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Abstract 
This dissertation aims to investigate urbanisation in Sub-Saharan Africa, specifically South Africa, and 

the challenges of sustainable electricity provision to the urban domestic sector. The work also aims 

to investigate how municipalities in South Africa can respond to the challenges presented by 

increasing rates of urbanisation and urban population growth, and the attendant impacts this will 

have on domestic electricity consumption. This dissertation focuses on both population growth and 

electricity consumption growth in two South African cities: Cape Town and Polokwane. A mixed 

methodology is used to investigate urban population growth and electricity consumption growth: 

quantitative modelling using the Long-range Energy Alternative Planning (LEAP) tool, developed by 

the Stockholm Environment Institute, as well as Microsoft Excel, was used to determine the growth 

in population in both cities through to 2030 from a baseline of 2012 for Cape Town, and 2011 for 

Polokwane, disaggregated by household income bracket. This is supplemented by qualitative 

analysis of the policy and regulatory frameworks that exist for electricity provision in the country, 

and case studies of previous electrification programs. By using estimated per-income-bracket 

monthly electricity consumption totals, this can then be translated to electricity consumption, and 

projections for the growth in electricity consumption through to the 2030 end-point are also 

produced. Finally, the modelling exercise captures rates of informality in the domestic sector in both 

cities and produces total formal and informal household numbers for the baseline year, as well as 

2020 and 2030. Three scenarios were investigated: a business-as-usual scenario, a high population-

growth scenario, and a demographic change scenario. The business-as-usual and high-growth 

scenarios both assume that the demographics of the city will remain consistent through to 2030, 

with current and increased levels of population growth respectively. The demographic change 

scenario assumes a move from lower-income brackets to higher-income brackets in the population 

of both cities. In terms of results, all three scenarios show a significant increase in domestic 

electricity consumption, and overall urban population. The high-growth scenario shows the largest 

increase, with an additional 22.7% consumption over business-as-usual levels by 2020, and 58.7% by 

2030, in Cape Town, and a 27.5% increase by 2020, and 72.0% increase by 2030 in Polokwane. The 

demographic change scenario shows a smaller increase over business-as-usual levels. Informality is 

set to rise in magnitude under all three scenarios, but by less under the demographic change 

scenario, as expected. From this analysis, municipalities will need to respond to increases in urban 

populations by investing in greater electrification and formalisation efforts if these growing 

populations are to be adequately serviced, as mandated under the Sustainable Development Goals, 

particularly SDG7. This can be achieved by greater cooperation and knowledge exchange between 

municipalities, as well as between municipalities and the national electricity utility. Finally, future 

research in this area should focus on improving the sustainability of electricity provision to South 

African urban areas; the expansion of urban services provision to informal settlements, and the 

financing of electrification in urban areas of the country. 
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Introduction – Electricity, Population Growth and Informality 
Developing countries, such as South Africa, are experiencing rapid population growth, and an equally 

rapid growth in urbanisation rates. Predictions from the World Bank suggest that by 2030, 50% of 

the Sub-Saharan African population will live in cities, challenging the common assumption in 

development practice of rural solutions to rural problems being a necessity (Rafei, 2014). This 

dissertation aims to determine how municipalities in developing country cities can respond to the 

challenges of growing populations and the resulting growth in electricity demand. In addition to the 

growth in electricity demand in the formal sector, informal households will be included in the 

analysis, as informal population growth is also predicted to increase in line with urbanisation 

increases in the region. The methodology used in this dissertation will focus on modelling urban 

population growth in two cities in South Africa, Cape Town and Polokwane. Cape Town has been 

selected as one of the primary cities of South Africa and is expected to undergo significant 

population growth in the near future as one of the economic hubs of the country. Current 

urbanisation research for Sub-Saharan Africa suggests that the majority of population growth 

expected in cities in the region is to occur in small- and medium-size cities, or cities under 1 million 

people in the coming decades (Satterthwaite, 2017). As such, the second city selected is Polokwane, 

one of the country’s many secondary cities. The contrast between average incomes and municipal 

budgets between the two cities is expected to lead to contrasting approaches and challenges 

regarding municipal population growth and urban service provision. 

The population growth models will be forecast through to 2030, from a baseline of 2012 for Cape 

Town, and 2011 for Polokwane. The baselines were selected as the most recent year for which 

reliable population figures are available, as the most recent country-wide census occurred in 2011. 

2030 was selected as an end-point for the models to give a medium-term outlook on population 

growth in the coming decade, and to determine if current policies and programmatic responses in 

place are appropriate for the challenges facing the municipalities. Population growth in these 

models will be linked to electricity consumption by dividing growth into household income brackets 

and making informed assumptions about average household electricity consumption per income 

bracket, enabling the models to also predict electricity consumption growth through to 2030. Finally, 

growth in informal settlements will be modelled by assuming rates of informality remain at the same 

level as the baseline years and projecting these levels forward to 2030. 

Three scenarios will be used for this analysis: a business-as-usual scenario, where population growth 

remains at current levels through to 2030; a high-growth scenario, where population growth rates 

remain at a higher level or increase, and a demographic change scenario, where household incomes 

increase, and households move from lower-income brackets to higher-income brackets. This last 

scenario is based on current research suggesting that middle-income populations in Sub-Saharan 

Africa will increase substantially in the coming decades as economic development continues, and the 

scenario aims to capture the effects this will have on electricity consumption and the prevalence of 

informal households. 

The models suggest that even under a business-as-usual scenario, population growth and 

consequently electricity demand are both set to markedly increase in the two target cities through 

to 2030. This will present a number of challenges to the municipal authorities responsible for 

electrification and electricity service provision in Cape Town and Polokwane: higher population 

growth rates mean a larger required investment in new electricity infrastructure to service 

expanding household numbers, while also meaning increased municipal revenue from formal 

electricity services. For both Cape Town and Polokwane, an increase in the number of informal 

households is predicted in line with population growth rate, presenting additional challenges in 
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servicing these new informal households with formal electricity services: settlement morphology 

challenges and the prevalence of illegal electricity connections in informal settlements both 

contribute to a challenging socio-technical situation for municipal authorities in providing formal 

electricity services. 

The main goal of the analysis of these models is to determine the scale of challenge facing 

municipalities in providing electricity services and electrification, and how municipalities across 

South Africa and in the wider region can respond to these challenges. Greater investment and 

increases in municipal electricity department budgets are an obvious starting point, but 

sustainability considerations must also be taken into account, particularly given the goals South 

Africa has signed up to under the United Nations Sustainable Development Goals, and Goal Seven 

(ensuring access to affordable, reliable, sustainable and modern energy for all) in particular. This will 

require a new approach to electrification, determining appropriate solutions to the challenges faced 

in cities, and considering both on- and off-grid systems, as well as sustainable energy systems. 

Integrating sustainability concerns, and ensuring reliable, affordable access to modern energy 

solutions, will require new and updated policy and regulatory frameworks, and greater collaboration 

between municipal and national governments, and national institutions such as ESKOM, the 

parastatal electricity utility. Finally, capacity within municipal governments for electrification and 

electricity provision is key, and capacity-building and knowledge exchange activities will be key to 

ensuring appropriate solutions for problems are implemented across the gamut of urban contexts in 

the country. 

 

Aims, Objectives and Research Questions 
This dissertation has three main aims: to model and therefore estimate the growth in urban 

populations in South African cities through to 2030; to model and estimate the growth in electricity 

consumption in the domestic sector that this population growth entails, and to estimate the growth 

of informal settlements (specifically informal households) in South African cities through to 2030. 

The objectives that result from these aims are to create a model of urban population growth in 

South African cities in the coming decades, and create a robust model of how electricity 

consumption in the domestic sector relates to population growth. Finally, an estimate of how 

informal household numbers will grow with relation to formal household numbers will be 

determined. The main research question of this dissertation is “How can South African municipalities 

respond to the challenges of sustainable electricity provision to urban households now and into the 

future?” Secondary research questions include how informal settlement growth relates to formal 

population and household growth in South Africa, and how electricity consumption growth in the 

domestic sector is linked to urban population growth in cities in the country. 

 

Literature Review – South African Urban Contexts and Electrification 

Challenges 

South African Urban Context 
According to the World Bank, as of 2017, South Africa was approximately 65% urbanised. The 

country contains a number of major urban areas, including the large cities of Cape Town, 

Johannesburg and Durban, as well as a number of smaller urban areas such as Port Elizabeth, Nelson 

Mandela Bay and Polokwane. The country, similar to a number of Sub-Saharan African nations, has 
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seen a rapid growth in its urbanisation rate over the last thirty years, and annual urban population 

growth as of 2016 was estimated to be 2.3%. There are a number of factors behind this relatively 

high urbanisation rate in the country: notably, population growth in the country is relatively high, at 

1.61%, with young and elderly populations growing faster than others (Statistics South Africa 2017). 

In addition, rural-urban migration has been a contributing factor to the growth of cities in the 

country since the colonial era and continues to drive the growth of the country’s urban areas. By 

2030, the United Nations estimates that 71% of the country’s population will reside in urban areas 

(Brand South Africa 2015, Pardee Center for International Futures 2018, Trading Economics 2018a, 

Trading Economics 2018b, Statistics South Africa 2017, World Population Review 2018). 

Urban Services and Electricity 
High levels of urban population growth in recent decades have strained the ability of municipalities 

to provide urban services to ever-increasing populations. While the official electrification rate of 

urban residents in South Africa stands at 94%, this figure may fail to capture the reality of access to 

electricity and the level of service that residents of urban areas have access to. In particular, the 

disparity in level of access between middle- and high-income populations and low-income 

populations presents a different reality of electricity access than the official figures suggest. Figures 

for the City of Cape Town for 2011, which will be analysed in greater detail later in this thesis, 

suggest that 89% of the low-income population had access to electricity, compared with 97-99% of 

the middle- and high-income populations of the city (City of Cape Town 2015). In addition, this figure 

fails to take into account the levels of electricity access in informal urban settlements, which have 

developed outside of the formal urbanisation structure of municipalities in response to urban 

population growth. Access to electrification data for these settlements is challenging, as are current 

estimates of the population living in urban informal settlements. Census data for South Africa was 

last compiled in 2011, and urban informal settlement growth rates have continued to rise since then. 

Informal settlements are a niche case in the urban electrification and urban development policy 

space. These settlements exist outside of the formal urban services sphere, including the formal 

electricity provision sphere. Access to a formal electricity connection for these communities is often 

out-of-reach, either due to cost concerns (demographically, these settlements are typically low-

income) or due to regulatory barriers to formalisation. These regulatory barriers can include distance 

to an existing formal electricity service point, as well as a lack of a formal address to apply for a 

formal connection (UN-HABITAT 2011, UN-HABITAT 2016). 

Growth in Informality in Urban Areas of South Africa 
Urban population growth, either through natural growth in populations or through rural-urban 

migration, has led to a significant growth in informality in urban areas of South Africa. The causes of 

rural-urban migration in Sub-Saharan Africa are well-documented: opportunities for employment 

and economic advancement, leading to a better quality-of-life, and enhanced access to services, are 

commonly-cited as factors affecting the decision to move from rural areas to urban areas. However, 

the ability of municipalities to formally service ever-growing populations in South Africa has not kept 

up with the urbanisation rates seen in recent decades, and the growth of urban informal settlements 

as a self-made solution for housing and living is a consequence of this lack of formal service 

availability. To gain an insight into the recent scale of prevalence of informal settlements, Statistics 

South Africa reported that as of 2014, 13.1% of households in urban areas of the country were 

classed as informal dwellings, and the proportion of the urban population living in informal 

settlements was estimated to be 11%. These figures, however, vary across the country, with the 

report stating that North-West and Gauteng provinces had the highest proportions of informal 

urban households (21% and 19%, respectively). While it is commonly assumed that urban informal 
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settlement populations are poorer economically, an interesting facet of this report is that informal 

settlements in urban areas were occupied evenly by the bottom 80% of household income levels 

(quintiles 1 through 4) (Statistics South Africa, 2016, Space Syntax 2012). 

Urbanisation Rate in South Africa and Growth in Middle-income Populations 
The growth in population and subsequent growth in informal settlements are primary drivers for 

increases in electricity demand in the country. However, two other drivers also affect the potential 

for electricity demand in cities to rise: growth in the urbanisation rate of the country, and increasing 

levels of income, manifesting through an increase in ‘middle-class’ consumption patterns in the 

country. 

Urbanisation rates in Sub-Saharan Africa generally are increasing, and a significant proportion of 

population growth in the region is set to be in small- and medium-sized cities. In addition, the 

continent’s emerging mega-cities are continuing to experience high population growth. From 1990 

through to 2030, modelling suggests that urban population growth is set to be strong in cities of all 

sizes, but particularly in small- and medium-sized cities, with less than 1 million people. This growth 

pattern may initially present opportunities for sustainability, however the mode of urbanisation seen 

in Sub-Saharan African cities tends towards sprawl rather than densification, presenting further 

challenges to municipal authorities in servicing growing spatial regions (Dodman et al 2017). South 

Africa is no exception to this: The City of Cape Town, for example, has seen significant increases in its 

overall land area usage in recent years (Horn, 2018). As more of the country becomes urbanised, 

urban electricity consumption patterns (in general greater than rural consumption patterns due to 

access and increasing incomes) are set to rise, increasing overall domestic electricity consumption in 

the country in a way not accounted for through natural population growth alone (Güneralp et al, 

2014). 

The third factor is increasing incomes: the economic pressures on rural populations that drive rural-

urban migration are well-documented in a number of developing and transition country contexts 

(Brueckner & Lall 2015, de Brauw, Mueller & Lee 2014). In addition, a growing body of literature 

concerning the rise of the ‘New African Consumer’ and the growing global middle-class, particularly 

in Sub-Saharan Africa, suggests that incomes on the continent, and in South Africa, are set to rise, 

with a greater proportion of the population having access to more disposable income, and desiring 

the services that greater household incomes can provide. Increasing household incomes not only 

drive economic growth, but also drive consumption of resources, electricity included. As new 

consumers enter the middle-class income bracket, consumer goods ownership and household 

consumption of non-essentials (such as entertainment and media access) is set to rise, leading to an 

increase in overall household electricity consumption. As more consumers enter this bracket, driven 

by economic growth as well as policy, this is set to drive increases in overall domestic consumption 

in the country (McEwan, Hughes & Beck 2015, African Development Bank 2011, Deloitte 2013, 

Bhorat, Kharas & Pita 2017). 

Previous Challenges & Responses to Electrification in Urban Settlements – A Review 
The challenges facing municipal and national electricity authorities in electrifying urban settlements 

in Sub-Saharan Africa more widely, and South Africa specifically, are numerous. These challenges are 

particularly apparent when dealing with urban informal settlements. Urban settlement 

electrification in the formal urban sphere has developed well in South Africa in the post-apartheid 

era, with figures for 2015 suggesting that 94% of the urban population of the country had access to 

electricity (Trading Economics, 2018b). However, as the figures for the City of Cape Town show, 
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there is still a disparity in access between income levels, and these figures may not capture the full 

reality of the urban electrification space due to factors like informality and informal/illegal access. 

The challenges facing electrification authorities in addressing continuing urban electrification growth 

can be broadly grouped into technical, economic and policy challenges. Technical challenges and 

economic challenges are often interlinked, with the technical challenge of servicing growing 

populations in urban settlements being constrained by the economic challenges of meeting the cost 

of grid extension. Technical challenges are often seen when considering formal electrification of 

informal settlements. Informal settlements are often constructed at the periphery of formal urban 

spaces, and/or where land is available for settlement. This has led to settlement development in 

terrain that is challenging for electrification authorities to work in, such as hillsides and wetlands. In 

addition, given the history that exists in South Africa of a lack of electrification in informal spaces, 

informal/illegal electricity connections have become widespread as a method of gaining electricity 

services by the residents of informal settlements. These illegal connections pose both a technical 

and economic challenge to electrification authorities. Both municipal electricity authorities, and the 

national utility ESKOM, have previously proven unwilling to selectively electrify areas where illegal 

connections are the dominant mode of access, due to a perception that illegal connections would be 

more accessible thanks to more proximate access to formal electricity infrastructure. Blanket 

electrification alongside the removal of illegal connections is another option that has been used by 

both municipal authorities and the national utility, although this poses additional challenges in terms 

of financing larger-scale operations. Settlement morphology poses additional challenges to the 

blanket electrifications strategy: given the prevalence of informal settlements, and illegal 

connections, in challenging terrain, additional expenditure in terms of equipment and labour would 

be necessary to electrify these areas. Additional economic challenges can arise from the consumer 

side: revenue recovery and consumer willingness-to-pay can both pose problems to electricity 

authorities when deliberating the electrification strategy for informal settlements. Consumers that 

have previously been connected through an illegal electricity connection have been found to be less 

willing to pay for formal connections in the country, despite the increased quality and availability of 

service. This in turn affects revenue recovery for the electricity authority: formally-connected 

consumers not paying for the electricity service delivered to them will have an impact on the 

financial stability of the authority, and therefore affect operations and future development. As an 

estimate of the scale of the problem of electricity theft in South Africa, data from the Operation 

Khanyisa project, in partnership with ESKOM and the South African Local Government Association 

(SALGA) suggests a total of R20.2 million in lost annually by ESKOM and municipal distribution 

authorities due to non-technical losses (predominantly electricity theft) (Operation Khanyisa 2016, 

Bekker et al 2008, ESI Africa 2015, Smart Energy International 2017). 

Governmental responses, both at a national and municipal level, have changed considerably in the 

last two decades in South Africa. The 2004 Breaking New Ground plan was the dominant 

government strategy for informal settlements and targeted the progressive eradication of 

informality and informal settlements in the urban landscape of the country. However, results of the 

Plan were mixed, and documents released at the beginning of the 2010s suggested a new policy 

approach to informality from national government, particularly with regard to electrification. These 

included the Energy White Paper of 2010, and specifically the Policy Guidelines for the Electrification 

of Unproclaimed Areas of 2011. The Energy White Paper for example, specifically included informal 

settlements in national electrification targets, and the 2011 Policy Guidelines were the first national 

government policy release specifically targeting urban informal settlement electrification (Lemaire & 

Kerr 2016, Government of South Africa 2004). 
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These policy guidelines have been applied at different levels throughout the country, in part due to 

the variances in governance structure of electricity provision within municipalities. The policy and 

regulatory framework for electrification in South African cities varies by municipality, due to whether 

the municipality has its own distribution utility (for example, in the case of Cape Town), or whether 

the municipality is directly serviced by ESKOM, the vertically-integrated parastatal utility (for 

example, in part in the case of Polokwane). A common approach between these two groups of 

municipalities is grid extension to informal settlements, with the installation of new distribution lines 

to the street-level and metered household connections. However, based on internal policies of 

municipal utilities and policies within the national utility, some variance in approach has arisen. 

As part of the establishment of the context that exists regarding electrification of urban informal 

settlements in South Africa, and urban electrification more generally, two case studies will be used 

to highlight the variances in approach between municipalities in the country. The first is the Cape 

Town “backyarder” electrification project, aiming to electrify informal settlements sited on the 

property of other, formal dwellings on an individual basis. The second is the Johannesburg informal 

settlement electrification efforts undertaken by City Power in Johannesburg, the municipal 

electricity utility, which electrified informal settlements in the city based on criteria involving the 

suitability of their location, their prospects for grid extension in the immediate future, and the 

security and longevity of habitation at the location. 

The City of Cape Town backyarder electrification project began initially in 2011 with three pilot 

projects, in the Factreton, Hanover Park and Langa areas of the city. As of 2018, the project has been 

extended to two further areas of the city: Parkwood, and Bonteheuwel. “Backyarder” dwellings in 

this context refers to informal households that are sited on land occupied by formal properties, 

either state-owned public housing or private properties. These informal households are supplied 

with basic utilities through the formal connections of the property on which they are situated, and 

the owners/occupiers of the formal properties commonly collect revenue from the informal 

households for these services. These services include electricity, but also extend to water services 

and waste collection. This presented a number of challenges, not only to the inhabitants of these 

informal households, but also to city utilities, particularly the Electricity Department. Interviews with 

backyard dwelling inhabitants showed that service to their household was routinely poor, and often 

absent for long periods of time after the informal connections to their property tripped or were 

overloaded. Issues also existed with the democracy of access and information provided to these 

households on electricity consumption: householders were commonly not informed of their 

consumption by the inhabitants of the formal property, or discouraged from using electricity 

altogether, despite paying over-market-price rates for their services. With regard to the Electricity 

Department, these informal arrangements put additional strain on network infrastructure in areas 

where this practice was common, resulting in the need for increased maintenance and component 

replacement, and therefore cost. Democracy of access was also a key priority for the department, in 

line with drives towards energy efficiency and responsible consumption: metering each household 

individually meant that the city could directly monitor each household’s consumption, as well as 

informing inhabitants of their consumption practices. In addition, these newly-formally-connected 

households could benefit fully from existing subsidies, such as the Free Basic Electricity program, 

intended for low-income and low-consumption households. Finally, with regard to public safety, the 

formalisation of these previously-informal connections significantly reduced electrocution and fire 

risks in these backyard dwellings (Government of South Africa 2004, South African Department of 

Energy 2003, Kotze 2017, Gaunt et al 2012). 
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The pilot projects and subsequent electrification projects were undertaken by the City of Cape Town 

Electricity Department and involved a selective electrification approach, in that the targeted areas 

had already undergone a formal, blanket electrification process, but new dwellings had emerged in 

the period following the formal process which required selective electrification. The project was also 

somewhat unique in that households that were electrified were already, to an extent, able to 

receive electricity services from the municipal distribution infrastructure, albeit via a third party (the 

formal household owner). However, in line with the goal of democratisation of electricity access 

built-in to the electrification programs, these households were each given individual metering points 

and registered as individual consumers, giving them greater status and rights under the existing 

electricity policy framework. Current information on the ongoing state of electrification projects is 

limited, however a new project in Kalksteenfontein was slated for 2017, and approximately R50 

million had been set aside by the City of Cape Town Electricity Department for ongoing works in the 

electrification of backyard settlements for 2017 (Kotze, 2017, Shezi 2016). 

As of 2017, City Power, the municipal electricity authority for Johannesburg, was including informal 

settlement electrification as part of their ongoing business plan through to 2021. For financial year 

2017/18, targets were set to electrify 10,491 households in five informal settlements in the city, with 

plan to electrify another 4,200 as of 2018/19, and 3,991 as of 2019/20. The program overall is being 

funded by government grant funding from the Department of Energy, as well as through the Urban 

Settlement Development Grant programme. An interesting facet of this case study is that instead of 

a traditional, grid-only electricity supply to the informal households, these settlements will be 

electrified with a grid-tied hybrid arrangement using solar photovoltaics to self-generate some load, 

and feed back to the local grid in times of over-supply. This is in part due to national pressures on 

electricity supply, and due to City of Johannesburg officials advocating for alternatives to grid-

supplied electricity in response to this. It also represents a more sustainable alternative to traditional 

grid electrification. City Power’s own policy with regard to the electrification of informal settlements 

within its service area includes this commitment to partially meeting the electricity needs of 

settlements through solar PV, as well as a traditional grid connection. In addition to meeting the 

electricity needs of informal settlements through electrification, City Power also intends to provide 

new thermal energy supply sources to these households in the form of LPG distribution and 

appliance provision, as well as investing in energy efficiency measures. 

The approach taken by City Power in Johannesburg to electrifying informal settlements contrasts 

with the approach taken by the City of Cape Town in that it is closer to a blanket electrification 

approach, involving removing existing illegal electricity connections, and creating new, formal 

infrastructure to the households individually in a wide area. These connections are not intended to 

supply the households solely, and householders are required under policy to be informed that the 

alternative energy sources (namely the per-household PV installations) will be required to 

supplement their grid connection. A significant community engagement process is also built-in to the 

electrification program to ensure that informal settlement householders are aware of this fact, to 

prevent overloading of the grid connection or local network (City Power Johannesburg 2015, City 

Power Johannesburg 2017, Moagi 2015). 

 

Methodology 
To achieve the aims and objectives of this research, a mixed methodology of quantitative modelling 

and policy and regulatory review and critical analysis will be used. For the quantitative modelling, 

two distinct methods will be employed: firstly, benchmarking of baseline years for population, 
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population growth rates and electricity consumption using existing literature, and secondly, 

forecasting through to an end-point year of 2030 using both the Long-Range Energy Alternatives 

Planning tool (LEAP) and spreadsheet modelling using Microsoft Excel. LEAP is an integrated, 

scenario-based modelling tool that can be applied to a wide variety of situations to determine 

energy policy and climate change mitigation responses and is widely used globally by thousands of 

organisations to create models for energy and climate change (Stockholm Environment Institute, 

2018). This software was chosen partly for its flexibility and ease-of-use, and the familiarity of the 

researcher with the software, and partly to maintain consistency with the establishing baseline 

papers for the scenarios below, which also employed the software. Further modelling, where the 

LEAP software may be unnecessarily complex to use, will be completed using Microsoft Excel, 

specifically for determining household numbers under different population growth scenarios. These 

quantitative methods will be employed in addition to qualitative analysis of the existing policy and 

regulatory landscape for electricity in South Africa, and a critical analysis of existing policies and 

regulations will be employed to determine responses and recommendations to the outcomes of the 

quantitative analysis. 

 

Projected Growth in Urban Population in South Africa through to 

2030, and Projected Growth in Household Energy Demand 
To determine the scale of the challenge facing electricity authorities in South Africa with regard to 

urban population growth and household energy demand growth, projections of the growth in urban 

population and the growth in households, as well as in energy demand from the domestic sector, 

need to be constructed. This analysis will enable the identification of the scale of the problem facing 

electricity authorities with regard to urban electrification, and inform the type of policy, technical 

and social responses needed to address the challenges. 

A number of challenges exist in constructing an accurate model of population growth and household 

energy demand growth. To address these, some assumptions need to be made in order to simplify 

the analysis, not only to enable achievability in the timeframe of this work, but also to take into 

account the accessibility of accurate data on urban populations, household numbers, and current 

energy demand from households across the income spectrum in South Africa.  

Two existing pieces of work will form the foundation of this analysis, being the LEAP technical 

reports for the cities of Cape Town and Polokwane, produced under the Supporting African 

Municipalities in Sustainable Energy Transitions project by the University of Cape Town Energy 

Research Centre. These reports both used the Long-Range Energy Alternatives Planning 

methodology, developed by the Stockholm Environment Institute, to examine the energy supply 

scenarios available to both cities through to 2040 in the case of Cape Town, and 2030 for Polokwane 

(McCall & Stone 2017, McCall & Stone 2015). 

These reports will form the baseline of the model used in this research. The assumption that 

underpins this choice is that both Cape Town and Polokwane represent an indicative picture of the 

South African urban landscape. The analysis of Cape Town, as one of the major urban centres of the 

country, will allow for the analysis of how a primary city, and established urban conurbation, will 

develop into the future. The use of Polokwane is in some ways more relevant: Polokwane represents 

one of the country’s many emerging urban centres, whose growth from existing projections is 

anticipated to be extremely strong into the future, posing significant challenges to the municipal 

authority in terms of wider urban services, as well as in terms of electricity. This is particularly 
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relevant given the dimensions of urban population growth that international think tanks, such as the 

Cities Alliance, as well as the academic sector, predict through to 2050. Rather than growth being 

concentrated in Sub-Saharan Africa’s existing and projected megacities, small- and medium-sized 

cities are expected to experience the bulk of urban population growth through to 2050 

(Satterthwaite, 2017). The selection of Polokwane as a foundational example of South African urban 

population growth seems prudent in this context. 

A baseline year of 2011 will be used for population statistics, as this is the most recent year that 

census data from the South African government is available. This is consistent with both McCall & 

Stone (2015) and McCall & Stone (2017) for Cape Town and Polokwane respectively. 2011 will also 

be used as a baseline year for household numbers in both cities. In order to acquire household 

numbers in light of projected population growth, household occupancy will be assumed to be at the 

same rate as the 2011 baseline through to 2030, the end-point of this analysis. Both Cape Town and 

Polokwane, as of 2011, had approximately 3.5 persons per household. The baseline figures for this 

are presented in Table 1: 

City Number of 
Households (2011) 

Population (2011) Pop/Household 

Cape Town 1,068,574 3,740,026 3.50 

Polokwane 177,991 628,999 3.53 
 

Table 1: Baseline Household and Population Figures for Cape Town and Polokwane (McCall & Stone 2015, McCall & Stone 
2017) 

2030 has been selected as the end-point of this analysis in order to provide a medium-term picture 

of population growth and household energy demand growth. This 12-year horizon is short enough to 

allow for adequate planning based off the technical, social and policy context that exists in South 

Africa at present, while being sufficient to encompass the expected changes in urban context to a 

reasonable degree. 

However, population growth is only part of the reason for conducting this analysis: the challenges 

facing municipal authorities in South Africa lie partly in the urban services space, such as housing, 

water and sanitation, and transport, but also lie firmly in the energy space, including in 

electrification and meeting electricity demand. To add to this population growth analysis, 

projections will be made regarding the growth in household energy demand, in line with population 

growth, through to 2030. 

The baseline year for the household electricity consumption analysis will also be 2011 for Polokwane 

and Cape Town, in line with data presented in McCall & Stone (2015) and McCall & Stone (2017), 

although more recent data will be used where available for the two municipalities. In order to 

determine household consumption into the future, an average rate of household consumption for 

the municipalities will need to be found for the baseline year. Assumptions can then be made that 

this level of consumption per household in the municipalities will continue into the future or 

grow/decline according to demographic shifts or fuel consumption pattern shifts, according to the 

targeted scenario. Baseline data for Cape Town and Polokwane for total electricity consumption in 

the domestic sector, and consumption per household, is presented below: 
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Municipality/Year Number of 
Households 

Total Domestic 
Electricity Sales per 
annum (GWh) 

Consumption per 
Household per annum 
(kWh) 

Cape Town (2012) 1,096,399 3,859.3 3,520.01 

Polokwane (2011) 178,001 561.4  3,154.04 
Table 2: Baseline electricity consumption per household per annum for Cape Town and Polokwane (McCall & Stone 2015, 
McCall & Stone 2017) 

From this baseline, we can see that Cape Town and Polokwane domestic consumers have similar 

levels of electricity consumption per annum on average. However, the assumption behind this 

calculation is that all households will have an even level of consumption, irrespective of household 

income, which does not represent the full reality of the situation. To determine a more accurate 

level of electricity consumption per household, it would be more appropriate to disaggregate the 

number of households by their income brackets. This disaggregation alone will not provide the data 

required, however, as it would still assume that, for example, 20% of the households would consume 

20% of the electricity, equalling an equivalent per-household consumption figure.  

To solve this, some assumptions can be made regarding the levels of household consumption of 

electricity based on income bracket. To begin with, the household number of both Cape Town and 

Polokwane will need to be separated into relative income brackets. Statistics South Africa uses four 

income brackets in their household income analyses: Low, Middle, High and Very High. This 

disaggregation has been used in McCall & Stone (2015) and McCall & Stone (2017) to determine the 

number of households in each income bracket for both Cape Town and Polokwane. These articles 

further disaggregate the low- and middle-income household brackets into electrified and non-

electrified, based on Statistics South Africa survey data. This data also suggests high- and very-high 

income households as approximately 100% electrified in Cape Town, and these households are 

assumed to be totally electrified in this analysis. For Polokwane, three household groups are used, 

low, middle and high, based on the income distributions present in households in the city as of the 

2011 census.  

The disaggregation of households by income bracket for Cape Town and Polokwane for 2012 and 

2011 respectively are presented below: 

Cape Town (2012) 
Income Bracket Number of Households Percentage of Total 

Low-income Electrified 449,653 41.01% 

Low-income Non-electrified 55,652 5.07% 

Middle-income Electrified 288,187 26.28% 

Middle-income Non-electrified 7,220 0.65% 

High-income 220,705 20.12% 

Very High-income 53,126 4.84% 
Table 3: Number of households per income bracket for Cape Town (2012) (McCall & Stone, 2015) 

Discrepancies in these household figures and the ones represented above can be attributed to the 

calculation of annual growth rates performed in McCall & Stone (2015). As the figures above differ 

from the predicted total household figure by less than 2%, the percentages presented above can be 

treated as relatively robust. For the rest of the electricity consumption analysis, the non-electrified 

low-income and middle-income households will be discarded, as they will not be contributing to the 

electricity consumption per household totals. 
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Polokwane (2011) 
Income Bracket Number of Households Percentage of Total 

Low-income 82,554 46.38% 

Middle-income 55,847 31.38% 

High-income 39,590 22.24% 
Table 4: Number of households per income bracket for Polokwane (2011) (McCall & Stone, 2017) 

As these figures are taken directly from the 2011 census data, the correlation between household 

totals and households per income bracket is accurate. However, the above figures assume a 100% 

electrification rate for households in Polokwane. To give a more accurate household figure for use in 

the following analysis, data from the 2011 census can be used to determine a broad electrification 

rate estimate for households in Polokwane. Households that use electricity for lighting were 

determined to be electrified for the purposes of the analysis of Cape Town in McCall & Stone (2015) 

and applying this methodology to Polokwane gives an overall domestic electrification rate of 87.4%. 

High income households, in line with the Cape Town analysis, are assumed to be 100% electrified. 

Adjusting the figures above to take this fact into account, the following table gives electrified and 

non-electrified household figures by income bracket: 

Income Bracket Number of Households Percentage of Total 

Low-income Electrified 72,152 40.53% 

Low-income Non-electrified 10,402 5.84% 

Middle-income Electrified 48,810 27.43% 

Middle-income Non-electrified 7,037 3.96% 

High-income 39,950 22.24% 
Table 5: Number of households per income bracket for Polokwane (2011) adjusted for estimated electrification rate 

The monthly household incomes used to define these brackets are presented below: 

Income Bracket Lower Bound (ZAR) Upper Bound (ZAR) 

Low-income 0 3,200 

Middle-income 3,201 12,800 

High-income 12,801 51,200 

Very High-income 51,201 N/A 
Table 6: Household income thresholds per bracket (McCall & Stone, 2015) 

Both McCall & Stone (2015) and McCall & Stone (2017) can assist in informing the assumptions to be 

made regarding household electricity consumption per month based on income bracket. Low-

income consumers in both Cape Town and Polokwane are assumed to use electricity predominantly 

for lighting only. The Free Basic Electricity policy can be used to inform consumption levels regarding 

this: this policy allows for consumption of up to 50kWh per month per household without charge for 

lighting, basic media access and basic water heating access for grid-connected systems (South 

African Department of Energy, 2003). Not all low-income households in the two cities will be eligible 

for free basic electricity, so a conservative estimate of 120kWh/month for the low-income 

household bracket will likely cover the majority of households. For the middle-income household 

bracket, the average consumption per household from the figures provided for 2012 for Cape Town 

and 2011 for Polokwane can inform the assumptions: if the average household in Cape Town in 2012 

consumed 3,520.01kWh annually, and for Polokwane in 2011 3,154.04kWh, then monthly 

consumption figures of 292.5kWh (293kWh rounded) for Cape Town, and 262.83kWh (263kWh 

rounded) for Polokwane can be used. For high-income households, a figure of approximately 

600kWh/month will be used, representing growing usage of appliances and ownership of appliances, 

as well as variety of appliances owned and end-uses of electricity. For very-high incomes, based on 
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data from McCall & Stone (2015) for Cape Town, electricity as a percentage of household end-use 

decreases, as liquid fuel use for cooking rises. An estimate of around 1,000kWh per month, short of 

the doubling seen between medium- and high-income brackets, will be used for this analysis. 

For the purposes of calibration of these assumptions, the figures will be used in conjunction with the 

derived 2012 and 2011 household numbers for Cape Town and Polokwane respectively, and 

compared to the reported total domestic electricity sales stated above: 

Income 
Bracket 

Baseline 
Number of 
Households 

Household 
Consumption/Month 
(kWh) 

Household 
Consumption/Year 
(kWh) 

Total Electricity 
Consumption 
(GWh) 

Low-income 449,653 120 1,440 647.5 

Middle-income 288,187 293 3,516 1,013.3 

High-income 220,705 600 7,200 1,589.0 

Very High-
income 

53,126 1,000 12,000 637.5 

Total Predicted    3,887.4 

Total Actual    3,859.3 
Table 7: Assumption calibration for baseline year of 2012 for Cape Town 

Income 
Bracket 

Baseline 
Number of 
Households 

Household 
Consumption/Month 
(kWh) 

Household 
Consumption/Year 
(kWh) 

Total Electricity 
Consumption 
(GWh) 

Low-income 72,152 120 1,440 103.9 

Middle-income 48,810 263 3,156 154.0 

High-income 39,950 600 7,200 287.6 

Total Predicted    545.6 

Total Actual    561.4 
Table 8: Assumption calibration for baseline year of 2011 for Polokwane 

From these tables, we can see that the assumptions made in terms of household consumption per 

month closely match up with observed total domestic consumption figures. For Cape Town, the 

assumptions over-estimate total consumption by roughly 0.7%, and for Polokwane, under-estimate 

by approximately 2.9%. These figures are within acceptable bounds of accuracy to continue. 

 

Scenarios 
Three scenarios will be considered in this analysis. A business-as-usual scenario will be the first, 

where population growth will continue in line with current rates, and household growth will be 

assumed to grow in line with population as defined above. A second scenario will consider higher 

population growth rates than current projections, in an effort to capture what challenges municipal 

authorities may face in the event of increased internal migration to urban areas or through 

increased natural population growth. Both of these scenarios will assume that the proportion of 

households in each income bracket remains the same through to 2030. A third scenario will consider 

a change in economic demographics of urban areas, and the emergence of a growing “middle-class” 

in urban settlements. Each of these scenarios will disaggregate population growth, based on the 

business-as-usual scenario, between lower, middle and upper classes in the populations of Cape 

Town and Polokwane based on household income. The demographic change scenario disaggregation 

is expected to capture not only expected changes in middle-class populations projected by national 

and international organisations (including Statistics South Africa and the Brookings Institute), but 
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also the anticipated effect that this will have on household energy consumption, due to the close 

correlation between rising income levels and rising electricity (and energy more widely) 

consumption. 

Finally, for each scenario, an estimation will be made of the growth of formal housing as opposed to 

the growth of informal housing, using initial figures for Cape Town and Polokwane presented in 

McCall & Stone (2015) and Housing Development Association of South Africa (2013). The 

proportions of formal and informal settlements in the cities will be assumed to stay the same or 

grow/decline as defined in the baseline studies, for the business-as-usual and high population-

growth scenarios. The reasoning behind this is that the focus of this analysis is not the growth in 

population or number of informal settlements in the target cities, but the growth in electricity 

consumption and need for electrification in these settlements, which this assumption will be more 

relevant for determining (Housing Development Association of South Africa, 2013). 

For the demographic change scenario, this assumption would not seem to be the most relevant, as a 

shift towards higher income brackets, in theory, should mean a shift towards formalisation of living 

conditions. The majority of papers regarding informal settlements in the current literature define 

these settlements as places in majority occupied by the urban poor, with poverty of inhabitants 

often used as a factor in defining whether a settlement can be classed as informal. However, analysis 

of the 2011 census data for South Africa by Statistics South Africa as part of the analysis of the 

General Household Survey (conducted from 2002 to 2014) suggested that informal households were 

occupied by a relatively even spread of income bands from quintiles 1 through 4, or in other terms, 

80% of the total household income spread of the country. To bring together these two seemingly 

conflicting standpoints, a small shift towards formality will be built in to the demographic change 

scenario. This shift will be set at a 10% reduction in informal settlement numbers compared to the 

baseline for both cities. 

Business-as-Usual Population Growth Scenario 
In order to achieve accuracy in the population projection model, care must be taken when 

determining the rates of population growth used in the model for the business-as-usual scenario. 

These figures can be taken from McCall & Stone (2015) and McCall & Stone (2017) for Cape Town 

and Polokwane respectively, as the figures used in these reports follow closely the established 

knowledge from statistical bodies in South Africa (particularly Statistics South Africa and the 

respective regional governments) as to population growth in the years up to 2011 and projections 

for beyond. The business-as-usual projections for population for Cape Town are presented below: 

Year Population Growth Rate per 
annum 

Population per 
Household 

Number of 
Households 

2011 3,740,026 3.47% 3.50 1,068,574 

2012 3,837,414 2.60% 3.50 1,096,399 

2020 4,131,720 0.93% 3.50 1,180,486 

2030 4,420,145 0.68% 3.50 1,262,893 
Table 9: BAU population growth 2011-2030 for Cape Town (McCall & Stone, 2015) 

Based on the projections used in McCall & Stone (2015), we can see that the annual population 

growth for Cape Town steadily declines through to 2030, from roughly 3.5% per annum to 0.68% per 

annum. This corresponds to a slowing growth rate in the number of households present in the city. 

For Polokwane, the business-as-usual scenario will also follow the work of McCall & Stone (2017). 

This projection assumes a flat population growth rate of 1.58%, derived from the average population 

growth rate measured in the city from 2007 to 2011. In addition, while the Cape Town projection 
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assumed a static household occupancy, the Polokwane projection assumes a steadily decreasing 

number of persons per household, following the trends observed from 2007 to 2011. 2007 

household occupancy in the city was determined to be approximately 4.50 persons per household, 

which decreased to 3.53 persons as of the 2011 census. Through to 2030, this is assumed to further 

decrease to 3.00 persons per household. The projections for population growth and household 

growth for Polokwane are presented below: 

Year Population Growth Rate per 
annum 

Population per 
Household 

Number of 
Households 

2011 628,999 1.58% 3.53 178,001 

2018 701,952 1.58% 3.25 215,985 

2020 724,309 1.58% 3.20 226,347 

2030 847,239 1.58% 3.00 282,413 
Table 10: BAU population growth 2011-2030 for Polokwane (derived from McCall & Stone, 2017) 

As stated above, the assumption used in the business-as-usual scenario is that the proportions of 

households in each income bracket in both Cape Town and Polokwane will remain the same through 

to 2030. These household projections by income bracket are presented below: 

Income Bracket Percentage of 
Total from 
Baseline 

Baseline Year 
(2012) 

2020 2030 

Low-income 
Electrified 

41.01% 449,653 484,139 
 

517,935 
 

Low-income Non-
electrified 

5.07% 55,652 59,920 
 

64,103 
 

Middle-income 
Electrified 

26.28% 288,187 310,289 
 

331,950 
 

Middle-income 
Non-electrified 

0.65% 7,220 7,774 
 

8,316 
 

High-income 20.12% 220,705 237,632 
 

254,220 
 

Very High-
income 

4.84% 53,126 57,200 
 

61,193 
 

Table 11: Number of Households per Income Bracket for Cape Town to 2030, rounded to the nearest whole number 

Income Bracket Percentage of 
Total from 
Baseline 

Baseline Year 
(2011) 

2020 2030 

Low-income 
Electrified 

40.53% 72,152 91,738 
 

114,462 
 

Low-income Non-
electrified 

5.84% 10,402 13,219 
 

16,493 
 

Middle-income 
Electrified 

27.43% 48,810 62,087 
 

77,466 
 

Middle-income 
Non-electrified 

3.96% 7,037 8,963 
 

11,184 
 

High-income 22.24% 39,950 50,340 62,809 
Table 12: Number of Household per Income Bracket for Polokwane to 2030, rounded to the nearest whole number 

Finally, for this scenario, the growth of formal housing as opposed to informal housing in the city 

should be investigated. As of 2011 (figures for which are provided in McCall & Stone (2015)), 
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approximately 218,780 households in Cape Town could be defined as ‘informal’, with the remainder 

(849,794) being classed as formal housing. For Polokwane, McCall & Stone (2017) does not provide 

an overall proportion of households classified as informal. However, a 2013 study from the Housing 

Development Association of South Africa of Limpopo province suggests that as of the 2011 census, 

approximately 5% of households in Limpopo province (in which Polokwane is situated) lived in 

informal settlements, either in shacks or in backyard properties. Applying this to the 2011 

households figure gives a total of 8,900 informal households, and 169,101 formal households. 

Using the 2012 figures, we can see that approximately 79.52% of households in Cape Town were 

classified as formal dwellings as of the baseline year. Using these figures, the numbers of households 

can be derived for the two snapshot years of 2020 and 2030. The results of this are presented below: 

Household Type 2012 2020 2030 

Formal 871,922 938,793 1,004,328 

Informal 224,477 241,693 258,565 

Total 1,096,399 1,180,486 1,262,893 
Table 13: Proportions of formal households and informal households for Cape Town to 2030 (McCall & Stone, 2015) 

Using the figures presented by the Housing Development Association of South Africa, the overall 

numbers of informal settlements in Polokwane can be derived. Assuming these proportions stay the 

same through to 2030, the overall numbers of formal and informal households can be acquired for 

the snapshot years also. These figures are presented below: 

Household Type 2011 2020 2030 

Formal 169,101 215,030 268,292 

Informal 8,900 11,317 14,121 

Total 178,001 226,347 282,413 
Table 14: Proportions of formal households and informal households for Polokwane to 2030 (Housing Development 
Association of South Africa 2013, McCall & Stone 2017) 

Business-as-Usual Electricity Consumption Growth Scenario 
Based on the population growth figures presented above and using the estimated average 

household consumption figures derived from end-use of electricity, a business-as-usual projection 

for the growth in electricity consumption in Cape Town and Polokwane can be produced. The 

household figures used in the below tables are based on the electrified households per income 

bracket only. Based on the household figures through to 2030 derived above, growth in 

consumption through to 2030 can be modelled. These results, with a snapshot at 2020 and 2030, are 

presented below: 
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Income 
Bracket 

Number of 
Household
s 
(Baseline) 

Number of 
Household 
(2020) 

Number of 
Household
s (2030) 

Estimated 
Monthly 
Electricity 
Use (kWh) 
per HH 

Estimated 
Annual 
Electricity 
Use (kWh) 
per HH 

Electricity 
Use Total 
for 
Baseline 
Year 
(2012) 
(GWh) 

Electricity 
Use Total 
for 2020 
(GWh) 

Electricity 
Use Total 
for 2030 
(GWh) 

Low-
Income 

449,653 484,139 
 

517,935 
 

120 1440 647.5 
 

697.2 
 

745.8 
 

Middle-
Income 

288,187 
 

310,289 
 

331,950 
 

293 3516 1,013.3 
 

1,091.0 
 

1,167.1 
 

High-
Income 

220,705 
 

237,632 
 

254,220 
 

600 7200 1,589.1 
 

1,711.0 
 

1,830.4 
 

Very High-
Income 

53,126 
 

57,200 
 

61,193 
 

1000 12000 637.5 
 

686.4 
 

734.3 
 

Total 1,011,671 1,089,260 
 

1,165,298 
 

  3,887.4 
 

4,185.5 
 

4,477.7 
 

Table 15: Business-as-Usual Electricity Consumption Growth from 2012 to 2030 for Cape Town 

Income 
Bracket 

Number 
of 
Household
s 
(Baseline) 

Number 
of 
Household
s (2020) 

Number 
of 
Household
s (2030) 

Estimated 
Monthly 
Electricity 
Use (kWh) 
per HH 

Estimated 
Annual 
Electricity 
Use (kWh) 
per HH 

Electricity 
Use Total 
for 
Baseline 
Year 
(2012) 
(GWh) 

Electricity 
Use Total 
for 2020 
(GWh) 

Electricity 
Use Total 
for 2030 
(GWh) 

Low-
Income 

72,152 91,738 
 

114,462 
 

120 1440 103.9 
 

132.1 
 

164.8 
 

Middle-
Income 

48,810 62,087 77,466 263 3156 154.0 
 

196.0 
 

244.5 
 

High-
Income 

39,950 50,340 62,809 600 7200 287.6 
 

362.5 
 

452.2 
 

Total 160,912 
 

204,165 
 

254,737 
 

  545.6 
 

690.5 
 

861.5 
 

Table 16: Business-as-Usual Electricity Consumption Growth from 2012 to 2030 for Polokwane 

High-Growth Population Growth Scenario 
For the high population growth scenario, the population growth rates for Cape Town and Polokwane 

will be modified to capture the potential expansion of population and households should population 

growth rates remain strong, in the case of Cape Town, or increase, in the case of Polokwane. For 

Cape Town, population growth rates for this scenario are assumed to remain at the level seen from 

2011 to 2012, 2.6%. For Polokwane, in the decade up to 2020, population growth rates are assumed 

to remain at 1.58%, and then increase to 2.37% through to 2030, representing a 50% increase in 

annual population growth rate. These assumptions have been made in line with the literature 

presented above, in mind of the fact that primary cities, such as Cape Town, could continue to have 

strong growth, and that the growth rate of secondary cities, such as Polokwane, is likely to increase. 

Again, occupancy per household is assumed to correspond to the business-as-usual scenario, with a 

flat occupancy of 3.50 persons per household for Cape Town, and a variable occupancy of 3.53 

persons per household in 2011, falling to 3.25, 3.20 and 3.00 in 2018, 2020 and 2030 respectively for 

Polokwane. 

The results of this scenario are presented below for the two cities: 
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Year Population Growth 
Rate 

Population Number of 
Households 

2011 3.47% 3,740,026 1,068,579 

2012 2.6% 3,837,267 1,096,362 

2013 2.6% 3,937,036 1,124,867 

2014 2.6% 4,039,399 1,154,114 

2015 2.6% 4,144,423 1,184,121 

2016 2.6% 4,252,178 1,214,908 

2017 2.6% 4,362,735 1,246,496 

2018 2.6% 4,476,166 1,278,904 

2019 2.6% 4,592,546 1,312,156 

2020 2.6% 4,711,952 1,346,272 

2021 2.6% 4,834,463 1,381,275 

2022 2.6% 4,960,159 1,417,188 

2023 2.6% 5,089,123 1,454,035 

2024 2.6% 5,221,440 1,491,840 

2025 2.6% 5,357,198 1,530,628 

2026 2.6% 5,496,485 1,570,424 

2027 2.6% 5,639,393 1,611,255 

2028 2.6% 5,786,018 1,653,148 

2029 2.6% 5,936,454 1,696,130 

2030 2.6% 6,090,802 1,740,229 
Table 17: High population growth scenario for Cape Town to 2030 

Year Population Growth 
Rate 

Population Number of 
Households 

2011 1.58% 628,999 176,685 

2012 1.58% 638,937 179,477 

2013 1.58% 649,032 182,313 

2014 1.58% 659,287 185,193 

2015 1.58% 669,704 188,119 

2016 1.58% 680,285 191,091 

2017 1.58% 691,034 194,111 

2018 1.58% 701,952 215,985 

2019 1.58% 713,043 219,398 

2020 2.37% 729,942 228,107 

2021 2.37% 747,242 233,513 

2022 2.37% 764,951 239,047 

2023 2.37% 783,081 244,713 

2024 2.37% 801,640 250,512 

2025 2.37% 820,638 256,450 

2026 2.37% 840,088 262,527 

2027 2.37% 859,998 268,749 

2028 2.37% 880,380 275,119 

2029 2.37% 901,245 281,638 

2030 2.37% 922,604 307,535 
Table 18: High population growth scenario for Polokwane to 2030 

As with the business-as-usual scenario, the proportions of households in each income bracket are 

assumed to stay the same under the high-growth scenario. For comparison to the business-as-usual 
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scenario, snapshots of the household distribution by income bracket are provided for 2020 and 2030 

below: 

Income Bracket Percentage of 
Total from 
Baseline 

Baseline Year 
(2012) 

2020 2030 

Low-income 
Electrified 

41.01% 449,653 552,106 
 

713,668 
 

Low-income Non-
electrified 

5.07% 55,652 68,256 
 

88,230 
 

Middle-income 
Electrified 

26.28% 288,187 353,800 
 

457,332 
 

Middle-income 
Non-electrified 

0.65% 7,220 8,751 11,311 

High-income 20.12% 220,705 270,870 
 

350,134 

Very High-
income 

4.84% 53,126 65,160 84,227 

Table 19: Household numbers by income bracket for Cape Town under high growth scenario 

Income Bracket Percentage of 
Total from 
Baseline 

Baseline Year 
(2011) 

2020 2030 

Low-income 
Electrified 

40.53% 72,152 92,452 
 

124,644 
 

Low-income Non-
electrified 

5.84% 10,402 13,321 
 

17,960 
 

Middle-income 
Electrified 

27.43% 48,810 62,570 
 

84,357 
 

Middle-income 
Non-electrified 

3.96% 7,037 9,033 
 

12,178 
 

High-income 22.24% 39,950 50,731 
 

68,396 
 

Table 20: Household numbers by income bracket for Polokwane under high growth scenario 

Finally, the proportion of informal and formal households for each city should be determined under 

the high population-growth scenario. To achieve this, as stated in the initial assumptions, the 

proportions of each type of housing will be assumed to remain the same at each snapshot point 

(baseline, 2020 and 2030). These proportions will be applied to the higher population figures for this 

scenario to determine the number of formal and informal households under this scenario. The 

results of this are presented below: 

Household Type 2012 2020 2030 

Formal 871,922 1,070,636 1,383,934 

Informal 224,477 275,636 356,295 

Total 1,096,399 1,346,272 1,740,229 
Table 21: Proportions of formal households and informal households for Cape Town to 2030 under high growth scenario 

For Polokwane, the same process can be applied, assuming that the 5% figure of informal 

households as a proportion of the total housing stock remains the same. 
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Household Type 2011 2020 2030 

Formal 169,101 216,701 292,158 

Informal 8,900 11,405 15,377 

Total 178,001 228,107 307,535 
Table 22: Proportions of formal households and informal households for Polokwane to 2030 under high growth scenario 

High Population Growth Electricity Consumption Growth Scenario 
As with the business-as-usual electricity consumption growth projection presented above, the 

estimated average electricity use per household per month, derived from the end-use of electricity 

by income bracket, will be used to estimate electricity consumption growth under the high-

population growth scenario. Again, non-electrified households (which are assumed to remain an 

equivalent percentage of the total population) will not be used in the electricity consumption growth 

projection. For comparison to the business-as-usual electricity consumption growth projection, 

snapshots for 2020 and 2030 will be provided based on the high population growth figures. The 

projections for this are presented below for Cape Town and Polokwane: 

Income 
Bracket 

Number of 
Household
s 
(Baseline) 

Number of 
Household 
(2020) 

Number of 
Household
s (2030) 

Estimated 
Monthly 
Electricity 
Use (kWh) 
per HH 

Estimated 
Annual 
Electricity 
Use (kWh) 
per HH 

Electricity 
Use Total 
for 
Baseline 
Year 
(2012) 
(GWh) 

Electricity 
Use Total 
for 2020 
(GWh) 

Electricity 
Use Total 
for 2030 
(GWh) 

Low-
Income 

449,653 552106 713668 120 1440 647.5 
 

795.0 
 

1,027.7 
 

Middle-
Income 

288,187 
 

353800 457332 293 3516 1,013.3 
 

1,244.0 
 

1,608.0 
 

High-
Income 

220,705 
 

270870 350134 600 7200 1,589.1 
 

1,950.3 
 

2,521.0 
 

Very High-
Income 

53,126 
 

65160 84227 1000 12000 637.5 
 

781.9 
 

1,010.7 
 

Total 1,011,671 1,241,936 
 

1,605,361 
 

  3,887.4 
 

4,771.2 
 

6,167.4 
 

Table 23: Electricity consumption growth for Cape Town under the high population growth scenario 

Income 
Bracket 

Number 
of 
Household
s 
(Baseline) 

Number 
of 
Household
s (2020) 

Number 
of 
Household
s (2030) 

Estimated 
Monthly 
Electricity 
Use (kWh) 
per HH 

Estimated 
Annual 
Electricity 
Use (kWh) 
per HH 

Electricity 
Use Total 
for 
Baseline 
Year 
(2012) 
(GWh) 

Electricity 
Use Total 
for 2020 
(GWh) 

Electricity 
Use Total 
for 2030 
(GWh) 

Low-
Income 

72,152 92,452 
 

124,644 
 

120 1440 103.9 
 

133.1 
 

179.5 
 

Middle-
Income 

48,810 62,570 
 

84,357 
 

263 3156 154.0 
 

197.5 
 

266.2 
 

High-
Income 

39,950 50,731 
 

68,396 
 

600 7200 287.6 
 

365.3 
 

492.4 
 

Total 160,912 
 

205,753 
 

277,397 
 

  545.6 
 

695.9 
 

938.2 
 

Table 24: Electricity consumption growth for Polokwane under the high population growth scenario 

Demographic Change Population Growth Scenario 
The third scenario in this analysis considers the eventuality that population growth remains steady, 

as under the business-as-usual scenario, but a demographic shift occurs in the municipalities under 

consideration. This demographic shift will be modelled as a move of lower-income consumers into 

middle-income brackets, a similar move of middle-income consumers into high-income brackets, 
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and in the case of Cape Town, a smaller shift of high-income consumers into very high-income 

brackets. Some assumptions need to be made in this scenario to determine appropriate rates of 

demographic change between the income groups. Projecting the growth of middle-class populations 

is extremely challenging, partly due to uncertainties in measuring the existing number of middle-

class populations due to issues with self-reporting and income assessment, and partly due to 

uncertainties in how national GDP growth in the future will affect income distribution among the 

population (University of Cape Town/IPSOS 2017, Businesstech 2018). Various reports have put the 

figure for the share of middle-class persons in South Africa as between 13.5% to 43.2%. A more 

accurate projection can be derived from Africa-wide figures from the African Development Bank, 

which suggest that as of 2011, 13% of the population of the continent could be defined as stable 

middle-class consumers, projected to rise to 43% by 2060 (African Development Bank, 2011). This 

represents an approximate growth rate of 4.5% per annum, assuming a stable growth rate. This 

figure will be used to determine the growth in middle-income consumers, and the growth in high-

income consumers in both cities. For Cape Town specifically, a growth rate of half of this will be used 

to determine the move from high-income to very high-income consumers, based on the 

approximate income differences between the two bands defined by Statistics South Africa. To 

determine this growth rate, the percentages of households per income bracket from the baseline 

will be calculated to 2030 with this growth rate in mind, and these new figures applied to the overall 

household numbers to determine the new distributions. With regard to electrified and non-

electrified households, the rate of electrification will be assumed to remain constant, so that 

electrified households will move between electrified income groups, as will non-electrified 

households (Africa Check 2018, UHY 2018, Bhorat, Kharas & Pita 2017). 

To determine the effect that this demographic shift will have on electricity consumption, the specific 

shifts in demographics will first need to be projected. The percentages will be rounded to two 

decimal places for clarity. The results of this for Cape Town and Polokwane are presented below: 

Income Bracket Baseline Household 
Percentages 

Percentages as of 
2020 with growth rate 

Percentages as of 
2030 with growth rate 

Low-income 
Electrified 

41.01% 40.05% 
 

38.80% 
 

Low-income Non-
electrified 

5.07% 5.05% 
 

5.02% 
 

Middle-income 
Electrified 

26.28% 26.51% 
 

26.80% 
 

Middle-income Non-
electrified 

0.65% 0.67% 
 

0.70% 
 

High-income 20.12% 20.74% 
 

21.57% 
 

Very High-income 4.84% 4.95% 
 

5.09% 
 

Table 25: Demographic change scenario household distribution by income for Cape Town 
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Income Bracket Baseline Household 
Percentages 

Percentages as of 
2020 with growth rate 

Percentages as of 
2030 with growth rate 

Low-income 
Electrified 

40.53% 
 

39.52% 
 

38.21% 
 

Low-income Non-
electrified 

5.84% 
 

5.69% 
 

5.51% 
 

Middle-income 
Electrified 

27.43% 
 

27.62% 
 

27.87% 
 

Middle-income Non-
electrified 

3.96% 
 

4.11% 
 

4.29% 
 

High-income 22.24% 
 

23.05% 
 

24.12% 
 

Table 26: Demographic change scenario household distribution by income for Polokwane 

Regarding the proportions of informal and formal settlements for the demographic change scenario, 

as stated above, a small shift of 10% towards formality will be assumed for this scenario, in an effort 

to consolidate the body of research suggesting informal settlements are predominantly occupied by 

lower income groups, and the research from Statistics South Africa suggesting an even spread of 

incomes between economic quintiles 1 through 4 in informal settlements. From the business-as-

usual scenario, for Cape Town, informal settlements made up approximately 20.48% of households 

as of 2012, and for Polokwane, 5% as of 2011. Assuming a 10% reduction in these proportions, as of 

the snapshot years of 2020 and 2030, this means that informal settlements will make up 

approximately 18.43% of households in Cape Town, and 4.5% for Polokwane. Using these figures, 

the proportions of formal and informal households are presented below: 

Household Type 2012 2020 2030 

Formal 871,922 962,923 1,030,142 

Informal 224,477 217,563 232,751 

Total 1,096,399 1,180,486 1,262,893 
Table 27: Proportions of formal households and informal households for Cape Town to 2030 under demographic change 
scenario 

Household Type 2011 2020 2030 

Formal 169,101 216,161 269,704 

Informal 8,900 10,186 12,709 

Total 178,001 226,347 282,413 
Table 28: Proportions of formal households and informal households for Polokwane to 2030 under demographic change 
scenario 

Demographic Change Electricity Consumption Scenario 
Now that the percentages of households by income bracket for the two cities have been derived, 

these can be used with the business-as-usual household predictions for 2020 and 2030 to derive 

electricity consumption predictions per income bracket for the two snapshot years. The results of 

this are presented below: 
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Income 
Bracket 

Number of 
Household
s 
(Baseline) 

Number of 
Household 
(2020) 

Number of 
Household
s (2030) 

Estimated 
Monthly 
Electricity 
Use (kWh) 
per HH 

Estimated 
Annual 
Electricity 
Use (kWh) 
per HH 

Electricity 
Use Total 
for 
Baseline 
Year 
(2012) 
(GWh) 

Electricity 
Use Total 
for 2020 
(GWh) 

Electricity 
Use Total 
for 2030 
(GWh) 

Low-
Income 

449,653 472,784 
 

489,976 
 

120 1440 647.5 
 

680.8 
 

705.6 
 

Middle-
Income 

288,187 
 

312,891 
 

338,436 
 

293 3516 1,013.3 
 

1,100.1 
 

1,189.9 
 

High-
Income 

220,705 
 

244,931 
 

272,385 
 

600 7200 1,589.1 
 

1,763.5 
 

1,961.2 
 

Very High-
Income 

53,126 
 

58,405 
 

64,221 
 

1000 12000 637.5 
 

700.9 
 

770.7 
 

Total 1,011,671 1,089,011 1,165,019   3,887.4 
 

4,245.3 
 

4,627.3 
 

Table 29: Electricity consumption scenario for Cape Town under the demographic change scenario 

Income 
Bracket 

Number of 
Household
s 
(Baseline) 

Number of 
Household
s (2020) 

Number of 
Household
s (2030) 

Estimated 
Monthly 
Electricity 
Use (kWh) 
per HH 

Estimated 
Annual 
Electricity 
Use (kWh) 
per HH 

Electricity 
Use Total 
for 
Baseline 
Year 
(2012) 
(GWh) 

Electricity 
Use Total 
for 2020 
(GWh) 

Electricity 
Use Total 
for 2030 
(GWh)  

Low-
Income 

72,152 89,457 
 

107,912 
 

120 1440 103.9 
 

128.8 
 

155.4 
 

Middle-
Income 

48,810 62,518 
 

78,705 263 3156 154.0 
 

197.3 
 

248.4 
 

High-
Income 

39,950 52,189 
 

68,119 
 

600 7200 287.6 
 

375.8 
 

490.5 
 

Total 160,912 
 

204,165 254,737   545.6 
 

701.9 
 

894.3 
 

Table 30: Electricity consumption scenario for Polokwane under the demographic change scenario 
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Analysis 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: City of Cape Town Electricity Consumption Scenarios 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: City of Polokwane Electricity Consumption Scenarios 
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Figure 3: City of Cape Town Household Growth by Income Bracket Scenarios 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: City of Polokwane Household Growth by Income Bracket Scenarios 
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Figure 5: City of Cape Town Formal/Informal Housing Split 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: City of Polokwane Formal/Informal Housing Split 

From the scenarios presented above, the scale of the challenge facing municipal governments in 

both Cape Town and Polokwane with regard to population growth and electricity consumption 

growth, as well as the need for continued and growing electrification efforts, is clear. The analysis of 

the scenario projections will be split between the two cities, and further between each scenario 

within the cities, as different challenges are likely to face primary cities such as Cape Town, as 

emerging cities such as Polokwane. This analysis will cover the projected growth in electricity 

consumption as a result of population growth foremost, and also consider the growth in electrified 

versus non-electrified populations, and the growth in informality in the target cities. The graphs 

above capture the results of the scenarios for electricity consumption growth, overall household 

growth per income bracket, and the formal/informal housing split. 
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Cape Town 
The analysis of the projections for Cape Town should begin with the business-as-usual scenario, as a 

representation of the challenges facing the city under current population growth and electricity 

consumption growth projections from Government and academic sources. Cape Town’s population 

is set to increase under this scenario to 4,131,720 by 2020, occupying 1,180,486 households, and to 

4,420,145 by 2030, occupying 1,262,893 households. This represents an increase in population of 

294,306 by 2020, and a further 288,425 by 2030, for a total of 582,731. Household numbers are 

projected to increase in line with this population increase, for a total household growth by 2020 of 

84,087 over the 2012 baseline, and a further 82,407 by 2030, for a total of 166,494. In terms of 

electricity consumption growth, compared to a 2012 baseline of 3,887.3GWh of total consumption, 

by 2020 this is projected to rise to 4,185.5GWh, and 4,477.7GWh by 2030. This represents a total 

growth in electricity consumption of 298.1GWh by 2020, and 590.3GWh by 2030. In terms of a 

percentage growth, this represents a 7.6% growth by 2020, and a 15.2% growth by 2030, of 

consumption compared to the 2012 baseline. Broadly, the proportions of growth in electricity 

consumption are to be expected, given the slowing rate of population growth built-in to the Cape 

Town population growth model, leading to an electricity consumption growth rate slightly below 

what may have been expected if population growth remains consistent through the 2020-2030 

period. Regarding the growth in informality in the city, the number of informal households is set to 

increase to 241,693 by 2020, and 258,565 by 2030 compared to the 2012 baseline of 224,477, 

assuming that rates of informality in the city (i.e. the proportion of formal and informal households) 

remains constant. 

For the high population growth scenario, a significantly greater increase in the total population, as 

well as number of households and electricity consumption totals, can be seen. Under this scenario, 

Cape Town’s population is projected to increase to 4,711,952 people occupying 1,346,272 

households by 2020, and 6,090,802 people occupying 1,740,229 households by 2030. This 

represents a significantly greater population increase, and consequently household numbers 

increase, than predicted under the business-as-usual scenario, as expected. An increase in 

population of 874,538 by 2020, and 2,253,388 by 2030, is predicted under this scenario. This 

corresponds to an increase in the number of households of 249,873 by 2020, and a further 393,957 

by 2030 for a total of 643,830. In terms of electricity consumption, this also shows a corresponding 

marked increase in comparison with the business-as-usual scenario, as expected. Domestic 

electricity consumption under this scenario is set to increase to 4,771.2GWh by 2020, and 

6,167.4GWh by 2030, representing a growth of 883.8GWh by 2020, and an additional 1,396.2 GWH 

by 2030, for a total of 2,280.0GWh. These figures represent a percentage growth in electricity 

consumption of 22.7% by 2020, and 58.7% by 2030, compared to the baseline. In comparison to the 

business-as-usual scenario, an additional 585.7GWh of electricity consumption by 2020, and 

1,689.7WGh by 2030, is expected in addition to the predicted growth defined in the above scenario. 

While this seems high on initial inspection, these figures broadly correspond to the reality that 

would be observed should population growth continue unabated in the city, particularly given the 

large increases predicted in higher-income bracket households, which, as shown in the projections 

above, constitute the majority of electricity consumption for the city. Compared to the business-as-

usual scenario, the total number of informal households in the city is also projected to significantly 

increase, as expected, given population increases, and the assumption that rates of informality 

remain constant. As of 2020, 275,636 informal households are expected in the city, and 356,295 by 

2030. This represents an additional 33,943 households compared to the business-as-usual scenario 

by 2020, and 97,730 by 2030. 
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For the demographic change scenario, as the population growth projection used is the same as in 

the business-as-usual scenario, this analysis will focus on the effects that changes in the 

demographic make-up of the city with regard to household incomes will have on electricity 

consumption, the overall changes in household numbers, and the changes in the informal/formal 

household division in the city. In terms of electricity consumption, the demographic change scenario 

predicts that as of 2020, domestic consumption will rise to 4,245.3GWh, rising again to 4,627.3GWh 

by 2030. Compared to the business-as-usual scenario, this represents an increase of 59.8GWh by 

2020, and 149.7GWh by 2030. Percentage-wise, this represents an additional 1.4% to electricity 

consumption by 2020 compared to the business-as-usual projection, and an additional 3.34% 

compared to the 2030 projections. Regarding the overall change in household numbers, compared 

to the business-as-usual scenario, by 2020 an additional 2,602 middle-income households are 

expected, rising to an additional 6,486 by 2030. For high-income households, an additional 7,299 are 

expected by 2020, rising to 18,165 by 2030. Finally, for very high-income households, an additional 

1,205 are expected by 2020, and an additional 3,028 by 2030. Proportional decreases in the number 

of low-income households, as well as a decrease in the number of non-electrified low-income 

households, and an increase in the number of non-electrified middle-income households, are also 

predicted under this scenario. Of these, the change in the number of electrified low-income 

household is most defined, reducing by 11,355 by 2020, and 27,959 by 2030 compared to the 

business-as-usual scenario. However, it should be noted that despite the demographic shift from 

lower to higher incomes, the number of low-income households is still projected to grow compared 

to the business-as-usual scenario, albeit at a slower rate than under that scenario. In terms of 

informality, the demographic change scenario predicts a reduction in overall informal household 

numbers, with 217,563 informal households as of 2020, and 232,751 as of 2030. This represents a 

reduction in overall informal household numbers of 24,130 by 2020, and 25,814 by 2030 compared 

to the business-as-usual scenario. 

Polokwane 
In line with the analysis for Cape Town, the numerical analysis of the results of scenarios for 

Polokwane should begin with the business-as-usual scenario. Under this scenario, Polokwane’s 

population is set to increase to 724,309 people occupying 226,347 households by 2020, and 848,239 

people occupying 282,413 households by 2030, compared to a 2011 baseline of 628,999 people 

occupying 178,001 households. These figures represent an increase in population of 95,310 by 2020, 

and a further 123,930 by 2030, for a total of 219,240. In terms of household numbers, 48,346 

additional households are expected by 2020, and a further 56,066 by 2030, for a total of 104,412. 

Regarding electricity consumption growth, compared to a baseline of 545.6GWh as of 2011, 

Polokwane is expected to consume 690.5GWh as of 2020, rising to 861.5GWh as of 2030. This 

represents a growth of 144.9GWh by 2020, and an additional 171.0GWh by 2030, for a total of 

316.0GWh. In terms of a percentage growth, these figures represent a growth of 26.5% by 2020, and 

57.9% as of 2030. These growth rates are significantly higher than those seen in Cape Town above, 

which is to be expected given the stronger population growth rates used in the business-as-usual 

scenario for Polokwane compared to Cape Town. Finally, in terms of the growth in informality and 

the number of informal households in Polokwane under this scenario, the city is predicted to have 

11,317 informal households as of 2020, rising to 14,121 as of 2030, compared to the estimated 2011 

baseline of 8,900, assuming that the proportion of informal and formal households remains 

constant. There are a number of reasons behind the lack of informality seen in Polokwane compared 

to Cape Town, which will be discussed later in this analysis. 



33 
 

Similar to the scenario for Cape Town, the high-population growth scenario for Polokwane exhibits a 

significantly greater total population and number of households by 2020 and 2030. This is 

accompanied by a correspondingly greater overall level of electricity consumption. Under this 

scenario, Polokwane’s population is expected to rise to 729,942 people occupying 228,107 

households by 2020, and 922,604 occupying 307,535 households by 2030. This growth pattern is in 

line with current research on Sub-Saharan African urbanisation that predicts strong growth in small- 

and medium-sized cities through to 2030, with the population of Polokwane approaching the 1 

million persons threshold by 2030. This represents a growth in population of 100,943 by 2020, and 

an additional 192,662 by 2030, for a total of 293,605.This corresponds to a growth in household 

numbers of 51,422 by 2020, and an additional 79,428 by 2030, for a total of 130,850. In terms of 

electricity consumption growth, this also shows the expected marked increase seen in the Cape 

Town high population growth scenario. Under this scenario, domestic electricity consumption in 

Polokwane is predicted to rise to 695.9GWh by 2020, and 938.2GWh by 2030, compared to the 2011 

baseline of 545.6GWh. This represents an overall growth in domestic consumption of 150.3GWh by 

2020, and an additional 242.3GWh by 2030, for a total of 392.6GWh. In terms of a percentage 

growth, this represents a 27.5% increase by 2020, and 72.0% increase by 2030. Predictably, this is 

higher than the percentage increases seen in the business-as-usual scenario, although less so by the 

2020 snapshot than seen under the Cape Town high-growth scenario, or that may have been 

expected. This is likely attributable to the increase in population growth rates modelled under the 

high-growth scenario for Polokwane from 2020 onwards: by the 2030 snapshot, increases in 

electricity consumption far outstrip that seen under the business-as-usual scenario, which is in line 

with the expected outcomes of higher population growth. Finally, regarding the predicted change in 

informality under the high-growth scenario, the city is predicted to have 11,405 informal households 

by 2020, rising to 15,377 by 2030. This is predictably higher than what is seen for the business-as-

usual scenario. In addition, the rise from 2020 to 2030 in overall numbers of informal households is 

expected: the increase in population growth rate built into the high population-growth model from 

2020 to 2030 shows an increase in the overall number of households, and consequently the 

proportion of informal households, despite the reduction in overall household occupancy (from 3.2 

persons per household to 3.0) by 2030. 

Finally, the demographic change scenario for Polokwane exhibits similar characteristics to the same 

scenario for Cape Town. Again, this analysis will focus on changes in the informal/formal household 

division within the city, as well as changes in overall household numbers per income bracket and the 

effect that the modelled demographic change will have on electricity consumption. Under this 

scenario, total domestic electricity consumption is predicted to rise to 701.9GWh by 2020, and 

894.3GWh by 2030. This represents an additional 11.4GWh of consumption by 2020, and an 

additional 32.7GWh of consumption by 2030. Compared to the business-as-usual consumption 

growth projection, this represents an additional 1.7% increase in electricity consumption by 2020, 

and an additional 3.8% increase by 2030. In terms of the overall change in household income 

division in the city, compared to the business-as-usual scenario, middle-income households are 

project to increase to 62,518 by 2020, and 78,705 by 2030, or an additional 431 household by 2020, 

rising to an additional 1,239 households by 2030. Regarding high-income households, these exhibit a 

slightly stronger growth, due to the move from middle-income to high-income projected under this 

scenario. High-income households are projected to increase to 52,189 by 2020, and 68,199 by 2030, 

or an additional 1,759 by 2020, and an additional 5,310 by 2030. As with Cape Town, the number of 

low-income households is set to fall under this scenario by 2,281 by 2020, and 6,550 by 2030. These 

figures all apply to electrified households only, as they are the household brackets considered under 

the electricity consumption growth projections for this demographic change scenario. Again, as with 
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Cape Town, it should be noted that low-income households are still projected to grow in absolute 

terms under the demographic change scenario. Finally, in terms of the number of informal 

households in Polokwane under this scenario, a modest decrease in overall numbers is predicted, 

due to the shift from low-income to middle- and high-incomes. As of 2020, this scenario predicts 

10,186 informal households in the city, rising to 12,709 by 2030. This represents a reduction in 

overall informal household numbers compared to the business-as-usual scenario of 1,131 by 2020, 

and 1,412 by 2030. 

Implications of the Analysis of the Models for Cape Town and Polokwane 
From the quantitative analysis presented above, it is clear that both the cities of Cape Town and 

Polokwane will need to institute measures to address the growth in overall domestic electricity 

demand. Under the business-as-usual scenarios for both cities, electricity demand is projected to 

rise significantly, and more so for Polokwane compared to Cape Town. Cape Town’s total domestic 

electricity demand by 2030 is projected to rise by 15.2% over baseline levels, and Polokwane’s by 

57.9%. These projected increases in electricity demand will have significant impact on the ability of 

the municipal electricity authorities in both cities, as well as the national utility in the case of 

Polokwane, to adequately service the populations with electricity. The differences in projections 

seen under the business-as-usual models for Cape Town and Polokwane have their roots in the 

differing challenges facing primary cities, such as Cape Town, and secondary cities such as 

Polokwane. Polokwane’s domestic electricity consumption is set to increase at a much faster rate 

than Cape Town’s due to the higher population growth rates modelled under the business-as-usual 

scenario: a significantly greater percentage-wise increase year-on-year leads to a greater overall 

increase in population, leading further to the stronger domestic electricity consumption growth seen 

in the model. 

This trend also holds true for the high population-growth scenario and the demographic change 

scenario for Polokwane: both of these hypothetical scenarios show that Polokwane’s domestic 

electricity consumption is set to far outstrip that seen in Cape Town as a proportion compared to the 

baseline years. This also applies to household numbers under the demographic change scenario: 

Polokwane’s middle- and higher-income household groups are set to grow faster than comparable 

groups in Cape Town. However, this does not apply to population growth: at 58.8%, the overall 

increase in population in Cape Town compared to the baseline is higher than that seen in Polokwane 

(46.6%), despite the higher population growth rates modelled under the high population-growth 

scenario for Polokwane. This is likely attributable to the higher baseline population of Cape Town, 

and the greater overall magnitude of population growth that results from this. 

Overall, the demographic change scenario produces much less extreme results regarding the growth 

in domestic electricity consumption than the high population growth scenario. This is to be 

expected: the foundation of the demographic change scenario is the business-as-usual scenario 

regarding population growth, however, overall domestic electricity consumption growth in this 

scenario is still less than may have been expected. This is likely due to the modest rates of 

population movement between income brackets used in the projection: these rates were derived 

from an estimate based on a number of projections of middle- and upper-class growth in South 

Africa in the coming decades, and as such can be seen as relatively robust. This implies that the 

solutions necessary for both municipalities in addressing the demographic change projections need 

to be less wide-ranging than if preparing for a high population-growth scenario and may fall within 

the remit of current measures to address the business-as-usual scenario. 
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Regarding informality, overall increases in the number of informal households present in Polokwane 

are significantly lower than those seen in Cape Town in all three scenarios presented above. This can 

be attributed to the efforts, both municipal and province-wide, of governments at a local and 

national level to reduce the number of informal households in both cities. Cape Town, and more 

broadly the Western Cape provincial government and national government, have to date focused on 

a policy of formalising services to informal households, over more traditional formalisation of 

housing stock and rights as seen in other provinces of South Africa, and indeed other Sub-Saharan 

African nations. The case presented above of the City of Cape Town backyarder electrification 

program is an example of this: services, in this case electricity services, to informal households were 

brought in line with the services provided to formal households. While this improves the quality of 

habitation of informal households, these households are still classified as “informal” by the city and 

contribute to informal settlement numbers in official statistics. Limpopo province, in which 

Polokwane is situated, has seen a significant growth in the provision of formal housing since the 

early 2000s, and as such as decline in occupants of informal settlements, as low-cost social housing 

was a priority in the housing development drive. This has been accompanied by a decline in 

traditional dwellings in Limpopo province due to rural-urban migration (Housing Development 

Association of South Africa, 2013). This is a broad outlook on informal settlement growth/decline in 

both cities: Western Cape province, and Cape Town specifically, has also seen efforts to formalise 

urban informal settlements in a more traditional sense, such as in the case of Joe Slovo informal 

settlement near Cape Town airport, which underwent an extensive formalisation campaign through 

the national Department of Human Settlements Integrated Reconstruction and Development 

Program (IRDP), beginning in 2005 (Sustainable Energy Africa, 2014). 

Regardless of intent to formalise or relative formalisation of services, the growth in informal 

household numbers in Cape Town, and to a lesser extent in Polokwane, presents additional 

challenges to municipal and national electricity authorities over and above those seen in the formal 

household growth figures. Under the business-as-usual scenario for Cape Town, an additional 17,216 

informal households are expected by 2020, rising to 34,088 by 2030, and bringing the total number 

of informal households over a quarter of a million in the same period. Given the existing nature of 

informal settlement growth in South Africa, these additional households are likely to follow a similar 

pattern of unplanned growth, leading to similar spatial challenges and challenges in urban form for 

electricity authorities as existing informal settlements in the city. While this challenge is smaller for 

Polokwane in terms of magnitude, an additional 5,221 informal households are expected by 2030 

under the business-as-usual scenario. If these households are to be brought in line with formal 

households in the provision of services, efforts to either formalise services or formalise housing will 

need to be increased in line with informal household growth, which will require both additional 

capacity and additional financing from municipal or national authorities. 

 

Responses: The Role of Municipalities in Addressing Electrification 

into the Future 
The models and analysis above have set out the scale of the challenge facing municipal and national 

electricity authorities in meeting the demands of the domestic population regarding electricity 

services. Under the three scenarios set out, the scale of the challenge varies widely: both the 

business-as-usual and demographic change scenarios entail a significant growth in electricity 

demand from the domestic sector, as well as a rise in the number of informal settlements, which 

have traditionally been difficult to electrify and provide services to in line with formal settlements. 
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The high population-growth scenario above poses an even greater challenge in this regard. The 

question then remains: how can municipalities respond to the challenges of servicing ever-increasing 

domestic populations with electricity? 

The responses to these challenges should be grouped by the type of household to be electrified 

(formal/informal) and will focus on the two municipalities considered in the analysis. As stated 

above, Cape Town and Polokwane were selected for this analysis to give a broad overview of the 

types of response available to municipalities of various sizes of city. In addition, as seen from the 

analysis, the challenges with regard to informality, as well as more formal population growth, vary 

between the two cities. Cape Town faces greater challenges in terms of the magnitude of population 

growth it is expected to undergo, as well as the projected increase in informality within the city. 

Polokwane in many ways faces a lesser challenge in terms of overall population growth and informal 

settlement growth but faces other challenges at a policy and administrative level, given the split 

between the local electricity authority and the national utility in responsibility for providing 

electricity services to the city’s domestic consumers. 

For the City of Cape Town, the municipal Electricity Department has responsibility for all distribution 

works carried out within the municipality. The Department has proven itself capable in the past of 

expanding electricity provision within the city, and the City itself is generally well-financed regarding 

municipal funds available for electrification works. With regard to informal settlement 

electrification, as shown above the Department has been a leader within the country in innovative 

approaches to formalising electricity services for informal households, and the drive towards 

democratisation of electricity access within the city has seen significant numbers of informal 

households brought onto the formal electricity grid. Considering these factors, the Department 

should be well-placed to meet the challenges presented in the business-as-usual and demographic 

change scenarios above regarding electricity demand growth. Formal housing growth in the city is 

generally accompanied by electricity grid extension for new properties, and the current financing 

arrangements for backyarder property electrification in place as of 2018 denote a continuing 

commitment to informal settlement electrification within the city, in line with municipal and 

national policy on the issue. Regarding the high population-growth scenario, it is reasonable to 

assume that current financing arrangements and levels of capacity within the Electricity Department 

in the city may not be sufficient to meet the significant increases in electricity demand, as well as the 

demand for electrification of new properties, and especially the growth in informal settlement 

residents and electrification of informal settlement households. 

The high-growth scenario, more so than the other two, presents a number of specific technical 

challenges, as well as putting additional strain on the policy responses in place in the city regarding 

electrification. The technical challenges present themselves in the form of constraints on capacity, 

both human and financial, within the Electricity Department, to deliver the required additional 

infrastructure that the high-growth scenario will demand. Sustainability of electricity delivery is 

another concern in a technical sense under the high-growth scenario. Cape Town has, compared to 

the rest of the country, significant capacity for delivering sustainability projects, and a leading 

awareness of climate change and urban sustainability concerns. However, applying existing 

measures such as the provision of off-grid renewable energy systems to grid-

inaccessible/inappropriate informal households, or the current promotion of self-generation or 

independent power production, to the scale of population growth seen under the high-growth 

scenario, may prove inadequate for meeting the scale of demand growth seen under the scenario. 

Social responses in the city may be the key to addressing all three scenarios into the future. While 

existing measures may prove appropriate for the business-as-usual scenario, and with limited 



37 
 

expansion, the demographic change scenario, a purely technical response would require dramatic 

increases in financing and human capacity within the Electricity Department to meet the demands of 

the high-growth scenario. Social and policy responses may be helpful in addressing this, particularly 

in energy efficiency, and specifically electrical efficiency. Demand-side management and reducing 

overall per-capita electricity consumption is something that has been on the political agenda in 

South Africa in recent years, given the country’s comparatively high per-capita electricity and energy 

consumption rates compared to similar nations. Improving the electrical efficiency of the appliance 

stock in the city would reduce overall household consumption and mean that a more limited level of 

technical response would be necessary to meet increasing demand. More social responses such as 

behavioural change in households could also be targeted as a non-technical means to reducing 

demand: encouraging households to use less energy through simple behavioural change measures 

such as switch-off campaigns and policy responses such as energy-efficient appliance subsidies could 

have a significant impact on the city’s ability to meet its growing electricity demand. Indeed, Cape 

Town already has experience within the municipal government in encouraging behavioural change in 

the populace due to the ongoing drought in the city, and Western Cape province more widely, 

prompting the municipal government to encourage the populace to use less water through 

behavioural change. This existing experience could be applied to the domestic electricity sector to 

achieve these goals. 

Regarding formal electrification in Polokwane, responsibilities for electrifying new properties in the 

city are divided between the municipality and ESKOM. As such, the municipality can only have direct 

influence over the areas that it has responsibility for electrifying, although successful projects in 

these areas could have influence over the national utility to adopt differing electrification methods 

in the areas of the city it has responsibility for. Polokwane is relatively less prosperous in terms of 

overall revenue than the City of Cape Town, and as such has lower overall funding in place for 

electrification works and services provided by the municipal electricity department. At present, it 

appears that for formal electrification works, there is little to no collaboration between the 

municipality and ESKOM, which is an area that could be improved upon. This will be particularly 

relevant when addressing edge-case areas at municipal district boundaries, especially if settlement 

lines extend across municipal boundaries. Due to these factors, the municipality may need to be 

prepared to increase the budget for formal electrification works to meet the demands of the 

growing populace through to 2030, as defined under the business-as-usual and demographic change 

scenarios. Both of these scenarios predict strong growth in domestic electricity demand, far 

outstripping the growth in demand seen in Cape Town, and as such the financial and capacity 

arrangements to address this growth will need to be proportionally larger. This also applies to the 

high-growth scenario: Polokwane’s population is set to be just under 1 million as of 2030 under this 

scenario, a 32% increase compared to the 2011 baseline. This is a dramatic change in population and 

will involve a similarly huge increase in electricity demand. Contingencies will need to be put in place 

to increase municipal funding for electrification works to service these demands should population 

growth remain strong. The proposed municipal budget for Polokwane through to 2020 shows that 

the City is taking these concerns seriously: tariff increases in line with those recommended by the 

national electricity regulator will mean an additional 30% revenue collected year-on-year through to 

2020 compared to the FY2016/17 budget, and the proposed budget for new electrical infrastructure 

works is set to rise by 24% over the same period. Finally, in terms of informality, the challenge facing 

Polokwane municipality is actually lesser than that facing Cape Town, due to the provincial and 

national government works over recent decades to formalise housing in Limpopo province. The 

current policy and regulatory framework in place for both ESKOM and the municipality should be 

appropriate to service the growth in informality predicted under all scenarios in the city. 
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Conclusions and Recommendations for Future Research 
This dissertation has analysed the possible scenarios for population growth and electricity demand 

growth in two South African cities: Cape Town and Polokwane. Three scenarios have been projected 

through to 2030 for both cities: a business-as-usual scenario, where population growth and 

electricity demand growth continues as per current projections; a high population-growth scenario, 

where growth remains strong and, in some cases, increases in the cities, and a demographic change 

scenario, where the division of household incomes in the cities moves from lower income brackets 

to higher income brackets. These scenarios were projected to an end-point of 2030, to give a 

medium-term overview of the challenges facing the two cities. In addition to the growth in 

population and growth in electricity demand, a division of households into formal and informal 

households was conducted for both cities, and the growth in informal households modelled to 2030. 

From the scenarios presented, even under a business-as-usual scenario, cities such as Cape Town 

and Polokwane, and their equivalent settlements across the country, will face significant challenges 

in meeting the electricity demand needs of the domestic sector in the coming decades. Significant 

population growth, through both natural population growth and rural/urban migration, will lead to 

increases in domestic electricity demand that will need to be met by increased electrification, and 

increased electricity service provision. Primary cities such as Cape Town face different challenges in 

this regard than growing secondary cities such as Polokwane: magnitudes of population growth in 

Cape Town are projected to be significantly higher under all scenarios than with Polokwane, but 

percentage-wise increases in Polokwane are set to be higher than for Cape Town. These factors 

present differing technical challenges: Cape Town, with its current policy and governance 

framework, has sole responsibility for electricity distribution within the city, and as such capacity and 

financing for the municipal Electricity Department will need to grow to meet the increases in 

demand seen under the scenarios. Polokwane will face different challenges: negotiating 

electrification rights with the national utility, ESKOM, and determining interconnection between 

ESKOM-operated areas and municipality-operated areas will create regulatory challenges under all 

growth scenarios, particularly in edge-case areas between service regions. In addition, capacity to 

meet technical challenges in a sustainable manner in secondary cities such as Polokwane is 

traditionally lower, and as such greater increases in both human and financial capacity than those 

seen in primary cities such as Cape Town may be necessary. 

This dissertation has solely focused on the demand-side of electricity, and on only one sector: the 

domestic sector. As such, there is significant scope for future work in this area: broadening the 

projections for demand growth to include other sectors of the urban energy services sphere, such as 

the commercial/industrial sector, transport and municipality self-consumption, could provide 

greater insight into the necessary requirements for energy demand growth into the future. As a 

demand-side focused work, this dissertation has not commented on the need for electricity 

generation to meet the growing needs of supply. Meeting electricity demand growth in a sustainable 

manner on the supply-side is a huge potential area of work, particularly given the rise in new forms 

of sustainable electricity generation in South Africa in the form of independent power producers, 

complementing ESKOM’s electricity generation infrastructure. This work on domestic electricity 

demand, complemented by potential future work on broader energy-consuming sectors, could help 

in building a more complete picture of electricity demand in urban areas of the country going 

forward, informing the planning of new generation infrastructure in the country. The financial 

aspects of servicing growing populations with electricity, and the financial capacity increases needed 

to implement electrification programs to extend connections to new populations, are also an area 

for future research. 
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The methodology used in producing the scenarios for the two South African cities is cross-applicable 

to a variety of other contexts and is not unique to South Africa. When considering the growth of 

primary cities in South and South-East Asian contexts, for example, a similar methodology to that 

used for the Cape Town projections, and lessons from the City of Cape Town Electricity Department 

in how to address the challenges that present themselves, could be applied. Further research could 

be therefore focused on broadening the picture in South Africa to cover other primary cities, such as 

Johannesburg or Durban, or on applying the methodology used in this dissertation to other country 

contexts, and comparing and contrasting the results of the modelling exercise to see if the technical 

and social responses produced for the South African context have any cross-applicability to other 

developing country contexts. 

Finally, this dissertation has to an extent focused on the need for electrification in urban informal 

settlements, and the growing challenges that present themselves when considering informality in 

the domestic sector in South Africa. This is not a uniquely South African phenomenon: across 

developing country contexts, informality is a growing issue, and responses in the South African 

context could potentially be used to inform future work in other developing countries, particularly 

those in similar positions in Sub-Saharan Africa, as well as countries in Latin America and the 

Caribbean, and South and South-East Asian nations. Informality in the socio-economic structure of 

developing countries is a complex problem: decades of under-service and lack of access to formal 

urban services, not just electricity, has led to parallel systems of economic and social development in 

informal settlements. 

Conceptualising these settlements as complex systems may be a viable starting point for further 

research into the potential responses of municipal and national governments to the challenges that 

informality poses to these institutions. Informal settlements in themselves exhibit significant 

complexity in their operation, with a wide range of factors affecting the social, economic and 

technical nature of the settlements and the evolution of these factors. These settlements are also 

rapidly-changing contexts, which respond rapidly to various external influences on a social, technical 

and economic scale. Electricity is also not the only consideration in these settlements: the gamut of 

urban services exhibit similar levels of complexity in their provision in informal settlements, 

including water and sanitation provision, emergency service access and services, and access to 

municipal transport within the city. As these settlements also exist in a typically grey legal area, and 

sometimes in areas that are in violation of national and local laws, security of habitation is another 

key concern in these systems, which leads to their precarity, and contributes to their complexity. 

A variety of methodologies could then be used to analyse the complexity of these informal systems. 

One such approach is a multi-level stakeholder analysis, where networks of stakeholders are 

determined and their influences on various aspects of the socio-economic system in informal 

settlements are analysed. This approach has seen some use in the South African context in the past 

to conceptualise informal settlement electricity services, and how access to electricity services is 

interrelated with other urban services and formalisation needs, such as formal housing rights, land 

rights and formal addresses (Runsten, Nerini & Tait, 2018). Another approach that could be used to 

analyse informal settlements in a complexity science framework is agent-based modelling. Originally 

arising from computer science, agent-based modelling has seen growing applications in the social 

sciences as a method of conceptualising complex systems with multiple influences and interactions 

between stakeholders. These stakeholder “agents” can be used within the model to simulate the 

dynamics of the system under various external and internal influences and determine emergent 

behaviours within the system. Agent-based modelling has a number of advantages over a more 

traditional stakeholder analysis approach, particularly in that the methodology can more easily 
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identify behaviours in systems that exhibit non-independence between actors in the system. Agent-

based models are typically constructed using software, and once constructed, can be interrogated 

for various outcomes. An applicable use of such a model regarding informal settlements would be 

determining the most appropriate policy levers and programmatic responses for providing an urban 

service (such as electricity) to an informal settlement. 

Overall, it is clear that a number of challenges face cities in developing countries in providing 

electricity services to their populations in the coming decades. In a context of growing concern over 

climate change and the need for increased sustainability of energy supply, particularly electricity 

supply, this dissertation has aimed to provide an overview of the potential growth of electricity 

demand facing South African cities across the scale of urban area seen in the country, and highlight 

the potential challenges facing municipalities in meeting this electricity demand in a stable, reliable 

and sustainable manner. 
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