissions requirements designed for formal settings. 

P90X2030  

(pers. comm. 15/4 – 2015) 

Sarah Ward  

(pers. comm. 16/4 – 2015) 

SEA (2014) 

SHS —″— Ibid. 

LEC —″—. Local charging stations could, as opposed to a 

metered connection or SHS, supply access to households 

without being installed on private land. 

Ibid. 
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5.1.5.2 Evaluation of Availability of Supply Chains 

Availability of supply chains determines the ability to supply fuel and services to settlements 

where target households are located. For an energy source to be available to the households 

and thus relevant to consider as an alternative for accessing energy services, supply chains 

must be at hand. Consideration of the availability of supply chains (table 21) show that off-

grid alternatives complemented with LPG for cooking are viable but may be threatened by the 

national supply situation.  

Table 21 Evaluation of availability of supply chains needed for operation of the 

alternative 

Alternative Motivation References 

Metered connection NA  

Illegal connection NA  

Neighbor reselling NA  

Minimal access Experience of viable LPG channels to markets exists. 

However, national supply shortages do occur. 

GNESD (2014) 

Tatham (2013) 

SHS —″— Ibid. 

LEC —″— Ibid. 

5.1.6 Overall Comparison of Alternatives 

Table 22 provides an overview of notable aspects from the comparison of the access 

alternatives. As can be seen, there are considerable trade-offs among the alternatives of access 

to energy services and that none of the alternatives is without flaws. It is notable, however, 

that a metered grid connection is the only alternative that is not significantly impaired in any 

of the criteria. If supply of metered grid connections is impractical or considered unsuitable, it 

further indicates that neighbor reselling helps to alleviate energy poverty, although the 

affordability of access may be impaired and it affects the electricity network stability 

negatively. The table also shows that off-grid electricity alternatives such as solar lanterns, 

SHS or perhaps even charging stations may provide a short or medium-term solution if 

provided along with LPG for cooking. It should be noted that the comparison may be to some 

extent be distorted by the way the alternatives are conceptualized, e.g. as the grid alternatives 

do not benefit from the advantages of access to LPG on reducing the need of unhealthy 

backup fuels.  
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Table 22Overview of summarized evaluation of alternatives for access to energy services 

 TECHNICAL ECONOMIC 
ENVIRONMENTAL 

AND HEALTH 
SOCIAL INSTITUTIONAL 

 

Level of 

energy 

services 

Reliability O&M needs 
Capital 

cost 

O&M 

costs5 

Accessibility 

to subsidies 

Vulnerability 

to crime 
Health and safety 

Adequacy of 

access 

Social 

acceptance 

Institutional 

barriers 

Availability 

of supply 

chains 

Illegal 

connection 

Theoretically 

allows for the 

entire range 

of energy 

services 

Unreliable 

supply in 

informal 

settlements 

Not 

Applicable 
Not 

Applicable 
Not 

Applicable 

Indirectly 

subsidized by 

paying 

customers 

Unpaid 

electricity 

access is 

illegal 

Risk of electrocutions 

Use of unclean and 

unhealthy backup 

fuels needed 

Illegal 

Regarded 

as a long 

term 

alternative 

for access 

Counteracted 

by utility 

Not 

Applicable 

Neighbor 

reselling 

Allows for 

the entire 

range of 

energy 

services 

Unreliable 

supply in 

informal 

settlements 

Reliant of 

primary 

household 

Not 

Applicable 
Not 

Applicable 
Not 

Applicable 

Access to 

FBE can be 

compromised 

by shared 

connection 

Access can be 

negatively 

affected by 

being cut off 

arbitrarily 

Use of unclean and 

unhealthy backup 

fuels needed 

Affordability 

can be 

compromised 

Regarded 

as a 

temporary 

measure for 

access 

Supported by 

the DoE 

Not 

Applicable 

Metered 

connection 

Allows for 

the entire 

range of 

energy 

services 

Can be 

reliable if 

provided to 

all 

households 

Requires 

occasional 

maintenance 

>R7 500 R15 

Enables 

access to FBE 

Only 

subsidized 

after special 

consideration 

by the DoE 

Subject to 

non-payment 

Use of unclean and 

unhealthy backup 

fuels needed 

Affordability 

improved 

through 

support tariffs 

Purchasing 

prepayment 

cards can be 

inconvenient 

Highly 

favored 

among 

households 

Can be 

overcome in 

some, if not 

all cases 

Not 

Applicable 

                                                 

 

 

5
 Per month 
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Solar  

Lantern 

Provides 

lighting but 

usually 

require other 

energy 

sources for 

phone 

charging and 

media 

Quality 

approved 

lanterns are 

reliable 

Occasional 

battery 

replacement 

 < R1 000 <R1 

Not targeted 

by 

government 

subsidies 

 

FBAE is in 

practice 

reserved for 

rural areas 

Attractive to 

theft 

Clean lighting, 

cooking, and heating 

Legal and 

convenient 

Lanterns can 

be affordably 

provided but 

expensive gas 

portions can 

be an issue 

May be 

accepted as 

a short term 

alternative 

No 

framework 

available for 

provision of 

alternative 

energy 

sources 

Experience 

of viable 

LPG 

channels to 

markets 

exist 

National 

supply 

shortages 

occur 

 

Solar 

Home 

System 

Enables 

general 

lighting, 

phone-

charging, 

radio and TV 

Reliable 

but 

affected by 

long 

periods of 

rain 

Needs 

monitoring 

and 

maintenance 

by service 

provider and 

education of 

households 

R2 500 < 

< R7 500 
R150 

SHS only 

subsidized for 

households 

more than 2 

km from the 

grid 

FBAE is in 

practice 

reserved for 

rural areas 

Attractive to 

theft but may 

be prevented 

through 

mounting 

design 

Clean lighting, 

cooking, and heating 

Legal and 

convenient 

but requires 

financial 

support to be 

affordable 

Expensive gas 

portions can 

be an issue 

May be 

accepted as 

a short term 

alternative 

—″— —″— 

Local 

Charging 

Station 

Enables 

general 

lighting, 

phone-

charging, 

radio and TV 

Highly 

reliable 

Needs 

monitoring, 

occasional 

maintenance 

by service 

provider and 

operational 

personnel 

R1 000 < 

< R2 500 
R15 

Not targeted 

by 

government 

subsidies but 

can as a 

micro-finance 

be supported 

through CSI 

funding 

FBAE is in 

practice 

reserved for 

rural areas 

Non-payment 

can be an issue 

but may be 

overcome 

through 

institutional 

arrangements 

Clean lighting, 

cooking, and heating. 

Retrieving battery 

poses a risk of 

exposure to crime 

Legal and 

affordable but 

inconvenient 

if remote 

Can stimulate 

economic 

activities 

Expensive gas 

portions can 

be an issue 

Unlikely to 

be accepted 

—″— 

Does not 

require 

installation 

on private 

land 

—″— 

Red – Inferior or impaired 

Light red – Partly inferior or impaired, possibly depending on external factors 

Orange – Indeterminate or ambiguous, depending on external factors 

Light green – Partly advantageous, possibly depending on external factors 

Green – Advantageous
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5.2 Barriers and Opportunities for Energy Provision 

Some noteworthy aspects of energy provision in the context of informal settlements 

considered unsuitable for grid electrification are not covered by the MCSA. They are 

presented here through a thematic discussion of key findings from the interviews. 

5.2.1 Political Will  

It was found that political will is crucial to providing electricity or energy services (Trevor 

Gaunt, pers. comm., 10 April 2015; Researcher, pers. comm., 22 April 2015). Some 

interviewees expressed that political will was crucial at the national level, due to the control 

over funding of projects (Trevor Gaunt, pers. comm., 10 April 2015). Others pointed out that 

individual effort within government, also at a local level can be essential in championing 

projects and developments (Yachika Reddy, pers. comm., 5 May; City employee, pers. 

comm., 8 May). The City of Cape Town may serve as an example of the role of local 

governments may take; the effort of extending services to backyard dwellings and the 

exploration of the possibility of doing so also to households living on private land shows that 

barriers of national guidelines can be overcome. It was on the other hand found that a lack of 

political will in providing energy services to households on land regarded as unsuitable 

locations may be due to concern of encouraging settlements in such locations (Eugene 

Visagie, pers. comm., 21 April 2015). This shows an obvious conflict between the 

constitutional entitlement to basic energy services and the housing context which seems likely 

to persist. 

5.2.2 Policy Framework 

Interviews revealed that local governments generally lack a framework for providing energy 

services as opposed to electricity (P90X2030, pers. comm., 9 April 2015). It was further 

pointed out that local government may also lack capacity and knowledge around provision of 

energy services. (Eugene Visagie, pers. comm., 21 April 2015). A lack of policy framework 

could be linked to the expressed view that government departments are working “in silos” or 

separated from one another regarding provision of energy services (Yachika Reddy, pers. 

comm., 5 May; Sarah Ward, pers. comm., 5 may 2015). This observation also appears to hold 

true for the various levels of government, as they were said to lack coordination of work 

regarding energy services, and suffer from an uncertainty of roles to be taken (Eugene 

Visagie, pers. comm., 21 April 2015). Such lack of coordination was thought to call for a 

clear policy in local government that makes efficient provision of energy services a part of the 

delivery of various departments (Sarah Ward, pers. comm., 5 may 2015). 

Notably, CoCT has developed what is called the Low Income Energy Services Strategy 

focusing on service delivery to low-income households, including delivery of both grid 

electricity and complementary alternative energy services as well as efficiency of such. This 

strategy is also meant to facilitate initiatives from NGO’s and the private sector (Sarah Ward, 

pers. comm., 22 April 2015). However, as a municipal government, the city’s main role is 

regarded to be that of providing electricity access, and rather to facilitate for other actors to 

provide alternative energy carriers (Sarah Ward, pers. comm., 22 April 2015). Despite the 

government’s effort of facilitating for private actors, representatives of Kayagas, a company 

operating in the Cape Town area with a business model proven viable for providing LPG 
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through local convenience stores (a form of IeC), expressed being persistently opposed by the 

fire department (George Tatham, pers. comm., 20 April 2015). This appears ironic, as the 

local government was said to consider establishing IeCs themselves (Yachika Reddy, pers. 

comm., 5 May). This indicates that even in with progressive strategies at hand, an integrated 

approach involving a multitude of actors will require ongoing and persistent efforts. 

5.2.3 Funding of Projects 

Funding is an obvious component of any effort of energy provision. Public sector initiatives 

are reliant on funding mainly from national government (Trevor Gaunt, pers. comm., 10 April 

2015). If national funding is not available it is possible for local governments with means at 

hand to fund their own initiatives, as exemplified by the service extension to backyard 

dwellers in Cape Town. Funding is also a key aspect to private initiatives (Researcher, pers. 

comm., 22 April 2015). In Cape Town for instance, all alternative energy provision efforts, 

such as solar lanterns are funded entirely from non-government sources (Eugene Visagie, 

pers. comm., 21 April 2015).  

5.2.4 Allocation of Subsidies 

As households settled in what is considered unsuitable locations are often the lowest income 

households (although significant variations occur), there is a need to support the affordability 

of alternative energy carriers (Lana Franks, pers. comm. 13 May 2015). While it has 

previously been found that the FBAE is in practice reserved for rural areas, it is notable that 

some municipalities, such as Cape Town are choosing to focus their own means on electrified 

households through the FBE and tariff policies. This is motivated by the city being highly 

electrified (Sarah Ward, pers. comm., 22 April 2015). It is noteworthy here that this approach 

means that the un-electrified households in informal settlements that nevertheless exist are left 

to inferior alternatives of access.  

It was further pointed out that national funds can be used creatively. For instance, the FBE 

subsidy has been used to support provision of solar water heaters in Johannesburg (Yachika 

Reddy, pers. comm., 5 May). The iShack project sources funding both from government and 

private donors and the project shows that local government can choose to allocate FBE to 

SHS projects (Andreas Keller pers. comm. 6 May 2015). The focus on electricity in 

subsidization policy in Cape Town was argued to distort the user choice of energy carrier, by 

decreasing the relative affordability for lower income levels (George Tatham, pers. comm., 20 

April 2015). At the same time the choice of prioritizing electricity is arguably political in 

nature, as there are obviously funds available to provide connections to backyarders requiring 

the relatively costly upgrading of networks. 

5.2.5 Organization and Models of Service Provision 

The approach of comparing the alternatives of access by certain criteria is limited, as some of 

the criteria will depend on how a service, grid or off-grid, is provided. The sustainability of an 

alternative will also be dependent on how the effort of provision is organized. It was for 

instance pointed out at that every actor involved should have an incentive to make it work 

(Researcher, pers. comm., 22 April 2015). It was further found that the development of viable 

business or institutional models, with the related financial and operational underpinnings, was 

considered to be critical in sustained provision of alternative energy services. Such model 
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developing often also requires substantial and persistent efforts as well as close engagement 

with the local community (George Tatham, pers. comm., 20 April 2015; Andreas Keller pers. 

comm. 6 May 2015). For instance experience has shown that successful provision of gas to 

informal settlements is contingent on integrated supply through local convenience stores, as a 

standalone venture is too costly to be affordable (George Tatham, pers. comm., 20 April 

2015). Notably, even for viable models of application such as the iShack, a further issue can 

be that of available human resources, i.e. in the case of the iShack project to find other NGOs 

willing to expand the application of the model (Andreas Keller pers. comm. 6 May 2015). 

The success of provisional models can depend on how revenue and pricing is designed. It was 

for instance said that providing a service for free can actually decrease a household’s 

commitment and will to support a service (P90X2030, pers. comm., 9 April 2015). Providing 

services for free was also said to be problematic (Lana Franks, pers. comm. 13 May 2015; 

Yachika Reddy, pers. comm. 13 May 2015), as it risks causing to a culture of entitlement 

(Yachika Reddy, pers. comm. 13 May 2015). Options of renting equipment such as solar 

lanterns was also mentioned as an option, but regarded to be difficult and it was suggested 

that providing finance that allows a customer to gain ownership during the lifespan of a 

project might be a better alternative (Researcher, pers. comm. 14 May 2015). 

The dynamics of operation and maintenance were also mentioned to be an important part of 

sustainability of an alternative. It was considered important to assure that maintenance will be 

made available (P90X2030, pers. comm., 9 April 2015; Lana Franks, pers. comm. 13 May 

2015), as well as for the durability and user-friendliness of an alternative to be taken into 

consideration. (Lana Franks, pers. comm. 13 May 2015). This also links to the importance of 

providing economic opportunity and capacity building for an alternative to be accepted by the 

community, as pointed out by community organizations (CORC 2015, pers. comm., 21 April 

2015; P90X2030, pers. comm., 9 April). The iShack project serves as an example of this can 

be done, by sourcing personnel for maintenance in the settlement (Andreas Keller pers. 

comm. 6 May 2015). It is also necessary to consider that introduction of alternatives 

competing with current practices such as neighbor reselling may risk being violently 

counteracted by those that are benefitted from them (Yachika Reddy, pers. comm., 26/3; 

GNESD 2014). It was further suggested that initiatives driven by private sector can be a way 

of overcoming political inertia. Nonetheless such initiatives will still require or at least benefit 

from support from policy and government and could also benefit from being provided with 

incentives (Researcher, pers. comm., 22 April 2015). 

5.2.6 Social Dynamics, Education and Marketing 

Although the MCSA includes the criterion of social acceptance, it was found that social 

aspects of the sustainably providing energy access is far from fixed given an alternative. 

Rather it seems evident that marketing, social engagement, education and demonstration can 

be crucial for sustained uptake of alternatives. This was expressed as being especially 

important for providing non-grid energy services, especially in grid-proximate contexts 

(CORC, pers. comm., 21 April 2015; P90X2030, pers. comm., 9 April 2015; George Tatham, 

pers. comm., 20 April 2015; Researcher, pers. comm., 22 April 2015; Yachika Reddy, pers. 

comm. 13 May 2015). This is not necessarily an easy task however, as it requires convincing 

people that have in mind being connected to the grid to consider something else (Researcher, 

pers. comm., 22 April 2015); especially since alternative energy services are generally 
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perceived as inferior (P90X2030, pers. comm., 9 April). It was also pointed out to be 

necessary to consider that energy access in this context is connected to social status, which 

means that having access through an alternative regarded as inferior can be stigmatizing 

(P90X2030, pers. comm., 9 April 2015; George Tatham, pers. comm.,  20 April 2015).  

Low social acceptance for alternative supply options could be linked to fears of risking not 

being provided with a metered connection further on (Visagie 2008). In that sense, the 

promise of providing access to basic services could actually have had a negative effect on the 

possibility of providing these households with services, due to the high expectations that it 

gives rise to (Researcher, pers. comm., 22 April 2015). It is thus seen as important that 

alternatives to grid-electricity are able to meet the needs that the user has grown accustomed 

to (CORC, pers. comm., 21 April 2015). Social acceptance for off-grid alternatives can also 

be contingent on being provided by non-government actors, as this is seen as less of a threat 

of being postponed for electrification (Andreas Keller pers. comm. 6 May 2015). Some 

interviewees suggested that it was important for the community to be a driving force in 

adopting an option of energy access to achieve sound ownership (Yachika Reddy, pers. 

comm. 13 May 2015), while others said that the dynamics within communities can make this 

difficult and that a strong marketing approach may therefore be more successful (Researcher, 

pers. comm. 14 May 2015). This could arguably depend on who is providing the service, as a 

private service provider offering alternative services to grid electricity would not be 

challenging the perceived ability of being provided with grid access.  

5.2.7 Site Specific Conditions 

The choice of alternative for providing energy services is as expressed above likely depend on 

the political will and policy framework within local government, but it would arguably also 

depend on the setting of an individual settlement or the location of a household, including its 

location, its temporariness and its demography. Various forms of informal settlements and 

informal households have different features which will naturally effect what alternative for 

energy service provision is more suitable. For instance, efforts aimed at addressing the needs 

of backyard dwellers in an electrified area would likely be different from those aimed at 

smaller numbers of remotely located un-electrified households.  

As suggested by the guidelines for electrification of un-proclaimed areas, the appropriateness 

of an intervention will further depend on its degree of permanence. It would for example be 

impractical to provide SHS to dwellings that are shortly thereafter to be removed. At the same 

time, it is important to acknowledge that even though a household or settlement is intended to 

be relocated they may still remain there for a considerable amount of time. In clearly 

impermanent contexts, temporary measures of providing basic energy services may be better 

suited. It was pointed out that the technical and economic permanency of a solution such as 

grid connections may be a barrier, if a settlement is considered to be temporary by the 

government (Lana Franks, pers. comm. 13 May 2015). It was also suggested that the type of 

infrastructure that is possible in a certain area may affect the feasibility of an alternative (Lana 

Franks, pers. comm. 13 May 2015), although others pointed out that such barriers can be 

overcome in nearly all cases (Trevor Gaunt, pers. comm., 10 April 2015). It was also pointed 

out that energy needs of informal households are in practice currently only addressed once 

they to some extent have been formalized (Eugene Visagie, pers. comm., 21 April 2015). This 

suggests that a focus on providing basic energy services to individuals rather than households 
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may be more effective in overcoming the informal and at times impermanent features of 

households.  

The degree of permanence of a settlement as regarded by households was also mentioned to 

be a considerable factor of an alternative’s viability. If dwellings in unsuitable locations are 

for instance mostly used temporarily by one or several people, who do not consider 

themselves to remain in that location for a longer period of time, then that may affect what 

alternative is practical to provide (Researcher, pers. comm. 14 May 2015). In considering the 

demography of a settlement, it was also seen as important to consider the income level among 

households which obviously affects the affordability of various alternatives (Researcher, pers. 

comm. 14 May 2015). The acceptance of an alternative may also depend on its proximity to 

grid services, since users in such contexts would likely have harder to access and perhaps be 

less accustomed to energy services enabled through grid access, (City employee, pers. comm., 

8 May). 
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6 Conclusions 

This section presents a summary of the findings of this thesis and their relations to previous 

research. It further concludes on possible practical implications of these findings. Finally 

limitations to this research are presented, providing a starting point for a suggestion of 

further research. 

6.1 Summary of Findings  

Settlements in unsuitable locations seem to be an inevitable part of urbanization in South 

Africa. This thesis aims to answer the question of how access to basic energy services can be 

sustainably provided to households that due to their location are ineligible for grid 

electrification. Its objectives have been fulfilled by showing that: 

 National guideline restrictions to grid electrification in this context can be overcome in 

most, if political will exists at the local level. 

 A persisting focus on providing grid electricity is however limited and should be 

complemented with alternative solutions, as previously suggested by SANERI (2008), 

GNESD (2014) and (Bhattacharyya 2012a). Findings of this work also relate to the 

conclusion that an exclusive focus on electricity subsidization distorts users’ choice of 

energy carriers in sub-optimal manners (Howells et al. 2006; Howells et al. 2010). 

 When supply of metered grid connection is impractical or considered unsuitable, it has 

been shown in this research that a range of other alternatives can be applied to ensure 

access to basic energy services as implied by policies: 

o Neighbor reselling helps to alleviate energy poverty but the affordability of 

access may be impaired and it affects the electricity network stability 

negatively. 

o Off-grid electricity alternatives such as solar lanterns, SHS or perhaps even 

charging stations may provide a short or medium-term solution if provided 

along with LPG for cooking, sold at local convenience stores. 

 No alternative for access to energy services is flawless and there seems to be a need of 

customized solutions (as suggested by Bazilian et al. (2010)). 

 Relevant sustainability criteria in assessing such alternatives include: Level of energy 

services, Reliability, O&M needs, Capital costs, O&M costs, Accessibility to 

subsidies, Vulnerability to crime, Adequacy of energy services, Social acceptance, 

Institutional barriers and Availability of supply chains. 

 A multi-criteria sustainability assessment is limited in its ability to capture the 

complex dynamics surrounding the informal settlement context 

 Findings complementing the MCSA suggest that the sustainability of providing basic 

energy access is likely to depend on: Political will, Policy framework, Funding of 

projects, Allocation of subsidies, Organization and models of service provision, 

Social dynamics, education and marketing, and Site specific conditions. 

 Non-government initiatives may be necessary to overcome political inertia and issues 

with social acceptance, although they will likely be dependent on some governmental 

support 
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6.1.1 Practical Implications 

This work has pointed towards the importance of a commitment at local government level to 

provide energy services as opposed to merely electricity. This links to previous calls of 

alternative energy needs to be responsibility of a specific department of the local government, 

possibly along with electricity services (SEA 2014). The findings also suggest that a close 

cooperation between stakeholders, i.e. various government levels as well as non-government 

actors and local community, would benefit the effort of ensuring basic access to energy 

services. Earlier work has called for roundtable discussions between actors involved in energy 

provision in the informal settlements context (SEA 2014) and this seems to be a sound 

approach for addressing the situation for households ineligible for grid connections. 

To ensure basic access to energy services to households that remain without metered 

connections, the findings of this work suggests that a pilot project with subsidization of 

alternative energy supply such as solar PV-technologies and LPG for cooking should be 

carried out. Such pilots would likely benefit from close cooperation between various 

stakeholders and interest groups. Previous work indicates that LPG supply for such schemes 

would likely need to be provided through energy centers integrated in local convenience 

stores (Tatham 2013). Such IeCs could possibly also be used as a channel for promotion of 

clean and safe use of energy. 

6.2 Limitations to Research 

Being a project of merely 15 ECTS, time constraints have been a very real part in limiting this 

research. Going about a subject with little experience of the field was yet another obvious 

limitation. Through an honest effort and with wise guidance however, it is my hope and 

opinion as the author of this work that the results are non-trivial and provides a good starting 

point for further academic work as well as policy considerations. Some limitations should 

nevertheless be mentioned and commented on.  

First of all, the MCSA is non-exhaustive as it does not cover all aspects of sustainability and 

neither gives an exact comparison of the alternatives. The analysis neither provides 

comprehensive empirical evidence of the viability of suggested alternatives, although it 

indeed draws on real world experience and empirical studies to some extent. Secondly, the 

use of stakeholders and experts as a basis for evaluation also allows for subjectivity in the 

comparison. At the same time interaction with households is in this work only by proxy, 

through community organizations and NGOs. Thirdly, the approach of the analysis is static, 

whereas the context is found to be highly dynamic. The MCSA therefore fails to properly 

account for how social aspects, business dynamics and financial sustainability may affect the 

sustainability of access. Fourthly, the case study is limited to the Western Cape Province with 

a focus on Cape Town, thus omitting possible lessons from other provinces. 

Albeit obviously limited, this work goes a long way in providing an overview of important 

sustainability trade-offs and considerations in this context, and the views of stakeholders is 

arguably highly relevant in decision processes. Due to the mentioned dynamic factors 

affecting the sustainability of the compared alternatives, a more exact comparison would 

neither have been practical nor adding additional value to the conclusions. The use of a case 

study and consultation of experts provides an effective way of exploring new ground in this 

blind spot of policies. 
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6.2.1 Generalizability 

Since informal settlements generally arise as a result of governmental incapacity to cope with 

rapid urbanization processes, it is not unlikely that other countries will experience similar 

tensions between in-situ-upgrading and total redevelopment (see section 2.1.3.1). In contexts 

where informality and unsuitable location of settlements pose obstacles of providing basic 

access to energy services, considerations of alternative energy carriers as explored in this 

work may be found relevant for further work. 

6.3 Further Research 

Given the limitations of this work in studying dynamical factors such as business models and 

social acceptance, there seems to be a clear need to examine these elements further. This 

would likely need to be done through case studies of current and future pilot projects. 

Research focused on comparing alternatives for access to energy services in this context could 

benefit from looking closer at specific cases and municipalities to see what solutions are 

suitable given specific conditions of concerned settlements, e.g. estimated time until 

relocation, and the specific surrounding policy framework. Best case studies of energy service 

provision efforts could use a comparative approach to include lessons from several 

municipalities. This research has indicated that integrated energy centers in local convenience 

stores could perhaps play an important role in provision of energy services as well as 

dissemination of information and education regarding energy efficiency and safety. 

Investigations of how such initiatives should best be supported, either by local communities, 

by government or private initiatives, would likely be of use.   

 



 

56 

 

References 

Adkins, E., Eapen, S., Kaluwile, F., Nair, G. & Modi, V. 2010, 'Off-grid energy services for 

the poor: Introducing LED lighting in the Millennium Villages Project in Malawi', 

Energy Policy, vol. 38, no. 2, pp. 1087-1097. 

Afgan, N.H. & Carvalho, M.G. 2002, 'Multi-criteria assessment of new and renewable energy 

power plants', Energy, vol. 27, no. 8, pp. 739-755. 

Amer, M. & Daim, T.U. 2011, 'Selection of renewable energy technologies for a developing 

county: A case of Pakistan', Energy for Sustainable Development, vol. 15, no. 4, pp. 

420-435. 

Antmann, P. 2009, 'Reducing Technical and Non‐Technical Losses in the Power Sector', 

Background Paper for the World Bank Group Energy Sector Strategy, World Bank, 

viewed 2015-03-04, 

<http://siteresources.worldbank.org/EXTESC/Resources/Background_paper_Reducin

g_losses_in_the_power_sector.pdf>. 

Bazilian, M., Sagar, A., Detchon, R. & Yumkella, K. 2010, 'More heat and light', Energy 

Policy, vol. 38, no. 10, pp. 5409-5412. 

Bekker, B., Eberhard, A., Gaunt, C.T. & Marquard, A. 2008, 'South Africa's rapid 

electrification programme: Policy, institutional, planning, financing and technical 

innovations', Energy Policy, vol. 36, no. 8, pp. 3125-3137. 

Bekker, B., Gaunt, C., Eberhard, A. & Marquard, A. 2008, 'Uncertainties within South 

Africa’s goal of universal access to electricity by 2012', Journal of Energy in Southern 

Africa, vol. 19, no. 2, pp. 4-13. 

Bhattacharyya, S.C. 2012a, 'Energy access programmes and sustainable development: A 

critical review and analysis', Energy for Sustainable Development, vol. 16, no. 3, pp. 

260-271. 

Bhattacharyya, S.C. 2012b, 'Review of alternative methodologies for analysing off-grid 

electricity supply', Renewable and Sustainable Energy Reviews, vol. 16, no. 1, pp. 

677-694. 

Bond, M., Aye, L. & Fuller, R.J. 2010, 'Solar lanterns or solar home lighting systems – 

Community preferences in East Timor', Renewable Energy, vol. 35, no. 5, pp. 1076-

1082. 

Borchers, M., Qase, N., Gaunt, C.T., Mavhungu, J., Winkler, H., Alfrane-Okese, Y. & Torn, 

C. 2001, 'National Electrification Programme Evaluation', Summary Report, Energy 

and Development Research Centre, University of Cape Town. 

DME 1998, White Paper on Energy Policy for South Africa, Pretoria, viewed 2015-02-19, 

<http://www.energy.gov.za/files/policies/whitepaper_energypolicy_1998.pdf>. 

DME 2003, Free Basic Electricity Policy, no. 25088, vol. 457, Pretoria, viewed 2015-02-23, 

<http://www.energy.gov.za/files/policies/Free%20Basic%20Electricity%20Policy%20

2003.pdf>. 

DME 2007, Free Basic Alternative Energy Policy, no. 29760, viewed 2015-02-23, 

<http://www.energy.gov.za/files/policies/Free%20Basic%20Alternative%20Energy%

20Policy%202007.pdf>. 

DME 2008, Energy Act, Pretoria, viewed 2014-11-06, 

<http://www.energy.gov.za/files/policies/NationalEnergyAct_34of2008.pdf>. 

DoE 2011, Policy Guidelines for the Electrification of Unproclaimed Areas, viewed 2014-11-

06, 

<http://www.energy.gov.za/files/policies/electrification/unproclaimed%20areas%20po

licy%202011.12.pdf>. 

http://siteresources.worldbank.org/EXTESC/Resources/Background_paper_Reducing_losses_in_the_power_sector.pdf%3e
http://siteresources.worldbank.org/EXTESC/Resources/Background_paper_Reducing_losses_in_the_power_sector.pdf%3e
http://www.energy.gov.za/files/policies/whitepaper_energypolicy_1998.pdf%3e
http://www.energy.gov.za/files/policies/Free%20Basic%20Electricity%20Policy%202003.pdf%3e
http://www.energy.gov.za/files/policies/Free%20Basic%20Electricity%20Policy%202003.pdf%3e
http://www.energy.gov.za/files/policies/Free%20Basic%20Alternative%20Energy%20Policy%202007.pdf%3e
http://www.energy.gov.za/files/policies/Free%20Basic%20Alternative%20Energy%20Policy%202007.pdf%3e
http://www.energy.gov.za/files/policies/NationalEnergyAct_34of2008.pdf%3e
http://www.energy.gov.za/files/policies/electrification/unproclaimed%20areas%20policy%202011.12.pdf%3e
http://www.energy.gov.za/files/policies/electrification/unproclaimed%20areas%20policy%202011.12.pdf%3e


 

57 

 

DoE 2012a, Non-Grid Electrification Policy Guidelines, viewed 2015-04-01, 

<http://www.energy.gov.za/files/policies/electrification/NON%20GRID%20ELECTR

IFICATION%20POLICY%202012.13.pdf>. 

DoE 2012b, A survey of energy-related behaviour and perceptions in South Africa: The 

Residential Sector. 

Engelbrecht, C. 2003, People and Places: An Overview of Urban Renewal, South African 

Cities Network. 

ERI 2011, Improving Energy Access to the Urban Poor in Developing Countries, World 

Bank, Washington, DC. 

ESMAP 2012, Innovative Approaches to Energy Access for the Urban Poor. 

Franks, L. & Prasad, G. 2014, 'Informal electricity re-selling—Entrepreneurship or 

exploitation?', Domestic Use of Energy (DUE), 2014 Proceedings of the Twenty-

Second, IEEE, pp. 1-6. 

Fuso Nerini, F., Dargaville, R., Howells, M. & Bazilian, M. 2015, 'Estimating the cost of 

energy access: The case of the village of Suro Craic in Timor Leste', Energy, vol. 79, 

no. 0, pp. 385-397. 

Fuso Nerini, F., Howells, M., Bazilian, M. & Gomez, M.F. 2014, 'Rural electrification options 

in the Brazilian Amazon: A multi-criteria analysis', Energy for Sustainable 

Development, vol. 20, no. 0, pp. 36-48. 

G.Dagbjartsson, C.T.Gaunt & A.N.Zomers. 2009, 'Rural Electrification: a scoping report', 

viewed 2015-02-11. 

Gaunt, C.T. 2003, 'Electrification technology and processes to meet economic and social 

objectives in Southern Africa', University of Cape Town. 

Gaunt, C.T., Salida, M., Macfarlane, R., Maboda, S., Reddy, Y. & Borchers, M. 2012, 

Informal Electrification in South Africa: Experience, Opportunities and Challenges, 

Sustainable Energy Africa. 

GNESD 2014, 'Country Report. Case Study: South Africa. Energy poverty in developing 

countries' urban poor communities: assessments and recommendations', Urban and 

Peri-urban energy access III. 

Goldemberg, J., Johansson, T. & Reddy, A. 2002, 'The new paradigm for energy', Current 

Science, vol. 82, no. 3, p. 258. 

Heunis, S. & Dekenah, M. 2014, 'A load profile prediction model for residential consumers in 

South Africa', Domestic Use of Energy (DUE), 2014 Proceedings of the Twenty-

Second, pp. 1-6. 

Howells, M., Victor, D.G., Gaunt, C.T., Elias, R.J. & Alfstad, T. 2006, 'Beyond free 

electricity: The costs of electric cooking in poor households and a market-friendly 

alternative', Energy Policy, vol. 34, no. 17, pp. 3351-3358. 

Howells, M.I., Jonsson, S., Käck, E., Lloyd, P., Bennett, K., Leiman, T. & Conradie, B. 2010, 

'Calabashes for kilowatt-hours: Rural energy and market failure', Energy Policy, vol. 

38, no. 6, pp. 2729-2738. 

IEA 2014, Africa Energy Outlook 2014: A Focus on Energy Prospects in Sub-Saharan Africa. 

Ilskog, E. 2008a, 'Indicators for assessment of rural electrification—An approach for the 

comparison of apples and pears', Energy Policy, vol. 36, no. 7, pp. 2665-2673. 

Ilskog, E. 2008b, Rural electrification sustainability indicators: Manual for field workers, 

Trita-STH report 2008:2. 

Keller, A. 2012, 'Conceptualising a sustainable energy solution for in situ informal settlement 

upgrading', Stellenbosch University. 

Kemeny, P., Munro, P.G., Schiavone, N., van der Horst, G. & Willans, S. 2014, 'Community 

Charging Stations in rural sub-Saharan Africa: Commercial success, positive 

http://www.energy.gov.za/files/policies/electrification/NON%20GRID%20ELECTRIFICATION%20POLICY%202012.13.pdf%3e
http://www.energy.gov.za/files/policies/electrification/NON%20GRID%20ELECTRIFICATION%20POLICY%202012.13.pdf%3e


 

58 

 

externalities, and growing supply chains', Energy for Sustainable Development, vol. 

23, no. 0, pp. 228-236. 

Kihedu, J. & Kimambo, C.Z.M. 2006, 'Solar Battery Charging Stations for Rural 

Electrification: The Case of Uzi Island in Zanzibar', in J.A.M. Taban-Wani (ed.), 

Proceedings from the International Conference on Advances in Engineering and 

Technology, Elsevier Science Ltd, Oxford, pp. 820-831. 

Knobloch, C. & Hartl, J. 2014, 'The Energy Kiosk Model - Current Challenges and Future 

Strategies', Endeva Business Model Library, no. 01. 

Lemaire, X. 2011, 'Off-grid electrification with solar home systems: The experience of a fee-

for-service concession in South Africa', Energy for Sustainable Development, vol. 15, 

no. 3, pp. 277-283. 

Løken, E. 2007, 'Use of multicriteria decision analysis methods for energy planning 

problems', Renewable and Sustainable Energy Reviews, vol. 11, no. 7, pp. 1584-1595. 

Mainali, B. & Silveira, S. 2015, 'Using a sustainability index to assess energy technologies for 

rural electrification', Renewable and Sustainable Energy Reviews, vol. 41, no. 0, pp. 

1351-1365. 

McDonald, D. 2012, Electric capitalism: Recolonising Africa on the power grid, Routledge. 

Misselhorn, M. 2008, 'Position paper on informal settlement upgrading'. 

Niemand, F. & Banks, D. 2006, 'NuRa-a success story for rural energy service delivery', 

Energise. pp13-16. July. 

NMBM 2014, Municipality one of first to install green energy in informal settlements, Nelson 

Mandela Bay Municipality,, viewed 2015-04-03, 

<http://www.nelsonmandelabay.gov.za/News.aspx?objID=4&cmd=view&id=2107>. 

Nussbaumer, P., Bazilian, M. & Modi, V. 2012, 'Measuring energy poverty: Focusing on 

what matters', Renewable and Sustainable Energy Reviews, vol. 16, no. 1, pp. 231-

243. 

Parnell, S. & Walawege, R. 2011, 'Sub-Saharan African urbanisation and global 

environmental change', Global Environmental Change, vol. 21, Supplement 1, no. 0, 

pp. S12-S20. 

Pode, R. 2010, 'Solution to enhance the acceptability of solar-powered LED lighting 

technology', Renewable and Sustainable Energy Reviews, vol. 14, no. 3, pp. 1096-

1103. 

Pode, R. 2015, 'Battery charging stations for home lighting in Mekong region countries', 

Renewable and Sustainable Energy Reviews, vol. 44, no. 0, pp. 543-560. 

Pohekar, S.D. & Ramachandran, M. 2004, 'Application of multi-criteria decision making to 

sustainable energy planning—A review', Renewable and Sustainable Energy Reviews, 

vol. 8, no. 4, pp. 365-381. 

Prasad, G. 2007, Electricity from solar home systems in South Africa. 

Presence, C. 2014, 'SA's 'sad story of housing' - Lindiwe Sisulu', Mail & Guardian. 

Property 24 2014, R17.5m Ekurhuleni’s solar project, viewed 2015-04-03, 

<http://www.property24.com/articles/r175m-ekurhuleni%E2%80%99s-solar-

project/17502>. 

Qase, N., Gaunt, C. & Winkler, H. 2001a, National Electrification Programme Evaluation – 

Interim outcomes report: Durban Metro., Energy and Development Research Center, 

University of Cape Town. 

Qase, N., Gaunt, C. & Winkler, H. 2001b, National Electrification Programme Evaluation – 

Interim outcomes report: Gauteng (Orange Farm), Energy and Development 

Research Center, University of Cape Town. 

http://www.nelsonmandelabay.gov.za/News.aspx?objID=4&cmd=view&id=2107%3e
http://www.property24.com/articles/r175m-ekurhuleni%E2%80%99s-solar-project/17502%3e
http://www.property24.com/articles/r175m-ekurhuleni%E2%80%99s-solar-project/17502%3e


 

59 

 

Rahman, M.M., Paatero, J.V. & Lahdelma, R. 2013, 'Evaluation of choices for sustainable 

rural electrification in developing countries: A multicriteria approach', Energy Policy, 

vol. 59, no. 0, pp. 589-599. 

SANERI 2008, Improving Energy Welfare in Unelectrified Urban Informal Households, 

Sustainable Energy Africa, EU0607-103. 

SEA 2014, 'Tackling Urban Energy Poverty in South Africa'. 

Selco Foundation 2013, Integrated Energy Centre (IeC) - Brief Progress Report. 

Shapurjee, Y. & Charlton, S. 2013, 'Transforming South Africa’s low-income housing 

projects through backyard dwellings: Intersections with households and the state in 

Alexandra, Johannesburg', Journal of Housing and the Built Environment, vol. 28, no. 

4, pp. 653-666. 

Sovacool, B.K., Cooper, C., Bazilian, M., Johnson, K., Zoppo, D., Clarke, S., Eidsness, J., 

Crafton, M., Velumail, T. & Raza, H.A. 2012, 'What moves and works: Broadening 

the consideration of energy poverty', Energy Policy, vol. 42, no. 0, pp. 715-719. 

Statistics SA 2013, General Household Survey, Pretoria, P0318. 

Subramoney, J. 2004, 'Integrated Energy Centres(IeC) in SA', Workshop on Energy 

Transitions 18th-20th August, Convened by PESD Stanford University and ERC 

University of Cape Town, , Cape Town, South Africa. 

Sustainable.co.za 2015, Solar Lights, viewed 2015-05-04, 

<http://www.sustainable.co.za/efficient-lighting/solar-lights.html>. 

Tait, L. 2013, 'Challenges of grid electrification in dealing with informality in South Africa', 

Local Climate Solutions for Africa Conference, Power Point Slides, Dar es Salaam, 

Tanzania, viewed 2013-11-30, <http://locs4africa.iclei.org/wp-

content/uploads/2013/11/Challenges-of-grid-electrification-in-dealing-with-

informality-in-South-Africa.pdf>. 

Tait, L., Merven, B. & Senatla, M. 2013, 'Investigating current and future roles of paraffin in 

South Africa', Report for the Paraffin Safety Association of South Africa., viewed 

2015-04-09, <http://www.erc.uct.ac.za/Research/publications/13Tait-

etal_Paraffin_in_SA.pdf>. 

Tait, L. & Winkler, H. 2012, 'Estimating greenhouse gas emissions associated with achieving 

universal access to electricity for all households in South Africa', Journal of Energy 

Southern Africa. 

Tatham, G. 2013, 'Providing gas to poor households in greater Cape Town', Domestic Use of 

Energy Conference (DUE), 2013 Proceedings of the 21st, IEEE, pp. 1-3. 

Ugesi Gold 2015, Solar Turtle, viewed 2015-04-21 2015, <http://www.ugesigold.co.za/micro-

utilities>. 

Ugwu, O.O. & Haupt, T.C. 2007, 'Key performance indicators and assessment methods for 

infrastructure sustainability—a South African construction industry perspective', 

Building and Environment, vol. 42, no. 2, pp. 665-680. 

UN-Habitat 2003, The challenge of slums: global report on human settlements 2003. 

UN-Habitat 2014, The State of African Cities 2014, 004/14E. 

UNDAP 2011, Promoting energy access for the urban poor worldwide, vol. 2015, 2015-06-

02. 

UNDP 2000, World Energy Assessment: Energy and the Challenge of Sustainability. 

UNDP 2014, Universal access to modern energy for the poor, viewed 2014-11-06, 

<http://www.undp.org/content/undp/en/home/ourwork/environmentandenergy/focus_a

reas/sustainable-energy/universal-access.html>. 

UNIDO 2008, 'Community power centres-‘lighting up Kenya’.', Power Point Slides, 

<http://mirror.unhabitat.org/downloads/docs/7803_3494_ACCESS%20TO%20ENER

GY%20IN%20PERI-URBAN%20AREAS%20OF%20KENYA_UNIDO.pdf>. 

http://www.sustainable.co.za/efficient-lighting/solar-lights.html%3e
http://locs4africa.iclei.org/wp-content/uploads/2013/11/Challenges-of-grid-electrification-in-dealing-with-informality-in-South-Africa.pdf%3e
http://locs4africa.iclei.org/wp-content/uploads/2013/11/Challenges-of-grid-electrification-in-dealing-with-informality-in-South-Africa.pdf%3e
http://locs4africa.iclei.org/wp-content/uploads/2013/11/Challenges-of-grid-electrification-in-dealing-with-informality-in-South-Africa.pdf%3e
http://www.erc.uct.ac.za/Research/publications/13Tait-etal_Paraffin_in_SA.pdf%3e
http://www.erc.uct.ac.za/Research/publications/13Tait-etal_Paraffin_in_SA.pdf%3e
http://www.ugesigold.co.za/micro-utilities%3e
http://www.ugesigold.co.za/micro-utilities%3e
http://www.undp.org/content/undp/en/home/ourwork/environmentandenergy/focus_areas/sustainable-energy/universal-access.html%3e
http://www.undp.org/content/undp/en/home/ourwork/environmentandenergy/focus_areas/sustainable-energy/universal-access.html%3e
http://mirror.unhabitat.org/downloads/docs/7803_3494_ACCESS%20TO%20ENERGY%20IN%20PERI-URBAN%20AREAS%20OF%20KENYA_UNIDO.pdf%3e
http://mirror.unhabitat.org/downloads/docs/7803_3494_ACCESS%20TO%20ENERGY%20IN%20PERI-URBAN%20AREAS%20OF%20KENYA_UNIDO.pdf%3e


 

60 

 

UNPF 2007, State of world population 2007: Unleashing the Potential of Urban Growth. 

Wamukonya, N. 2007, 'Solar home system electrification as a viable technology option for 

Africa's development', Energy Policy, vol. 35, no. 1, pp. 6-14. 

Wang, J.-J., Jing, Y.-Y., Zhang, C.-F. & Zhao, J.-H. 2009, 'Review on multi-criteria decision 

analysis aid in sustainable energy decision-making', Renewable and Sustainable 

Energy Reviews, vol. 13, no. 9, pp. 2263-2278. 

WB 2013, Global tracking framework. 

WB 2014, Africa Electrification Initiative, viewed 2014-11-06, 

<http://go.worldbank.org/WCEDP90SZ0>. 

Welsch, M., Bazilian, M., Howells, M., Divan, D., Elzinga, D., Strbac, G., Jones, L., Keane, 

A., Gielen, D., Balijepalli, V.S.K.M., Brew-Hammond, A. & Yumkella, K. 2013, 

'Smart and Just Grids for sub-Saharan Africa: Exploring options', Renewable and 

Sustainable Energy Reviews, vol. 20, no. 0, pp. 336-352. 

Winkler, H. 2006, Energy policies for sustainable development in South Africa: Options for 

the future, Energy Research Centre, Cape Town. 

Visagie, E. 2008, 'The supply of clean energy services to the urban and peri-urban poor in 

South Africa', Energy for sustainable development, vol. 12, no. 4, pp. 14-21. 

Wolpe, P. & Reddy, Y. 2010, 'Alleviating urban energy poverty in the informal sector: the 

role for local government', Overcoming inequality and structural poverty in South 

Africa: Towards inclusive growth and development, Johannesburg. 

Wolpe, P., Reddy, Y. & Euston-Brown, M. 2012, 'Energising Urban South Africa: Poverty, 

Sustainability and Future Cities', Towards Carnegie III, University of Cape Town, 

Cape Town. 

World commission on environment and development 1987, Our common future, Oxford 

University Press, Oxford. 

Yelland, C. 2008, 'Electricity theft and non-payment–Impact on the SA generation capacity 

crisis', SARPA Conference Paper. 

Ziblim, A. 2013, 'The Dynamics of Informal Settlements Upgrading in South Africa: 

Legislative and Policy Context, Problems, Tensions, and Contradictions', Habitat 

International, vol. 37, pp. 316-334. 

 For personal communcation, see table 6, p. 18. 

 

http://go.worldbank.org/WCEDP90SZ0%3e


 

A1-1 

 

Appendix 1. Criteria for Evaluation of Alternatives of Access 
Category Criteria Brief description Relevance Evaluation References 

Technical Level of energy 

services 

Amount and quality of services provided by 

the alternative. 

The level of service the alternative provides 

determine what end uses it permits. 

Evaluation scale – Very low level of services (0%) to allows full 

range of energy services (100%) 

(Amer & Daim 2011; 

Mainali & Silveira 

2015) 

 Reliability Duration, consistency and availability of 

services provided by the alternative. 

Reliability is important to the acceptance of an 

alternative and meeting various purposes of 

electrification. 

Evaluation scale – Haphazard access (0%) to full access to 

theoretical energy capacity (100%) 

(Fuso Nerini et al. 2014; 

Mainali & Silveira 

2015) 

 O&M needs 

 

Amount of operation and maintenance 

capabilities and services needed for the 

alternative to work properly. 

Ability to meet needs of O&M are crucial to 

successful sustained operation of an alternative and 

may be impaired in informal settlements. 

Evaluation scale – Large needs of specialized personnel and 

training of households (0%) to no need of specialized personnel 

and only rare maintenance (100%) 

(Ilskog 2008a; Mainali 

& Silveira 2015) 

Economic Capital cost Initial cost of establishing the alternative. Raising capital for electricity access projects can be 

an issue. High initial costs can therefore be an 

obstacle. 

Estimated and normalized - High (0%) to low (100%) (Amer & Daim 2011) 

 O&M costs Costs for operation and maintenance of the 

alternative. 

High O&M costs may adventure sustained 

application of the alternative. 

Estimated and normalized - High (0%) to low (100%) (Amer & Daim 2011) 

 Accessibility to 

subsidies 

Available subsidies for application of the 

alternative. 

Ease of such access affects the ability to implement 

the alternative. 

Evaluation scale – difficult (0%) to most costs can be covered 

(100%) 

(Fuso Nerini et al. 2014) 

 Vulnerability to risks 

of manipulation or 

theft 

Exposure to risks of manipulation, non-

payment or attractiveness to theft of 

components. 

Illegal activities can be more frequent in poor areas 

and may adventure the viability of an alternative. 

Evaluation scale – vulnerable (0%) to unlikely to be affected by 

crime (100%) 

(Antmann 2009; Gaunt 

et al. 2012; Lemaire 

2011) 

Environmental 

and health 

Health and safety Risks to health and safety related to the 

alternative, e.g. electrocution or harmful 

emissions. 

Health and safety hazards related to the energy 

sources are undesirable. 

Evaluation scale - High (0%) to low (100%) risks to health and 

safety 

(Fuso Nerini et al. 2014; 

Wang et al. 2009; WB 

2013) 

Social Adequacy of access 

 

Capability to provide energy that meets the 

household’s needs in a way that is legal, 

convenient and affordable. 

Social and socio-economic impact are important 

goals of ensuring electricity access. 

Evaluation scale - Enables a low level of services (0%) to 

enables the entire range of possible uses and productive 

activities (100%) 

(Gaunt 2003; Mainali & 

Silveira 2015) 

 Social acceptance Households’ willingness to commit to 

practice of the alternative. 

Favorable opinion increases the likelihood of 

sustained adoption of the alternative. 

Evaluation scale – Reluctance among households towards the 

alternative (0%) to considered favorably by most households 

(100%) 

(Amer & Daim 2011; 

Wang et al. 2009; 

Visagie 2008) 

Institutional Institutional barriers Compliance with institutional setting and 

regulatory framework. 

Institutional arrangements and regulations crucially 

affect the feasibility and political acceptance of an 

alternative. 

Evaluation scale – Highly compatible with current institutional 

framework (0%) to the alternative can be implemented with no 

or small modifications to current regulations (100%) 

(Fuso Nerini et al. 2014; 

Wolpe & Reddy 2010) 

 Availability of supply 

chains 

Supply chains determine the ability to 

supply fuel and services to settlements 

where target households are located. 

For an energy source to be available to the 

households and thus relevant to consider, supply 

chains must be at hand. 

Evaluation scale – Insufficient or unreliable supply chains (0%) 

to supply chains are fully available with sufficient capacity 

(100%) 

(DME 2007; Ilskog 

2008a) 
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Appendix 2. Consent Form for Interviewees 

 

Consent Form for Participation in Research Study: 

Electricity access in informal settlements 

 

Introduction 

You are invited to participate in a study by Simon Runsten, as a part of a bachelor thesis in 

the field of sustainable energy systems, carried out at the Division of Energy Systems 

Analysis, Royal Institute of Technology (KTH) in Sweden. The design of the study has also 

been overseen by researchers at the Energy Research Centre (ERC) at the University of Cape 

Town. The study is meant to result in a thesis report and may be submitted for publication in a 

journal or research database.  

 

Description of your participation 

Your participation in this research study is voluntary. You may choose not to participate and 

you may withdraw your consent to participate at any time. You will not be penalized in any 

way should you decide not to participate or to withdraw from this study. 

 

You will be provided with a copy of this information. You are welcome to ask questions 

about the study and your roll in the study, either to me,  

Simon Runsten ([e-mail] or [phone number]), or to the local contact person 

Louise Tait ([e-mail] or [phone number]). 

 

Purpose of research 

The objective of this study is to compare current and prospect alternatives for electricity 

access in informal urban settlements which are considered unsuitable for grid electrification. 

 

Procedures 

The alternatives for electricity access are mainly evaluated through literature but interviewees 

are invited to contribute in evaluation of alternatives and criteria related to their experience 

and knowledge. Interviewees are mainly asked to rate the relevance of various criteria through 

a questionnaire. Resulting findings will be presented in a quantitative comparison. To capture 

qualitative information, interviewees will be invited to answer three qualitative questions. The 

interview length can be adjusted to your ability to participate, but is estimated to take 

approximately 30-45 minutes. 

 

Benefits 

The results of this study can possibly help to give an understanding of how policies and other 

measures aimed at reducing energy poverty in informal settlements can or should address 

households situated on land considered unsuitable for habitation. 

 

Reimbursements  

Participants will be given a copy of the finished thesis and any research paper if such is 

produced and accepted. You will not be provided any incentive to take part in the research.  

 

Confidentiality 

Information gathered through interviews will be handled confidentially and you will be given 

the choice of what, if any, information about your person will be revealed. 
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Certificate of Consent 

I have read the foregoing information. I have had the opportunity to ask questions about it and 

any questions I have been asked have been answered to my satisfaction. I consent voluntarily 

to be a participant in this study.  

 

[  ] I agree to my name, title and organization to be disclosed in the paper 

[  ] I wish to be anonymous, but agree to be mentioned by title and organization 

[  ] I wish to be anonymous, but agree to be mentioned by organization 

[  ] I wish to be anonymous, but agree to be mentioned by description of organization 

[  ] I wish to remain entirely anonymous 

 

 

Signature of Participant ___________________ 

 

Name of Participant__________________   

  

Date ___________________________ 

 Day/month/year 

 

I would like to have the report sent to me at the following address: 

 

___________________________ 
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Appendix 3. Questionnaire for Criteria Selection 

QUESTIONNAIRE FOR EVALUATING IMPORTANCE OF CRITERIA FOR 

ASSESSING ELECTRICITY ACCESS IN INFORMAL SETTLEMENTS 

 

Introduction 

Consider the relevance of the below criteria in deciding how well an alternative is (or would 

be) able to provide access to energy, from the point of view that you are representing, i.e. as a 

stakeholder or expert. 

 

Category Criteria Brief description 

TECHNICAL Level of energy 

services 

Amount and quality of services provided by 

the alternative 

 Reliability Duration, consistency and availability of 

services provided by the alternative 

 O&M needs 

 

Amount of operation and maintenance 

capabilities and services needed for the 

alternative to work properly 

ECONOMIC Capital cost Initial cost of establishing the alternative 

 O&M costs Costs for operation and maintenance of the 

alternative 

 Accessibility to 

subsidies 

Available subsidies for implementation of 

the alternative 

 Vulnerability to risks 

of manipulation or 

theft 

Exposure to risks of manipulation, non-

payment or attractiveness to theft of 

components 

ENVIRONMENTAL 

AND HEALTH 

Health and safety Risks to health and safety related to the 

alternative, e.g. bad wiring or harmful 

emissions 

SOCIAL Adequacy of access Capability to provide energy that meets the 

household’s needs in a way that is legal, 

convenient and affordable. 

 Social acceptance Households willingness to commit to 

practice of the alternative 

INSTITUTIONAL Institutional barriers Compliance with institutional setting and 

regulatory framework, e.g. illegality or need 

of additional investments 

 Availability of supply 

chains 

Supply chains determine the ability to supply 

fuel and services to settlements where target 

households are located 

 

Instructions: 

Draw arrows from each of the criteria to the scale on the left to indicate the importance of the 

singe criterion in the decision process. If a criterion is considered important but is not 

mentioned below, please name the criteria and repeat the above instructions.  
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TECHNICAL CRITERIA 

 

 

LEVEL OF ENERGY SERVICES 

 

 

RELIABILITY 

 

 

O&M NEEDS 

 

 

OTHER: _____________ 

1 1  Specifies all aspects of a decision 

  
  0,9 
    
  0,8 
    0,75  Dictates most aspects of a decision 

0,7 
    
  0,6 
    
  0,5 0,5  Dictates some aspects of a decision 

  
  0,4 
    
  0,3 
    0,25  Dictates a few aspects of a decision 

0,2 
    
  0,1 
    
  0 0  Irrelevant for the decision process 

 

 

 

ECONOMIC CRITERIA 

 

 

CAPITAL COST 

 

O&M COST 

 

 

ACCESSIBILITY TO SUBSIDIES 

 

 

VULNERABILITY TO RISKS OF 

MANIPULATION OR THEFT 

 

 

OTHER: _____________ 

1 1  Specifies all aspects of a decision 

  
  0,9 
    
  0,8 
    0,75  Dictates most aspects of a decision 

0,7 
    
  0,6 
    
  0,5 0,5  Dictates some aspects of a decision 

  
  0,4 
    
  0,3 
    0,25  Dictates a few aspects of a decision 

0,2 
    
  0,1 
    
  0 0  Irrelevant for the decision process 
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ENVIRONMENTAL 

AND HEALTH CRITERIA 
 

 

HEALTH AND SAFETY 

 

 

OTHER: _____________ 

1 1  Specifies all aspects of a decision 

  
  0,9 
    
  0,8 
    0,75  Dictates most aspects of a decision 

0,7 
    
  0,6 
    
  0,5 0,5  Dictates some aspects of a decision 

  
  0,4 
    
  0,3 
    0,25  Dictates a few aspects of a decision 

0,2 
    
  0,1 
    
  0 0  Irrelevant for the decision process 

 

 

 

SOCIAL CRITERIA 

 

 

ADEQUACY OF ENERGY 

SERVICES 

 

 

SOCIAL ACCEPTANCE 

 

 

OTHER: _____________ 

1 1  Specifies all aspects of a decision 

  
  0,9 
    
  0,8 
    0,75  Dictates most aspects of a decision 

0,7 
    
  0,6 
    
  0,5 0,5  Dictates some aspects of a decision 

  
  0,4 
    
  0,3 
    0,25  Dictates a few aspects of a decision 

0,2 
    
  0,1 
    
  0 0  Irrelevant for the decision process 
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INSTITUTIONAL CRITERIA 

 

 

INSTITUTIONAL BARRIERS 

 

 

AVAILABILITY OF SUPPLY 

CHAINS 

 

 

OTHER: _____________ 

1 1  Specifies all aspects of a decision 

  
  0,9 
    
  0,8 
    0,75  Dictates most aspects of a decision 

0,7 
    
  0,6 
    
  0,5 0,5  Dictates some aspects of a decision 

  
  0,4 
    
  0,3 
    0,25  Dictates a few aspects of a decision 

0,2 
    
  0,1 
    
  0 0  Irrelevant for the decision process 
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