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FOREWORD 
This manual has been designed for use by city officials and 

planners working in sub-Saharan Africa. It is a practical 

handbook, which identifies easy to achieve energy 

interventions that will save money (for cities, businesses 

and households), promote local economic development, 

and enhance the sustainable profile of a city. This manual 

is specifically aimed as a support tool to achieve the 

implementation of key interventions within municipalities 

across sub-Saharan Africa. 
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1 USING THIS MANUAL 

This manual has been designed for use by city officials and planners working in 

sub-Saharan Africa. It is a practical handbook, which identifies easy to achieve 

energy interventions that will save money (for cities, businesses and 

households), promote local economic development, and enhance the 

sustainable profile of a city. This manual is specifically aimed as a support tool 

to achieve the implementation of key interventions within municipalities across 

sub-Saharan Africa. 

African municipalities need to be prepared to deal with an explosion in demand 

for services from burgeoning populations caused by two factors – high 

population growth in Africa as a whole, and rapid urbanisation. An interesting 

feature of population growth in sub-Saharan Africa is that it is expected to take 

place mostly in small and medium sized cities, rather than capitals (UN-Habitat, 

2010).  These changes are taking place at a time when many countries are 

devolving administrative powers to local governments, yet municipal authorities 

lack the skills and expertise to address challenges, to manage resources, and to 

implement and enforce policies.   

Energy is only one of many services that municipalities need to address in the 

face of increasing urbanisation, but it is crucial to any form of urban 

development – planned or otherwise. People need energy as part of their every-

day lives.  The supply of energy is closely linked to economic development, 

health and individual wellbeing, as well as to local and global environmental 

sustainability.  

Recognising the emerging role of municipalities, with limited capacity, in 

addressing energy provision in urban centres, the “Supporting African 

Municipalities in Sustainable Energy Transitions” (SAMSET) project seeks to 

build capacity and develop a practical and effective knowledge exchange 

framework for supporting actors involved with municipal energy planning.  This 

manual is an output of the SAMSET project. 

The purpose of the manual is to give planners an idea of the range of energy 

interventions that it is possible for them to implement at the municipality level. 

It provides enough information to give a basic understanding of different energy 
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technologies – enough to start making enquiries and engage in discussion.  More 

detailed technical expertise will, however, be needed in order to design a 

bankable project.  

Each of the energy technologies most important for cities are tackled as 

separate chapters in the manual: 

● Energy Efficient Lighting 

● Energy Efficient Building 

● Sustainable Transport Planning 

● Energy efficient cooking 

● Waste to energy with a primary focus on Landfill Gas 

In each chapter, the manual will try to:   

1. Make the case (broadly) for the intervention.  

2. Explore the potential for mass rollout of the intervention to determine: 

● The energy and carbon savings resulting from the intervention 

● The financial impact of the intervention 

● Poverty alleviation through the intervention if applicable. 

3. Identify key barriers to mass rollout of the intervention, and highlight 

current efforts to resolve these. 

4. Provide practical steps towards implementing city rollout of the 

intervention.   

 

In addition to this the following interventions will be elaborated on: 

● Solar Photovoltaics (PV) 

● Renewable Purchase Power Agreements 

● Carbon Trading 

● Other renewable energy options including water heating and wind 

energy. 

These serve more as information and feasibility updates than implementation 

approaches. 
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2 SUSTAINABLE ENERGY AND AFRICA 

“The future of humanity is increasingly African” – so says UNICEF’s 2014 report 

“Generation 2030 Africa”. Its 1.2 billion population in 2015 is set to double by 

2050, eventually reaching 4.2 billion by the end of this century.  At that point 

40% of the world’s population will be African. 

 

Figure 1   Predicted population growth in Africa1 

 

  

                                                

1 http://www.economist.com/news/middle-east-and-africa/21613349-end-century-almost-half-worlds-
children-may-be-african-can-it 
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At the same time, a higher proportion of this increasing population will live in 

urban areas. The same UNICEF report says that around 40% of Africa’s 

population currently lives in urban areas, but that this is set to rise to 56% by 

2050.  Figure 2 shows that this is simply a continuation of a long standing trend, 

but also that there are substantial differences in urbanisation rates across the 

continent.  

 

 

Figure 2   Percentage of population in urban areas2 

                                                

2 UNICEF 2014. Generation 2030 Africa Child Demographics in Africa 
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This growing urban population will need access to energy. The challenge for 

municipal authorities is to make sure that this energy use is as sustainable as 

possible. Urban areas are generally more energy intensive than rural areas due 

to the concentration of households, transport and industry (SEA 2015). As sub-

Saharan Africa becomes increasingly urban, therefore, the bulk of energy will be 

used in our towns and cities - around 76% by 2040 (Figure 2) - and the 

sustainable energy transition imperative will need to focus increasingly on urban 

areas. It should be noted that this is not – and must not be – at the expense of 

rural areas, but rather that energy programmes in sub-Saharan Africa need to 

accommodate the urbanizing trend and strategically position themselves to 

address both rural and urban energy challenges. 

 

 

Figure 3   Modelling projections for energy use in urban sub-Saharan Africa3 

 

Figure 4 shows that energy consumption across Africa has been growing steadily 

at around 2.9% a year over the last decade. Note that these figures do not 

include biomass energy – charcoal and wood remain important to most cities. 

                                                

3 Borchers M., 2015. Sustainable Energy in Urban Africa – the role of local government 
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What this chart also does not show is the rapid growth in renewable energies, 

even if the total amount of energy produced is still relatively low (1% in 2015) – 

renewable energy increased at a rate of 40% a year between 2012 and 2015.  

 

Figure 4   Energy Consumption in Africa (2005 – 2015)4 

When addressing energy issues, municipalities can be either constrained or 

empowered in what they can achieve by national policy instruments.  For 

example, if a building act has building codes that specify energy efficiency 

standards, then authorities can use that as a means to improve the energy 

performance of new building stock.  A review of energy related policy 

instruments in 46 sub-Saharan African countries showed that 63% had some 

kind of national energy policy in place, and 48% even had some kind of 

instrument specifically relating to renewable energy (sometimes these were 

technology specific e.g. solar, biogas). 

  

                                                

4 Data source: BP Statistical Review of World Energy (2016) 
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Even at a global level, there is a sense of urgency for supporting a transition to 

sustainable energy. The recently adopted international Sustainable 

Development Goals (SDGs) include a specific focus on energy access (SDG 7):  

“Ensure access to affordable, reliable, sustainable 

and modern energy for all.” 

The global Sustainable Energy for All programme (SE4All) aims to:  

1. Ensure universal access to modern energy services,  

2. Double the global rate of improvement in energy efficiency, and  

3. Double the share of renewable energy in the global energy mix.  

In addition, Sustainable Development Goal 11 specifically relates to cities:  

“Make cities and human settlements inclusive, safe, resilient and 

sustainable”. 

Specific goals include a number that relate directly to energy: sustainable 

transport, air quality, waste management, sustainable buildings, and policies 

addressing resource efficiency and climate change.  The UN general Assembly 

has declared 2014 to 2024 the decade of sustainable energy for all. In addition, 

the devastating impacts of climate change are being experienced in Africa, and 

this issue is accelerating the global focus on sustainable energy. The Kyoto 

protocol includes provision for investment in emissions limited projects in 

developing countries through the Clean Development Mechanism (CDM).  

Energy, broadly, is also an important focus of the African Union’s Vision 2063. 

While sub-Saharan Africa is faced with a significant challenge regarding the 

transition to sustainable energy and a prosperous future, there is growing 

support for this transition which the region needs to tap into strategically. The 

region should not just draw on such support as a passive beneficiary, but must 

ensure that resulting initiatives support a truly developmental agenda. 
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2.1 SUCCESS THROUGH SUSTAINABILITY 

Our current energy use patterns – predominantly our huge dependency on 

fossil fuels - cannot continue.   A move to a more sustainable path is important 

for the following reasons: 

2.1.1 ARRESTED GLOBAL WARMING 

 

 

Figure 5   Average Global temperatures for the last thousand years5 

 

 

 

Climate change is an accepted reality. It will place enormous strain on our health 

sector, agricultural production, plant and animal biodiversity, and water 

resources. Disruptions in agriculture are likely to result in increased urbanisation 

and pressure on urban resources. Fossil fuel-based energy use is the largest 

contributor to carbon dioxide emissions – the principle global warming gas.  

                                                

5 IPCC,2001 

Average planetary temperatures are rising, and global consensus is that this is due to the release of carbon 

dioxide and other greenhouse gasses, largely linked to energy generation and use.  Worldwide energy use 

predictions still point to a steady increase, indicating that the situation is likely to get worse before it gets better. 
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Although sub-Saharan Africa will bear the brunt of the impact of global warning, 

the region’s contribution is insignificant at around 1.8% of total global emissions.  

 

Figure 6   World Energy Consumption6 

CO2 emissions from sub-Saharan Africa are relatively low – 0.8 tonnes per capita, 

compared to a global average of 5.0 tonnes per capita, and 11.0 tonnes per 

capita for high income countries7.  Nevertheless, although per capita emissions 

have fallen slightly since 1990, total emissions have actually increased (due to 

population growth), and increasing consumption of fossil fuels means that this 

trend will continue. 

 

 

 

                                                

6 Authors’ figure based on data from World Bank and International Energy Outlook 2016 (EIA)  

7 http://wdi.worldbank.org/table/3.8 
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2.1.2 ENERGY SECURITY 

Fossil fuel reserves are finite.  In particular, the relatively short horizon for oil 

reserve depletion means that there is an urgent need to find alternative 

transport fuels, transport modes and approaches to mobility.  

 

Figure 7   Reserves to production ratios (based on 2012 production figures)8 

 

2.1.3 EQUITY 

Currently, there is a huge divide between the energy use patterns and problems 

of the wealthier and poorer sections of populations.  The poor often are 

burdened with inadequate, unsafe and inconvenient energy sources while 

wealthier, particularly urban people consume high levels of energy and are 

inefficient in their use of energy. 

National electrification rates across sub-Saharan Africa are lower than any other 

region in the world at around 32%9.  Because of population growth rates, it is 

the only region where the total number of people without access to electricity 

is actually increasing.  Electrification rates in urban areas are much higher at 

69%10.  Bear in mind that many people take advantage of illegal connections, 

                                                

8 Authors’ figure, based on data from International Energy Outlook 2016 (EIA). 

9 IEA 2014 World Energy Outlook. 

10 Silver & Marvin 2016 Powering sub-Saharan Africa’s Revolution: an Energy Transitions Approach 
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which are inherently dangerous; this is a particularly serious problem given that 

62% of urban populations in sub-Saharan Africa live in slums11. 

2.1.4 LOCAL ENVIRONMENT 

In addition to local air quality, the use of biomass impacts the local environment.  

High demand from urban centres coupled with unregulated charcoal industries 

result in deforestation.  Deforestation not only impacts agriculture, but can 

reduce the resilience of communities to cope with natural disasters such as 

flooding.  

2.1.5 FINANCIAL EFFICIENCY 

Current inefficient energy use patterns mean that countries, cities and people 

have to spend more money than necessary for the energy service required (e.g. 

cooking, lighting, water heating etc.).  Many more efficient and cost-effective 

appliances and practices are available, including modern energy cookstoves, 

efficient lighting, using solar water heaters and constructing buildings to use less 

energy for heating, cooling and lighting. 

  

                                                

11 UN-Habitat 2013 
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3 CITIES AS ENERGY LEADERS 

All this raises issues of local capacity at a city level, both to advise local bodies 

on technical issues associated with renewable energy and energy efficiency, and 

to enforce regulations. 

Urban centres are the engine of economic growth, typically accounting for 75% 

of a country’s GDP, but also consuming about 75% of total energy12.  Not only 

are industrial and commercial consumers found in urban areas, but urban 

residents tend to use more energy for transport, domestic appliances, and that 

doesn’t include the energy content in construction materials for buildings, roads 

etc. 

Cities have an important role to play in the shift to a more sustainable energy 

picture in Africa. This is all the more pertinent given the high rates of 

urbanization and population growth in many of our cities. 

 

Figure 8   Projected Primary energy demand in sub-Saharan Africa13 

Modelling projections show us that energy consumption across sub-Saharan 

Africa will continue to increase (see Figure 8). However, rapid urbanisation 

means that energy consumption in cities is expected to double within 10 years. 

                                                

12 http://unhabitat.org/urban-themes/energy/ 

13 IEA Energy Outlook 
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The expense and emissions associated with these increases comprise burdens 

that will not be tolerable in the future. 

City authorities have a much greater influence over energy use patterns within 

their boundaries than is often realized. This is through: 

● Building regulations 

● Urban layout 

● Transport planning 

● Bylaws 

● Standards & codes 

● Air quality control measures 

● Electrification. 

 

Figure 9   Cumulative savings from a mass CFL rollout in a major South African City14 

If the continent is to move towards more sustainable energy paths, cities will be 

essential partners in this process. Cities will be instrumental in achieving 

                                                

14 Sustainable Energy Africa. (2009) How to Implement Renewable Energy and Energy Efficiency Options 

This graph shows the financial saving that is 

expected from implementing an efficient 

lighting programme in one South African 

city.  This example uses CFLs – compact 

fluorescent lights – in place of the 

‘traditional’ tungsten filament bulb.  

 

Savings by 2010: R300 million 

Savings by 2024: R3.2 billion 
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national energy targets.  Most countries have published some form of national 

energy plan, and most have introduced some kind of renewable energy policy, 

but most of these remain aspirational i.e. they do not include binding targets15.  

A number of governments have introduced various policy and finance 

mechanisms to help reach targets, such as tax reductions.  However, support is 

not yet available at a local government level.   

 

 

  

                                                

15 IRENA 2015 Africa 2030 REmap 

The Paris Climate Package. 

To download the ICLEI guide for 

local and subnational 

governments, go to: 

 http://www.iclei.org 
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4 CITY ACTION TOWARDS A SUSTAINABLE ENERGY PATH 

It is the responsibility of leaders in all spheres of government, commerce, 

industry and civil society to promote action towards more efficient and 

renewable energy use. The focus here is on what cities can do to promote action. 

We have to move from a fossil fuel dependency to clean energy. 

 

Figure 10   The required shift to reach clean energy by 205016. 

  

                                                

16 Sustainable Energy Africa. (2009) How to Implement Renewable Energy and Energy Efficiency Options 
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4.1 A SUSTAINABLE ENERGY STRATEGY FOR YOUR CITY 

Energy is the lifeblood of a city and runs through every area of a city’s 

functioning. Departmentalization within local government often means that 

cities do not have a complete understanding of energy use, energy issues and 

energy initiatives within its boundaries. This is best gathered and understood in 

order to inform longer term energy planning. 

Step 1:  Develop a State of Energy Report. This summarises current energy 

use, energy supply and key energy issues in a city. This can be used for 

discussion among your colleagues, to help them understand the role 

of energy in the municipality.  

Step 2:  Develop a Sustainable Energy Strategy. This will coordinate energy 

planning with an overarching city energy vision and set realistic 

renewable and energy efficiency targets based on current data.  

Step 3:  Develop an Action Plan. This maps out how the targets are going to be 

achieved.  
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In the next sections we present details of some of the measures a municipality 

might take to head towards clean energy transition. 

 

 

 

 

 

 YES NO 

Are we steadily moving from dirtier fossil fuels?   

Are we promoting interim cleaner options such as 
natural gas? 

  

Are we promoting renewable energy “low hanging 
fruit” such as efficient lighting? 

  

Are we pursuing energy efficiency aggressively in all 
sectors? 

  

Are we promoting passive solar / efficient design of 
buildings? 

  

Are we improving access to safer and healthier energy 
sources for the poor? 

  

Are we keeping the cost of energy affordable for the 
poor? 

  

Are we balancing these concerns with economic 
growth? 

  

 

 

 Are you a City on the move? 
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5 CHAPTER ON ENERGY EFFICIENT LIGHTING  

 

5.1   OVERVIEW ENERGY EFFICIENT LIGHTING IMPLEMENTATION 

Lighting currently is responsible for 19% of global electricity consumption and 

by 2020 it is predicted that the lighting market will grow to £94 billion of which 

80% will be generated from general lighting.  

5.1.1 DOMESTIC LIGHTING 

Solar home systems and solar lanterns (or pico-lighting systems) are one of the 

high profile success stories of the recent times.  Their success is due to advances 

in several technologies – batteries (falling costs of lithium ion batteries in 

particular), PV cells (falling prices), mobile payment systems (enabling pay as 

you go services), and LED lights.  
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In the last five years, advances in Light Emitting Diode (LED) based lighting have 

been dramatic – falling prices, increased light output, and improved quality of 

light.  LED lamps are replacing Compact Fluorescent Lamps 

(CFLs) as the efficient technology of choice because they 

are even more efficient and are becoming cheaper.  GE 

have even stopped making CFLs.  LEDs are also emerging 

as the technology of choice for street lighting.  Low energy 

consumption means that streetlights can be powered by 

integrated PV panels, eliminating the need to install 

electrical infrastructure.  

 

Figure 12   Sales of pico lighting systems in Africa (millions)17 

For the last two decades, CFLs were considered energy efficient lights.  CFLs are 

a cost-effective option for most general lighting requirements. Replacing a 

traditional light bulb with a CFL of the same brightness will save you about $8 

per year, or $100 over the lifetime of the bulb. 

 

                                                

17 Lighting Africa 2013. Lighting Africa Market Trends Report 2012 

Figure 11 A Compact Fluorescent 

Light (CFL) uses five times less 

energy than an equivalent 

incandescent bulb 
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5.1.2 STREET LIGHTING 

Street lighting as a service to be provided by municipalities offers a range of 

benefits. It increases security and improves safety, but there are also economic 

benefits as enterprises in ‘safe’ areas can stay open longer after dark.   

Whichever bulbs are used, it is important to move away from incandescent 

bulbs and mercury vapour streetlights. 

5.1.3 BUSINESS EFFICIENCY 

Efficient lighting programmes can be implemented in several areas within cities, 

including the following:  

● Replacing traditional incandescent bulbs with LEDs (or compact 

fluorescent light bulbs (CFLs)).  

● Replacing old fluorescent tubes with efficient fluorescent tubes or the 

new LED based tubes in local government and commercial buildings.  

● Replacing magnetic ballasts with electronic ballasts in fluorescent tube 

systems. 

● Installing lighting control systems (people and lux level sensors) 

● Using LED technology wherever possible. This is getting more accessible 

as more LED appliances come on the market. LED’s have several energy 

and cost saving applications, such as traffic lights and downlighters.  

● LEDs also appear to be emerging as the technology of choice for 

streetlighting. High pressure sodium lights still offer savings over the old 

mercury vapour lights, but LEDs have become even more efficient, and 

offer good light quality. 

● Simple awareness campaigns encouraging people to turn lights off when 

not needed can make a big difference. 
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5.2 THE CASE 

Residential consumption in sub-Saharan Africa is estimated to be 22% of the 

total electricity demand (2010 figures18).  However, residential demand is 

expected to grow faster than industrial / commercial demand so that it will 

account for around 30% of electricity by 2040.  Lighting will make up a 

substantial proportion of residential demand, in particular.  

Using low energy devices, modern controls, and good lighting management 

(switching off when not needed) can all help reduce electricity consumption.  

From a city and national perspective this will have the following benefits: 

● The reduction in energy consumption, and in particular peak demand, will 

improve energy security of a city by reducing the load placed on the 

national grid, resulting in reduced load shedding and blackouts. 

● Reduction in demand from the residential, local government and 

commercial sector means that fewer power stations need to be planned 

for in the future.  

● Lower costs to consumers! 

From a home owner’s, a business owner’s, or local government’s perspective, 

installing efficient lighting technologies also has several benefits: 

● Although efficient lamps are more expensive to buy, they tend to last 

longer.  Typical lifetimes are 1,000 hours for an incandescent bulb, 10,000 

hours for a CLF, and 25,000 hours for LEDs. The longer lifecycle of efficient 

lamps also means lower maintenance costs to a business or a local 

government building. 

● Roughly speaking, a 13W CFL will produce the same amount of light as a 

60W incandescent bulb, but LEDs are even more efficient, so a 7W LED 

bulb will produce the same amount of light.  Replacing a traditional light 

bulb with a CFL of the same brightness will save you about $8 per year, or 

$100 over the lifetime of the bulb. However, replacing with an LED bulb 

will save $9/year but because the life is so much greater, it will save over 

$200 over its lifetime. These figures are based on an electricity cost of 17 

                                                

18 Castellano et al. (2015) Brighter Africa: The growth potential of the sub-Saharan electricity sector. 
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US cents/kWh, so savings will be higher in countries with higher electricity 

costs (e.g. Kenya, Uganda), and lower in countries with lower electricity 

costs (e.g. Nigeria, South Africa).  

● At this point in time, CFLs are roughly two or three times the price of an 

incandescent bulb (i.e. $1.50), and LEDs are about five times the price 

($3.00).  However, the price of LEDs continues to fall, and it will get more 

difficult to find CFLs as they get phased out. 

● From an environmental perspective, lamps that use less electricity will 

reduce the amount of CO2 released to the atmosphere.  Estimates of the 

amount of CO2 that a low energy bulb will save vary enormously (e.g. 40 

kg – 800 kg over the lifetime of the lamp).  The actual amount saved will 

vary from country to country depending on the mix of fuels used to 

generate electricity, so CO2 savings will be high in South Africa, for 

example, where most electricity is generated from coal, but savings will 

be negligible in DRC, which depends almost exclusively on hydroelectric 

power. 

● Improved quality of life through a reduction in electricity costs for a low 

income household where the proportion of energy costs to income is very 

high.  

● A 36W efficient fluorescent tube provides the same amount of light as a 

standard 40W fluorescent tube. Installing electric ballasts will also 

improve efficiency. Using both will improve efficiency by as much as 25%. 

● Installing sensors in the building which only switch on lights in the 

presence of a person and insufficient lux levels have reduced the lighting 

electricity component of buildings by up to 80%. 

● Studies have shown that through behavioural changes, up to 10% 

reduction in lighting energy consumption can be achieved in a building. 

CFL bulbs are an effective efficient light source and as shown above have many 

benefits. They are more economically and environmentally friendly than 

translucent bulbs and they are already being implemented in African cities of 

which their effectiveness has been noted. However, LEDs should be preferred 

over CFLs as they are yet more efficient, and they are more environmentally 

sustainable because they do not contain mercury or any other hazardous 

substances.  
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Lighting Behavioural changes 

        If room is well lit use natural light and not electric light

        Turn off lights in unused rooms

         Use task lighting over ambient lighting wherever possible

 

Real business experience from implementing such 

interventions in buildings has shown the technologies 

paying for themselves in anything up to 2.5 years. 

These real examples make a very strong case for 

energy efficient lighting implementation wherever 

businesses, households or government buildings are 

trying to cut back on costs.   

 

 

5.3 POTENTIAL FOR ROLLOUT 

As stated earlier, CFL lighting is currently dominating markets in Africa and is 

replacing incandescent bulbs. Despite this being an improvement, there is room 

for further improvement as LED lighting is set to become a dominant feature in 

the lighting industry.  
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LED technology has been an 

instrumental part of the success 

of solar home systems, which get 

their electricity from PV solar 

cells. PV itself is simply the 

conversion of light into 

electricity - a resource which 

Africa isn’t lacking.  The graph 

below demonstrates how the 

price of PV itself has dramatically 

fallen over the last couple of 

decades, which has also 

contributed to the feasibility of 

home systems. A Lighting Africa 

report estimates that in 2012, 

only 4% of off-grid households in 

Africa had lighting systems, so 

there is plenty of potential for 

further growth. 

 

 

For street lighting, high pressure 

sodium (HPS) is a suitable and 

improved light source when 

compared to older technologies, 

but LED streetlights offer another 

step forward in improving light 

efficiency.   
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Figure 13   Savings from intelligent and energy efficient LED street lighting19 

The graph above illustrates how LED lights with control systems can be more 

efficient than current HPS lamps.  In this example, LED lights not only gave 75 

percent electricity savings but the lamps also gave out better light quality. No 

reliability faults or failures were recorded within 16 months of installing this 

system at a naval centre in the USA.  

5.3.1 ENERGY EFFICIENT LIGHTING TARGETS IN SSA 

In Ghana, there are renewable energy plans which aim to deploy up to 2 million 

solar lanterns and 30,000 solar home systems by the year 2020. 

The Uganda Renewable Energy Policy has set the target to increase the share of 

their modern renewables in total energy consumption to 61% by 2017. Although 

this isn’t directly involving energy efficient lighting it highlights how Uganda is 

aiming to promote and achieve more efficient practices which will include 

lighting efficiency.  

  

                                                

19 http://www.shinyo.com/news/industry-news/16.html 
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5.4 BARRIERS TO IMPLEMENTATION  

Building owners will not pay for efficient lighting interventions when their 

leaseholders are the ones who gain financial benefits: Most commercial 

buildings are occupied by businesses which pay rent to the building owners. The 

businesses are responsible for their own electricity bill. It therefore makes no 

sense for the building owner to implement efficient lighting systems as they do 

not reap a financial benefit from the intervention.  Businesses planning to 

occupy the rented office space for a period of two years or longer should 

investigate making the financial investment, even though it is not their building. 

Businesses which have implemented efficient lighting interventions typically 

show a return on investment within 2.5 years – a very attractive business 

proposition.  Building codes should specific minimum lighting efficiency 

standards for new buildings 

Lack of information and awareness: There is the perception that low energy 

lamps are expensive, and this is particularly a problem for low income electrified 

households. Although the lifecycle savings of LEDs are well documented, the 

initial cost seems to be the deterrent. However, this price is only decreasing on 

the market and the price of bulbs is becoming affordable. Awareness around the 

benefits of LEDs and CFLs needs to increase with mass rollout programmes and 

energy efficiency advertising campaigns. The CDM methodology for large scale 

efficient lighting projects for low income houses will be approved shortly and 

this will subsidise the installation of LEDs in these areas. 

Inertia in procurement process (use existing suppliers and technologies): 

Governments and large corporations are often tied to procurement policies 

which dictate that a particular supplier or technology must be used. In the case 

of lighting, these suppliers often don’t supply energy efficient options. Staff 

involved with procurement are often not aware of the energy efficient options 

available. Some buildings are tied to maintenance contracts with similar 

problems. 

Cheap technologies have given good quality CFLs a bad name.  Many countries 

are introducing appliance energy performance standards as well as labelling 

schemes.  These are aimed at giving consumers confidence that appliances they 

buy will last a minimum time.  
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CFLs contain mercury vapour, which makes safe disposal difficult: The safe 

disposal of CFLs is an important environmental issue which cities, within an 

efficient lighting programme, need to give serious consideration. Any efficient 

lighting programme MUST be accompanied by a safe disposal programme. 

Seasonal weather: Due to geography, many countries can experience electricity 

blackouts, especially during the dry seasons. For example, Ghana is heavily 

dependent on its hydroelectric output and regular droughts can affect electricity 

production which relies on the Akosombo Dam. 

Design: LED units often produce a narrower beam of light, so simply replacing 

existing lighting with LED replacements could cause low levels of light. A poor 

design may also then lead to the lighting solution actually consuming more 

energy than an alternative lighting source. This won’t provide a problem if there 

is a good, well thought out lighting design.  

 

5.5 HOW TO GO ABOUT IMPLEMENTATION  

The business case for energy efficient lighting is so strong that all buildings 

should be implementing appropriate efficient lighting technology wherever 

possible. Paybacks of a few months for a low energy lamp replacement to 2.5 

years for a commercial retrofit are typical.  

Typically an energy services company or ESCO should perform this work. In most 

cases the ESCO will arrange the financing of the project and implement it, while 

the end user and the ESCO share the energy savings resulting from the work. 

Alternatively the ESCO will merely implement the required interventions at the 

end user’s cost.  ESCOs can operate in both large commercial or government 

buildings, as well as in residential areas. ESCOs typically offer a suite of energy 

efficiency interventions, but efficient lighting is often the most attractive 

starting point from a payback perspective.  

5.5.1 CITY BUILDINGS AND COUNCIL HOUSING RETROFITS AND 

ONGOING PROCUREMENT PROCESSES 

Cities need to develop policy and strategies around energy efficiency in council 

buildings and premises and in council-owned housing. This will provide 
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overarching direction to the city’s intent to move towards energy efficiency in 

lighting. Implementation of the strategy then requires: 

i) Locating responsibility for retrofit with a specific line department. 

ii) Identification of building stock and a programme of retrofit. 

iii) Identification of financing for building retrofit. This may come from 

internal sources through usual budgets for maintenance of building 

infrastructure costs (and making the case to city finance departments that 

future savings more than justifies the upfront additional capital costs). 

Additional capital costs can also be met through funding sources such as 

ESCOs  

iv) Longer term implementation requires that City procurement policies be 

adjusted to ensure that efficient lighting is routinely procured and 

installed. This may also require a capacity building process amongst staff 

involved in lighting procurement. Such capacity building would need to 

ensure that building maintenance staff is aware of the safe disposal 

requirements for CFLs. 

5.5.2 CITY STREETLIGHT PROGRAMMES 

Replacement of old mercury vapour streetlights with high pressure sodium 

(HPS) streetlights is becoming the norm within cities, due to the huge energy 

and financial savings achievable.  Efforts should be made to install LED 

streetlights wherever possible.  Solar powered LED units offer a cost effective 

means of extending street lighting into new areas.  

Voltage reduction devices to dim the lights are a viable approach to further daily 

energy reductions. For an update on streetlight technologies, go to 

cityenergy.org.za 

5.5.3 AWARENESS PROGRAMMES 

As the business case for energy efficient lighting is so strong, the city can assist 

in raising awareness generally and in focused areas of the city.  

Awareness needs to be built amongst staff involved in the procurement and 

maintenance of lighting in government and large corporations, highlighting the 

sustainable benefits of using efficient lighting. There also needs to be continued 

file:///D:/DFID/SAMSET%20(Municipalities)/Guide%20for%20Local%20Gov't/cityenergy.org.za
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education of the population at large of the benefits of using low energy lamps, 

as well as the need for careful disposal.  

Cities can promote efficient lighting through environmental education 

campaigns, household environmental campaigns and building partnerships with 

business to address energy efficiency.  

5.5.4 DISTRIBUTION OF FREE LED BULBS PROJECTS 

Distribution of free (or subsidised) LED bulbs can form part of demand side 

management strategies aimed at reducing the load on the grid.  Projects like 

this20 have emerged in Uganda for example, where every grid connected 

domestic and small commercial electricity customer has received LED bulbs. 

Initiatives like this aim to effectively reduce energy consumption.  

5.5.5 REGULATION 

Given the advantages of efficient lighting over traditional tungsten filament 

bulbs, governments across the globe have initiated measures to ban 

incandescent bulbs.  The European Union banned imports of 100W bulbs in 

2009, and then 60W bulbs by 2011, and all incandescent bulbs by 2012. Some 

developing countries including India and the Philippines have also made moves 

to phase out incandescent lamps. Whilst banning products can be legally and 

procedurally complicated, other routes, such as voluntary programmes, internal 

procurement and building management decision, seem to be more appropriate. 

5.5.6 CFL LIGHTING DISPOSAL 

Local authorities are responsible for waste disposal services and need to ensure 

that safe CFL lighting disposal programmes are part of their waste disposal 

campaigns. 

  

                                                

20 http://www.era.or.ug/index.php/2013-10-23-18-03-21/2013-10-23-18-12-48/latest-news/450-distribution-
of-free-led-bulbs-project-launched 

http://www.era.or.ug/index.php/2013-10-23-18-03-21/2013-10-23-18-12-48/latest-news/450-distribution-of-free-led-bulbs-project-launched
http://www.era.or.ug/index.php/2013-10-23-18-03-21/2013-10-23-18-12-48/latest-news/450-distribution-of-free-led-bulbs-project-launched
http://www.era.or.ug/index.php/2013-10-23-18-03-21/2013-10-23-18-12-48/latest-news/450-distribution-of-free-led-bulbs-project-launched
http://www.era.or.ug/index.php/2013-10-23-18-03-21/2013-10-23-18-12-48/latest-news/450-distribution-of-free-led-bulbs-project-launched
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5.6 CASE STUDIES 

5.6.1 CASE STUDY: LED TRAFFIC LIGHTS  

Some new traffic lights are being made out of arrays of light emitting diodes 

(LEDs). These are tiny, purely electronic lights that are extremely energy efficient 

and have a very long life. Each LED is about the size of a pencil eraser, so 

hundreds of them are used together in an array. The LEDs are replacing the old-

style incandescent halogen bulbs rated at between 50 and 150 watts. LED units 

have three big advantages:  

● LEDs are brighter. The LED arrays fill the entire "hole" and have equal 

brightness across the entire surface, making them brighter overall.  

● LED bulbs last for years, while halogen bulbs last for months. Replacing 

bulbs costs money (trucks and labour costs) and it also ties up traffic. 

Increasing the replacement interval can save a city a lot of money. 

● LED bulbs save a lot of energy. 

● The energy savings of LED lights can be huge.  

Assume that a traffic light uses 100-watt bulbs 

today. The light is on 24 hours a day, so it uses 2.4 

kilowatt-hours per day. If you assume power costs 

15 US cents per kilowatt-hour, it means that one 

traffic signal costs about $0.40 a day to operate, 

or about $130 per year. There are perhaps eight 

signals per intersection, so that's almost $1,000 

per year in power per intersection. A big city has 

thousands of intersections, so it can cost millions 

of dollars to power all the traffic lights. LED bulbs 

might consume 15 or 20 watts instead of 100, so 

the power consumption drops by a factor of five or six. A city can easily save 

thousands a year by replacing all of the bulbs with LED units. These low-energy 

bulbs also open the possibility of using solar panels instead of running an 

electrical line, which saves money in remote areas. 
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5.6.2 CASE STUDY: PHILLIPS LED LIGHTS. 

 

Benefits of Security Lighting:  

● Quick charging and long lasting working hours  

● Takes only 5 – 10 minutes to install  

● Can provide up to 100 square meters of light  

● Easy to transport  

Can be used for: 

● Social activities 

● Security companies  

● Construction sites  

● Emergency lighting 
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This LED security light offers a fast, sustainable source of light for night time 

activities. Due to its ease of accessibility and transportation it makes it readily 

available for both businesses and communities.  

As well as aiding security issues, it can also be used for social activities for 

communities at times where usually they would not be able to have such access.  

5.6.3 CASE STUDY: EKURHULENI METROPOLITAN MUNICIPALITY - 

EFFICIENT LIGHTING IN MUNICIPAL BUILDINGS 

South Africa’s Ekurhuleni Metropolitan Municipality (EMM), presiding over 2.5 

million residents, has been institutionalising a sustainable energy approach 

through conservation practices in its municipal buildings since 2005. The 

Germiston Civic Centre and EGSC buildings, serving as EMM’s political head 

office and administration head office respectively, were identified for an energy 

efficiency retrofit in 2005.  

Among the energy efficiency measures implemented in both buildings was the 

replacement of conventional incandescent lights with compact fluorescent light 

bulbs (CFLs), the replacement of cool-beam down lighters with light-emitting 

diodes (LED) lights, and the replacement of ninety-six, 8-foot double fluorescent 

light fittings with open channel-5 foot double fluorescent lights with electronic 

ballasts and installation of lighting timers.  
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In total 2003 CFLs, 90 LED lights and 2 lighting timers were used for the lighting 

component of the project. The CFLs were found to be highly efficient with a high 

return on savings after the initial capital outlay. The CFLs, designed to screw into 

standard sockets, made for an easy replacement of incandescent light bulbs. 

Substantial savings were amassed from the efficient lighting installations: 

● Pre retrofit energy use:  387,718 kWh/year 

● Post retrofit energy use:  109,894 kWh/year 

● Energy savings:   277,823 kWh/year 

● Percentage of energy savings from the use of CFLs and LEDs:  75% 

● Percentage of energy savings from the use of fluorescent lights with 

electronic ballasts: 13 %  

The emissions reduction for greenhouse gases represented in CO2 equivalent 

and other pollutants such as NOx and SOx were: 

● CO2e reduction:  260 tonnes/year 

● SOx reduction:  2,205 kg/year 

● NOx reduction:  1,035 kg/year 

EGSC Building Germiston Civic Centre 

 

Lights timer set to switch on at 

05h30 and switch off at 19h00 

 

8 ft double fluorescent 
lights 
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This small scale retrofit project resulted in 387,718 kWh of energy saved in one 

year, this represents an economic saving in the order of R369,126.00 with a 

payback period of less than year. This significant saving is enhanced by the 

additional benefits in GHG emission reduction: 260 tons of CO2e, 2.2 tons of SOx 

and 1.1 tons of NOx. Since the installation of the new lights, staff reported no 

equipment problems and had no complaints about the quality of lighting. 

Everybody seemed satisfied by the project. 

It was found that in a retrofitting project involving the replacement of old 

equipment with new and more efficient technology was a swift way to save both 

energy and money. The project did not require a long time to implement. 

However projects involving municipally-owned buildings and municipal 

operations, may take more time due to council procedures and policies that 

need to be followed. Further challenges arise in interdepartmental collaboration 

within government, spanning the planning stage to the actual project 

implementation. It was also found that it was important to select appropriately 

skilled people and companies to perform the work. Since energy efficiency 

technology and equipment is relatively new in the South African market, 

difficulty arises in finding experienced tradesman to provide the necessary 

services. This is envisaged to improve as the demand from more local 

governments and institutions for energy efficient equipment increases.  

The formulation of the policy on Energy Efficiency in Council Buildings and on 

Council Premises, the State of Energy Report, the draft Energy Efficiency and 

Climate Change Strategy of Ekurhuleni and the subsequent retrofit project are 

part of an easily-replicable strategy that can be applied to other South African 

cities interested in reducing energy costs and reducing the environmentally 

harmful impacts of their municipal operations.  

The equipment purchased and implemented in the municipal buildings of 

Ekurhuleni was proven to be cost effective and are readily available in South 

Africa. 

It is noted that the achievement of successful and efficient project 

implementation lies in the allocation of enough time by cities for the project 

during the planning phase as well as the assemblage of a motivated 

interdepartmental task team. 
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5.6.4 CASE STUDY: SOLAR HOME SYSTEM KIT 

 

Decreasing costs not only in LEDs but also solar PV modules and rechargeable 

batteries has enabled and facilitated the development of larger solar home 

systems which are made affordable to many of those in the off- grid market.  

Organisations including Lighting Africa will enable the spread of such LED 

products such as the solar system kit as well as other appliances across sub-

Saharan Africa. As of the end of 2014, eight million quality verified pico- solar 

lights have been sold.  

As mentioned, Ghana is one country that is aiming to adopt these solar home 

systems, which shows that not only is such a programme feasible, but it is 

feasible for countries within sub-Saharan Africa and it is a programme that can 

be achieved in a short space of time.  

5.6.5 CASE STUDY: INTERNATIONAL EXPERIENCE 

Energy efficient lighting is a readily available technology which can be easily 

installed by consumers throughout the world.  At one time, the price difference 

between LEDs and tungsten filament bulbs was prohibitive but economies of 

scale from mass production have reduced the differential.  Additionally, some 

governments have provided subsidies to assist the market in energy efficient 

lighting to develop.  As a result, the widespread availability of energy efficient 

lighting and expanding knowledge of its benefits has led policy-makers across 

the globe to propose a ban on the sale of tungsten filament bulbs. 
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Whilst the growing switch to energy efficient lighting is a welcome development, 

the initial high cost of low energy lamps is clearly a problem for poorer 

consumers.  However, practical solutions exist to overcome this barrier.  Many 

electricity utilities have found it advantageous to provide energy efficient 

lighting at a reduced price or free to their consumers.  The benefits of subsidised 

energy efficient lighting to electricity utilities were first appreciated in the 1980’s 

in the United States of America where such demand-side management (DSM) 

measures enabled these companies to avoid expensive investment in new 

power stations.  This approach has been translated, for example, into a recent 

DSM scheme in Karnataka State in India.  Faced with an increasing peak capacity 

deficiency caused mainly by evening lighting demand, the local utility is enabling 

domestic consumers to obtain 1 million energy efficient lights and allowing them 

to pay the costs by instalments through their electricity bills. 
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6 CHAPTER ON ENERGY EFFICIENT BUILDINGS  

 

6.1 OVERVIEW 

According to some reports, buildings are responsible for about 20% of global 

energy consumption.  They therefore represent a significant arena where energy 

savings can be made and clean energy introduced.   

When a building is built some of its design commits the user to a certain level of 

energy consumption for the next 20 to 40 years.  Some efficiency measures can 

be undertaken, but sometimes the core design cannot be mitigated.  For 

instance, a large office block with many glass windows in a tropical location 

demands air conditioning to keep its inhabitants cool.  This stands in contrast to 

planning a set of offices with passive solar cooling at the design stage.   

While the best energy transitions will be considered at the building design stage, 

this chapter suggests some ways in which energy transitions can nevertheless 

be retrofitted to buildings.  Energy efficient building encompasses efficient 

design and orientation methods through to 

the technology used inside a building to 

make space cooling (or heating) more 

efficient. 

This chapter draws heavily on work by UN 

Habitat who have detailed documentation 

on possibilities. 

6.1.1 PLANNING PERMISSION 

Good energy efficient buildings are best 

created right from the start.  Site selection 

includes using land suitable for the building 

(for instance, not building on a flood plain).  

It includes leaving space for rainwater 

infiltration, orientating the building on an 

east west axis, seeking to maximise natural 
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light (by, for instance, having long thin buildings – which also then have good 

cross ventilation and minimal heat gain). 

6.1.2 BASIC FORM OF THE BUILDING 

Once the site and outline has been chosen, attention can then be on the actual 

design.  Window sizing, window placement, and skylights all effect the 

temperature and the light within the building – and therefore influence the 

consumption of energy for technological solutions (lights and air conditioners). 

In tropical climates shading of windows can be important.  Horizontal shading 

devices are appropriate for north and south facing facades; Vertical shading 

devices are appropriate for east and west facing facades.  Shading can be 

achieved by roof overhangs, vertical and horizontal sun-shading elements, 

balconies, screens, vegetation, etc. 

Similarly, ventilation becomes important for temperature control.  This can 

include openable windows, thermal chimneys, roof vents, louvered 

fenestrations etc. Passive ventilation strategies for natural ventilation include 

cross ventilation, stack effect, solar chimneys, clerestory windows etc.   

In some cases, particularly in highland areas or at the tip of Africa (South Africa), 

heating might become important for the comfort of people.  In these cases 

building features such as insulation of walls and ceilings become important, and 

exclusion of drafts from windows and doors. 

6.1.3 ENERGY CONSUMPTION FEATURES 

As well as the buildings structure or form and its contribution to its internal 

environment, there are other ways in which a building can mitigate its use of 

energy.  Lighting.  The previous chapter showed that there are now advances in 

lighting technology that can greatly cut down energy consumption.  This can 

include not just efficient lamps but inclusion of motion sensors that switch off 

lights when there is no one in the building, and behavioural change awareness 

raising (Switch off the light when you leave!)   Water can also be a key energy 

consumption – does the building seek to conserve water use, or does it require 

energy to pump the water to the roof only for it to be used on the ground floor?    
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6.1.4 THE ROLE OF MUNICIPALITIES 

Municipalities have a more direct control over the building environment.  It is 

generally the law that new buildings must comply with local planning and 

building regulations.  This becomes a part of the authorities’ resources to 

guarantee the right to sustainable cities and safeguard a healthy and 

comfortable urban environment.   

“Energy and Resource Efficiency in Buildings Codes are to achieve a rational use 

of the energy and natural resources required for the construction, operation and 

demolition of buildings whilst providing indoors comfort (ensuring that 

occupants can achieve adequate levels of lighting, thermal and acoustic 

comfort), reducing their consumption to sustainable limits and also getting a 

portion of this consumption from renewable energy sources during their design, 

construction, use and maintenance”.  UN-Habitat 2016 

 

6.2 THE CASE 

The majority of modern buildings in sub-Saharan Africa are copies of, or are 

based on, designs used in temperate climates in the Western world.  Tall 

buildings with insufficient air flow and blocks of glass windows that trap the heat 

mean that buildings are heavily reliant on artificial means to create indoor 

comfort.  The building is committed to mechanical air conditioning and always-

on lighting in order to create a reasonable working environment.  This intensive 

input of energy leads to inherently high energy consumption. 

While ‘modern’ buildings may look good externally, the first step in creating a 

comfortable and delightful building without spending the money for mechanical 

equipment is to understand the relationship between the climate and the need 

for shelter.  Commissioning a building is a complex process and there are many 

factors to consider, but a good architect, if asked to include energy efficient 

design, will be able to take into account the climate for minimal extra cost. 

For instance, where the climate is hot and humid the walls can make a long term 

difference - lightweight walls with low thermal capacity will enable excessive 

heat to dissipate.  Even painting can make a difference - a light colour exterior 

can reflect solar radiation (cooling the inside) and a light colour interior 
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enhances the use of day light inside.  In comparison, in a hot arid situation, 

heavyweight walls with high thermal capacity resist the dry heat building up.  

Again a light colour exterior helps by reflecting solar radiation (and a light colour 

interior to enhances day light use inside). 

Such action creates minimal extra expense and can often be done within the 

original budget.  It is a role for the municipalities to encourage such building 

design.  Some ‘energy efficient’ building design can even be less than a ‘modern’ 

(western) building budget and can create more work in the local economy.  

Many energy efficient practices are based on local materials.  By using naturally 

available materials buildings can mimic natural conditions.  By using locally 

available materials and technologies, there is greater potential for reuse and 

recycling and they are often non-toxic with minimal indoor pollution.   

Buildings that recycle water should be considered.  In many sub-Saharan cities, 

the water table is being over exploited.  Cities often have difficulty draining 

water, and increasing areas of tarmac (e.g. roads) and compacted earth 

exacerbate the problem by lowering the seepage of rainfall into the ground.  This 

is increasingly moving the world towards a water crisis.  Designers of new 

buildings can consider this and create mechanisms for capturing and using 

rainwater, and for recycling domestic water.   

Landscaping can become an important part of creating a functional and pleasant 

environment.  Often the energy use of a building may be strongly influenced by 

whether people feel trapped inside the building or, say at lunch time, feel free 

to sit outside in the shade of a tree.  All these features influence the 

consumption of energy over the next 40 years or more. 

 

6.3 POTENTIAL FOR ROLLOUT 

Passive solar design is used to reduce energy consumption and to ensure 

comfortable accommodation, and is perhaps at the forefront of energy efficient 

building design.  The sun’s movements, the prevailing wind direction, and 

changing temperatures and humidity are local climate conditions that vary from 

place to place and must be considered. Some examples of passive solar design 

are: 
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 Orientation: North-south alignment minimises solar gains into the 

building.  This is more effective the further away from the equator you 

are.  It has limited impact at the equator.  

 Shading: Suitable roof overhangs minimise solar gains through windows 

 Windows: Sensible fenestration (windows) let in light but capture heat 

from the sun.  Limiting glazed area helps retain cool (or warm) air inside 

when needed.  

 Natural ventilation: Suitable ventilation provides fresh air and cool 

breezes, so rooms can be ventilated as needed using airbricks, forced 

ventilation or by opening windows. 

 Lighting: Natural lighting through windows and light wells reduces the 

need for artificial lighting. 

 Building Materials: Materials such as concrete floors and brick or clay 

walls absorb heat from direct sunlight and releases it again at night. 

 Insulation. High thermal inertia materials (in roof and walls) help keep 

building cool in hot seasons and warm in cold seasons. 

 Landscaping: Planting trees or shrubs to block strong winds, and to 

provide shade and reduce sunlight reflection, helps to reduce the need 

for artificial heating and cooling. 

 Solar home systems. Provide artificial light and power for low capacity 

domestic appliances (e.g. radio, TV) where there is no grid connection.  

Electricity generated from PV panels avoids emissions associated with 

grid electricity generation (e.g. cola fired power stations).  

 Water management. Rain water harvesting and waste water recycling 

reduce demand on utility systems (and costs to consumer).   

6.3.1 TECHNOLOGICAL EFFICIENCY INTERVENTIONS 

As discussed above, most modern buildings have not been built keeping passive 

solar design in mind and rely on technology to regulate internal temperatures. 

Technological interventions can still increase energy efficiency in these 

buildings, as well as in passive solar designed buildings.  Some examples of 

technological interventions are: 

 Installation of efficient heating, ventilating and air conditioning 

(HVAC) systems if required and ensure they are efficiently used.  
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 Installation of solar water heaters.  They are financially viable and 

result in substantial savings on electricity bills (see Section 13.1.3) 

 If needed, energy efficient lighting retrofits are financially viable, and 

can pay for themselves in anything from a few months to 2.5 years 

(see Chapter 5). 

 Using ‘fresh’ air to cool a building down at the start of the day. The 

outside air, even in summer, is fresh and cool early in the morning 

and by switching the air conditioning system’s fans on, the cool, 

natural air is drawn into the building. Not only does it lower the 

inside temperature, but it also flushes out the stale air from the 

previous day. In this way, the building is cool and fresh when the 

employees and customers arrive, and the energy intensive chillers 

need only start operating towards mid-morning.  

 Slight adjustments to the temperature setting of the air conditioning 

system can result in substantial savings. It is advisable that the 

difference between the inside and outside temperatures should not 

exceed 10 degrees Celsius. Compared to current practices, this means 

that air conditioners can be set a degree or two higher in hot 

seasons. Not only would the air conditioning not have to work quite 

so hard to maintain the desired temperature, but health wise it is 

also wiser to not subject the body to severe temperature contrasts. If 

the outside temperature is 35 degrees, for example, and the inside 

temperature is maintained at 25 degrees instead of 20 degrees, a 

33% saving in energy consumption will be realized. 

 Towards the end of the working day, the building’s air conditioning 

system could “wander”. This means allowing the temperature to 

gradually increase, given that employees are due to leave soon and 

will then encounter the temperature outside. It is not energy efficient 

to maintain a cool interior long after the people who needed it have 

gone. 

 HVAC technology has also improved greatly over the last few years, 

and efficiencies of these systems are far better. For example some 

new air conditioning systems are 30% more efficient than their older 

counterparts. 



  

43 SAMSET Guidelines to clean energy 

6.3.2 ENERGY CONSUMPTION (UGANDA): 

A study of energy consumption patterns in residential buildings in Uganda was 

carried out using a sample of 300 residential buildings mostly located in 2 

climatic zones. The data was collected from energy audits taken from the project 

‘Promoting Energy Efficiency in Buildings in East Africa’. This is an ongoing 

initiative encouraging energy efficiency building codes in East Africa. The data 

covers 6 major areas: Typology, Context, Building Envelope (e.g. facades, 

windows, roof, floor, shading devices, ventilation and lighting), Appliances, 

Electricity Consumption, Non-Electric Energy Uses. The study concluded that 

alternative means of dealing with issues of sustainability are limited and whilst 

some users are moving in the right direction, this remains at a basic level and 

more needs to be done to ensure these practices become mainstream.  

 

Figure 14   Energy demand by sector21 

 

6.3.3 CASE - FITTING CEILINGS IN LOW INCOME HOUSES 

One of the best ways to make a house more energy efficient is to reduce the 

flow of heat into and out of the house. This is achieved through insulation. 

Insulation keeps a house cooler on a hot day and warmer on a cold day. As most 

heat in a house is gained/lost through the roof, the most effective way to 

insulate a house is to fit a ceiling. In areas with cold winters, a ceiling can reduce 

space heating and space cooling costs by up to 50%.  

                                                

21 World Bank 2014 
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Installing a ceiling will have several benefits: 

 Financially feasible - 

less money spent on 

heating in impoverished 

households. 

 Improved indoor air 

quality (where paraffin 

stoves and fires are 

used for heating), 

health and comfort. 

 Less energy used means 

less non renewable 

resources being used 

and less CO2 being 

produced. 

 In poor households that 

cannot afford heating, ceilings will have a positive effect on the health of 

the household. This is good for the city economy as well as fewer 

working days will be lost through illness. 

6.3.4 CASE – BUSINESS AND INDUSTRY 

Business and industry are large consumers of energy. In 2007, Cape Town’s 

Central Business District (CBD) launched an Energy Efficiency Initiative aiming to 

improve energy security by facilitating and managing energy efficiency in the 

city. This initiative is being managed by the Cape Town Partnership. The main 

functions of the initiative are to analyse project viability, finance and manage 

audit procedures and project implementation, and provide information, support 

and advice throughout the process. 

Creating awareness is important.  Educating building owners and eventual 

building owners on the benefits of passive solar design will make them aware of 

the potential energy savings. Building awareness programs can be launched 

within cities to promote passive solar design and to facilitate relationships 

among designers, suppliers, contractors, and buyers. 
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Educate building users and administrators as to the benefits of efficient use of 

HVAC. Also make them aware of potential savings from using more energy 

efficient technology. Cities can do this amongst their own staff and building 

administrators. They can also, through partnerships with business, encourage 

such awareness within the business sector. For long term impact it is important 

that procurement policies be adjusted to ensure efficient HVAC systems are 

installed in buildings, and efficient HVAC practices are built into the operational 

practices of buildings and responsibilities of building managers. 

Municipalities can contribute to Green / energy efficient building guidelines or 

codes that are a key instrument in encouraging sustainable design e.g. SABS 

Green Building Standards in South Africa.  Cities are mandated to enforce 

building regulations established by national government. As all new building 

plans must pass through the City for approval, this provides an important 

opportunity to intervene to either encourage (guidelines) or prescribe 

(regulation) energy efficient building interventions. Some cities have explored 

developing local energy efficiency building regulations, but have since 

abandoned this process given that building regulations are established 

nationally in order to promote uniformity within a vast sector, where a plethora 

of local standards creates conflict. Many national governments are in the 

process of exploring how to incorporate energy efficiency into the National 

Building Standards.  
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6.4 BARRIERS TO IMPLEMENTATION AND EFFORTS TO RESOLVE 

The main barriers are:- 

 Often owners and developers of buildings are not the ones going to 

work or live in that building.  They therefore do not particularly care if 

the running cost of the building is higher because of poor energy 

management since it is the tenant who will be paying for such costs.   

Demonstrating savings in ongoing costs could potentially make the 

building more attractive.  If municipalities require developers to show 

the expected ongoing costs, they might persuade developers that they 

could command a higher rent and more profit from the tenant based on 

the savings made in utilities. 

 Developers believe that energy efficient buildings are more expensive 

than conventional buildings.  This is to some degree true.  However, as 

described elsewhere in this chapter, there are many innovations that 

developers could introduce that are cost neutral i.e. they cost the same 

as conventional buildings. 
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 Contractors build the way they always have.  It is common in SSA for 

contractors to ignore the designs of architects and build based on their 

own understanding.  They build the way they always have, and are 

reluctant to try new techniques because if the new technique goes 

wrong they will be liable.  Developers, architects and contractors need 

to discuss what can and should be done all throughout the design and 

build phases. 

 Contractors purchase what is available on the market.  If low energy 

light bulbs are not available, contractors will default back to 

conventional light bulbs.  The same applies to materials, water systems, 

air conditioning – contractors are often obligated to finish a job within a 

timeframe and if the market doesn’t hold the right stock, substitutions 

will be made. 

Municipalities can play a role in encouraging teamwork between developers, 

architects and contractors.  They can assess the local market and see if energy 

efficient products and fittings are available, and give incentives to shop keepers 

to stock such items.  They can run seminars and workshops, creating an 

awareness among the contractors.  Even in a large city there are relatively few 

firms capable and qualified to build large buildings – it is therefore not 

impossible for planning officers to have an actual relationship with contractors 

and discuss green design. 

 

6.5  HOW TO GO ABOUT IMPLEMENTATION 

Municipalities can encourage energy efficient construction through a number of 

instruments.   

 Green buildings certification 

 Building codes and enforcement 

 Capacity building at the municipal level (planning applications and 

enforcement of building standards) 

 Awareness raising – persuade developers of the benefits of energy 

efficient construction and design 

 Advocate national government for fiscal incentives to encourage energy 

efficient construction and design 
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6.5.1 GREEN BUILDING RATING SYSTEM: SETTING STANDARDS USING 

GREEN STAR 

In order to objectively assess how “green” a building is, standards and 

benchmarks must set. This can be done using a points system like that of LEED 

in the US, BREEAM in the UK, or Green Star from Australia. 

Australian Green Building Rating System: Green Star.  Green Star is a rating 

system that evaluates the environmental design and achievements of buildings. 

It is a voluntary program that is in place all across Australia. With the need to 

establish a common national system, Australia has set a standard of 

measurement for green buildings that assesses the environmental impact 

resulting from a projects site selection, design, construction, and maintenance. 

It has been customized for South African use, and is currently only applicable to 

commercial buildings. The Green Building Council of South Africa (GBCSA) is 

licensed by the Green Building Council of Australia (GBCA) to allow certification 

using the Green Star SA v1 rating tools in South Africa (Office, Retail Centre, 

Multi-unit Residential, Public and Education Building), Ghana (Office), Namibia 

(Office) and Mauritius (Office). Through this local context assessment, the 

GBCSA has applied for approval to allow for certification in Kenya for further 

customisation.   

Green Star was developed in order to promote integrated, whole-building 

design, to recognise environmental leadership, to identify the life-cycle impacts 

of a building, and to raise awareness about the benefits of building green. A 

credit system results in a corresponding Green Star Certified Rating that is based 

on the following nine categories: Management, Indoor Environment, Quality, 

Energy, Transport, Water, Materials, Land Use & Ecology, Emissions, and 

Innovation. 

6.5.2 LIMITING BUILDING ENERGY FOOTPRINTS 

Given that local authorities may not be well placed – legally and technically - to 

tackle the complex task of establishing local building regulations, the possibility 

of local authorities approaching the problem ‘from the other side’ could be 

considered. This would involve local authorities limiting the quantity of energy 

consumption in buildings through setting maximum energy/m2 caps within 
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building applications. This approach requires exploration in terms of whether 

cities may legally apply such quantity limitations, as well as what computer tool 

and capacity would be needed to apply such a system within the building 

applications process. 

 

6.6 CASE STUDIES  

6.6.1 CASE STUDY: THE LEARNING RESOURCE CENTRE AT CATHOLIC 

UNIVERSITY OF EASTERN AFRICA 

The LRC (Learning Resource Centre) at the Catholic University of Eastern Africa 

in Karen is an inspiring development. It is an example of ecologically sustainable 

design in the region. The LRC consists of three buildings namely a 3000 seater 

ultra modern library, a 1,200 seater state-of-the-art conference facility and a 

500 seater cafeteria, all arranged around a 50m by 40m central square and tied 

together by a covered walkway with outdoor seating. 

 

For prevention of heat gain and provision of cooling, the strategies used include: 

The Buildings orientation: Sun-movement dictated the orientation of the 

buildings with their long axes along East – West with most of the windows on 

the North and South facing facades and minimal openings on the East and west 

facing facades. 
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Sun-shading of glazed areas: All glazed areas are fully sun-shaded throughout 

the project with diverse devices such as precast concrete fins, concrete egg-

crate, and horizontal metallic sun shading devices to avoid monotony. 

Use of natural ventilation to provide cooling: The “Stack Effect” principle is 

used in removing exhaust air in all the buildings. The natural pressure difference 

between the buildings interiors and the rooftops is enhanced by the exhaust 

“chimneys” protruding from the top of the library and conference hall capped 

with ventilation cowls. Their surfaces are heated by the sun, lowering air 

pressure at the outlet to draw air upwards through the chimneys. Air is 

exhausted naturally by buoyant convective effects with no mechanical 

assistance in all the three buildings. 

The project uses high thermal mass (thick walls) to reduce solar heat gain 

through the external walling. 

Choice of materials:- The buildings use locally available materials, with low 

embodied energy, with none or minimal maintenance. These include Njiru blue 

stone for the external walls and some of the internal walls; Cut Mazeras stone, 

Njiru blue stone and Rongai grey stone for external paving around the Square; 

Cut Mazeras stone on the walls behind the reception areas of both the library 

and conference hall; Mvule timber ceilings in selected areas in the three 

buildings 

Renewable energy: Wind energy is utilised in operating the ventilation cowls 

above the thermal chimneys. 

Rainwater harvesting is incorporated into the development, with an 

underground water storage tank whose top doubles up as the podium for an 

outdoor amphitheatre. The harvested water is used for irrigation and cleaning 

purposes. 

Sanitation: Use of environmentally friendly sewerage system. The sewerage 

system for the entire campus consists of oxidation ponds, which is 

environmentally friendly. Waste from the washrooms in the LRC is directed to 

these ponds, ensuring high standards of environmental sanitation. 

Outdoor landscaping has been done using evergreen local plants, especially 

fruit trees defining ‘outdoor rooms’ and creating unique visual interest. In 



  

51 SAMSET Guidelines to clean energy 

addition, ramps for the physically challenged have been provided in all the 

buildings. 

 

6.6.2 CASE STUDY: GREEN BUILDING, CAPE TOWN 

Being a promoter of sustainable energy approaches and practices, the founders 

of Sustainable Energy Africa wanted to show that a green office building could 

be built with limited financial resources. They aimed to do this through passive 

solar design and by reusing resources, recycling waste, reducing energy 

consumption, using clean energy sources, locally sourcing materials, and 

reducing water consumption. 
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Interventions: - A number of passive solar design features were used to achieve 

the energy efficiency of the Green Building, including building orientation, 

shading and windows, and thermal mass. As a direct result, the energy required 

for heating and cooling has been dramatically reduced. Daylighting was 

maximized using clerestory, window area optimization, and avoiding deep office 

spaces. This has made the need for artificial lighting during the day almost 

obsolete. Hot water is generated with a solar water heater on the roof, where 

solar panels also generate electricity that is fed back into the City’s power grid 

via a grid-synchronising inverter. 

During the construction of the Green Building, recycled content was maximized 

by using recycled windows, doors, and timber flooring. Reconstituted bricks 

containing 92% recycled material were also used throughout the building. The 

materials and contractors were locally sourced, requiring minimum transport to 

the site. 

Where water is concerned, the intention is to reduce water usage, and to collect 

and re-use water wherever possible. Water consumption has been reduced by 

using multi-flush toilet cisterns and low-flow taps and shower heads. Recycled 

grey water and harvested rainwater take care of the water requirements of the 

water-wise and functional garden. External paving in the parking lot of the Green 

Building allows water seepage into the aquifer. 

The result of the Green Building’s interventions is a building that surpasses most 

energy efficiency targets. An office building is considered efficient if it uses less 

than 100 kWh/m2/year. The Green Building uses only 30 kWh/m2/year, whereas 

conventional offices use 250-400 kWh/m2/year. The cost of building green was 

30% lower than the cost to build a conventional building, and the value of the 

building increased by 32% after two years. 

Awards: - The Green Building received the 2004 Sustainable Building Best 

Practice Award for noteworthy sustainable buildings in Africa, with a score of 

3.9 out of 5 concerning social, economic, and environmental factors. It also 

received the 2004 Cape Times Caltex Environmental Award for outstanding 

achievement in environmental conservation. 
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6.6.3 CASE STUDY:- HERITAGE PLACE, LAGOS 

Heritage Place is Nigeria’s most ultra-modern, advanced and eco-friendly 

development, employing the latest building principles and state of the art 

finishes. It is also the first environmentally certified building in the city of Lagos.  

This case demonstrates that new environmentally friendly buildings can 

matched the grandeur and elegance of modern building design.   

 

Key attributes of the building include the environmental friendly approaches 

adopted in the construction of the complex. These include water recycling and 

reuse. Rain water is harvested, water is reused in the irrigation of the gardens 

and there is a condensate recovery of water from the building’s cooling units. 

Accurate control systems were placed in the bathroom facilities to reduce water 

wastage all through the building. 

The building is also very energy efficient which will have a positive impact on its 

tenants’ bottom-line. Deliberately positioned to maximise natural light and 

ventilation and at the same time minimise solar exposure and the energy 

requirements for heating, cooling and air quality systems, the building offers its 

tenants a 30-40% reduction in energy use compared to that of other buildings 

in Lagos. 
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6.6.4 CASE STUDY: IMPROVING ENERGY EFFICIENCY OF THE TYGERBERG 

ADMINISTRATION BUILDING IN THE CITY OF CAPE TOWN 

The Tygerberg Administration building in Parow, Cape Town was chosen as a 

lead building energy efficiency project after an energy audit was performed and 

huge saving opportunities were identified. The project, initiated in 2003, aimed 

to reduce energy use, expenditure and greenhouse gas (GHG) emissions through 

introducing technological interventions and the promotion of behavioural 

change amongst building users (city staff).  

Based on an initial energy audit, a 

20% savings target was established 

for the project. Regular project 

meetings were held with relevant 

staff members to plan for the 

interventions, provide feedback on 

successes and problem areas of the 

project and decide on what follow-

up actions were required. 

The Tygerberg building housed 200 staff and comprised 150 offices, 6 kitchens, 

4 meeting rooms and one council chamber. The building contained a range of 

electricity appliances, ranging from air conditioners and computers to printers 

and fridges.  

The technological interventions included the replacement of 500 incandescent 

light bulbs with compact fluorescent light bulbs (CFLs), installation of a solar 

water heater, installation of geyser timers on hot water cylinders, the 

replacement of some of the tea urns with insulated urns (hydroboils), 

installation of more efficient fluorescent tubes/ballasts, and adjusting air 

conditioning thermostat settings and use times.  

 

Total savings 

 Saving/mth Saving/yr 

kWh/month 12 000 144 000 

Tons CO2 13.2 158.4 

Rands 3 240 38 880 
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The behavioural change component of the 

programme involved regular contact with 

staff members via email updates, a display 

board set up at the entrance of the building 

displaying savings from the project; 

information pamphlets and newsletters 

keeping staff constantly updated on project 

achievements and requesting staff to take 

action to reduce their electricity bill. 

The average monthly electricity consumption 

was 57,507 kWh prior to project 

implementation. Air-conditioning systems 

and lighting were the largest consumers of 

electricity.  The project achieved a saving of 

12,000 kWh per month amounting to annual 

saving of 144,000 kWh of electricity – a 22% 

saving. This translates to saving of R 39,000 

per year and 158.4 tons of carbon emissions 

avoided per year. The benefits were 

substantial. Approximately 14% of the 

savings was achieved in the technical phase 

(when the technological interventions were 

implemented) and a further 8% achieved in 

the ‘staff participation’ behaviour change phase. 

The total reduction in carbon dioxide emissions was 13.2 tons of carbon per 

month. The payback period for the project was estimated at 2 years.  

Lessons learned:- The project reflected huge savings potential from the 

interventions used, shown by the project targets being easily met and a short 

payback period. This implied that the application of such interventions in other 

City of Cape Town buildings would likely be technically and financially feasible, 

save substantial amounts of money and reduce greenhouse gas emissions.  

It was difficult to determine a clear distinction between change attributed to 

technical interventions and staff awareness (behavioural change). This was due 

 

Tygerberg Administration building 

 

Electricity use profile of the Tygerberg 

Administration building 
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to change in staff behaviour already occurring on hearing about the project 

being performed in the building, well before the behavioural changes were 

requested.  

Substantial support from external consultants was provided during project 

implementation. At the time of the project it was noted that internal city 

capacity was not adequate to undertake such initiatives in other City of Cape 

Town buildings. 

6.6.5 CASE STUDY: BP HEAD OFFICE, CAPE TOWN 

BP prides itself on being committed to sustainability. To compliment minimizing 

the environmental impacts of their activities, BP is providing an eco-friendly, 

energy conserving environment for their employees at the BP South Africa head 

office in Cape Town. Using consistent and high environmental standards, the BP 

building was designed to incorporate passive solar initiatives, renewable energy, 

and energy efficiency starting with the construction process and following 

through to the functioning of the building. 

With a Mediterranean climate, Cape Town is hot and very dry during the 

summer months, and wet and cool during the winter months. The strong winds 

and severe weather that result from the merging of two oceans also have to be 

considered when designing a building with an environmental focus. With these 

conditions in mind, BP aimed for “ground breaking environmental 

performances”. 
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Environmental targets:- The annual energy 

consumption of the BP head office was projected 

to be 115 kWh/m2, which is considerably less than 

the 250-400 kWh/m2 that standard buildings use.  

BP aims for 10% of this energy consumption to 

come from renewable resources, and water 

consumption was to be 20% better than an 

equivalent conventional building. Imported 

building materials were kept to a minimum, locally 

sourcing them wherever possible, with a large 

amount being recycled materials. Construction 

waste was also sorted and recycled. In cold 

weather, when the outside temperature is 7˚C, BP 

aimed to keep the indoor temperature no lower 

than 21˚C. In hot weather, when the outside temperature is 32˚C, the aim was 

to keep the indoor temperature no higher than 24˚C.  

Interventions:- The major passive solar interventions that had the most effect 

on the performance of the BP building are shading the building and insulating 

the envelope. Roof insulation, the façade of the cavity walls, and deeply 

recessed, double glazed windows also added to the building’s energy efficiency. 

Decreased demand resulted in 80% of the building’s energy savings with no 

extra cost. 

Openings in the roof, called roof lanterns, have a number of functions. They 

allow natural light in for plants and trees while lessening the need for artificial 

light and reducing solar gains. They also provide passive exhaust of warm, stale 

air and naturally ensure smoke extraction in the event of a fire. Dimmable 

fluorescent lights are automatically regulated to compensate for fluctuations in 

sunlight. 

Energy from the sun is harnessed to lessen the need for electricity from the grid. 

Hot water is produced with thermal solar panels and photovoltaic panels cover 

almost 1/3 of the building’s roof, providing 10% of its overall energy 

requirements. Solar collectors are also used to shade the envelope and 

canopies/walkways.  
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Water consumption targets were met and exceeded by recovering rainwater 

from the roof and hard surfaces. Condensed water from AC units and water from 

showers and hand wash basins is also recovered and stored in a grey water tank. 

The building uses only 25% of the potable municipal water that a conventional 

building would use. 

Awards:- Within weeks of opening its doors, the BP Building won the South 

African Property Owners Association (SAPOA) 2005 Award for innovative office 

developments. 
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7 CHAPTER ON PUBLIC TRANSPORT 

 

7.1 OVERVIEW PUBLIC TRANSPORT 

While public transport is a huge field and can’t possibly be covered in a few 

pages, the benefits for cities of a move towards improved public transport are 

so significant that the sector must be addressed, if fairly broadly.  In this section 

we provide an overview of the key issues and hopefully strengthen the case for 

prioritizing public transport in sub-Saharan Africa. 

According to the UNEP (2013), Africa’s vehicle fleets have grown between 5% 

(Southern Africa) and 67% (Western Africa) from 2007-2010. As a result, CITAC 

Africa Ltd. has forecast a 57-60% increase in energy consumption by 2020, 

mostly due to transport fleet growth. Emissions from the transport sector have 

already grown more than 50% since 1990 making Africa the 2nd fastest growing 

source of emissions in the world after Asia. Road traffic accidents and air 

pollution-related illnesses were reported to be among the top 10 leading causes 

of death throughout sub-Saharan Africa in 2014. 

In Ghana over 80% of citizens rely on public transport to commute to and from 

work. A survey of users of public transport found that 20% of passengers use 

public transport for school, whilst 12% use it recreationally.  40% were using it 

for business and 28% also used public transport for other purposes such as social 

visits and funeral ceremonies.  

However, urban cities in Ghana are increasingly facing problems caused by road 

transport externalities. For example, there is an increasing trend in road traffic 

accidents, traffic congestion and emissions of carbon dioxide. This results in a 

significant impact on the economy as workers experience long commutes, 

delays and pollution related illnesses. It can be argued that the rising number of 

low occupancy commercial and privately owned vehicles in the cities is a major 

contributing factor to these issues. As a result, one would assume that with the 

improvement and expansion of public transport within Ghana’s cities, figures 

regarding road traffic accidents and CO2 emissions will reduce.  

In Uganda, more than 70% of citizens use public transport as their main form of 

transport according to the Bureau of Statistics. Data available from Kampala 
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Capital City Authority indicates that Kampala alone has more than 120,000 

motorcycles (boda bodas) the majority of which are engaged in commercial 

activities. 

The focus of this section is on how to achieve a transport modal shift. Modal 

shift should be viewed from two perspectives: 

● a shift from private to public or non-motorised transport of daily 

commuters.  

● optimizing the use of public transport. 

 

 

Figure 15   Relationship between economic development and private transport (South Africa)22 

Economic development means more cars (see Figure 15). The choice of 

transport mode in South Africa is generally based on income, with the poor 

dependent on non-motorised transport and public transport and the rich having 

access to private vehicles. 

Even if smaller cities do not yet have traffic problems like those in capital cities 

of Africa, it is only a question of time.  Increasing traffic is an inevitable 

consequence of economic development. 

 

                                                

22 Sustainable Energy Africa. (2009) How to Implement Renewable Energy and Energy Efficiency Options 
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7.2 THE CASE 

7.2.1 ECONOMIC 

An increased use of public transport will result in financial savings for the 

commuter with regard to fuel and maintenance. In addition, reduced traffic 

volumes will lead to a reduction in road maintenance costs for cities and 

provinces. 

Rather than utilising locally produced oil to meet their needs, much of sub-

Saharan Africa relies on imports of refined petroleum products from overseas. 

As a result vehicle users are vulnerable to fluctuations in the price of oil. As 

infrastructure continues to develop and sub-Saharan Africa’s transportation 

sector grows, demand for fossil fuels is expected to increase. Therefore, 

improving the sustainability and distribution of public transport systems across 

countries such as Uganda and Ghana could result in significant savings for the 

economy.  

 

7.2.2 ENVIRONMENTAL 

A modal shift in transport will mean less traffic on our roads, and a substantial 

reduction in fuel being used. This in turn leads to significantly less CO2 emissions 

and local air pollution within cities. Public transport also reduces the amount of 

green space that must be paved over for new roads and parking lots. It also 

makes cities cleaner, quieter, safer and more convenient for getting around.  

About 75% of air pollution in Uganda is a result of transport-related activities. A 

2011 study found that 95% of the 40 minibus taxi operators interviewed in 
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Kampala were not aware of the environmental damage their poorly maintained 

vehicles were causing. The study also revealed that the minibus operators were 

only concerned about making money to support their families and not 

necessarily health and safety or the environment. Therefore, increasing the 

availability and efficiency of public transport systems alongside appropriate laws 

and regulations should help mitigate the environmental damage caused by 

poorly maintained vehicles in Uganda and elsewhere in sub-Saharan Africa.  

7.2.3 SOCIAL 

In 2011, pedestrians constituted 42% of Ghana’s traffic accident fatalities, with 

children accounting for one third. Estimates suggest that deaths from road 

accidents reduce the country’s GDP by at least 1.6%. However, transport 

services play a crucial role in increasing access to education and health care 

services and improving food security over the medium and long term. This helps 

secure an educated and healthy workforce and enhances wider community well-

being which is essential for poverty alleviation and economic growth. Regular, 

reliable transport services not only enable access to services for the rural 

residents who need them, but also encourage key service providers, such as 

teachers and health workers, to access rural areas on a daily basis, thus 

providing regular services to the most vulnerable. 

There is strong evidence that providing basic road connectivity to rural villages 

can generate significant social and economic benefits (UN-HABITAT, 2014). 

Evidence from Ethiopia, Ghana and Uganda demonstrates that upgrading 

footpaths to basic motor-able roads rather than improving existing roads 

provides greater benefits to local populations.  

Rural transport infrastructure is also vital in overcoming the potentially fatal 

‘three delays’ in health care (particularly perinatal care) – the decision to seek 

health care, the travel to reach care and the treatment within the healthcare 

system (including referrals) all depend on access to transport (UN-HABITAT, 

2014). A survey of how pregnant women in Uganda and Zambia travel to health 

care facilities found that 91% of Ugandan women employed motorized forms of 

transportation, while only 57% of women in Zambia did. Motorcycle taxis or 

boda bodas were the most commonly used mode of transport in Uganda, while 

cars, trucks and taxis were the most common in Zambia. Travel times varied 
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considerably across the various modes of transportation. In Uganda, women 

reported taking between 37 min (bicycles) and 123 min (public transportation) 

to arrive at the facility, and in Zambia the travel times ranged from 43 min (taxis) 

to 108 min (public transportation). This shows that public transport is currently 

inefficient in both Uganda and Zambia and as a result alternative forms of 

transport are used which are faster but may be more dangerous both physically 

and environmentally.  

 

 

7.3 POTENTIAL FOR ROLLOUT 

7.3.1 UGANDA’S NATIONAL TRANSPORT DEVELOPMENT PLAN 

The government of Uganda has developed a national transport-development 

master plan which calls for major projects in road, water, rail, air and public 

transport. The plan creates significant opportunities for investors and includes 

the 10-year Greater Kampala Metropolitan Area Development Plan, calls for 

revamping the capital’s infrastructure, developing satellite cities around the city 

centre, and building three ring roads. The new urban areas at the city’s edge are 

aimed at coping with Kampala’s rapid population growth. 

Rift Valley Railways has recently unveiled a five-year, €226.9 million 

development plan which calls for restoring 1,100 km of Uganda’s track, 
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upgrading rolling stock, and boosting annual rail cargo from the current 1.5 

million tonnes to 8 million tonnes.  

These plans demonstrate that the transport sector is already a high priority for 

the government of Uganda and with appropriate investment the country has the 

potential to pave the way in sustainable transport whilst providing new growth 

prospects for the country’s construction industry. 

7.3.2 GHANA’S PUBLIC TRANSPORT 

In Ghana, a survey found that the majority of passengers (63.2%) rated the 

service quality of public transport to be good, 20.8% rated it to be moderate, 

15% rated it to be excellent leaving only 1% of the passengers to rate it as poor. 

The results show that, in general, a higher proportion of the passengers are 

satisfied with the overall service quality of public bus transport.  As such a high 

percentage of recipients are satisfied with the level of service they currently 

receive, this should encourage Ghana’s government to expand the public 

transport industry.  

The survey established that passenger satisfaction with public transport service 

is highly influenced by bus traffic safety record. Thus, to retain existing 

customers and attract new users, policies relating to passenger safety and 

comfort as well as fare and control of crime rate at the bus station should be top 

priority. 

7.3.3 ‘KAYOOLA’ SOLAR BUS  

Kiira Motors Corporation (KMC) is a Presidential Initiative for Automotive 

Manufacturing in Uganda. Its 35 seater Solar-Powered Bus was introduced in 

2016 and is the first of its kind in Africa. The prototype ‘Kayoola’ is outfitted with 

12 solar panels with a total output of 1,320 watts. The bus also contains two 384 

V, 90 AH, 35 kWh lithium ion battery banks, each containing 120 cells. 

The prototype Kayoola costs about $142,000 to produce but KMC believe the 

price would be significantly lower if they are produced en masse. The Kayoola 

Solar Bus therefore highlights the potential of a green, clean and noise-free 

future transport solution for busy cities such as Kampala.  (At the time of writing, 

this bus does not seem to be operational – but it’s an interesting idea). 
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7.3.4 CASHLESS PAYMENT SYSTEMS 

A number of cashless payment systems are emerging across sub-Saharan Africa, 

particularly in Kenya. In 2014, the government through the Ministry of Transport 

gave a directive to the public transport sector requiring the implementation of 

electronic payment systems in all public vehicles.  

Examples of cashless payment systems include the KCB ‘Pepea Prepaid 

Mastercard’ a ‘tap-and-go’ payment card which boasts benefits such as no 

joining fees and mobile phone activation. The card can be used for online 

transactions and is safe and secure as it is not linked to an individual’s personal 

account. It is also available to those who are not customers of Kenya Commercial 

Bank making it accessible to all. Similarly, Tangaza Pesa, a mobile money 

provider has launched a service where travellers will pay bus fares using plastic 

cards. The Tangaza Pesa PSV card pays for travel by tapping on a mobile phone 

or mPOS. 

The implementation of cashless systems in the public transport sector such as 

these will also help reduce theft in public vehicles by eliminating the need for 

Kenyans to carry around cash thus making transport safer and more reliable.  

7.3.5 TRANSPORT SOFTWARE 

In addition to cashless payment systems, transport software is increasing in 

popularity. 

For example, Uber, an online transportation network, launched in Africa in 2012. 

The service began in Johannesburg before expanded to Cape Town and Durban. 

It was later followed by a launch in Lagos, Nigeria, in 2014 and now operates in 

Nairobi with plans for further development in Africa in the near future. 

According to Uber, the company’s role in Africa is not only to improve the 

transportation ecosystem, but also support economic growth – particularly that 

of small businesses – by empowering drivers. Their mission is to provide a safe 

and reliable transport option to passengers and greater economic opportunity 

to drivers.  
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In Kigali, SafeMotos attempts to replicate the 

work of Uber with a focus on motorcycle taxis. 

Their drivers carry smartphones which send data 

on how they drive. With more than 500,000 

kilometres tracked, the system can tell the 

difference between a safe driver and an unsafe 

driver, allowing the company to only connect 

customers to drivers who meet their high 

standards. 

A number of transport location services have also developed, particularly in 

South Africa. WhereIsMyTransport is a system that connects data from existing 

modes of transport and collates it into a single platform to centralise a city’s 

transport network. Service information is then made widely available and 

updated in real time for the general public.  

According to WhereIsMyTransport (2016), by making it easy for riders to access 

information when they need it, convenience, communication, and clarity make 

public transport an attractive option for everyone. Accessible public transport 

therefore unlocks the potential of people and cities and is the key to an inclusive, 

sustainable society. 
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Another case study is that of GoMetro, the first non-GPS Traffic Alerts app for 

South Africa which claims to send real-time traffic alerts straight to your mobile 

without requiring GPS or affecting battery life. The software alerts customers to 

incidents and traffic reports along your route thus helping commuters to plan 

ahead and avoid delays.  

These examples demonstrate the high potential of mobile phone apps dedicated 

to public transport in sub-Saharan Africa.  

 

7.4 BARRIERS TO IMPLEMENTATION 

The following are potential barriers to implementation: 

● Management of public transport services is highly fragmented, which 

leads to competition rather than cooperation, making it difficult to 

manage coordination. 

● Perception that  public transport is unsafe. 

● Lack of information or awareness on best practice. 

● Need of political and top level awareness and backing. 

● Need for capacity building and support (technology, financial, 

knowledge). 

● Institutional complexities. 

● Lack of room for participation of non-governmental organisation. 

● Poor facilitation of public-private partnerships. 

● Predominantly urban focus of transport interventions in SSA. 

● Limited funding available to implement practices. 

● High levels of poorly maintained and inefficient vehicles. 

WhereIsMyTransport website 
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7.5 HOW TO GO ABOUT IMPLEMENTATION 

7.5.1 FUEL EFFICIENCY INITIATIVE (FEI) UGANDA 

Uganda has implemented a Fuel Efficiency Initiative (FEI) to promote sustainable 

development in the energy sector.  It includes the development of policies and 

regulations that will promote the adoption of cleaner and more fuel efficient 

vehicle strategies. The project aims to reduce greenhouse gas emissions and at 

the same time help to address the government’s goal of meeting the energy 

needs of Uganda’s population for social and economic development in an 

environmentally sustainable manner. 

7.5.2 EASI CONCEPTUAL FRAMEWORK 

Africa Transport Policy Program (SSATP) is a partnership of 40 countries across 

Africa (North and sub-Saharan), 8 regional economic communities, African 

institutions, the private sector and development partners. The development 

objective of the program is for African countries to have developed sound 

strategies and policies for an efficient, safe and sustainable transport sector. 

SSATP provides a critical contribution to the knowledge agenda of the World 

Bank. For example, in 2013 it provided a framework for improving railway sector 

performance in Africa, guidelines for mainstreaming road safety in regional 

trade corridors, as well as transport governance indicators for sub-Saharan 

Africa. 

SSATP recently undertook a comprehensive multi-country review of the 

performance of transport polices for several modes of transport in Africa. The 

review assessed the performance in the road, rail, and port sectors, as well as 

the performance of transport corridors in six countries, Benin, Burkina Faso, 

Ethiopia, Gabon, Ghana, and Zambia. The conceptual framework of “Enable, 

Avoid, Shift and Improve” (EASI) helps policy makers understand and address 

this complexity. The EASI framework is envisioned as a powerful policy tool for 

developing sustainable solutions to urban accessibility and mobility in Africa’s 

urban areas. It requires urban transport and land use to be considered in an 

integrated fashion that recognizes their multiple and complex inter-linkages and 

mobilizes all stakeholders. 
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Figure 16   SSATP Conceptual Framework23 

7.5.3 AFRICA SUSTAINABLE TRANSPORT FORUM (ASTF) 

Africa Transport Policy Program (SSATP) established the Africa Sustainable 

Transport Forum (ASTF) as a platform for dialogue, knowledge sharing, and 

Africa-specific innovation for sustainable transport. In partnership with the 

United Nations Environment Programme (UNEP), United Nations Human 

Settlements Programme (UN-Habitat), the World Bank, and the Government of 

Kenya, SSATP has provided technical and financial support to the preparation of 

the Forum, which was launched in Nairobi in October 2014.  

Africa Sustainable Transport Forum Objectives:   

● Provide an Africa-platform for high-level policy dialogue on sustainable 

transport, both at national and sub-national levels. 

● Promote a common understanding of “sustainable transport” across Africa, 

and highlighting African solutions. 

● Improve knowledge and capacity for developing and implementing 

sustainable transport policies, programs, and demonstration projects. 

                                                

23 Stucki M. (2015) Policies for Sustainable Accessibility and Mobility in Urban Areas of Africa. SSATP. 
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● Provide a mechanism for sharing best practices, tools, technologies, 

research, and policy instruments, tailored to the African experience. 

● Support national and municipal level strategies and innovative approaches, 

along with common standards and protocols, and implementation 

monitoring. 

● Build on and complement existing initiatives underway in Africa. 

● Facilitate access to funding and investment for sustainable transport 

infrastructure. 

7.5.4 TEST NETWORK AND UNEP SHARE THE ROAD (STR) POLICY 

Over sixty stakeholders from sub-Saharan Africa attended the ‘Transport and 

Environment Science Technology’ (TEST) Network and UNEP Share the Road 

(StR) Policy Dialogue in Nairobi, 2013. The stakeholders comprised of both policy 

makers and technical experts from 13 sub-Saharan African countries: Benin, 

Burundi, Côte d’Ivoire, Ethiopia, Kenya, Rwanda, Senegal, South Africa, 

Tanzania, Togo, Uganda, Zambia, and Zimbabwe. 

Developed alongside the FIA Foundation for the Automobile and Society Share 

the Road (StR) is a UNEP initiative which brings together the environment and 

safety agendas in the context of urban transport in the developing world as this 

is where the majority, pedestrians and cyclists, are at a disadvantage 

In sub-Saharan Africa only a small fraction of the population own or have access 

to a car. However, the needs of the majority, the pedestrians and cyclists are 

often ignored in the development of new road infrastructure. The overall goal 

of the initiative therefore is to encourage governments and donors to create 

policies that focus investments on pedestrian and cycling road infrastructure. 

7.5.5 IMPEDING THE INEVITABLE RISE IN PRIVATE CAR USE 

The upgrade of a public transport system to a more reliable, convenient and safe 

system can encourage people to use public transport. Other strategies need to 

be put in place to deter from using their own cars. Example include: 

● Park-and-Ride schemes allow people to park their cars at public transport 

interchanges and continue the journey on public transport. An important 

aspect here is the need for security at the site, in order to ensure the safety 

of the commuters as well as making sure that the cars are secure. 
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● The cost of traveling by private vehicle should 

also be looked at, including parking charges. 

An international trend, which has been 

successful in London, is the implementation 

of a congestion charge for access into certain 

areas of the CBD. The money taken from the 

charge covers the operational costs of the 

service as well as upgrading aspects of the 

public transport system. 

These travel demand management strategies 

can only work if there are suitable alternatives 

put in place for the commuter i.e. adequate 

public transport is available. 

 

7.6 CASE STUDIES 

7.6.1 LAGOS URBAN TRANSPORT PROJECT (NIGERIA) 

In Nigeria, the IBRD-funded Lagos Urban Transport Project implemented a 

comprehensive and integrated approach to improving public transport through 

the support of a bus rapid transport (BRT) system, the first of its kind in sub-

Saharan Africa. More than 200,000 commuters now use the system each day. In 

addition to safe, clean, and reliable transport, passengers have also benefitted 

from a 30% decrease in average fares despite a 100% rise in fuel costs. Transit 

times and waiting times have also reduced by 40% and 35% respectively. Money 

spent on travel by those in poor households decreased from Naira 150 in 2003, 

to Naira 100 by June 2009. 

7.6.2 THE DAKAR-DAIMNIADIO TOLL HIGHWAY (SENEGAL) 

In Senegal, the Dakar-Diamniadio Toll Highway has already provided significant 

benefits to the Dakar metropolitan area. Travel times between Dakar and 

Diamniadio decreased from 90 minutes in 2009 to 30 minutes in 2013, cutting 

the cost of congestion which is estimated at 4.6% of Senegal's GDP (2014). The 

first toll road of its kind outside South Africa, the Dakar-Diamniadio project was 

financed by the IDA, IFC, AfDB and the French Agency for Development as well 
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as the private sector in a public-private partnerships. The project demonstrates 

potential for replication elsewhere in the region. 

7.6.3 THE KAMPALA MOBILITY MAP 

The Institute for Transportation and Development Policy (ITDP) Africa is working 

with a team of local students from Makerere University to build the first map of 

the city’s matatu minibus routes. Kampala’s matatus are notorious for being 

unreliable and having inconsistent routes which prevents advanced planning. As 

an informal system, data is hard to come by however the ITDP and Makerere 

University are mapping Kampala’s matatu taxi network and collecting data on 

passenger volumes and demand.  The Kampala Mobility Map will improve 

navigation in the city, allowing residents and visitors to plan their trips with ease.  
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8 CHAPTER ON COOKING 

 

8.1 OVERVIEW 

8.1.1 HAZARDOUS COOKING PRACTICES 

The traditional African way of cooking is on a three stone wood fire.  Clearly this 

is not an ideal practice in urban areas where wood is not readily available, so 

charcoal tends to be the fuel of choice.  Although urban residents tend to have 

greater access to modern fuels for cooking, such as LPG and electricity, the 

majority still rely on biomass (see Figure 17). Even in households that use 

modern fuels as their main cooking fuels (as in Figure 17), they will also use a 

variety of other fuels either at certain times (e.g. when an LPG cylinder is empty, 

or when cash is limited), on certain occasions (e.g. cooking for family 

gatherings), or for certain purposes (e.g. frying, boiling water for tea, stewing 

etc.) – this is known as fuel stacking. 

 

Figure 17   Main cooking fuels24 

2.6 billion people across the globe rely on biomass for cooking.  Although most 

of these people live in Asia, reliance on biomass is highest in Africa – 80% of 

people in sub-Saharan Africa rely on biomass for cooking25. Although the 

                                                

24 Africa Energy Outlook 2014. IEA 

25 IEA World Energy Outlook 2015 
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proportion of people accessing modern cooking fuels is expected to increase, 

high population growth rates in Africa means the absolute number of people 

relying on biomass is still expected to increase in coming years, placing 

increasing strain on biomass reserves.  

In previous decades, the motivation to improve the efficiency of cooking was 

driven by environmental concerns – deforestation and global warming.  More 

recently, we have begun to understand the impact of cooking on health, 

especially women and children. 4.3 million people die worldwide from illnesses 

linked to cooking with solid fuels (most biomass)26. Diseases include stroke, 

heart disease, chronic obstructive pulmonary disease (COPD), pneumonia, and 

lung cancer. 

Another hazard associated with cooking include fires and burns; burn deaths are 

estimated at 300,000 a year globally27. Densely populated slum areas are 

particularly vulnerable to fires caused by spilt fuels, because construction 

materials are not fire resistant, and because they lack access routes for fire 

engines.  

Extensive use of biomass in urban areas results in deforestation of neighbouring 

areas. Then suppliers have to travel further to source charcoal, and prices 

increase. Burning biomass, especially on open fires and inefficient stoves, 

produces greenhouse gases that contribute to climate change at a global level.  

8.1.2 POTENTIAL SOLUTIONS 

The ESMAP 2015 report gives a helpful typology of clean cooking solutions: 

 Improved cooking solutions – modern fuel cookstoves, renewable fuels, 

improved and advanced biomass cookstoves. 

 Clean cooking solutions – appliances with low total emissions (ISO Tier 3-

4); advanced biomass, renewable fuels, modern fuels (except kerosene). 

 Modern fuels – LPG, natural gas, kerosene, electric (resistance and 

induction stoves). 

                                                

26 http://www.who.int/mediacentre/factsheets/fs292/en/ 

27 GACC 2011 Igniting Change 
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 Renewable fuels – ethanol and other plant based liquids / gels, biogas, 

solar (including solar electric), retained heat devices.  

 Improved cookstoves (ICS) – biomass appliances offering better thermal 

efficiency that traditional technologies; basic chimney ICS, basic potable 

ICS (e.g. Kenya ceramic jiko), intermediate ICS (e.g. rocket stoves, high 

end stoves).  

 Basic Chimney ICS (also known as ‘legacy’ cookstoves) – e.g. chimney 

mud cookstoves.  

 Basic portable ICS – unvented stoves e.g. ceramic jiko. 

 Intermediate ICS – have some design feature to improve thermal 

efficiency e.g. rocket stoves. Can be portable (e.g., the Envirofit and 

EcoZoom charcoal and wood cookstoves), semi-portable (e.g., Ethiopia 

MIRT cookstoves), or built in (e.g., Uganda Rocket Lorena) and may be 

either unvented or combined with chimneys. 

 

Figure 18   Clay rocket stove from Uganda28 

                                                

28 http://www.arlivre.cato-projects.org/EN/RocketStove2.htm 
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 Advance cookstoves (ACS) – fan assisted or 

natural draft biomass gasification cookstoves 

achieving reduced emissions (but still poorer 

than modern fuel cookstoves). Includes natural 

draft models (e.g., Awamu in Uganda,), fan draft 

rocket style stoves like the Biolite, and top 

loading fan gasifiers like the Phillips / ACE-1 fan 

gasifiers manufactured in Lesotho. 

Figure 19   BioLote HomeStove29 

Rather than focusing on efficiency of combustion, there are a range of cooking 

appliances that focus on efficiency of cooking.  For example, rice cookers tend 

to be low power (e.g. 300 W) yet highly insulated to minimise energy 

consumption.  The Wonderbag is another example of using insulation to reduce 

energy consumption – food is cooked for a few minutes as usual, then 

transferred to the Wonderbag which then uses heat retained in the food and 

the pan to complete the cooking process.  

 

Figure 20   Rice cookers are being developed to cook more than 

just rice (Kenwood) 

So what is the best type of 

cookstove?  Well, it depends on 

what your priorities are.  Much of 

the early work on improved 

cookstoves focused on thermal 

efficiency, but health, climate 

change, deforestation, and fire risk have all been mentioned as important 

factors in cookstove design.  The 2012 International Workshop Agreement (IWA 

2012 Guidelines for evaluating cookstove performance) laid down performance 

standards so that appliances could be ‘scored’ (from Tier 0 (worst) to Tier 4 

(best)) according to four aspects of performance (see Case Study below): 

                                                

29 According to the Technology Exchange Lab website, this product is not currently available for retail, but is 
being being tested in India, Ghana, and Uganda  
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 efficiency  indoor emissions

 total emissions 

 

 safety. 

 

Figure 21 presents a helpful classification of a variety of cookstove types that 

consumers may be faced with.  Note that this refers to the Tiers defined in the 

IWA standard.  For example, Figure 22 shows variations in thermal efficiency of 

various designs, along with the Tiers defined in the IWA standard.  

 

Figure 21   Overview of improved and clean cooking solutions30 

 

                                                

30 World Bank (ACCES) (2014) Clean and Improved Cooking in Sub-Saharan Africa: a Landscape Report 
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Figure 22   Thermal efficiency of stove types31 

The 2015 ESMAP report presents an interesting graphic (see Figure 23) which 

compares metrics for health (particulates and CO2) with environmental impacts 

(greenhouse gas emissions).  Many improved cookstoves provide only limited 

health benefits.  Modern and renewable fuels and gasifier stoves can provide 

both health and environmental benefits, but renewables are the only options 

that provide completely clean cooking solutions (zero environmental emission).  

 

                                                

31 Berkeley Air Monitoring Group. (2012). Stove Performance Inventory Report. 
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Figure 23   Indicative health and climate impact, by stove type32 

 

8.2 THE CASE 

Charcoal and, to a lesser extent, wood are the cooking fuels of choice in urban 

areas of sub-Saharan Africa. As urban populations increase, so does demand for 

charcoal, and annual production has been increasing steadily (see Figure 24).  It 

is widely recognised that the current trajectory is not sustainable, and stories 

abound of charcoal traders having to travel further afield from urban centres to 

source charcoal.   

                                                

32 The state of the Global Clean and Improved Cooking Sector 
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Figure 24   Increasing charcoal production in Africa33 

The industry could become sustainable if wood were harvested from woodlots 

where new trees are planted to replace cut trees.  It is possible to get Forest 

Stewardship Council (FSC) certification for charcoal, but this is a time consuming 

process.  The reality is that consumers do not regard local deforestation as a 

problem, so there is no demand for sustainably sourced charcoal.  

Any form of improved cookstoves that reduce biomass consumption will play a 

part in slowing the rate of increase in demand for charcoal, and therefore, the 

rate at which local deforestation takes place.  They will also help reduce CO2 

emissions, and their impact on global warming.  However, this effect can be 

mitigated where biomass is sourced from managed woodlots, in which case new 

growth absorbs the CO2 released by burning biomass.  Note that there is a 

timelag here, meaning that CO2 is released on the day it is burnt, but it then 

takes several years for a growing tree to absorb an equivalent amount of CO2, 

resulting in higher levels of CO2 in the atmosphere, even if it is a temporary state 

of affairs.  

Smoke from biomass stoves is estimated to cause over 600,000 deaths a year in 

sub-Saharan Africa, and almost half of these are among children under 534.  As 

                                                

33 FAO data 

34 Lambe, F., Jürisoo, M., Wanjiru, H., and Senyagwa, J., 2015. Bringing clean, safe, affordable cooking energy to 

households across Africa: an agenda for action.  
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well as the economic cost at the household level from losing a breadwinner, 

there is a cost to a national economy due to lost productivity associated with 

deaths and disease. This is estimated to be up to US$12 billion a year across all 

of sub-Saharan Africa (ibid). 

There is emerging evidence that people using improved stoves are still exposed 

to unsafe levels of particulates. This is due to two effects – firstly, people remain 

exposed to smoke from neighbouring houses, and secondly, only the highest 

quality forced draught appliances perform within the WHO guidelines for 

particulates (see Figure 25).  

 
Figure 25   Emissions from different cookstoves and how they compare with WHO air quality guidelines35 

Data on the amount of cash people spend on biomass fuels is not terribly 

reliable, but the total expenditure on biomass cooking fuels across sub-Saharan 

Africa has been estimated at US$12 billion in 2010, and is predicted to rise to 

                                                

35 Rysankova, D., Putti, V. R., Hyseni, B., Kammila, S., & Kappen, J. S. (2014). Clean and Improved Cooking in Sub-

Saharan Africa. 
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US$29 billion by 2020.  A good deal of this expenditure could be saved by using 

improved biomass cookstoves.  Modern fuels tend to be more expensive, so a 

shift to modern fuel appliances might not necessarily result in any cost savings 

to the household.  

A surprising finding from an economic analysis of the opportunity costs of 

cooking with solid fuels by the World Bank was the economic costs associated 

with wasted time – both in collecting fuel, and slow cooking times of basic ICS.  

This was estimated at US$30 billion across sub-Saharan Africa. Note that this is 

almost three times the amounts actually spent on fuels!  These figures are based 

on loads of assumptions, but the principle remains that improved efficiency of 

cooking can potentially release people (mostly women) to spend more time 

making money. 

These kinds of figures are all very interesting, but it would be hard for a 

municipality to build a business case to subsidise improved stoves, for example, 

on the basis of this type of cost saving, because there is no way of monetising 

benefits to the municipality.   

At a household level, however, improved cookstoves save money.  The price of 

improved cookstoves ranges from around $15 – 70 depending on design and 

quality36, but the amount of money they save depends on how they are used 

(e.g. how many people are in the household, how often meals are cooked).  

Nevertheless, one study suggests that low cost charcoal stoves ($5 - $10) can 

have a simple payback period of less than four months37.  More expensive stoves 

can have payback periods within two years. And this is on top of the health, 

convenience, and safety benefits. So these stoves easily pay for themselves; 

then why are they not universally adopted?  The answer may lie in resistance to 

changing cooking behaviours, or access to finance, but this is the subject of 

ongoing research. 

 

                                                

36 Palit and Bhattacharyya (2015) Boiling Point Issue 64 

37 Lambe, F., Jürisoo, M., Wanjiru, H., & Senyagwa, J. (2015). Bringing clean, safe, affordable cooking energy to 
households across Africa : an agenda for action. The New Climate Economy. 
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8.3 POTENTIAL FOR ROLLOUT 

Urban residents pay more for cooking fuels. Overall, households spend roughly 

7% of their total expenditures on fuels (for both cooking and lighting - it is not 

possible to disaggregate the two)38.  Urban households pay 30% more than their 

rural counterparts. As a general rule, poorer households pay a higher proportion 

of their household expenditure on fuels.  Expenditure tends to be highest among 

urban slum dwellers, who spend up to 25% of household expenditure on fuel.  

The price of improved cookstoves ranges from around $15 – 70 depending on 

design and quality39.  High initial price is often quoted as a barrier to adoption.  

This presents a real opportunity in urban areas, where almost all people pay at 

least something for their cooking fuels, even woodfuel, because fuel savings 

have a direct cost saving.  

Fuel price trends.  Charcoal prices are only going to rise, primarily due to 

increasing pressure on local forests (see Figure 26 for an example of price trends 

in Kenya).  Increasing charcoal prices will reduce the payback period on buying 

improved cookstoves.  In the long term, the price of oil related fuels (including 

LPG and kerosene) is also likely to increase, but at a slower rate.  This will 

similarly reduce the payback period associated with changing to modern cooking 

fuels.  

                                                

38 Putti, V. R., Tsan, M., Mehta, S., & Kammila, S. (2015). The State of the Global Clean and Improved Cooking 
Sector.  

39 Palit and Bhattacharyya 2015? Boiling Point Issue 64 
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Figure 26   Charcoal prices Kenya (Kenya Shillings per 5 kg tin)40 

Donor support. Recognising the impact of unsustainable cooking practices, 

there is huge support for clean cooking initiatives from the international donor 

community.  At the end of the last decade there were over 160 programmes 

promoting ICS41, promoting different designs, different financial mechanisms, 

and supported by different donors. Launching of the GACC by Hilary Clinton in 

2010 gave the improved cookstove business a boost to its image, and helped 

bring cookstoves (and cooking) back into development dialogue.  The GACC also 

introduced serious targets – adoption by 100 million households by 2020.  

Although many governments have introduced energy policies and electrification 

targets in particular, targets are rarely set for improved cooking.  

Size of the market. Just over one third of cookstoves in rural areas of Africa were 

estimated to be ‘clean’ (using gas, electricity, renewables, or advanced 

cookstoves), and stove markets are growing strongly. Sales of basic and 

intermediate biomass stoves are growing fastest, whereas growth in LPG and 

electricity stove numbers is slower – these are more susceptible to country 

specific policy such as fuel subsidies, and quality of the electricity grid.  

 

                                                

40 https://tds.gd/index/XlIqXllfTK2HxidQ_OpKCA/ 

41 Palit and Bhattacharyya 2015? Boiling Point Issue 64 
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Figure 27   Type of Cookstoves used in Africa (million households owning stove)42 

Manufacturing capacity.  The vast majority of cookstoves are made by 

individuals in the informal sector. They tend to have little or no formal training, 

and use local materials such as clay and sheet metal. Quality control is almost 

completely absent.  At the other end of the market, recent years have seen the 

advent of a small number of international organisations offering high cost, high 

quality products.  Organisations are headquartered in US/Europe, with local 

offices across Africa.  Manufacturing and assembly can be split between 

US/Europe, China, and local factories, depending on local manufacturing 

capability (and economics).  These organisations face difficulties in distributing 

products to disparate and low density markets.  

 

8.4 BARRIERS TO IMPLEMENTATION AND EFFORTS TO RESOLVE 

People not willing to pay premium for ICS. This is especially true in rural areas 

where people may gather woodfuel at no cost, so there is no cost saving 

associated with using an improved cookstove.  Traditional gender dynamics 

mean that the value of women’s time saved in fuelwood collection is rarely 

                                                

42 Rysankova, D., Putti, V. R., Hyseni, B., Kammila, S., & Kappen, J. S. (2014). Clean and Improved Cooking in Sub-
Saharan Africa. 
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recognised, and neither is reduced exposure to health and safety risks. However, 

in urban areas, most people pay for their fuel, even paying something for wood.  

Research and pilot programmes suggest there is a substantial minority of people 

who are not interested in adopting improved stoves, and modern fuel 

appliances, irrespective of the price.  This suggests that, for some people, issues 

related to behaviour change are acting as barriers rather than financial barriers.  

High appliance prices. The highest quality appliances are manufactured 

overseas and imported to Africa.  Manufacturing costs in overseas countries 

such as the USA are high, and import duties make retail prices still higher. Some 

companies are addressing this by importing components and assembling in 

country, then progressing to manufacturing as many components as possible in 

country.  The success of this depends on the manufacturing capabilities available 

locally, as well as quality control processes.  

Local small enterprises tend to struggle to access capital to develop their 

businesses, and face high interest rates if successful, which pushes up prices for 

consumers.  

Poor quality appliances. There are problems with people selling counterfeit 

versions of high quality stoves, but of greater concern to most consumers are 

people selling badly made local designs using poor quality materials. These 

appliances will not last long, and may not even deliver an improved 

performance. Every bad consumer experience makes it more difficult to 

successfully promote improved cookstoves.  

Some countries such as Kenya are introducing performance and quality 

standards, based on efficiency, emissions, and safety.  They are also setting up 

centres with skills and equipment to carry out certification. These need to be 

accompanied by labelling schemes, and awareness campaigns that inform 

consumers on how to understand the labels.  However, certification is costly, 

which presents yet another barrier to small enterprises making low cost 

appliances.  

Tradition. People often give a number of socio-cultural reasons why women are 

reluctant to adopt improved cookstoves.  One example is the flavour that smoke 

fires allegedly impart to the food, which often gives rise to impassioned debate. 



  

87 SAMSET Guidelines to clean energy 

Research is currently under way to explore some of these types of issues.  But 

it’s all about changing behaviour, which depends on good design (taking into 

account more than just technical considerations), and consumer awareness. 

Awareness of health hazards. People tend to be quite highly motivated to shift 

away from burning wood because the smoke is really unpleasant – it is thick, has 

a strong smell, and stings the eyes.  However, they are less inclined to shift from 

charcoal to modern fuels because charcoal is not as unpleasant – indeed, once 

lit, it does not appear to produce any smoke at all.  People need to be made 

aware of the health hazards associated with burning charcoal, which produces 

pollutants well above the WHO air quality guidelines.  

Women.  Women are the dominant users of cookstoves, so it makes sense to 

involve women in all stages of the value chain.  Designs will be more appropriate 

if user-centric i.e. based on the needs and experiences of women. Women 

entrepreneurs can be involved in the manufacture, distribution, and repair of 

appliances – they can make better sales people. Women, and local champions 

in particular, can raise awareness within their own communities.  

Charcoal industry. Charcoal is an important sector in national economies, 

employing 7 million people across sub-Saharan Africa43, and estimates suggest 

this figure should be doubled when including the fuelwood sector, making it 

possibly the highest source of employment among all economic sectors.  

Charcoal is an important way of keeping out of poverty.  

 

8.5 HOW TO GO ABOUT IMPLEMENTATION 

Awareness campaigns.  Many people are not aware of the health risks from 

burning biomass. Women may be acutely aware of the unpleasant smell, and 

stinging eyes caused by wood smoke, but they may not be aware that charcoal 

stoves also produce harmful levels of pollutants.  More importantly, men need 

                                                

43 Putti, V. R., Tsan, M., Mehta, S., & Kammila, S. (2015). The State of the Global Clean and Improved Cooking 
Sector.  
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to be made aware of the benefits of ICS, as they tend to be decision makers 

regarding household purchases.  

Small business support.  Financial and technical support for cookstove 

manufacturers is more a responsibility of national government. There may be 

some ways in which municipalities could support local retailers and suppliers to 

ensure that products are available in local markets.  

Consumer Finance. If upfront cost of cookstoves is a problem for consumers, 

then there is scope for working with microfinance organisations to provide the 

kind of micro-loans needed to enable households to make these purchases.  

Municipalities may be able to play a role in brokering such partnerships.  There 

may even be a potential role for municipalities to play a role in underwriting 

some of the risk involved in finance arrangements. 

 

8.6 CASE STUDIES 

8.6.1 KENYA CERAMIC JIKO44 

The Kenya Ceramic Jiko (KCJ) is a simple, low cost design of charcoal cookstove.  

It comprises a bowl shaped liner made of fired clay, set inside an hour glass 

shaped metal casing, with a thin lining of cement between the two.  It may have 

triangular brackets that fold down over the clay liner to support smaller pans 

above the fire. The design originated in some of the early research into improved 

stoves in the 1970s.  

                                                

44 Sources: http://www.solutions-site.org/node/50;  

http://www.hedon.info/StoveImages_ACommercializationOfImprovedStoves 

http://www.solutions-site.org/node/50
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The KCJ was originally made by Jerri 

International, a formal private sector company 

with centralised production.  Stoves were 

relatively expensive, at $15 a piece.  A little later, 

the manufacturing process was decentralised in 

order to take advantage of the reach and number 

of local artisans, already involved in the 

manufacture of traditional, metal stoves. They 

were taught how to make the metal casings, 

which was compatible with their existing skills, 

and to assemble the stoves. Local potteries were able to make the ceramic 

liners.  This brought the price down to around $3.  Increased competition from 

local artisans is a double edged sword – on the one hand it brought costs (and 

profit margins) down, but on the other hand it encouraged some artisans to cut 

costs by using inferior materials, such as thinner metal casing which meant that 

the stove buckled at the waist after a short time.  Quality assurance remains a 

concern for customers to this day. 

The stove is partially recyclable. The ceramic liner tends to wear out, so old 

stoves can be traded in to artisans who can then repair the metal casing, fit a 

new liner, give it a new coat of paint, and resell it. 

The KCJ was most popular among urban households, who pay for their charcoal.  

The KCJ can reduce fuel use by 30-50%, depending on how well it is used.  Its 

success is credited to these cost savings, especially in an environment of 

continually increasing charcoal prices.  

The KJC was promoted by the Kenya Energy and Environment Organisation 

(KENGO), starting in 1982.  Since then it has evolved through the efforts of a 

range of international organisations such as CARE, UNICEF, USAID, GTZ.  The KCJ 

has flourished through the private sector – manufacture, sales and distribution.  

No manufacturer has received subsidies, but rather support was channelled 

through training of artisans and awareness campaigns to mobilise markets.  

Although the KCJ remains most popular in Kenya, similar designs have been 

transferred to other African countries, especially in East Africa.  
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8.6.2 INTERNATIONAL STANDARDS 

Consumers are faced with a confusing choice of cookstoves – different 

technologies, different manufacturers, some locally made, some imported, and 

all of variable quality and durability. How do they know which is best?   

The Global Alliance for Clean Cookstoves (GACC) have tackled this problem by 

pioneering a global set of standards for clean cookstoves.  The second phase of 

their strategy (Market Enabling Roadmap 2015 – 2017) specifically mentions 

standards and testing as part of creating an enabling environment for 

functioning cookstove markets.  

In 2012 a set of guidelines was published: IWA 11:2012, Guidelines for 

evaluating cookstove performance.  This document international agreement 

represents the first achievement on a more ambitious path to comprehensive 

cookstove standards.  The International Workshop Agreement (IWA) is a ‘fast 

track’ process within the procedures of the International Standards Organisation 

(ISO).  ISO Technical Committee 285 has since been set up, and is currently 

working to secure a more detailed set of standards, following the conventional 

path within ISO procedures, with the ultimate aim of publishing an International 

Standard. 

A 2 day workshop in the Hague, the Netherlands, was convened by the 

Partnership for Clean Indoor Air (PCIA) and the Global Alliance for Clean 

Cookstoves (the Alliance).  Over 90 delegates representing a mix of private and 

public stakeholders from 22 countries agreed on the text of the IWA. 

Technical Committee 285 now comprises experts from 36 countries and 8 

international organisations. A meeting in Kenya in 2014 set up the following 4 

Working Groups and 2 Task Groups: 

 Harmonized Laboratory Protocols 

 Conceptual Framework for Testing 

 Guidelines for Field Testing 

 Social Impacts 

 Fuels Task Group 

 Communications Task Group 
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The standard addresses 4 indicators: 

 efficiency 

 indoor emissions 

 total emissions 

 safety 

A stove is allocated a score (or Tier) for each of these indicators, where Tier 4 is 

the highest performance, and Tier 0 is the poorest performance45.  Note that the 

Tier ratings cannot be combined, so there is no such thing as a ‘Tier 3 stove’.   

GACC’s key milestone is “100 million households adopting clean and efficient 

stoves and fuels by 2020”.  But what do they mean by “clean” and “efficient”?  

Their answer refers directly to these standards46: 

 “Stoves/Fuels that meet Tier 2 for efficiency or higher will be counted as 

efficient; 

 Stoves/Fuels that meet Tier 3 for indoor emissions or higher will be counted 

as clean, as it relates to potential health impacts; and 

 Stoves/Fuels that meet Tier 3 for overall emissions or higher will be counted 

as clean, as it relates to potential for environmental impacts.” 

8.6.3 WONDERBAG 

The Wonderbag is a wonderfully simply idea.  It’s just a well insulated bag.  Food 

is brought to the boil and cooked as normal for a few minutes and then the pan 

is transferred to the Wonderbag, where heat retained in the pan and the food 

completes the cooking.  It’s a bit like a slow cooker, but instead of using 

electricity, it just uses heat retained in the pan and food.  

 

 

                                                

45 Details of the Tiers can be found at: http://cleancookstoves.org/about/news/01-01-1990-iwa-tiers-of-
performance.html 

46 http://cleancookstoves.org/technology-and-fuels/standards/defining-clean-and-efficient.html 
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Wonderbag claims that using a Wonderbag over a year can save: 

 1.7 trees 

 1,000 litres of water (through reduced evaporation from the pan) 

 $36 of disposable income 

 1,200 hours spent collecting firewood 

 1 ton of carbon emissions. 

The company’s mission is to get 100 million Wonderbags into homes across the 

globe and they have some innovative ways of trying to achieve this: 

 If you buy a Wonderbag from a developed country, you effectively 

pay twice the price, so another bag is donated to the Wonderbag 

Foundation, which distributes bags along with appropriate training to 

families in developing countries.  Wonderbag are using Facebook 

campaigns to raise awareness and drive sales in the USA. 

 Corporate Social Responsibility – a number of multinational 

companies have teamed up with Wonderbag and ‘bought’ large 

numbers of bags that can be distributed in innovative ways.  For 

example, Genel Energy (Iraq) donated 2,500 bags that were 

distributed in Somaliland through the Ministry of Environment and 

Rural Affairs in 2014. In 2011 Unilever bought 100,000 bags that were 

given away as a free gift with purchases of a Unilever curry powder 

product.  

 Carbon credits – “saving the planet, one stew at a time”!  The 

Wonderbag has been awarded a VCS (Voluntary Carbon Standard) 

certificate by  Germanischer Lloyd Certification GmbH.  This means 

that the carbon savings from using a Wonderbag have been 

confirmed, enabling Wonderbag to enter into partnerships with other 

companies that want to buy carbon credits on the international 

carbon market.  
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Figure 28   The Wonderbag (photo: Guardian.co.uk) 
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9 CHAPTER ON WASTE TO ENERGY 

 

9.1 OVERVIEW 

Waste-to-energy (WtE) is the process of generating energy in the form of 

electricity and/or heat from the treatment of waste. WtE is a form of energy 

recovery which has the ability to reduce the volume of waste by approximately 

90%. Residual waste, the waste left over when all possible recycling has been 

done, is a partially renewable energy source and is sometimes referred to as low 

carbon energy.  

When electricity or heat is generated from a waste source it is utilising waste-

to-energy (WtE) technology, thus reducing the amount of waste that would 

otherwise go into landfill, or reducing the amount of methane being released 

into the atmosphere from landfill and sewerage sites. It is necessary to consider 

the possibilities that WtE technologies present, not only from their energy 

generation potential, but also from their potential to reduce greenhouse gases. 

A number of WtE technologies exist worldwide, with the most prevalent being 

landfill gas, wastewater gas, incineration and gasification. These will be 

examined in more detail below. 

It is important to remember however that the most sustainable way to deal with 

waste is to eliminate it entirely. Reducing the amount of waste generated, 

reusing discarded items, and recycling and composting are fundamental 

principles in achieving zero waste. Municipalities should strive to achieve this 

goal.  

Africa already has a track record of utilising industrial waste from industrial and 

agro-processing factories. Power generation from bagasse is the most important 

of these.  These kinds of waste to energy schemes have already benefited from 

feed-in tariffs, which pay a generous amount for each kWh of electricity 

exported to the grid.  

The waste hierarchy below outlines the preferred methods of waste 

management.  The chart below also shows that around 120 million tonnes of 

waste are currently disposed of via WtE each year. 
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Figure 29   Waste disposal options and Total Municipal solid waste disposed of worldwide47 

9.1.1 LANDFILL GAS 

When organic waste decomposes without the presence of oxygen, anaerobic 

fermentation slowly produces landfill gas. Landfill gas contains 40-60% 

methane, with the remainder being mostly carbon dioxide. Methane is 23 times 

more potent than carbon dioxide when it comes to its properties as a 

                                                

47 Hoornweg, D., & Bhada-Tata, P. (2012). What a Waste. A Global Review of Solid Waste Management. 
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greenhouse gas, making it a key climate change gas to address. Burning methane 

produces energy, carbon dioxide and water. This is a very useful outcome as 

besides being an energy source, the hugely potent methane is replaced by the 

considerably less potent CO2. For this reason landfill gas projects are potentially 

very lucrative CDM projects. 

Landfill gas energy facilities capture the methane, which can be burned in an 

engine to produce electricity, or used directly for cooking, and for space and 

water heating. When concentrated and compressed, it can also be used as a 

vehicle fuel source. 

 

Figure 30   A landfill gas electricity generator at La Mercy landfill site, eThekwini 

9.1.2 WASTEWATER GAS 

Wastewater is any water that has been adversely affected by human influence. 

It can originate from a number of sources including a combination of domestic, 

industrial, commercial or agricultural activities, surface runoff or storm water, 

and from sewer inflow or infiltration.  

The theory behind anaerobic digestion of wastewater is very similar to that of 

landfill gas in that waste is decomposed without the presence of oxygen to 

produce a gaseous mixture of methane and carbon dioxide. The volume and 

mass of wastewater sludges are reduced by anaerobic digestion, as is the 



  

97 SAMSET Guidelines to clean energy 

emission of volatile organic compounds and odours into the atmosphere. Similar 

to landfill gas facilities, anaerobic digestion of wastewater produces a biogas of 

60% methane and 40% carbon dioxide that can be used for energy production. 

This biogas can be used to generate heat and electricity or it can be used as a 

vehicle fuel. 

The energy potential contained in wastewater and its bio solids/biogases 

exceeds the energy used to treat it by 10 times (WERF, 2011). 

9.1.3 INCINERATION 

Incineration involves the combustion of organic materials into incinerator 

bottom ash, flue gases, particulates, and heat. The heat produced can be used 

to generate steam which can then be used to drive a turbine in order to produce 

electricity. 500 kWh of electricity can be generated per ton of municipal waste. 

As a result, incineration is both a landfill reduction method, reducing the volume 

of waste by 95-96%, and a WtE technology. High volume reductions are however 

only seen in waste streams with high amounts of packaging materials, paper, 

cardboard, plastics and horticultural waste. Recovering the energy from waste 

before disposal is much preferable to landfilling if pollution control 

requirements and costs are adequately addressed. 

The data below shows MSW disposal by income (million tonnes), currently only 

0.05 million tonnes of waste are disposed of via incineration in low income 

countries such as those in sub-Saharan Africa. 
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MSW disposal by income (million tonnes) 48 

 

9.1.4 GASIFICATION / PYROLYSIS 

Just about any organic material, such as biomass, wood and plastic waste, can 

be converted into a gas mixture of carbon monoxide and hydrogen by 

gasification and pyrolysis. 

Unlike incineration, gasification does not produce energy from waste through 

direct combustion. Instead it is a thermo-chemical process in which wastes, 

including their biomass content, are heated in an oxygen deficient environment 

to produce a low-energy gas. This gas is known as synthesis gas or syngas and 

contains hydrogen, carbon monoxide and methane. The gas can then be used as 

a fuel in a turbine or internal combustion engine to generate electricity. 

Pollutants are removed from syngas before it is combusted so that it does not 

produce the high levels of emissions associated with other combustion 

technologies.  

Like gasification, pyrolysis also turns waste into energy by heating under 

controlled conditions, but involves thermal degradation in the complete 

absence of air. Pyrolysis produces char, pyrolysis oil, and syngas, all of which can 

be used as fuels. 

 

                                                

48 Hoornweg, D., & Bhada-Tata, P. (2012). What a Waste. A Global Review of Solid Waste Management. 
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9.2 THE CASE 

All of the WtE technologies generate energy from products that would 

otherwise not be used. There is a constant need for waste disposal, resulting in 

an equally constant energy generation potential.  Currently, world cities 

generate about 1.3 billion tonnes of solid waste per year (Hoornweg & Bhada-

Tata, 2012), a volume expected to increase to 2.2 billion tonnes by 2025. As a 

result of urbanisation and economic development, waste generation rates are 

projected to more than double in the next twenty years. Whilst there is poor 

data availability on waste management in Africa as a whole, sub-Saharan Africa 

is estimated to generate 62 million tonnes of waste per year. Whilst per capita 

waste generation is generally low, with an average of 0.65 kg/capita/day, it does 

seem to vary a lot - from 0.09 to 3.0 kg per person per day.  Countries with the 

highest per capita rates tend to be islands, possibly due to waste generated by 

the tourism industry. 

Waste generation and per capita waste generation by global regions49 

 

                                                

49 Hoornweg, D., & Bhada-Tata, P. (2012). What a Waste. A Global Review of Solid Waste Management. 
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Most waste in Africa is either burned or simply dumped, usually in peri-urban 

areas on the outskirts of urban centres. Dumping sites usually have no provision 

for groundwater protection, leachate recovery, or soil cover, so they present 

risks to health, air quality (smells), groundwater contamination, and climate 

change (methane emissions).   

WtE reduces the levels of methane being generated at the waste site. In 

addition, where electricity generated by WtE plants displaces electricity that is 

generated by fossil fuels, WtE plants also reduce the emissions these plants 

would otherwise produce.  These technologies can also reduce other adverse 

impacts related to fossil fuel based electricity production, such as coal mining 

and transportation. WtE technologies can help meet renewable energy targets 

within cities and can help to diversify energy profiles. 

9.2.1 LANDFILL GAS 

Landfill gas (LFG) recovery could be a solution, an opportunity for energy 

recovery and a potential source of energy in areas with low access to energy, 

such as Africa. 

LFG can either be captured and used for energy generation or flared to reduce 

greenhouse gas emissions. Prior to use the gas is treated to remove trace gases 

and impurities, it can then be used as fuel within internal combustion engines, 

gas turbines and steam boilers for electricity or heat generation. LFG use in small 

to medium size internal combustion engines is good option for the production 

of electricity in Africa. Currently only a few CDM projects have been reported 

for methane capture from landfill sites on the continent and the large majority 

of landfills in Africa do not have any system for gas collection installed (Scarlat 

et al., 2015). 

Landfill gas consists mainly of methane and carbon dioxide. Methane emissions 

from landfills in Africa were estimated at 1.3 Mt CH4, equivalent to 32 Mt of 

CO2e emissions in 2010 (Scarlat et al., 2015). 

9.2.2 WASTEWATER GAS 

Anaerobic digestion is a waste treatment process that powers itself. CO2 

emissions can be reduced by 16% when it is used to treat sewage waste rather 

than using conventional sewage treatment techniques. In addition to producing 
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energy, anaerobic digestion can also produce quality soil conditioner to fertilize 

land. The conditioner is a result of the solid and liquid residue called digestate 

that is produced throughout the process. If the digestate is clean enough, it can 

also be used for land reclamation and landfill restoration. 

9.2.3 INCINERATION 

Incineration reduces mass and volume of landfill, lightening the load of landfill 

management in cities. There has been concern around the health ramifications 

of incineration, but significant advances in emission control have occurred and 

strict regulations have been initiated concerning dioxin and furan emissions 

(both of which are highly toxic substances). By diverting municipal solid waste, 

incineration avoids the release of methane into the atmosphere. In addition to 

methane, for every ton of municipal solid waste that gets incinerated, 

approximately one ton of CO2 is prevented from being released into the 

atmosphere. It is estimated that 2,000 tonnes of waste have an electricity 

potential of 1,050 MWh (although this depends on the calorific value of the 

waste, which in turn depends on the composition of the waste – what’s in it). 

9.2.4 GASIFICATION / PYROLYSIS 

Gasification and pyrolysis are extremely efficient ways of using biomass to 

produce energy, both being more efficient than incineration. They are flexible 

technologies where existing gas-fuelled devices (ovens, furnaces, boilers, etc.) 

can be retrofitted with gasifiers and syngas can directly replace fossil fuels. 

Gasification is able to generate energy in engines and gas turbines, which is 

cheaper and more efficient than the steam process used in incineration. 

Municipal solid waste can be reduced by as much as 75% through this process, 

reducing to the same degree the amount of potential emissions the waste would 

have created in a landfill. The data below shows waste composition by income. 

Low income countries such as those in sub-Saharan Africa produce organic 

waste more than any other type (64%) compared to high income countries that 

mainly produce waste paper (31%). 
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Figure 31   Waste composition by income status of countries50 

 

9.3 POTENTIAL FOR ROLL OUT 

The amount of waste generated will only increase.  The table below shows that 

waste in Africa is predicted to rise by 160% (2012 to 2025) – higher than any 

other global region.  

 

 

 

                                                

50 Hoornweg, D., & Bhada-Tata, P. (2012). What a Waste. A Global Review of Solid Waste Management. 
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Predicted levels of waste generation by 2025 (by Global regions) 51 

 

Low-income countries have low waste collection rates, around 41%, while high-

income countries average 98%. In developing countries, waste management 

often takes the highest share in a municipality’s budget (20% to 50%) and a 

significant part of this (up to 80–90%) is used for waste collection. However, 

services typically neglect 30-60% of all urban solid wastes and serve less than 

50% of the population. The potential for low income countries to produce 

energy from waste is therefore highly dependent upon levels of waste 

collection. 

9.3.1 LANDFILL GAS 

Landfill gas recovery is considered the most appropriate way of producing 

energy from waste, particularly in the short term. In comparison to incineration, 

landfill gas poses fewer technical difficulties and lower investment costs. LFG 

collection is technically feasible approximately 7 years after a landfill is opened 

and can continue production for a maximum of 25 years after landfill closure. 

                                                

51 Hoornweg, D., & Bhada-Tata, P. (2012). What a Waste. A Global Review of Solid Waste Management. 
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Figure 32   Landfill life cycle: LFG generation vs. LFG collection52 

Estimates of potential electricity generation from LFG schemes are tricky 

because there is little data available, and it is of questionable reliability.  

Nevertheless, a study in Uganda explored the viability of electricity generation 

from LFG in Kampala and assessed the electricity potential of the landfill at 

31,000 MWh in 2009 and 26,600 MWh in 2011. The study concluded that the 

project was not viable under current economic conditions, unless improved 

incentives, feed-in-tariffs and carbon credits were put in place. Electricity 

generation from LFG in South Africa on the other hand was found to be 

economically viable.  

9.3.2 INCINERATION 

At present, waste incineration is not realistically technically or economically 

viable in most of Africa. 

9.3.3 WASTEWATER GAS 

The total potential for wastewater gas in sub-Saharan Africa is not clear.  

Estimates for South Africa, for example, vary from 36 MWh (1.13 PJ) per annum 

for electricity generation and 96 MWh (3.0 PJ) for heating purposes to 800 GWh 

per annum. Currently there is limited focus on sewage gas methane production 

                                                

52 Scarlat, N., Motola, V., Dallemand, J. F., Monforti-Ferrario, F., & Mofor, L. (2015). Evaluation of energy 
potential of Municipal Solid Waste from African urban areas. Renewable and Sustainable Energy Reviews. 
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in the country. This is partly because landfill methane is considered a more 

feasible option in terms of institutional and technical capacity, and financial 

viability (including CDM carbon revenue generation). Municipalities therefore 

tend to focus on this option. It is however recognized as one of the options that 

will be exploited in the medium-term to promote the renewable energy profile 

of cities. 

Current costs of wastewater gas facilities make them less economically viable 

when compared to landfill gas projects. Also given that no REFIT is available for 

them, it is unlikely that cities such as those in South Africa will focus on this area 

in the short term. 

9.3.4 GASIFICATION / PYROLYSIS 

Although high capital costs are associated with gasification power plants, there 

is the potential for operating costs to be significantly lower than those of 

conventional processes or coal-fired plants. Gasification plants are more 

efficient, require less pollution control equipment and are able to generate a 

variety of energy products.  However, waste gasification has yet to be proven at 

a commercial scale.  

 

9.4 BARRIERS TO IMPLEMENTATION AND EFFORTS TO RESOLVE THESE 

Onerous project planning process: Establishing landfill gas projects entails a 

difficult process of carbon finance registration, lengthy environmental impact 

assessments and the approval of local governments. These constraints act as a 

deterrent for cities to implement LFG projects.  The renewable energy feed in 

tariff (REFIT) in South Africa will now make landfill gas projects financially 

feasible which will negate the need for carbon financing, and make city approval 

processes for projects less problematic. If cities can see a clear and simple 

financial case for the intervention, it should pave the way for increased 

implementation.   

Toxicity: Despite advances in emission controls and government regulations, 

there is still public debate over whether incineration is possible without 

emissions. Incineration also produces a highly toxic fly ash that requires safe 

disposal. This can lead to residential health concerns. Gasification and pyrolysis 
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on the other hand are cleaner processes and do not pose toxicity threats.  This 

does not pose an immediate threat as incineration is not currently a priority for 

cities.  

Sustainability: The real sustainable solution is zero waste. Waste has less of an 

impact on climate change and more economic value when it is reused, recycled 

or composted than when it is converted to energy. When materials are recycled, 

more energy is conserved than is generated via incineration. As a result, 

recycling and composting programs are required, but these may be hindered 

where WtE technologies are implemented.  This is not an immediate concern, 

but could become so in the future as more WtE sites are established. 

Economy: Most WtE facilities have high capital costs and require technical 

expertise for maintenance, requiring long contract periods to recover initial 

investment costs. It is likely that other forms of WtE technologies will only 

become implemented on a mass scale if they are also included in mechanisms 

to support renewable energy such as feed-in-tariffs.  WtE plants can access 

carbon funding to make them more financially feasible. A small number of 

African countries have introduced Feed-in-tariffs, and some have introduced 

auctions.  

 

9.5 HOW TO GO ABOUT IMPLEMENTATION 

9.5.1 LANDFILL GAS PROJECTS 

As landfills are City owned, a landfill gas project should be predominantly a City 

Council driven process. Landfill sites have a substantial potential for income 

generation through a carbon offset project (methane flaring and green 

electricity generation), in addition to the savings from electricity generation. It 

is therefore an attractive prospect for City Councils to consider if the business 

case is made. In order for the City to participate in the process though, certain 

guarantees have to be in place, to ensure that public money will not be put at 

risk. A willing buyer for the carbon credits has to be sourced, and the project has 

to be approved by the Designated National Authority (DNA) as a valid carbon 

offset project. Negotiations in this area are critical as a first phase of the project, 

and should be done at a high level – preferably mayoral - to ensure City buy in. 
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Using LFG for energy generation has a number of other benefits. For example, it 

reduces odours and harmful emissions, minimises local pollution and is a step 

towards slowing climate change. For these reasons, the Clean Development 

Mechanism (CDM) developed under the Kyoto Protocol could be a useful tool 

for the implementation of waste to energy projects in Africa.  However, with the 

onset of feed-in tariffs and auctions, it is unlikely that carbon will be required to 

make landfill gas projects feasible in the future.  

Once secured, the City will have to go through the necessary internal assessment 

and approval processes to determine who will plan, construct and operate the 

landfill gas site. These City processes are well established and should not present 

too many obstacles, given that: 

● the project will not place a financial burden on the taxpayer, and is in 

fact financially viable; 

● with the REFIT in place there are very low financial risks associated with 

the project; 

● employment will be created in the City; 

● CO2 emission levels will be reduced in the City, supporting local and 

national targets; 

● the energy security of the city will be enhanced; 

● a source of renewable energy will be added to the grid, supporting local 

and national targets. 

9.5.2 OTHER WTE TECHNOLOGIES 

It is unlikely that Cities will pursue other WtE technologies in the short term, 

given the viability of landfill gas projects and support for these from supporting 

tariff mechanisms. However, should the REFIT be made available to these 

technologies, it is anticipated that they too will enjoy mass implementation in 

the country. These WtE technologies will most likely be exploited in the medium 

term by cities in order to promote their renewable energy profiles.  
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9.6 CASE STUDIES 

9.6.1 KAMPALA CITY ABATTOIR, UGANDA: 

Kampala’s abattoir runs 24 hours a day and was previously forced to rely on 

expensive polluting diesel generators when the city’s power went out. However, 

a pilot project funded by the Swedish International Development Cooperation 

Agency (SIDA) through the Bio-resources Innovations Network for Eastern Africa 

(Bio-Innovate), began in February 2015 to turn waste into biogas. 

To do this, the slaughterhouse puts its waste and wastewater through a 

fermentation process that releases methane, which is then captured and burned 

to produce electricity. To add to the project's green credentials, it uses solar 

panels to heat water and raise the temperature in the digester, to allow it to 

produce the most burnable form of methane.  

The system generates on average about 10 to 15 cubic metres of biogas daily 

which is used to run the abattoir’s generator. It is estimated that with 60 cubic 

metres of gas it would be possible to run about 15 security lights, 15 deep 

freezers and 15 refrigerators at the abattoir, helping save around 8 million 

Ugandan shillings ($2,800) per month. 

9.6.2 MAYUGE SUGAR INDUSTRIES, UGANDA: 

Uganda’s Mayuge Sugar Industries will begin the construction of a 23 MW 

sugarcane waste power generation plant in 2016; this will be equivalent to 2.6% 

of the country’s total installed generating capacity. 

The power produced will be sold to the Uganda Electricity Transmission 

Company at a price of $0.095 per unit. Although the tariff is low, the company 

general manager Kanu Patel explained that the rate is wholesale and does not 

apply to electricity end-users. Despite this the development will provide up to 

20,000 people. 
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Figure 33   'Nile Sugar' sugar cane53 

9.6.3 LANDFILL GAS TO ELECTRICITY PROJECT – ETHEKWINI 

In March 2007, Africa’s first landfill gas to electricity project was launched, 

aiming to enhance landfill gas collection and use it to generate electricity for 

export to the municipal grid in Durban.  

Landfill gas is collected at the 

Bisasar Road, Mariannhill and 

La Mercy landfill sites in 

Durban. The Mariannhill 

landfill site had received 

850,000 tonnes of waste by 

2004 and will continue 

accepting waste until 2024. 

The La Mercy landfill site is an 

old landfill that will soon be 

closed, having received over 1 million tonnes of waste to date. Combined, the 

Mariannhill and La Mercy landfill sites have the potential to generate up to 2 

MW of electricity. The Bisasar Road landfill site is the busiest landfill in Africa 

accepting 3,500 to 5,500 tonnes of municipal sewage waste daily and will 

                                                

53 http://www.mpgroupofindustries.com/mayuge-sugar.html 
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continue to accept waste for another ten years. It has the potential to generate 

up to 10 MW of electricity through collection, combustion and landfill gas. The 

final wells will be installed in approximately 2016. 

With the annual estimation of emission reductions beginning in 2006, it is 

estimated that a total of 480,000 tonnes of CO2 will be reduced at the three 

locations by 2013. There are also significant positive effects on local air and 

groundwater quality and safety. Emissions related to fossil fuel electricity 

generation are reduced by displacing electricity from these sources, as are those 

related to the transport and mining of fossil fuels. The amount of landfill gas in 

the atmosphere is reduced, thus reducing the risk of dangerous methane 

concentrations. This is particularly significant for the Mariannhill landfill site, as 

it is located close to residential areas. There has also been the economic benefit 

of additional employment, providing skilled jobs for the operation and 

maintenance of equipment at the landfill and at the power generation units. 

The eThekwini landfill gas project makes use of methane extracted from city 

landfill sites for the generation of electricity. The project is registered with the 

Cleaner Development Mechanism (CDM) and generates income from the sale of 

carbon credits through: 

● The process of flaring – burning methane to produce CO2 (methane is 

approximately 23 times more potent a greenhouse gas than CO2) 

● Offset of coal generated electricity through the use of methane powered 

generators for electricity (reduction in electricity use from coal fired 

power stations) 

Without the CDM funding, the project would not have been viable. In fact, the 

generation of electricity is secondary when compared to the CDM credit income 

from the flaring process. 

Three landfill sites were targeted – Marianhill (1MW generator - installed), La 

Mercy (750kW generator – installed) and Bisasar (two 4MW generators 

installed, first commissioned in early 2008). 

The project is expected to have reduced greenhouse gas emissions by 7.8 million 

tonnes by 2021. Once fully operational, the project will also have the capacity to 

generate a total of 10 MW of electricity. 
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Drivers for the project: 

1. Prototype Carbon Fund (PCF)/World Bank: Offer to buy CDM carbon credits 

from eThekwini Municipality through a landfill gas project. 

2. eThekwini Cleansing and Solid Waste Department: Cleansing and Solid 

waste Department drove the project through the many administrative 

hurdles (CDM registration to verification, EIA positive Record of Decision). By 

all accounts, the project would not have succeeded without their 

championing the project. 

3. eThekwini Electricity Dept: Driving the process for the installation and 

commissioning of electricity generators on landfill sites and linking the 

generators to the electricity grid. 

This is predominantly a City Council driven project. Landfill sites are City Council 

owned and the potential for income generation through a carbon offset project 

(methane flaring and green electricity generation) is substantial, not to mention 

the additional savings from generating their own electricity. It is therefore an 

attractive prospect for City Councils to consider if the business case is made. In 

order for the City to participate in the process though, certain guarantees had 

to be in place, to ensure that public money would not be put at risk. A willing 

buyer for the credits had to be sourced, and the project had to be approved by 

the Designated National Authority (DNA) as a valid carbon offset project.  

All this required an internal driver, and the Champion of this process, Lindsay 

Strachan from the Cleansing and Solid Waste Department, coordinated this. 

High level buy in was sought from the outset. The mayor (Mr Mlaba) was 

involved directly in negotiations with the World Bank around the sale of carbon 

credits generated by the project. Once the MOU agreement was signed, and 

conditional approval for the project from the DNA was given, the project was 

presented to Council and it was approved. 

Important lessons learnt: 

1. Internal communication and buy in at the highest level was key to getting 

the project implemented. A strong financial, environmental and social 

case was made for the project. 

2. A project Champion with good management and communication skills 

ensured that the correct processes were put in place and the necessary 
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agreements and approvals obtained. This driver within the City is crucial 

for the success of such intensive city centred projects 

9.6.4 JOHANNESBURG WASTEWATER TREATMENT WORKS, SOUTH 

AFRICA 

To offset the electricity costs of wastewater treatment, the City of Johannesburg 

aims to generate its own electricity from treatment plants making wastewater 

works self sufficient. Upgrades to wastewater treatment works in Johannesburg, 

Gauteng from 2012 will see biogas production for electricity generation as part 

of the city’s Capital Investment Programme. 

By cleaning or “scrubbing” biogas, it can be used to generate electricity using co-

generation methane gas engines or turbines. Biogas scrubbing has the added 

benefit of reducing corrosion and maintenance costs, thus increasing the 

sustainability of the plant. This WtE project has a short payback time of just 4-5 

years and demonstrates the City’s commitment to renewable energy. 
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9.6.5 MSW TREATMENT PLANT, IVORY COAST 

A municipal solid waste treatment plant in Bingerville, district of Abidjan aims to 

manage 200,000 tonnes of municipal solid waste per year using anaerobic 

fermentation. 

In the first year of the project, the treatment plant will be equipped with two 

digesters with three additional units being installed in the second year of 

operation. The biogas derived from the waste will be used as fuel to produce 25 

GWH of renewable electricity each year. Following the process of anaerobic 

fermentation, aerobic treatment will transform the residual waste into compost 

which can then be sold to local farmers.  

By producing electricity from a renewable source, the project reduces 

greenhouse gas emissions and the need for fossil fuels. The process also helps 

to avoids methane emissions by diverting organic waste from landfills.  

The project is expected to avoid 583,965 tonnes of CO2 emissions over the first 

7 years and hopes to create more than 180 jobs. 

9.6.6 MSW COMPOSTING PROJECT, NIGERIA 

A municipal solid waste composting project in Ikorodu, Lagos State, will use 

advanced technology to process 1,500 tonnes of solid waste per day with the 

aim of producing high quality compost for use in Nigerian farms. 

Using aerobic treatment process, the project avoids the methane that would 

otherwise have been released to the atmosphere. This effective waste 

management practice will also lead to an improved environment for the local 

population by reducing litter. 

The project activity in its full scale operation will create more than 90 direct job 

opportunities. Indirect employment will also be generated in the supporting 

areas of the project such as drivers, garbage collectors and equipment providers. 
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Figure 34   High quality compost produced from Organic Fraction of Municipal Solid Waste54 

9.6.7 VEGPRO, KENYA 

In Kenya, Vegpro is one of the country’s largest exporters of fresh vegetables 

and flowers. Vegpro’s Naivasha farm produces around 10,000 tonnes of 

vegetable per year, and several times that in waste vegetable matter (up to 

45,000 tonnes per year). The waste is put into an anaerobic digester where it 

decomposes, producing methane.  The company uses GE’s Jenbacher gas 

engines to convert this methane into electricity. Award winning Tropical Power 

are the project developers. 

The two engines have a generating capacity of 2.8 MW – enough to power the 

farm and 5,000 nearby homes. Waste heat from the engines can also be used to 

power cooling systems that will be part of a packing facility, which is to be 

relocated from Nairobi.  

                                                

54 http://climaloop.com/portfolio_page/ikorodu-composting-nigeria/ 
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Figure 35   Africa's first biogas generation plant at VegPro, Kenya55 

 

 

 

                                                

55 http://mgafrica.com/article/2015-08-22-africas-first-grid-linked-biogas-plant-starts-running-in-kenya-firm-
plans-ghana-project-too 
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10 CHAPTER ON SOLAR PHOTOVOLTAICS (PV)  

 

10.1 OVERVIEW 

Photovoltaics (PVs) involve the direct conversion of light into electricity. A 

photoelectric material can absorb photons of light and release electrons. It is 

the capture of these free electrons that results in an electric current that can be 

used as electricity. 

A basic PV cell has a very thin semiconductor material that forms an electric 

field; positive on one side and negative on the other. When light energy comes 

into contact with the cell, electrons are released from atoms in the 

semiconductor material. Electrical conductors attached to the positive and 

negative sides of the semiconductor material form an electrical circuit and 

capture the released electrons. This forms an electric current (electricity) which 

can be used to power a load. 

 

PV modules are a number of PV cells that are electrically connected to each 

other and mounted, while an array is formed when multiple modules are wired 

together. In general, a larger area will produce more electricity. They are 

designed to supply electricity at a specific voltage; however, the current 

produced is directly dependent on the amount of light that reaches the module. 

The most common PV cells are made from crystalline silicon. This material has 

been used for more than 50 years and the manufacturing processes are very 

well known.  
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10.1.1 TECHNOLOGY 

Thin film technology: Silicon is readily available, being the second most 

abundant element in the Earth’s crust, but it must be refined to an extremely 

high purity to manufacture crystalline silicon cells, making it quite expensive. 

Thin film technologies are being developed to make it possible to create a PV 

material by sequentially depositing thin layers of different materials into a very 

thin structure. They require little semiconductor material and are easy to 

manufacture, potentially resulting in a significantly lower cost of PV systems. 

There are still issues regarding life-span and functioning in hot environments, 

and they currently cost just as much as, or more than, crystalline silicon cells. 

However, as the technology progresses, thin film panels could make PV systems 

much more financially viable for everyone. 

Polymers: Due to the growth of the industry, newer technologies are being 

developed. These include polymer cells which have recently emerged as a low 

cost alternative to silicon cells. Inorganic components within these cells are now 

replaced with polymers making them more flexible, this means they can be 

rolled out onto surfaces such as roofs. Recently scientists have set a world 

record for polymer cells with 11% efficiency paving the way for further 

investment in the technology.  

Perovskites: Perovskites are another highly efficient low cost solar technology. 

Over the last seven years, scientists have managed to increase the efficiency rate 

that these cells can convert solar energy into electricity, from 4% to 20%. In 

contrast, it took more than 60 years for researchers to develop current silicon 

cells (see Figure 36). At present, silicon cells can convert no more than 25% of 

the sun’s energy into electricity whilst perovskites can operate at a high level of 

efficiency even with numerous defects. 
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Figure 36   Conversion efficiencies of PV cell technologies56 

There are now several PV manufacturing facilities located in sub-Saharan African 

countries – South Africa, Mozambique, Nigeria and Kenya, and as demand 

grows, the number of factories is likely to increase. This can give rise to some 

anomalies in policy towards renewable energy technologies as governments 

seek to protect domestic producers e.g. import duties.  

 

10.2 THE CASE 

Globally, there are around 1.4 billion people who experience sunlight for the 

majority of the year but do not have access to grid electricity. Harnessing solar 

power has the potential to not only reduce poverty but also makes an invaluable 

contribution to economic development. Solar photovoltaic (PV) energy offers 

people without access to the grid the opportunity to light their homes and 

businesses in areas where electricity can either extremely expensive and 

unreliable. 

Approximately 70% of Africa’s population, remain unconnected to the grid 

relying upon expensive and inefficient sources of energy such as candles and 

                                                

56 https://www.ossila.com/pages/perovskites-and-perovskite-solar-cells-an-introduction 
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kerosene for power. Current projections indicate that by 2030 more than 700 

million Africans could be living without electricity. 

When considering the installation of PV, cases in both electrified and 

unelectrified areas need to be considered. This is because generation costs in 

remote areas are different to those in electrified areas, and these need to be 

considered when making decisions around PV installation. 

According to UN-Habitat, Africa is urbanizing at a rate of 4% per year meaning 

that over the next 15 years, cities in Africa will experience higher growth rates 

than other regions of the world. An increase in migration from rural to urban 

areas can exacerbate poverty and inequality and as a result there is a stark 

difference between the opportunities available to those with and without access 

to electricity.  

10.2.1 ELECTRIFIED AREAS 

The installation of PV systems in households that are already electrified will have 

the following advantages: 

 Reduce impending pressure on local utility. 

 Less money spent on electricity: systems can be sized to provide all 

electricity needs, but the installation of a small system will also provide 

some electricity savings to a household.  

 Less non-renewable resources being used and less CO2 being produced: 

Solar energy is a free source of energy that will not run out and produces 

no pollution during operation. 

 If an electricity surplus is generated through PV systems, this can be fed 

back into the grid. The equivalent amount of electricity can be used later 

from the grid at no cost, further lowering electricity costs.  

Despite this, the financial case for PV is currently not very strong, due to the high 

capital cost of the technology.  

10.2.2 UNELECTRIFIED AREAS 

The case for unelectrified areas on the other hand needs to take into account 

the cost of obtaining and distributing liquid fuels (diesel for generators, LPG for 

gas solutions), or of extending the electricity grid to encompass these areas. The 
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maintenance of the equipment (usually generators) also needs to be taken into 

account. 

Often these areas are very remote and the expense of extending the grid does 

not justify the small income such an installation will generate. Therefore off-grid 

solutions need to be found.  

Generators generally require high level maintenance, and have the additional 

problem of requiring a steady supply of diesel to operate. Skilled technicians are 

not readily available in these areas, and fuel supply is not consistent. Generators 

are noisy and contribute to air pollution. In contrast, PV installations are 

generally very reliable and low maintenance, and are not dependent on a fuel 

supply chain. This makes the technology very attractive in remote, unelectrified 

areas particularly as generation is clean and noise free. 

PV is specifically useful for remote schools and clinics which depend upon a 

reliable electricity supply to function properly. They are also suitable for home 

lighting and media appliance use in remote areas.  

A third of all health centres and primary schools in sub-Saharan Africa lack any 

access to electricity. This means that 90 million students and 255 million patients 

are left being educated and receiving healthcare from places that have no 

power. Nearly 60% of refrigerators used in health clinics in Africa have unreliable 

electricity, compromising the safe storage of vaccines and medicines and 

hospitals are sometimes forced to operate with no lighting or power for 

equipment, putting people’s lives at serious risk. Children without domestic 

lighting struggle to do their homework in the evening, which negatively impacts 

their education and hampers their ability to fulfil their potential. Students are 

increasingly segregated, and drop-out and fail rates are high.   

PV home systems for domestic use in rural areas are usually only large enough 

for lighting and media services, with the additional electricity still required for 

cooking and refrigeration requiring larger PV systems. Even small PV systems 

require large subsidies to make them affordable to rural communities and 

economically reasonable to the supply companies. However when faced with 

expensive (extending the grid) and unreliable (diesel generation) alternatives, 

the subsidisation of PV in these areas is an increasingly viable option. 
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10.2.3 BATTERIES 

As many communities in sub-Saharan Africa do not have reliable access to grid 

power, off-grid solar systems are increasingly used. However, in order to store 

the power collected to use at times when the sun is not out e.g. at night, 

batteries are required. In many cases these can be expensive, bulky and 

inefficient at storing energy. Despite this, the solar battery market is expanding, 

particularly with the growth of electric cars such as those produced by Tesla 

who’s Roadster was the first car to use Lithium-Ion battery cells. These batteries 

have significantly reduced in price over time as shown in the graph below and 

are increasingly used within the solar power industry as they have a higher 

energy density than conventional lead acid batteries. Lithium-ion batteries also 

have a longer life, up to 6 times longer than lead acids and with much less energy 

loss between charges. 

 

Figure 37   Cost predictions for full automotive Li-ion packs57 

With the rapid growth of mobile phone use across sub-Saharan Africa, the need 

for charging on the go is no longer considered a ‘first-world problem’.  As a 

result, portable solar chargers are increasing in popularity particularly for those 

who travel often. The development of the ‘Soular Backpack’, a backpack with a 

solar panel fitted on the back has provided opportunities for school children to 

maximise their potential. The solar panel is connected to a battery which, when 

exposed to sunlight for 3-4 hours can power an LED lamp for up to 8 hours. This 

                                                

57 http://theconversation.com/affordable-batteries-for-green-energy-are-closer-than-we-think-28772 
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allows children in places with no electricity the chance to study at night and not 

get exposed to the toxic fumes of kerosene. 

 

 

10.3 POTENTIAL FOR ROLLOUT  

The graph below demonstrates indicative levelised costs of electricity for both 

on and off-grid technologies in SSA as of 2012. Off-grid systems were previously 

much more expensive per MWh than grid power however, it is expected that in 

the long term electricity prices will continue to increase and the cost of PV 

production will decrease as the technology becomes more viable. Between 2008 

and 2012 solar costs dropped nearly 80% due to significant technological 

breakthroughs and increasing market competition.  

On-grid power can also be extremely unreliable; nearly 66% of the population in 

sub-Saharan Africa live in areas where connection is either too expensive or 

difficult for other reasons. This is one of the primary reasons many are predicting 

a solar energy boom in coming years as solar technology is increasingly seen as 

a low-risk investment. 
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Figure 38   Indicative levelised costs of electricity for on-grid and off-grid technologies in sub-Saharan Africa, 201258 

The PV market has surged in Africa and is projected to become one of the 

fastest-growing markets in the world. Africans spend around $10.5 billion a year 

on kerosene to provide lighting for their off-grid businesses and homes. Many 

of those in rural areas get electrical power from diesel generators at prices of 

roughly $1 per kilowatt-hour (kWh). Solar lighting products generally offer more 

cost-effective and cleaner alternatives, providing electricity at less than 20 cents 

per kWh. 

Ghana has a population of over 26 million and just 65% have access to electricity. 

Wide disparities exist between rural and urban settings with less than 50% of 

rural dwellers having access to the grid. However, the country receives between 

1,800 and 3,000 hours of sunshine per annum making it a friendly environment 

for solar energy to flourish. Subsidies are also available to improve the 

affordability of solar power, helping to pay for part of the total cost of PV 

systems or offering special bank loans to offset payment commitments.  

Despite the growth of solar power however, around 92% of solar-electrified 

households in Ghana use solar lighting in tandem with traditional kerosene 

                                                

58 IEA (2014) source: http://thebreakthrough.org/index.php/voices/energetics/grid-governance 



  

124 SAMSET Guidelines to clean energy 

lanterns to address all their lighting requirements meaning solar systems are 

currently not adequate to be used on their own. 

In contrast, Kenya is one of the few countries in Africa that has been relatively 

successful in the solar PV business. By focusing on small home and commercial 

systems and excluding larger commercial or grid-connected systems, an annual 

PV market of 1.5 MW has developed.  Recent estimates indicate that there are 

between 200,000 and 350,000 solar PV home systems in use in the country. 

Kenya is therefore a trendsetter in attracting and utilizing private capital to 

enhance development of solar energy, setting an example which can be 

replicated by the other countries such as Ghana and Uganda. 

The table below shows the unit investment costs for solar PV in 2015 (US$/kW) 

for Kenya and Ghana. It indicates that costs in both countries are lower than the 

African average, highlighting the case for further investment in solar power in 

Ghana. 

 

 

Figure 39   Unit investment costs (2015 US$/kW)59 

 

 

                                                

59 Pueyo, A., Bawakyillenuo, S., & Osiolo, H. (2016). Cost and Returns on Renewable Energy in Sub-Saharan Africa: 
A comparison of Kenya and Ghana. Evidence report. 
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10.4 BARRIERS TO IMPLEMENTATION 

Barriers for implementation of PV include:  

● High initial investment/start-up costs. 

● Long payback periods. 

● Lack of favourable finance packages for consumers and solar energy 

entrepreneurs. 

● Lack of well trained personnel at all levels. 

● Lack of certification of installers and service provider. 

 

10.5 HOW TO GO ABOUT IMPLEMENTATION  

Ghana’s Renewable Energy Act (2011) has a number of incentives to increase 

the use of renewable energy such as solar PV: 

● Feed-in-tariff scheme offer guaranteed prices for electricity generated 

from renewable energy sources. 

● Licensing regime for commercial renewable energy service providers. 

● Purchase obligation under which power distribution utilities and bulk 

electricity consumers would be obliged to purchase a certain percentage 

of their energy required from electricity generated from renewable 

energy sources. 

● Off-grid electrification – promote mini-grid and stand-alone renewable 

energy systems for remote off-grid locations. 

● Renewable Energy Business Fund to promote public private partnerships. 

Ghana REFIT:  Ghana has enacted a FiT scheme providing high prices for 

generators, however it presents a weaker ground for the expansion of 

renewable energy. Financing costs are very high and there are large 

macroeconomic risks from strong currency devaluation and double-digit 

inflation rates. Because FiTs are denominated in the local currency, foreign 

investors are not protected against further devaluation. The wide gap between 

the prices paid for generation covered by the FiTs and prices paid by final 

consumers anticipates the possibility of social opposition and a potential 

withdrawal from the scheme. In fact, there are already movements away from 
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FiTs and towards an auctioning scheme as seen in Ghana’s recent launch of a 

competitive bid for 20 MWp of solar PV capacity. 

 

 

 

Figure 40   Ghana feed-in tariffs (Oct 2014) and currency risks (using USD/GHS rates from Sep 2014 and 2015 average), 

and comparison with Kenya60 

Uganda REFIT:  As of Phase 3 (2016), Uganda’s REFIT does not include solar PV 

and instead prioritises hydro power, bagasse and wind. It is noted however that 

these may change/be updated during each REFIT review. In 2014, the Electricity 

Regulatory Authority (ERA) states that solar photo-voltaic (PV) electricity was 

not generated in sufficient quantities for inter-connection to the national grid. 

                                                

60 Pueyo, A., Bawakyillenuo, S., & Osiolo, H. (2016). Cost and Returns on Renewable Energy in Sub-Saharan Africa: 
A comparison of Kenya and Ghana. Evidence report. 
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However a Feed-in-Tariff (FiT) of US$ 11 cents per kWh for grid connected solar 

PV energy was approved. 

Support for Implementation organisations:  Municipalities can identify rural 

communities in need of electricity. They can then facilitate the establishment of 

PV implementing organisations that will: 

● Provide an attractive payment solution to the end user. 

● Establish an installation and maintenance programme. 

An implementing organisation would buy and install the PV system(s) and retain 

ownership. The electricity generated from the system would then be sold to the 

consumer by: 

● Metering electricity used and charging a fixed rate. 

● Signing a lease or hire/purchase agreement over a fixed period of time for 

the PV equipment. 

● Charging a fixed monthly tariff. 

The electricity user would bear no capital costs and would not have to worry 

about maintenance to the system, which is an important factor to homeowners. 

Municipalities can assist this process by:  

● Sourcing funding to subsidise the systems. 

● Being a ‘Community Liaison’ and assisting in awareness raising. 

 

10.6 CASE STUDIES 

10.6.1 GHANA’S LARGEST PV INSTALLATION 

A Chinese firm, Beijing Xiaocheng Company, has developed a 20 MW solar 

project to help Ghana overcome its power crisis. The plant is the largest PV 

installation in Ghana and is a signal of intent for a country that is making great 

efforts to increase its reliance on clean energy. 

The 20 MW project was developed by a subsidiary of Beijing Fuxing Xiao-Cheng 

Electronic (FXXCE), who contributed the US$30 million in funding itself. The 

plant is the first large-scale solar farm in Ghana, constructed on a 100 acre piece 
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of land about 70 km from the capital and is now successfully connected to the 

grid.  

Before the BXC plant, the largest PV plant in the country was just 2 MW, so this 

marks a significant stride for increasing capacity. The Ghanaian government has 

already shown a desire to build its renewable energy industry, culminating in a 

commitment of US$230 million last year to be earmarked for to the Scaling-up 

Renewable Energy Program (SREP) Investment Plan for Ghana. Part of this plan 

is to supply 30,000 Ghanaian homes with their own PV systems. 

 

10.6.2 10 MW SOLAR FARM, UGANDA 

A consortium of European clean energy companies, solar EPCs and financing 

institutes are working together on the construction of a 10 MW utility-scale solar 

farm in Uganda’s eastern town of Soroti. 

Led by French clean power company ‘Eren RE’ and African development 

specialists ‘Access Energy Group’, the $19 million project has already broken 

ground, with a completion date of July 2016. Once connected, the solar plant 

will be one of the largest in sub-Saharan Africa outside of South Africa, and will 

provide clean electricity to 40,000 local households. 

The solar farm is the first to be developed under Uganda’s GET FiT facility, which 

is a project set up jointly by KfW and the Ugandan government’s Electricity 

Regulatory Agency (ERA). The project is also the largest privately funded solar 
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project in sub-Saharan Africa, with London’s Emerging Africa Infrastructure 

Fund, Dutch development bank FMO, and Germany’s KfW Development Bank all 

involved at some stage with financing the project. The European Union 

Infrastructure Trust Fund is also involved, while Spanish EPC61 firm TSK Group 

will oversee the construction of the plant, sub-contracting parts of the job to 

local firms. 

 

10.6.3 NZEMA SOLAR PROJECT, GHANA 

In 2012 Blue Energy, a UK-based renewable energy firm announced a $400 

million project to build a 155 MW solar PV plant to be operational by 2015. The 

Nzema project, as it is known, seeks to power around 100,000 homes as part of 

the government’s 

effort under 

Ghana’s 

Renewable Energy 

Act to grant 

premium, feed-in 

tariffs for 20 years 

and to help boost 

renewable energy 

capacity from 1% 

in 2012 to 10% by 

                                                

61 Engineering, procurement, and construction 
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2020. This single project will boost Ghana’s generating capacity by 6%.  The 

project is expected to create more than 700 jobs in the country with spin-off 

effects on industries such as construction and education. 

10.6.4 LIGHTING AFRICA 

Lighting Africa is part of the World Bank Group’s contribution to Sustainable 

Energy for All (SE4All). It is implemented in partnership with the Energy Sector 

Management Assistance Program (ESMAP), the Global Environment Facility 

(GEF), and the governments of countries including Australia, France, Germany, 

Sweden, the UK and the United States of America, among others. 

The programme began in 2006 with pilot projects in Ghana and Kenya beginning 

in 2007 with the aim of helping to ensure utilisation of solar energy. Lighting 

Africa seeks to mobilise the private sector to connect isolated communities and 

give power to 250 million people by 2030 to enhance economic development. 

 

10.6.5 CADBURY COCOA PARTNERSHIP, GHANA 

The Cadbury Cocoa Partnership, a social intervention initiative of the Cadbury 

confectionary company, has invested $1.3 million in the installation and 

distribution of solar power to 10,000 households in 160 farming communities in 

Ghana. 



  

131 SAMSET Guidelines to clean energy 

The distribution is part of the company’s 

effort to support a sustainable cocoa 

supply chain. In addition, the partnership 

will supply and install solar panels in 22 

basic schools in rural communities for the 

improvement of academic performance, 

support two clinics to enable them store 

medication and medical instruments to 

ensure improved health delivery, and also 

power three food-processing units to 

enable women in the identified 

communities add value to their farm produce. 

10.6.6 SOLAR SISTER, EAST AFRICA 

Solar Sister recruits and trains women in East Africa by providing them access to 

these jobs and empowering them through economic opportunities. It provides 

an opportunity for women without gainful employment to start their own social 

enterprises using a network of contacts to sell solar lamps in rural communities. 

Each Solar Sister Entrepreneur buys her lights and cook stoves from Solar Sister 

then sells and delivers them, woman-to-woman, throughout her local 

community. 

The Solar Sister model has expanded to Kenya, Uganda, Sudan, and South Sudan 

to help reach even the remotest parts of the continent. The model generally 

seeks to help alleviate energy poverty by encouraging consumers to switch from 

the expensive and hazardous use of kerosene and candles for lighting to solar 

lighting and other products such as solar lamps. 
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10.6.7 AZURI RENTING SOLAR POWER 

A pay-as-you-go model has emerged to help the poor gain access to solar energy 

at their homes and small businesses. One of the services is offered by Azuri, a 

UK based company launched by Eight19, which developed the PayGo ‘pay-as-

you-go’ solar home systems for developing markets (previously marketed as 

IndiGo).  

Azuri offers solar energy equipment to off-grid communities to gain access to 

power on a rental basis. Customers can add credit to a PayGo solar power device 

using a scratchcard validated on a standard mobile phone via text message.  

Having paid nothing to get the system installed in their homes, customers end 

up owning the system after 18 months.  Using a mobile phone payment system 

eliminates the problem of cash collection and while PayGo customers currently 

use scratchcards, as mobile banking expands, they could eventually pay directly 

through their mobile phones. 

In Kenya, Azuri sells solar equipment such as light-emitting diode lamps, 

batteries, and phone chargers for around $10 and then charges customers a 

dollar a week to use them rather than the $2 a week they are currently spending 

on kerosene. 

A number of other manufacturers offer similar schemes across the continent. 



  

133 SAMSET Guidelines to clean energy 

11 CHAPTER ON RENEWABLE PURCHASE POWER AGREEMENTS 

 

11.1 OVERVIEW 

Power Purchase Agreements (PPAs, sometimes known as off-take agreements) 

can be used to make renewable energy more accessible to residential and 

commercial consumers. A PPA is a legal contract between a generator and a 

purchaser of electricity. These agreements are important in the financing of 

electricity generating infrastructure, particularly concerning renewable 

energies. The owner of the generating infrastructure is able to use the PPA to 

get financing, given clearly defined electricity outputs and the revenues 

associated with them. It is often private developers that seek to develop 

renewable energy projects, where the electricity generated is to be sold to 

electricity distributors. These distributors may be interested in purchasing 

renewable energy for a variety of reasons; for example, they may be mandated 

to source a given proportion of renewable electricity, or they may be able to 

provide premium tariffs by selling ‘green’ electricity to willing buyers (some 

would argue that renewable electricity should be sold at discounted rate rather 

than a premium tariff, but that’s a different argument). 

PPAs are used for power projects where: 

● The projected revenues of the project would otherwise be uncertain and 

so some guarantee as to quantities purchased and price paid are 

required to make the project viable. 

● There is a possibility of competition from cheaper or subsidised 

domestic or international competition (e.g. where a neighbouring power 

plant is producing cheaper power) - the PPA provides some certainty of 

being protected from such competition. 

● There is just one or a few major customers that will be taking the bulk of 

the product. For example, a government utility may be purchasing the 

power generated by a power plant. The government will want to 

understand how much it will be paying for its power and that it has the 
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first call on that power. The project company will want certainty of 

revenue; the purchaser wishes to secure security of supply.62 

The 2011 Abu Dhabi communique on Renewable Energy for Accelerating Africa’s 

Development was adopted by 46 Africa countries. A number of countries in sub-

Saharan Africa now have targets for the proportion of electricity to be produced 

from renewable sources e.g. Ghana 10% by 2020, Nigeria 20% by 2030, Uganda 

61% by 201763.  Power Purchase Agreements are just one of the tools that need 

to be standardised in order to achieve smoother interconnection of regional 

power pools. At this level, PPAs are used to finance large scale plant e.g. 100’s 

of MW of hydro-power plant. PPAs can also be set up between small scale power 

producers and utilities, or even between independent power producers and 

independent power consumers, such as mines or hospitals. 

 

11.2 THE CASE 

Fossil fuel based electricity production is one of the largest industrial sources of 

carbon dioxide, a primary greenhouse gas linked to 

climate change. It is also a major source of 

pollutants including nitrous oxide, sulphur dioxide, 

mercury and particulate matter. As of 2012, 18% of 

sub-Saharan Africa’s energy was provided by oil, 

followed by 16% by gas, and the majority of 

electricity (60%) originating from hydropower (see 

Figure 41). 

 

Figure 41   Sub-Saharan Africa electricity generation64 

Sub-Saharan Africa’s population is growing rapidly, its economies are 

developing, and more and more people need access to electricity, so substantial 

investment in expanding electricity generation capacity is required. 

                                                

62 https://ppp.worldbank.org/public-private-partnership/sector/energy/energy-power-agreements/power-
purchase-agreement 

63 IRENA. (2015). Africa 2030: Roadmap for a Renewable Energy Future. 

64 http://www.irena.org/documentdownloads/publications/africa_renewable_future.pdf 
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Liberalisation of electricity markets means that utilities (and governments) are 

looking to the private sector to finance new generating capacity. PPAs are a part 

of the procedures involved in establishing these types of relationships.  PPAs can 

be used as a mechanism to promote the development of renewable electricity 

generation.  Agreements that commit a utility to buying electricity generated by 

an independent producer can be used to support both large scale installations 

(10s of MW), and small scale installations (a few kW).  

‘Green tariffs’ offer a way for residential, commercial, or industrial consumers 

to support renewable power generation by buying electricity that has been 

bought by the utility from renewable power generators (through a PPA).  

Companies can reduce their carbon footprint, reduce their environmental 

impact, and demonstrate their commitment to a sustainable future by 

purchasing green electricity.  However, it is not clear that these kinds of tariffs 

are currently available across Africa.  

 

Figure 42   Relationship between electricity consumption and GDP (2011)65 

 

 

                                                

65 Castellano, A., Kendall, A., Nikomarov, M., & Swemmer, T. (2015). Brighter Africa. The growth Potential of the 
sub-Saharan Electricity Sector.  
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11.3 POTENTIAL FOR ROLLOUT 

Africa’s renewable energy power potential is substantially larger than the 

current and projected power consumption of the continent. The map below 

shows the distribution of identified renewable energy potential in Africa.  

 

Figure 43   Distribution of identified renewable energy potential in Africa66 

PPAs for solar energy, for example, have a number of benefits: 

● No or low upfront capital costs: the developer handles the upfront costs 

of sizing, procuring and installing the solar PV system. Without any 

upfront investment, the host customer is able to adopt solar and begin 

saving money as soon as the system becomes operational. 

● Reduced energy costs: solar PPAs provide a fixed, predictable cost of 

electricity for the duration of the agreement and are structured in one of 

two ways. Under the fixed escalator plan, the price the customer pays 

rises at a predetermined rate, typically between 2% - 5%. This is often 

                                                

66 http://www.irena.org/documentdownloads/publications/africa_renewable_future.pdf 
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lower than projected utility price increases. The fixed price plan, on the 

other hand, maintains a constant price throughout the term of the PPA, 

saving the customer more as utility prices rise over time. 

● Limited risk: the developer is responsible for system performance and 

operating risk. 

● Better leverage of available tax credits: developers are typically better 

positioned to utilize available tax credits to reduce system costs.  For 

example, municipal hosts and other public entities in the USA with no 

taxable income would not otherwise be able to take advantage of the 

Section 48 Investment Tax Credit. 

● Potential increase in property value: a solar PV system has been shown 

to increase residential property values. The long term nature of these 

agreements allows PPAs to be transferred with the property and thus 

provides customers a means to invest in their home at little or no cost.67 

Across sub-Saharan Africa, the Levelised Cost of Electricity (LCOE) is declining for 

wind, solar PV, CSP and some biomass technologies, while sustainable 

hydropower produced at good sites remains the cheapest option to generate 

electricity. Across the spectrum, renewable energy technologies are becoming 

increasingly competitive with fossil fuel options68. The key to unlocking these 

sources is the development of effective financial mechanisms to stimulate the 

growth of the renewable energy market.  

Both Ghana and Uganda have Feed-in Tariffs, which ensure that renewable 

power producers are paid a rate for their energy that makes their investment 

feasible. Evidence from other countries that have followed this route shows a 

marked increase in renewable energy generation after a feed in tariff is 

implemented. 

11.3.1 UGANDA FIT 

In 2013 Uganda implemented a Global Energy Transfer Feed-in Tariff (GET FiT) 

regime which sets fixed tariffs across technology types and priority treatment 

                                                

67 http://www.seia.org/research-resources/solar-power-purchase-agreements 

68 http://www.irena.org/documentdownloads/publications/africa_renewable_future.pdf 
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for renewable energy. This has then been enhanced by public sector 

development partners (including Germany, the United Kingdom and Norway) 

providing financial support by way of a Premium Payment Mechanism (PPM) 

implemented by the German development bank KfW. The PPM is payable to the 

project company on top of the fixed tariff amount.69  The GET FiT creates an 

attractive investment environment as it effectively offers a guaranteed market 

for IPPs using solar, hydro, biomass and bagasse, and producing 1-20 MW.70 

11.3.2 GHANA’S PPAS  

There is no standard form of PPA in the Ghanaian market. Nevertheless, the 

power sector is relatively small and the negotiation of new PPAs tends to be 

supervised from the government’s perspective by staff who have been involved 

in earlier PPA development and negotiations. Some of the PPAs that have been 

entered into to date have provided developers with a robust risk allocation that 

is in line with project finance norms for emerging markets. Therefore developers 

should be able to achieve a bankable risk allocation. 

The tariff structure under precedent PPAs in Ghana provides for the payment of 

capacity charges for dependable capacity and energy charges for electrical 

energy delivered.71 

 

11.4 BARRIERS TO IMPLEMENTATION 

The following issues have been identified as barriers to the implementation of 

PPAs: 

● Lengthy processes: Technical and legal complexities existing around 

institutional and contractual arrangements cause implementation to be 

a lengthy process. Drawn out Feasibility Assessments and Environmental 

Impact Assessments also hinder progress. 

                                                

69 http://www.nortonrosefulbright.com/knowledge/publications/126133/investing-in-the-electricity-sector-in-
uganda 

70 file:///C:/Users/Gamos/Downloads/Paris_Energy_Report_WEB_Final[4].pdf  

71 http://www.nortonrosefulbright.com/files/investing-in-power-in-ghana-100588.pdf 

file:///C:/Users/Gamos/Downloads/Paris_Energy_Report_WEB_Final%5b4%5d.pdf
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● Concern for payment delays under PPAs. 

● Potential risk of corruption for project companies and their investors. 

 

11.5 HOW TO GO ABOUT IMPLEMENTATION  

Alongside the implementation of REFITs across sub-Saharan Africa, a number of 

regulations and initiatives are in place to encourage the use of renewables and 

PPAs. These include: 

● Maputo Declaration.  In February 2009, the African Union Assembly of 

Heads of State and Government decided in Addis Ababa to develop 

renewable energy resources in order to provide clean, reliable, affordable 

and environmentally-friendly energy. African governments reaffirmed 

their political will in 2010, with the Maputo Declaration, which 

established the Conference of Energy Ministers of Africa (CEMA). In 2011, 

46 African countries with the participation of 25 African energy ministers 

adopted the Abu Dhabi Communiqué on Renewable Energy for 

Accelerating Africa’s Development, which called for the increased 

utilisation of Africa’s renewable energy resources to accelerate 

development. 

● Programme for Infrastructure Development in Africa (PIDA).  Similarly, 

various subsidiary bodies of the African Union have committed to specific 

strategies and action plans for accelerating the deployment of renewable 

energy, such as the Programme for Infrastructure Development in Africa 

(PIDA). In 2012, African Heads of State endorsed the Programme for 

Infrastructure Development for Africa (PIDA) including a pipeline of 15 

priority energy projects amounting to a total budget of USD 40.5 billion, 

to be implemented between 2012 and 2020. 

● Power Africa Initiative.  In 2013 President Obama launched the Power 

Africa initiative. The goal is to address Africa’s energy deficits by working 

with the private sector, partner governments, and international 

organizations to remove the obstacles that hinder the development of 

much needed power projects. A key aspect of power projects negotiations 

is power purchase agreements (PPA). Due to the complexity of these 

contracts, Power Africa released “Understanding Power Purchasing 
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Agreements”, a handbook which not only explains PPAs but creates a 

foundation that can help African countries standardize the process.  The 

Power Africa Initiative focuses on large scale power projects, involving 

complex PPAs, which typically take 5-10 years to complete. It is hoped 

that increasing capacity to handle PPAs can reduce these timescales to 3-

5 years.72 

 

11.6 CASE STUDIES 

11.6.1 UGANDA BUJAGALI HYDRO POWER PROJECT 

Uganda’s largest hydropower project is the 250MW Bujagali hydro power 

project which was commissioned in 2012, almost doubling the country’s then 

installed capacity. A public private partnership between Government of Uganda 

(GoU), Blackstone Portfolio Company, Sithe Global Power, and the Aga Khan 

Fund for Economic Development, the project is a ‘Build Own Operate Transfer’ 

scheme under a 30 year PPA. The construction included a 100km 220kV high 

voltage transmission line73. 

 
Figure 44   Bujagali Hydropower is currently meeting 49% of the country’s electricity needs74 

                                                

72 http://www.igdleaders.org/power-people-using-standardized-ppas-greater-access-electricity-africa/  

73 http://www.nortonrosefulbright.com/knowledge/publications/126133/investing-in-the-electricity-sector-in-
uganda 

74 http://www.akdn.org/gallery/about-bujagali-hydropower-project 

http://www.igdleaders.org/power-people-using-standardized-ppas-greater-access-electricity-africa/


  

141 SAMSET Guidelines to clean energy 

11.6.2 GHANA AYITEPA WIND FARM 

In May 2016, the final Power Purchase Agreement for the 225 MW wind farm at 

Ayitepa was signed at the Headquarters of the Electricity Company of Ghana Ltd. 

(ECG) in Accra. 

The Agreement has two phases and ensures the project company Upwind 

Ayitepa Ltd. the delivery of 150 MW of clean wind power in the first phase with 

the intentions to increase the project to 225 MW by phase 2. It is the first PPA 

signed in Ghana for a wind park demonstrating that the Government of Ghana 

is supporting the implementation of renewables in the future.  

Clean power is expected to begin distribution in early 201775. 

 

Figure 45   Ayiepa wind farm - key statistics76 

 

 

 

                                                

75 http://upwindinternational.com/wind-energy/announcements/messages/PPA-Ayitepa.php     

76 http://mainstreamrp.com/ghana/ 
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11.6.3 TANZANIA SMALL RENEWABLE ENERGY PROJECTS 

The Government of Tanzania adopted a new Electricity Act in 2008, which 

opened up the sector beyond the national utility, introducing standardised 

Power Purchase Agreements (PPA) and power purchase tariffs to reduce 

transaction costs. Under the standard PPA, the buyer is obliged to purchase a 

certain amount of power, in return for which the seller agrees to follow 

interconnection guidelines and bear interconnection costs. Both have a legal 

obligation to keep financiers informed of progress and the national utility 

coordinates the interconnection, production and payment process. Since the 

introduction of these standardised regulations in 2010, the national utility has 

undertaken standardised PPAs for 40 MW of small renewable energy power 

projects. These projects are now supplying the national grid with enough clean 

electricity to light 54,000 rural households.77 

11.6.4 GHANA TO ADD 3,665 MW OF POWER  

In 2015 Ghana’s president Mahama disclosed that an additional 3,665 MW of 

power is expected to be injected in to the power transmission grid over the next 

5 years following PPAs entered in to with several IPPs.78  

11.6.5 GHANA 100 MW HYDRO POWER PPA 

US based project developer Zoetic Global has executed a 20 year PPA with the 

Electricity Company of Ghana (ECG) for 100 MW of additional power generation 

from the Akosombo Dam, Lake Volta.  

The project will involve an array of modular hydrokinetic turbines to be 

deployed in the post-dam wash of the Akosombo Dam. The In-Stream Auger 

Turbine (IAT) technology being used is designed for high efficiency power 

generation from flowing water and will leverage existing infrastructure at the 

dam site including grid connections, access roads, and on-site maintenance 

buildings. 

                                                

77 International Renewable Energy Agency. (2013). Africa’s Renewable Future. The Path to Sustainable Growth. 

78 http://allafrica.com/stories/201503030365.html 
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Zoetic is actively negotiating PPAs in other nations in SSA as interest in 

renewables increases.79 

 

Figure 46   Akosombo Dam80 

11.6.6 UGANDA PPA FOR 150MW GEOTHERMAL POWER PLANT: 

California-based AAE Systems Inc. and the Ugandan government have entered a 

power purchase agreement for electricity produced by a 150 MW geothermal 

plant built in western Uganda. The $1.2 billion plant is expected to take 2 years 

to complete.81  

11.6.7 NIGERIA SIGNS PPA FOR 975 MW OF SOLAR PROJECTS 

Nigeria’s government-owned energy purchasing company, Nigerian Bulk 

Electricity Trading, has signed its first power purchase agreements with the 

developers of 12 solar projects in Nigeria totalling 975MW. 

                                                

79 http://www.prnewswire.com/news-releases/zoetic-global-signs-100-megawatt-hydro-power-purchase-
agreement-with-the-electricity-company-of-ghana-300204532.html 

80 http://www.ghanaweb.com/GhanaHomePage/tourism/akosombo.php 

81 http://www.power-eng.com/articles/2013/04/aae-and-ugandan-government-enter-into-power-purchase-
agreement.html 
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The first of the 12 projects is for a 75MW solar plant in Katsina state, to be 

developed by Pan Africa Solar. The project is worth $146 million and the power 

will be sold under a PPA of 11.5 cents per KWh. 

Pan Africa Solar said it plans to develop 1 gigawatt of solar projects in Nigeria — 

enough to provide power for 1.1 million Nigerians.82 

11.6.8 NIGERIA 100MW SOLAR POWER PLANT 

Scatec Solar entered into an agreement with CDIL, a Canadian renewable energy 

development company focused on Africa, and BPS, a Nigerian strategic 

consulting firm, to develop a 100 MW solar power project in Jigawa State, 

Nigeria.  A 20 year PPA was subsequently signed with the Nigerian Bulk 

Electricity Trading Plc (NBET) by the Nova Scotia project company in July 2016.  

A long-term player with an installation track-record of close to 600 MW, Scatec 

Solar will develop, build, own and operate the solar power plant in Jigawa. The 

project is expected to reach financial close in 2017 and commercial operations 

12 months thereafter.83 

                                                

82 http://afkinsider.com/129354/nigeria-signs-first-ever-solar-power-purchase-agreements-12-projects-total-
975mw/ 

83 http://www.scatecsolar.com/About/Press-and-media/Press-releases/Scatec-Solar-secures-100-MW-solar-
project-in-Nigeria 
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12 CHAPTER ON CARBON TRADING 

 

12.1 OVERVIEW 

Carbon emissions have substantially increased in the last 50 years, as shown by 

the graph below. Carbon trading, or emissions trading, is a market-based tool to 

combat greenhouse gas emissions. Through cap-and-trade schemes, emissions 

allowances are distributed or auctioned off to members. In the European Union 

Emissions Trading System (EU ETS) it is compulsory for all factories (above a 

certain size) in energy intensive industries (e.g. oil refineries, steel and paper 

works) to participate in the scheme. Those who do not have enough allowances 

to cover their emissions must either make reductions or purchase another firm’s 

spare credits. Those with extra allowances can sell them on the carbon market 

or bank them for future use. A successful scheme relies upon a strict cap which 

decreases over time and can be either voluntary or mandatory. 

 

Figure 47   Trends in carbon emissions by global regions84 

Putting a price on carbon shifts the burden of environmental damage back to 

those who are responsible for it. A carbon price forces polluters to decide for 

themselves whether they want to continue producing emissions and pay for it, 

or to stop polluting. As a result, reductions can be achieved in a flexible and low 

                                                

84 http://www.carbonify.com/articles/kyoto-protocol.htm 
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cost way. Putting a price on carbon also stimulates the development of clean 

technology and market innovation.  

The Kyoto Protocol dominates the mandatory market, providing member 

countries with specific reduction targets. The European trading scheme (EU ETS) 

is mandatory across the EU and covers approximately 12,000 factories or utilities 

in 25 countries. Based on its targets, each member state sets its own emissions 

cap and then distributes allowances to individual firms. These allowances can 

then be traded across the EU. 

Each carbon credit is equal to one tonne of carbon dioxide or equivalent gas. 

Individuals wanting to reduce their carbon footprint voluntarily can purchase 

credits on the carbon market.  The image below shows a simplified version of 

the carbon market. 

 

Figure 48   Factories with low emissions can sell allowances to heavy polluters85 

The ETS allows its members to earn credits by funding projects through two 

mechanisms: the Clean Development Mechanism (CDM) and Joint 

Implementation (JI). CDM allows industrialized countries to pay for emissions 

reduction projects in poorer countries that do not have emissions targets. By 

                                                

85 https://energyvulture.com/tag/carbon-trading/ 
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funding projects, industrialised countries earn certified emissions reduction 

(CER) credits to add to their own allowances. JI allows industrialised countries to 

fund projects in other industrialised countries.86 

 

12.2 THE CASE 

12.2.1 CLEAN DEVELOPMENT MECHANISM (CDM) 

The Clean Development Mechanism (CDM) allows countries under the Kyoto 

Protocol to implement an emission-reduction project within a developing 

country. Projects can earn certified emission reduction (CER) credits which can 

be counted towards meeting Kyoto targets and traded on the carbon market. 

One credit is equal to one tonne of carbon dioxide.  

The mechanism intends to stimulate sustainable development and encourage 

emission reductions, whilst offering industrialised countries some flexibility in 

how their targets are met. Currently there are over 7,700 registered projects 

under the CDM scheme. 

Benefits of CDM projects include: 

 Investment in climate change mitigation projects in developing countries 

 Transfer or diffusion of technology in the host countries 

 Improvement in the livelihood of communities through the creation of 

employment or increased economic activity.87 

The table below shows examples of small scale CDM projects: 

                                                

86 http://science.howstuffworks.com/environmental/green-science/carbon-trading.htm 

87 https://cdm.unfccc.int/Reference/COPMOP/08a01.pdf#page=43 
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Figure 49   Small-scale CDM project activities88 

12.2.2 PROGRAMME OF ACTIVITIES (POA) 

Under the clean development mechanism (CDM), a programme of activities 

(PoA) is the implementation of a policy, measure or goal that reduces emissions. 

Under a PoA, emission reductions achieved by various individual activities or 

component project activities (CPAs) can be aggregated, without each one 

requiring registration.  

Registered PoAs can include household-level activities, such as the installation 

of clean cookstoves and energy efficient light bulbs. Small-scale renewable 

energy projects, such as solar and hydro power are also included. Around 29% 

of all registered PoAs were located in Africa, as of 2013, compared to just 2% of 

standard CDM projects.89 Typically PoAs will last up to 28 years with an initial 7 

year crediting period which may be renewed 3 times.90 

 

 

                                                

88 Unfccc. (2006). Conference of the Parties Serving as the Meeting of the Parties to the Kyoto Protocol. Part 
Two: Action Taken by the Conference of the Parties Serving as the Meeting of the Parties to the Kyoto Protocol 
on Its First Session.  

89 http://cdm.unfccc.int/newsroom/factsheets/docs/PoA_English.pdf 

90 http://www.cdmrulebook.org/667.html 
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12.3 POTENTIAL FOR ROLLOUT 

CDMs can be city or sector-wide. Many PoAs target a single municipality at a 

time, initially using small-scale methodologies.  Figure 50 shows the registered 

CDM projects for each sector as of 2011 (and, of these projects, the number that 

have been issued with Certified Emission Reductions (CER), indicating they are 

actually working). Projects within the energy industry significantly exceed all 

other sectors demonstrating high potential for roll out within sub-Saharan 

Africa.  

 

Figure 50   Total number of CDM projects registered91 

                                                

91 UNEP. (2012). Cities and Carbon Finance : a Feasibility study on an urban CDM. 
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Figure 51   Geographical distribution of CDM projects, Programmes of activities (PoAs), and Component Project activities (CPAs) (2015)92 

 
Figure 52   Infographic on CDM93 

                                                

92 Annual report of the Executive Board of the clean development mechanism to the Conference of the Parties 
serving as the meeting of the Parties to the Kyoto Protocol* 

93 http://newsroom.unfccc.int/unfccc-newsroom/kyoto-protocol-10th-anniversary-timely-reminder-climate-
agreements-work/ 
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PoAs are more attractive and accessible, especially for developing countries 

which have not benefited from the CDM in the past. Compared to regular CDM 

project activities, POAs have many benefits: 

 Transaction costs, investment risks and uncertainties for individual CPA 

participants are reduced. 

 PoAs are managed on a regional level which speeds up the approval 

process. 

 Access to the CDM is extended to smaller projects which would not be 

viable as stand-alone projects. 

 Direct engagement of individual project developers in the CDM process is 

not required. 

 Emission reductions can be continuously scaled up after PoA registration, 

since an unlimited number of CPAs can be added at a later stage. 

 Many technologies with high co-benefits, e.g. on the household level, are 

supported by PoA. 

 Specific regional policy goals can be effectively supported by accessing 

carbon finance through PoA. 

 Monitoring and verification can be undertaken on a collective basis by 

utilizing a sampling approach. 

 No registration fee is due for each CPA included after registration. 

Registration fees are based on the expected average emission reductions 

of the "actual case" CPAs submitted at the PoA registration.94 

As a result, PoAs under the CDM scheme have high potential in sub-Saharan 

Africa, particularly within the renewable energy sector.  

 

12.4 BARRIERS TO IMPLEMENTATION 

Perhaps the biggest threat to carbon trading schemes is the collapse in the price 

– see Figure 53.  Critics argue that there are inherent contradictions in the 

                                                

94 https://cdm.unfccc.int/Reference/COPMOP/08a01.pdf#page=43 
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pricing of carbon units, and that huge price fluctuations deter investment in 

renewable energy and energy efficiency.  

 

Figure 53   Market prices for Certified Emission Reductions (CERs)95 

A number of potential challenges exist with the implementation of PoAs. 

 The success of a PoA largely depends upon the organisational and 

managerial capabilities of those involved. Identifying institutions that can 

fulfil the requirements of a PoA and that have the appropriate capabilities, 

experience and capacities have already proven to be one of the main 

challenges, especially in LEDCs. 

 Most PoAs require that the Coordinating Entity is able to show bankability 

to potential financial institutions, investors, CER buyers and CPA 

developers. This obviously poses a challenge for LEDCs. 

 There is limited practical experience of the pitfalls and challenges of PoAs.  

 It may take longer to get a PoA registered than to get approval for a CDM 

single project.96 

 

                                                

95 http://carbonfinanceforcookstoves.org/carbon-finance/prices-for-improved-cookstove-projects/ 

96http://www.greengrowthknowledge.org/sites/default/files/downloads/resource/Cities_and_carbon_finance

_UNEP.pdf 
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12.5 HOW TO GO ABOUT IMPLEMENTATION 

12.5.1 THE KYOTO PROTOCOL 

Under the Kyoto Protocol, members with industrialised or transitional 

economies receive specific reduction targets. 

The treaty has committed 37 industrialised countries plus the European 

Community to reducing their 2012 emissions by an average of 5% against 1990 

data. The second commitment period was agreed in 2012, under this agreement 

34 industrialized countries and the European Community have committed to 

reducing their emissions by at least 18% by 2020 against 1990 levels. 

 

Figure 54   Countries with binding targets during the Kyoto Protocol first phase97 

12.5.2 THE ADAPTATION FUND 

The UNFCCC Adaptation Fund (AF), established in 2001, aims to finance concrete 

climate adaptation projects and programmes in developing countries through 

the Kyoto Protocol. These are countries that are particularly vulnerable to the 

effects of climate change.  The AF funds large scale projects (millions of US$) in 

                                                

97 http://newsroom.unfccc.int/unfccc-newsroom/kyoto-protocol-10th-anniversary-timely-reminder-climate-
agreements-work/ 
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sectors including agriculture, water, and disaster risk reduction.  The Adaptation 

Fund’s main source of income is through the CDM. The AF gets 2% of proceeds 

from CDM project activities.  

12.5.3 THE NAIROBI FRAMEWORK PARTNERSHIP (NFP) 

Under the Paris Climate Change Agreement, the Nairobi Framework Partnership 

(NFP) supports developing countries in the preparation and implementation of 

climate change mitigation projects. These projects are known as Nationally 

Determined Contributions (NDCs). 

Established in 2006, the NFP attempts to increase participation in the CDM, 

particularly within sub-Saharan Africa. Since then, the CDM has become a multi-

billion dollar source of funding for sustainable development. This demonstrates 

a UN-led partnership of linking government action to the private sector in the 

developing world.98   

12.5.4 THE CDM LOAN SCHEME 

The UNFCCC has a loan scheme for countries with less than 10 registered CDM 

projects. At the request of those under the Kyoto Protocol, this scheme was 

established by the secretariat of the UNFCCC and provides 0% interest loans to 

cover expenses associated with CDM projects. These expenses may include: 

 Development of project design document (PDD). 

 Validation of the PDD by a Designated Operational Entity (DOE). 

 Verification by a DOE of the first issuance of Certified Emission Reductions 

(CERs). 

Projects applying for a loan must be generating at least 7,500 CERs per year 

(projects in Least Developed Countries (LDCs)), and 15,000 CERs per year (non-

LDCs) and have a high likelihood of being registered by the UNFCCC. 

 

 

                                                

98 https://cdm.unfccc.int/Reference/COPMOP/08a01.pdf#page=43 
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12.5.5 THE PARIS AGREEMENT 

The main aim of the Paris Agreement is to strengthen the global response to the 

threat of climate change. It aims to keep this century’s global temperature rise 

below 2 degrees Celsius (above pre-industrial levels). 

To support the actions of developing countries, appropriate financial flows, a 

new technology framework, and an enhanced capacity building framework will 

be implemented. 

 

 

12.6 CASE STUDIES 

A full list of registered PoAs can be found here:  

http://cdm.unfccc.int/ProgrammeOfActivities/registered.html 

The following case studies are drawn from this list. 

12.6.1 OFF-GRID RENEWABLE ENERGY FOR RURAL 

ELECTRIFICATION IN MOZAMBIQUE MANAGED BY FUNAE 

The goal of this PoA is to provide renewable electricity to rural villages in 

Mozambique through solar PV and mini-hydro systems. The small-scale off-grid 

renewable energy program is run by FUNAE (Fundo de Energia). FUNAE is 

committed to promoting greater access to energy in a sustainable and rational 

way, which contributes to the positive development of Mozambique. The 

project will enable the electrification of rural areas without current access to the 

grid. The programme therefore ensures the access to economically viable 

energy sources in a sustainable way. 

 

http://cdm.unfccc.int/ProgrammeOfActivities/registered.html
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12.6.2 ACCELERATING ELECTRIFICATION THROUGH GRID 

EXTENSION AND OFF-GRID ELECTRIFICATION IN RURAL AREAS OF 

UGANDA 

This micro-scale PoA will expand access to electricity in Uganda through 

extensions of existing grids, off-grid electrification, and solar powered lighting 

systems. The PoA will combine these three developments to increase access to 

electricity within the boundary of the project. 

12.6.3 RENEWABLE ENERGY CDM PROGRAMME OF RWANDA 

The purpose of Renewable Energy CDM Programme of Rwanda (RECPR) is to 

support the development and implementation of renewable energy projects in 

Rwanda. RETs implemented under the programme include hydropower, PV 

power and geothermal power with the aim of reducing fossil fuel based 

electricity generation and promoting renewable energy based power 

generation. 

12.6.4 INSTALLATION OF EFFICIENT TRANSFORMERS (IEET), KENYA 

The IEETCDM-PoA aims to install high energy efficient transformers across 

national electricity distribution grids. This may also involve adoption of the 

energy efficient transformers and the replacement of the inefficient and faulty 

baseline transformers. Initially the project will be based in Kenya however 

additional ‘Host Countries’ may be added at a later stage. 

12.6.5 LANDFILL GAS CAPTURE, FLARING AND UTILIZATION, GHANA 

In this PoA, the landfill gas collected can be flared and used for electricity 

generation. The CDM activities (CPAs) will be implemented and directly 

managed by site owners and operators that meet the criteria set by Puresphere 

Ghana Limited. 

12.6.6 TANZANIA RENEWABLE ENERGY PROGRAMME 

The objective of this PoA is to increase access to modern energy services in 

Tanzania promoting both off and on grid renewable energy projects in the 

country. The Rural Energy Agency (REA) will implement the PoA and acts as a 

coordinating and managing entity (CME). 
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12.6.7 CAPE TOWN LANDFILL GAS EXTRACTION AND UTILISATION 

The main goal of the PoA is to establish a CDM framework to which landfill gas 

utilisation projects can be added to promote the recovery and utilisation of 

renewable resources over the Republic of South Africa. Other goals of the PoA 

are: 

 Contribute to sustainable development within South Africa. 

 Expand the use of renewable energy technologies in South Africa. 

 Reduce uncontrolled emissions of greenhouse gas (GHG) to atmosphere. 

 To recover renewable energy and reduce further the GHG emissions by 

displacing fossil fuels. 

 Reduce other potentially adverse environmental effects of uncontrolled 

LFG emissions. 

12.6.8 ETHIOPIA – CLEAN COOKING ENERGY PROGRAM 

The Ethiopia – Clean Cooking Energy Program is a nationwide PoA which targets 

poor and vulnerable households who are reliant upon wood fuels for cooking. 

The main purpose is to provide improved energy access to such households, 

whilst simultaneously reducing greenhouse gas emissions from the exploitation 

of non-renewable biomass (NRB) resources and from fossil fuels. 

12.6.9 BIOMASS ENERGY CONSERVATION, MALAWI & RWANDA 

The Biomass Energy Conservation (BEC) PoA is a voluntary initiative led by 

Hestian Innovation Ltd. The purpose of the PoA is to promote sustainable 

development and the reduction of greenhouse gas emissions from non-

renewable biomass fuel through the dissemination of improved household 

cookstoves in Malawi and Rwanda. Each CPA will consist of a number of 

improved cookstoves, such as the Chitetezo Mbaula or Canarumwe stoves, or 

others as specified in each component project activity design document 

 (CPADD).99 

                                                

99 http://cdm.unfccc.int/ProgrammeOfActivities/registered.html 



  

158 SAMSET Guidelines to clean energy 

13 CHAPTER ON OTHER RENEWABLE ENERGY TECHNOLOGIES 

 

13.1 OVERVIEW 

13.1.1 CONCENTRATED SOLAR POWER (CSP) 

Concentrated Solar Power (CSP) plants generate electricity by collecting 

incoming solar radiation and concentrating it onto a small area to generate high 

temperatures. The heat is then used to drive conventional steam generators. A 

CSP plant can be divided into two basic sections 1) the Collector, which collects 

the incoming solar radiation and converts it to heat and 2) the Generator, which 

converts the collected heat into electricity. There are three main collector 

technologies available as outlined below: 

1. Solar Trough: A solar trough consists of a linear parabolic collector, which 

tracks the sun on a single axis to focus the light onto an absorber tube running 

along the focal length of the troughs. The collector holds a carrier fluid, which 

transfers the heat to the storage medium or generator.  

2. Power Tower: The power tower uses an array of mirrors, which track the sun 

on multiple axes to focus sunlight onto a central receiver, placed on the apex of 

a tower. Like the solar trough, the collector holds a carrier fluid, which transfers 

the heat to a storage medium or directly to the generator.  

3. Parabolic dish: This system consists of stand-alone parabolic dishes which 

focus sunlight onto a focal point. This can either hold a collector, which holds a 

carrier fluid, or a Stirling engine, which would generate electricity directly. 

Parabolic dish systems are known for their very high efficiencies in converting 

solar power to electricity.  

The image below shows the three main CSP technologies. 
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Figure 55   Main types of concentrated solar power100 

The key variable for CSP projects is direct normal irradiance (DNI), i.e. the 

amount of radiation received by a surface always kept perpendicular to the sun’s 

direct rays. The electrical energy generation of a CSP plant and thus electricity 

costs are directly dependant on the available DNI. The map below shows the 

annual DNI across Africa. 

 

                                                

100 https://commons.wikimedia.org/wiki/File:Type_of_Concentrated_solar_power.png 
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Figure 56   Direct Normal Irradiation map - Africa101 

Total global installed CSP electrical generating capacity is 4.4 GW, so it is still a 

young technology, but installations have grown rapidly since 2010.102 

13.1.2 WIND POWER 

Wind energy is generated when the kinetic energy of the wind is harnessed by 

large wind turbines and converted into mechanical energy. To generate 

electricity, this mechanical energy is used to rotate generators situated in the 

hub of each turbine. Wind turbines can range in size from small home or boat 

based 50 W units to the large 6 MW commercial units which have an overall 

height of nearly 200m.  

                                                

101 DNI Solar Map © 2016 Solargis.  http://solargis.com/products/maps-and-gis-data/free/overview/ 

102 https://en.wikipedia.org/wiki/Concentrated_solar_power 
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Wind turbines for commercial power generation are generally arranged in an 

array, collectively called a wind farm. Wind farms are typically located in areas 

where a consistently high level of wind is present. The performance of wind 

turbines increases exponentially with the linear increase in wind speed. 

Therefore consistent strong winds are critical to the financial viability of a wind 

farm. Wind speeds are stronger at higher elevation levels, and on top of smooth 

hills, which is why most wind turbines are mounted on high masts and on top of 

hills where possible. 

Electricity generated from all the turbines in the wind farm is combined and 

modified to feed into the power transmission network in the area. 

Global installed wind generating capacity is 430 GW103.  The market is dominated 

by China. South Africa and Ethiopia are the only sub-Saharan countries with 

substantial wind capacity (1,050 MW and 320 MW respectively at end 2015).  

13.1.3 SOLAR WATER HEATERS 

A solar water heater uses energy from the sun to heat water and works on two 

basic principles. Firstly, when water gets hot it rises due to density differences 

between hot and cold water (thermosiphon effect) and secondly, that black 

objects absorb heat.  

A solar water heater comprises three main parts: the collector, the storage tank 

and an energy transfer fluid. Solar water heaters are classified as either active 

or passive and direct or indirect systems. They may make use of either flat plate 

collectors or evacuated tubes. 

                                                

103 http://www.gwec.net/wp-content/uploads/vip/GWEC-PRstats-2015_LR.pdf 
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Figure 57   Solar water heaters are usually mounted on rooftops104 

The global installed capacity at end 2014 was 410 GWth
105.  Over 70% of this was 

installed in China, and only 0.3% in sub-Saharan Africa, and this was 

predominantly in South Africa.  The dominant technology was evacuated tube 

collectors (71%). Roughly half of the capacity in sub-Saharan Africa was used for 

small scale domestic hot water systems (single household), and half for heating 

swimming pools (reflecting use in South Africa).  

 

13.2 THE CASE 

13.2.1 CONCENTRATED SOLAR POWER (CSP) 

One of the main benefits of CSP, especially when compared with other 

renewable energy technologies such as wind and PV, is the relative ease of 

energy storage. As the concentrated solar energy is used to generate heat, this 

heat can be stored (often as molten salts) in insulated containers and then used 

to generate electricity on demand, even when there is no sunshine. This means 

that CSP can be used to meet transient peak loads in grid connected 

applications, and it can provide 24 a day power in off-grid applications.  

                                                

104
 http://www.reeep.org/projects/promotion-solar-water-heating-uganda  

105 Global heat worldwide 2014 

 

http://www.reeep.org/projects/promotion-solar-water-heating-uganda
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CSP deployment in sub-Saharan Africa has only started in recent years, mainly 

driven by the Renewable Energy Independent Power Producer Program (REIPPP) 

in South Africa.106 

13.2.2 WIND POWER 

SSA’s installed wind energy capacity increased 14-fold between 2003 and 2010. 

Due to wind speeds, the greatest potential for wind power exists in West Africa. 

 

Figure 58   Installed wind capacity in sub-Saharan Africa107 

Countries such as South Africa, Morocco, Egypt, Cape Verde, Ethiopia, Kenya and 

Tanzania are currently developing wind farms.108  Somalia, Sudan, Madagascar, 

Kenya and Chad – have large on-shore wind energy potential. Five additional 

SSA countries – Mozambique, Tanzania, Angola, South Africa and Namibia – 

have potentially large off-shore wind energy resources. 

                                                

106http://www.afd.fr/jahia/webdav/site/afd/shared/PORTAILS/SECTEURS/ENERGIE/pdf/RECP-synthese-solaire-

CSP-2014.pdf  

107 Mukasa, A. D., Mutambatsere, E., Arvanitis, Y., & Triki, T. (2015). Wind energy in sub-Saharan Africa: Financial 
and political causes for the sector’s under-development. Energy Research and Social Science, 5(January), 90–
104.  

108 http://www.ecomena.org/tag/sub-saharan-africa/  

http://www.afd.fr/jahia/webdav/site/afd/shared/PORTAILS/SECTEURS/ENERGIE/pdf/RECP-synthese-solaire-CSP-2014.pdf
http://www.afd.fr/jahia/webdav/site/afd/shared/PORTAILS/SECTEURS/ENERGIE/pdf/RECP-synthese-solaire-CSP-2014.pdf
http://www.ecomena.org/tag/sub-saharan-africa/
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Figure 59   Africa is well placed to exploit renewable energy109 

The best wind potential in SSA is found in coastal regions whether in the East 

(Djibouti, Eritrea, Seychelles and Somalia), West (Cape Verde) or South (South 

Africa and Lesotho). With the exception of Chad and Ethiopia, whose 

topographies give rise to high speed winds in certain high altitude areas, the rest 

of land-locked Africa’s wind intensity is too low to be harnessed for electric 

power generation. 

13.2.3 SOLAR WATER HEATERS 

It’s difficult to argue a case for solar thermal water heating because little data is 

available from sub-Saharan countries on the energy expended on heating water.  

It is common practice to put a pot of water on a stove after cooking is finished 

in order extract heat from the embers.  This makes it difficult to apportion 

energy consumption between cooking and water heating.  A case for solar water 

heaters can only be made where people are paying for the energy used; this is 

why the market is biggest in South Africa, where households typically use 

electricity to heat water.   

For households, a solar water heater (SWH) has several benefits: 

● Water heating accounts for 40-60% of total electricity consumption for a 

typical home in South Africa.  Electric water heating costs can typically be 

                                                

109 Mukasa, A. D., Mutambatsere, E., Arvanitis, Y., & Triki, T. (2015). Wind energy in sub-Saharan Africa: Financial 
and political causes for the sector’s under-development. Energy Research and Social Science, 5(January), 90–
104.  
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reduced by 70% with a SWH110. This amounts to about a 25 to 30% saving 

on an average monthly electricity bill. This presents a strong financial case 

for replacing electric geysers with solar water heaters. 

● Climate change mitigation. From an environmental perspective, water 

heated mostly by the sun will reduce a household’s CO2 emissions by 

displacing the use of fossil fuels or unsustainably sourced biomass 

otherwise used to generate electricity; the amount will depend on the 

electric utility’s generation mix (e.g. electricity in South Africa is generated 

mostly from coal, so CO2 savings will be high).  

● Energy security: In regions where there are limited natural resources, 

fuels for generating electricity are often imported at high cost. These 

technologies can improve energy security and reduce pressures on 

international energy markets. 

● Where SWHs displace dirty fuels, such as biomass, households will enjoy 

health benefits and improved quality of life. 

 

Figure 60   Flat plate (L) and evacuated tube (R) solar collectors111 

 

 

 

                                                

110 Department of Energy. (2015). State of Renewable Energy in South Africa. http://doi.org/9781920435080 

111
 http://www.aee-intec.at/0uploads/dateien1080.pdf  

 

http://www.aee-intec.at/0uploads/dateien1080.pdf
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13.3 POTENTIAL FOR ROLLOUT 

13.3.1 CONCENTRATED SOLAR POWER (CSP) 

Most sub-Saharan countries receive solar radiation in the range of 6-8 

kWh/m2/day, which counts among the highest amounts of solar radiation in the 

world. Until now, only a small fraction of Africa’s vast renewable energy 

potential has been tapped.112 

There is substantial growth potential in the deployment of small-scale CSP for 

industrial process heat, offering significant benefits. In Africa this is by as much 

as a factor of 4,600 by 2050. According to the International Renewable Energy 

Agency (IRENA), total installed renewable capacity in sub-Saharan Africa is 

expected to grow from 28 GW in 2010 to around 800 GW by 2050, with wind 

accounting for 242 GW, and concentrated solar power for 94 GW.113 

CSP is attractive because its efficiency increases with irradiation level, which is 

not the case for solar PV where efficiency declines with rising collector 

temperatures. Given that the irradiation level corresponds also with the demand 

for air conditioning, solar CSP would reduce the need for peak capacity. This 

feature is attractive in desert countries where solar irradiation is particularly 

strong.  

CSP systems offer the opportunity to store solar energy as heat, which can be 

used to generate electricity during periods of low or no sunshine. This attribute 

is a considerable advantage over solar PV when CSP is used for electricity 

generation, because a large-scale on-grid CSP plant can use the stored thermal 

energy to run its turbines and feed electricity into the grid for several hours after 

sunset (in many countries this may be a period of high demand).114  CSP systems 

                                                

112 http://www.ecomena.org/tag/sub-saharan-africa/  

113 http://www.irena.org/documentdownloads/publications/africa_renewable_future.pdf  

114https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/191058/small_scale_conc

entrated_solar_power_carbon_trust.pd  

 

http://www.ecomena.org/tag/sub-saharan-africa/
http://www.irena.org/documentdownloads/publications/africa_renewable_future.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/191058/small_scale_concentrated_solar_power_carbon_trust.pd
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/191058/small_scale_concentrated_solar_power_carbon_trust.pd
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with thermal storage have higher investment costs, but they allow higher 

capacity factor and dispatchability.115  

13.3.2 WIND 

The theoretical potential for wind in Africa exceeds demand by orders of 

magnitude, and about 15% of the potential is characterised as a high-quality 

resource. This enormous capacity is not evenly distributed: East, North and 

Southern Africa have particularly excellent wind resources (ibid). The map below 

shows wind speeds across Africa.  

 

Figure 61   Wind speeds in Africa (at an altitude of 50m)116 

Wind potential in Ghana is seen as marginal – average annual wind speeds are 

4-6m/s at 50m above sea level along the coast and on some islands. However, 

                                                

115 IRENA. (2015). Africa 2030: Roadmap for a Renewable Energy Future. 

116 Mukasa, A. D., Mutambatsere, E., Arvanitis, Y., & Triki, T. (2015). Wind energy in sub-Saharan Africa: Financial 
and political causes for the sector’s under-development. Energy Research and Social Science, 5(January), 90–
104. 
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some areas near the border with Togo have wind speeds above 8m/s.117 

Currently, there are no wind energy installations in Ghana except for small off-

grid ones installed for demonstration purposes. Three groups are currently 

undertaking wind resource data assessments; these are: the Energy 

Commission, Volta River Authority, and UP Wind Company.118  

According to the Alternative Energy Resource Assessment and Utilization Study 

carried out between June and September 2003, the wind energy resource in 

Uganda is insufficient for large scale electricity generation.119 

The continent’s largest wind farm is currently being constructed in Kenya, by 

Lake Turkana, and will have in installed capacity of over 300 MW. The project is 

registered under the Clean Development Mechanism (CDM), which means it can 

generate revenue from selling carbon credits, and demonstrates the viability of 

large scale schemes in Africa.  

However, as costs in Africa are expected to drop further with increased 

availability of locally manufactured components such as towers and blades, it is 

likely that wind farms will become more prevalent across sub-Saharan Africa in 

the future. 

13.3.3 SOLAR WATER HEATERS 

Domestic solar water heaters have been successfully introduced in Asia and in 

southern and northern Africa, with eastern African efforts recently starting in 

Kenya.  Since 2009, the South African Government has supported this 

technology through schemes where a rebate is paid directly to consumers, 

provided the product, supplier and installers are registered in the programme. 

The rebate significantly reduces the cost of solar systems, making water heating 

more affordable for a large proportion of customers. Over 400,000 systems 

                                                

117 http://www.africa-eu-renewables.org/market-information/ghana/renewable-energy-potential/  

118 German Federal Ministry for Economic Affairs and Energy (BMWi) (2015). Wind energy in Ghana 

119 http://www.africa-eu-renewables.org/market-information/uganda/governmental-framework/  

 

http://www.africa-eu-renewables.org/market-information/ghana/renewable-energy-potential/
https://www.export-erneuerbare.de/EEE/Redaktion/DE/Downloads/Publikationen/Kurzinformationen/ki_fs-ghana-wind.pdf?__blob=publicationFile&v=3
http://www.africa-eu-renewables.org/market-information/uganda/governmental-framework/
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were installed under the programme, and it is currently being revised (see Case 

Studies).  

A survey in Ghana found that the average daily hot water requirement for a 

household of 3 was estimated to be 80 litres per day. A cost-benefit analysis 

revealed that the payback period for a solar water heating system would be 8 

years given a lifespan of 20-30 years.120 Future buildings should therefore 

include solar water heaters in their architectural designs. This will make 

installation of such systems much easier and cost effective.  

 

13.4 BARRIERS TO IMPLEMENTATION 

13.4.1 CONCENTRATED SOLAR POWER (CSP) 

The key barriers for small scale industrial applications are low awareness that 

CSP is a potential energy source for industrial process heat, lack of confidence 

that the technology works in local conditions and applications, and payback 

periods that are considered unattractive by potential customers. For rural/off-

grid applications the critical barrier is the lack of an optimised and proven 

technology solution.121 

When compared to PV, CSP projects are more difficult to develop, finance and 

to implement. Given that significant economies of scale exist for CSP, projects 

should come from a techno-economic point of view. The large up-front 

investments, offering greater prospects for cost reductions, also make it more 

difficult for emerging CSP technologies to be commercialised.122 

 

 

                                                

120 Napari, N. (2014). Feasibility Study on Substituting Electric Water Heaters with Solar Water Heaters in Ghana; 
A Case Study of Official Residential Facility of Goldfields Ghana Limited, Tarkwa Mine. 

121 Rawlins, J., & Ashcroft, M. (2013). Small-scale Concentrated Solar Power - A review of current activity and 
potential to accelerate deployment. Carbon Trust. 

122 Fichtner. (2014). Study on Conditions for Development of CSP Projects in Sub-Saharan Africa. 
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13.4.2 WIND 

The underdevelopment of wind markets reflects affordability issues as well as 

socio-political and technical considerations. It has been widely argued that 

renewable energy is not a priority for SSA given more basic issues that these 

countries are dealing with, such as high poverty rates, stagnant economic 

growth, and health crises, and that until renewable sources are cost-effective, 

African countries should not pay a high price due to past pollution from 

advanced economies.123 

Wind energy also poses negative effects on the environment through its effects 

on wildlife, visual impact and noise pollution. There is also substantial 

competition between wind and other well established renewable energy 

sources such as hydro, which have the capital cost advantage and favourable 

physical attributes such as the ability to store energy. 

13.4.3 SOLAR WATER HEATERS 

Issues affecting the uptake of domestic solar water heaters include the high up-

front installation costs compared with gas and electric boilers, the complex 

process and associated costs to integrate solar thermal systems into existing 

housing, competition with heat pumps, and in some cases the competition with 

PV panels for rooftop space. Moreover in parts of Africa electricity and fossil fuel 

subsidies have acted as inhibitors to large-scale deployment.124 

 

13.5 HOW TO GO ABOUT IMPLEMENTATION 

13.5.1 CLEAN DEVELOPMENT MECHANISM 

Under the Kyoto Protocol, the Clean Development Mechanism (CDM) provides 

for emissions reduction projects which generate Certified Emissions Reductions 

                                                

123 Mukasa, A. D., Mutambatsere, E., Arvanitis, Y., & Triki, T. (2015). Wind energy in sub-Saharan Africa: Financial 
and political causes for the sector’s under-development. Energy Research and Social Science, 5(January), 90–
104.  

124 IRENA. (2015). Africa 2030: Roadmap for a Renewable Energy Future. 
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units (CERs). These can be then be traded on the carbon market. The recent 

introduction of the programme of activities (PoA) under the CDM is expected to 

greatly enhance the opportunities for African countries to access the CDM.  

Examples of activities carried out in sub-Saharan Africa include the roll out of 

solar water heaters for domestic use.125  

13.5.2 GHANA’S RENEWABLE ENERGY ACT 

The Renewable Energy Act of 2011 provides for the development, management, 

utilization, sustainability and adequate supply of renewable energy for 

generation of heat and power for related matters. Key Provisions in the act 

include the feed-in-tariff scheme and the purchase obligation.126 

13.5.3 FEED IN TARIFFS 

Both Ghana and Uganda have implemented Feed in Tariffs for the promotion of 

renewable energy use. The tables below show FiTs as of 2014.  CSP is not 

regarded as a sufficiently mature technology to be included in these 

arrangements.  It is somewhat surprising that Uganda has no provision for 

electricity generated by solar PV but this is because, at the time the tariffs were 

last revised, PV was still regarded as too expensive. However, PV prices have 

since fallen dramatically.   

                                                

125
http://www.undp.org/content/undp/en/home/ourwork/environmentandenergy/strategic_themes/climate

_change/carbon_finance/CDM/africa.html  

126German Federal Ministry for Economic Affairs and Energy (BMWi) (2015). Wind energy in Ghana 

 

http://www.undp.org/content/undp/en/home/ourwork/environmentandenergy/strategic_themes/climate_change/carbon_finance/CDM/africa.html
http://www.undp.org/content/undp/en/home/ourwork/environmentandenergy/strategic_themes/climate_change/carbon_finance/CDM/africa.html
https://www.export-erneuerbare.de/EEE/Redaktion/DE/Downloads/Publikationen/Kurzinformationen/ki_fs-ghana-wind.pdf?__blob=publicationFile&v=3
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Figure 62   Feed-in-tariffs for Ghana127 

 

 

Figure 63   Feed-in-tariffs for Uganda128 

 

                                                

127 https://www.africa-eu-renewables.org/market-information/ghana/ghana-governmental-framework/ 

128
 http://www.africa-eu-renewables.org/market-information/uganda/governmental-framework/  

http://www.africa-eu-renewables.org/market-information/uganda/governmental-framework/
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13.5.4 SOLAR BYLAW 

A city bylaw can enforce the installation of solar water heaters in: 

● all new buildings built in a city; 

● all additions to existing buildings in the city where extra water heating for 

sanitation purposes will be required.  

Given that the financial case is clearly beneficial to the end user for all 

households that require a hot water system, this is a potentially very effective 

mechanism to drive implementation and stimulate the solar water heater 

industry. In order to allow for initial supply capacity deficits, a tiered 

introduction process can be adopted to ensure the industry keeps up with the 

new growth in demand. 

 

13.6 CASE STUDIES 

13.6.1 NAMUGOGA SOLAR POWER STATION, UGANDA 

Namugoga Solar Power Station is a proposed 50 megawatt CSP plant in Uganda. 

The power generated will be sold directly to the Uganda Electricity Transmission 

Company Limited, the sole authorized purchaser. The electricity will be exported 

from the station to a substation in Kisubi for integration into the national 

electricity grid. 129 

13.6.2 LAKE TURKANA WIND FARM, KENYA 

Wind farms are a lucrative investment arena for the African Development Bank 

(AfDB), as shown by their commitment to the 300 MW Lake Turkana Wind Farm 

in Kenya.  The Lake Turkana Wind Power (LWTP) consortium is constructing a 

wind farm consisting of 353 wind turbines, each with a capacity of 850 kW, in 

Northwest Kenya. LTWP can provide reliable and continuous clean power to 

satisfy up to about 30% of Kenya’s current total installed power. 

 

                                                

129
 http://www.revolvy.com/main/index.php?s=Namugoga%20Solar%20Power%20Station  

http://www.revolvy.com/main/index.php?s=Namugoga%20Solar%20Power%20Station
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13.6.3 ESKOM’S SOLAR WATER HEATER REBATE PROGRAMME 

Eskom in South Africa has long been promoting a range of energy efficiency 

measures as they struggle to meet increasing demand for electricity.  In 2008 

they introduced the Solar Water Heater Rebate Programme. The South African 

government required Eskom to substitute 10,000 GWh of electricity with 

renewable energy.  The rebate programme set a target of replacing electric 

geysers in 1,000,000 homes with SWHs, and was expected to achieve 23% of 

Eskom’s overall target.  Funds were made available for a five year period by the 

National Energy Regulator of South Africa (NESRA).  

In 2015, Eskom withdrew from the scheme, which was then suspended; by this 

time 425,000 solar systems had been installed. One of the reasons given for the 

underperformance of the programme was poor installation quality.  As details 

of the scheme changed, subsidies were shifted in favour of locally manufactured 

systems, as a means of stimulating the South African SWH industry. Only 

systems with at least 70% local content became eligible for the scheme.  This 

then ruled out the use of evacuated tube type systems, as these are not made 

in South Africa.  

Despite these setbacks, the government remains convinced of the value of 

SWHs.  The National Development Plan set a long term target of 5 million 

systems by 2030, and the government committed to a reviewed national SWH 

programme in 2015. 
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14 CONGRATULATIONS! 

Congratulations!  You have reached the end of the guide.  As stated at the 

beginning, the guide is not intended to be comprehensive.  It is intended to 

stimulate interest in sustainable energy and the role that Municipalities could 

play in helping build a better world, a more sustainable world. 

As a final statement, we have focused on you and congratulated you.  We may 

have discussed many ideas, technologies, approaches, regulations, policies, feed 

in tariffs, low energy light bulbs, and energy efficient buildings among others, 

but ultimately consumption and sustainability come down to you.  Humanity 

has a large footprint on this world and currently we are not treading lightly.  We 

consume; we consume fossil fuel, we create so much impact that our climate is 

changing, we build cities that can be seen from space; we are heavy on the earth. 

And if we are not going to destroy the earth, and ourselves in that process, it 

will depend on people like you and I changing how we do things.   

It’s encouraging that you have picked up this guide.  We hope it has given you 

some ideas.   It was primarily written for those in authority in an African 

municipality.  But whoever you are these ideas can be applied in your own home.   

If you can get colleagues to think about these things then so much the better, 

and if you and they can take steps to move towards clean energy and 

sustainability then there is hope. 

Technology will not save the world, people will save the world.  
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ACRONYMS 

AF  UNFCCC Adaptation Fund 

CBD  Central Business District 

CDM  Clean Development Mechanism  

CER  Certified Emission Reductions 

CFL  Compact fluorescent lamp 

CHP  Combined heat and power 

CPA  Component project activity 

CSP  Concentrated Solar Power 

DNA  Designated National Authority 

DNI  Direct normal irradiance 

DSM  Demand side management 

ESCO  Energy Service Company 

ETS  Emissions Trading System 

FiT  Feed-in tariff 

GACC  Global Alliance for Clean Cookstoves 

GDP  Gross domestic product 

GHG  Greenhouse gas 

GPS  Global positioning system 

HPS  High Pressure Sodium 

HVAC  Heating, ventilation, and air conditioning 

ICS  Improved cookstove 

JI  Joint Implementation 
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KCJ  Kenya Ceramic Jiko 

LDC  Least Developed Countries 

LED  Light emitting diode 

LEDC  Less Economically Developed Country   

LFG  Landfill gas  

LPG  Liquid petroleum gas 

MSW  Municipal solid waste 

NDC  Nationally Determined Contributions 

NFP  Nairobi Framework Partnership 

NRB  Non-renewable biomass 

PoA  Programme of activities 

PPA  Power purchase agreement 

PV  photovoltaic 

REFIT  renewable energy feed in tariff 

RET  Renewable energy technology 

SDG  Sustainable Development Goal 

SSA  Sub-Saharan Africa 

SSATP  Africa Transport Policy Program 

SWH  Solar water heater 

WtE  Waste to energy 
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