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Executive Summary 
 
This report explores the energy, cost and emissions implications of future energy scenarios for the 
City of Tshwane (CoT), and builds on the information presented in the City of Tshwane State of 
Energy Report.  The futures modelling undertaken shows that, by implementing a range of energy 
efficiency and transport modal shift and behaviour change measures, the energy and emissions 
trajectory of the city can be altered significantly from an unsustainable business as usual course. 
Importantly, the costs associated with a more sustainable future are lower1. 
 
In addition to demand-side interventions, by facilitating a significant rooftop solar PV programme 
and generating electricity from landfill gas and sewage methane, Tshwane’s electricity supply mix 
can be made significantly cleaner, increasing the renewable component in 2055 from 9% to 23%. 
 
The futures modelling demonstrates that a business as usual (BAU) future is problematic in that 
costs and emissions escalate, with likely detrimental effects on economic competitiveness and 
human welfare, particularly for low income households. 
 
In contrast, a substantially different energy future is feasible, which will help make Tshwane resilient 
and prosperous in a future characterised by resource constraints, rising costs, climate change 
imperatives and emerging cleaner, decentralised energy generation options. 
 
Key findings 
 
Future energy consumption is sensitive to economic growth. 
 
A Business as Usual path is untenable: 

 Energy consumption quadruples by 2055 

 Emissions more than doubles by 2055 

 Costs increase 10-fold by 2055 

 The majority of energy consumed comes from fossil fuel 

 The transport sector consumes the majority of energy in the metro 

 Large inequalities in energy consumption patterns are perpetuated 
 
Opportunities for, and results of, a sustainable and equitable future: 

 Energy efficiency and renewable energy implementation can reduce emissions and energy 
consumption substantially 

 The reliance on fossil fuels is reduced 

 The transport sector has the largest energy savings potential 

 Reducing electricity use results in larger emissions savings per unit energy than reducing 
transport fuel use 

 The burden on the poor is eased 

 Demand-side measures (i.e. efficiency) have the largest impact on emissions 

 Affordability of energy is improved for all sectors 
 
Way forward 
 

                                                      
1 Note that transport infrastructure costs for different scenarios were not modelled. 
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An initial strategy with associated actions provides a way forward, in the framework of the SALGA 
Energy Efficiency and Renewable Energy strategy for local government (SALGA 2013). 
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1. Introduction 
 
This report builds on the information presented in the City of Tshwane (CoT) State of Energy Report, 
and explores the energy, cost and emissions implications of future energy scenarios for CoT.  The 
State of Energy Report indicates that CoT's energy use profile is dominated by transport fuels and 
electricity consumption.  While transport fuels account for the majority of energy consumed, 
electricity accounts for the majority of the greenhouse gas emissions due to the predominance of 
coal generation in the national electricity mix.  CoT’s energy profile suggests that several challenges 
and opportunities exist to pursue a sustainable energy agenda, of which the following are amongst 
the most significant: 
 

 Passenger transport is very inefficient and dominated by private vehicles, with significant 
need and potential to improve public transport and non-motorised transport 

 Energy efficiency opportunities exist within all sectors, with important gains to be made by 
widespread residential solar water heater programmes, commercial and local government 
building retrofits, and a range of other efficiency interventions 

 Providing access to modern energy – mainly electricity – to Tshwane’s currently unelectrified 
population requires attention if backlogs are to be reduced 

 The renewable energy potential in municipal landfill gas and sewage methane sites present 
opportunities to be explored, as well as potentially using municipal rooftops for solar PV 
installations (a total of 40MW of electricity generation potential exists in all of these options 
combined) 

 
Scope of Work 
 
In summary, the scope of work for this report covers the following: 

 Data collection and compilation down to the level of user end-use (e.g. amount of electricity 
used for space heating within the residential sector), covering all energy sources and sectors 
in as much detail as the data permits; building on the data-collection exercise of the City of 
Tshwane State of Energy report. 

 Modelling the energy, emissions and costs implications of a business as usual scenario, as 
well as various alternative energy future scenarios, using the LEAP modelling software. 

 Development of an Energy Futures Report. 

 Development of a Sustainable Energy Strategy Framework, based on the outputs of the City 
of Tshwane State of Energy Report and the City of Tshwane Energy Futures Report. 

 
Report outline  
 
The report is structured as follows: 

 Chapter 2 provides the energy, emissions and costs implications of various energy future 
scenarios; modelled using LEAP software. 

 Chapter 3 provides an analysis of the cost impacts of various energy future scenarios, as well 
as the electricity revenue sales impact of energy interventions and losses. 

 Chapter 4 provides a summary of the key findings discussed in chapters 2 and 3. 

 Chapter 5 provides key energy and emissions indicators over time, as well as a reference to 
a Sustainable Energy Strategy Framework. 
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Methodology overview 
 
To explore the future implications of different energy trajectories for CoT, the Long-Range Energy 
Alternatives Planning (LEAP) energy modelling tool was used to examine the energy demand, 
emissions and costs implications of alternative future energy scenarios from the base year of 2013 
up to 2055. This informs recommendations for an action plan for CoT, and an initial framework for 
such actions is presented in a separate report City of Tshwane Sustainable Energy Strategy 
Framework2.  
 
The decision to use LEAP was based on a number of factors: 
 

 It has been used consistently for energy modelling in South African cities since 2006, 

 Its robustness has been tested by tracking modelled and actual energy over time and in 
comparisons with other models3 

 It is transparent and intuitive (no "black-box" calculations), 

 It is easy-to-use (in comparison with other energy modelling software packages), 

 It is freely available (for non-profit and government sectors within developing countries), 

 It is flexible (it can be modified extensively in order to fit the available data), and 

 It is widely used across the globe (in more than 190 countries). 
 
Each LEAP scenario modelled contained a combination of specific energy efficiency interventions 
and supply mix options. The following scenarios were modelled: 
  

                                                      
2 Attached as an Appendix to this document. 
3 The model has tracked actual developments adequately. Cape Town's actual energy consumption over time has almost matched a 

Business as Usual scenario modelled in 2011 based on its 2007 baseline, with a slight discrepancy largely as a result of the unexpected 
flat-lining of electricity sales (a deviation away from "business as usual" - see Cape Town State of Energy 2015). Also, when comparing 
the modelling done by Sustainable Energy Africa for Cape Town (using LEAP), with that undertaken by PDG for the Western Cape 
Climate Change Mitigation Scenarios exercise for the energy sector in 2015 (using an Excel-based tool), with that done for Department 
of Environmental Affairs, 2014: South Africa’s Greenhouse Gas (GHG) Mitigation Potential Analysis (using an Excel-based tool), the 
results were very similar, i.e. projected energy consumption and emissions under a business as usual scenario and a sustainable 
energy scenario, the main interventions highlighted within each sector to reduce energy consumption and limit emissions growth, 
etc. 
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Table 1: LEAP scenarios overview 
Key Scenario Scenario description 

PRIMARY SCENARIOS 

BAU Business as Usual No change from the energy consumption patterns present at the base year 
(2013), aside from a change in the electricity supply mix over time in line with 
the IRP 2010 Policy-Adjusted Scenario. Key drivers into the future are 
economic (GVA) and household growth. 

ETE Electricity and 
Transport Efficiency 

Based on BAU, but includes a range of electricity and transport efficiency 
interventions. Assumes that all households are electrified by 2025. 

SENSITIVITY TEST SCENARIOS 

HIGH BAU High Growth Based on BAU, but with higher economic growth. 

LOW BAU High Growth Based on BAU, but with lower economic growth. 

ELECTRICITY SUPPLY SCENARIOS 

SOL Solar PV Based on ETE, but with uptake of rooftop PV in the residential, commercial and 
industrial sectors. 

MET Methane Based on ETE, but with local-level methane-based electricity generation, i.e. 
landfill gas, sewage methane, etc. 

MSOL Methane and Solar 
PV 

Based on ETE, but with both an (1) uptake of rooftop PV in the residential, 
commercial and industrial sectors and (2) local-level methane-based electricity 
generation. 

PEAK OIL SCENARIOS 

B PO BAU Peak Oil Based on BAU, but with liquid fuel price increases 5% above the real increase 
rate of the previous decade. 

E PO ETE Peak Oil Based on ETE, but with liquid fuel price increases 5% above the real increase 
rate of the previous decade. 

CARBON TAX SCENARIOS 

B TAX BAU Carbon Tax Based on BAU, but with the implementation of a carbon tax according to the 
parameters set out in the IRP 2010 Policy-Adjusted Scenario. 

E TAX ETE Carbon Tax Based on ETE, but with the implementation of a carbon tax according to the 
parameters set out in the IRP 2010 Policy-Adjusted Scenario. 

S TAX Solar PV Carbon Tax Based on SOL, but with the implementation of a carbon tax according to the 
parameters set out in the IRP 2010 Policy-Adjusted Scenario. 

M TAX Methane Carbon Tax Based on MET, but with the implementation of a carbon tax according to the 
parameters set out in the IRP 2010 Policy-Adjusted Scenario. 

MS TAX Methane and Solar 
PV Carbon Tax 

Based on MSOL, but with the implementation of a carbon tax according to the 
parameters set out in the IRP 2010 Policy-Adjusted Scenario. 

 
Detailed methodology notes can be found in the appendices. 

2. Scenarios 
 

2.1. Business as usual 
 
The Business as Usual (BAU) Scenario assumes no change from the energy consumption patterns 
present at the base year (2013), aside from a change in the electricity supply mix over time in line 
with the IRP 2010 Policy-Adjusted Scenario. It is assumed that the supply mix remains static after 
2030. The electricity supplied by Bronkhorstspruit biogas plant (4 MW) is also included in BAU. 
 
Table 2: IRP Policy-Adjusted Scenario electricity supply mix 

IRP Policy-Adjusted Scenario (MWh) 2010 2020 2030 

Pumped storage 0% 0% 0% 

Solar PV 0% 1% 3% 

Solar thermal (with storage) 0% 1% 1% 

Wind 0% 3% 5% 
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IRP Policy-Adjusted Scenario (MWh) 2010 2020 2030 

Nuclear 5% 4% 20% 

Coal 90% 86% 65% 

Closed cycle gas turbine (gas) 0% 1% 1% 

Open cycle gas turbine (diesel) 0% 0% 0% 

Hydro 5% 4% 5% 

Total 100% 100% 100% 

 

 
Figure 1: Business as Usual electricity supply by power station type 

 

 
Figure 2: Business as Usual electricity supply by fuel 

 
In a Business as Usual scenario, despite the addition of renewable power plants, the electricity 
supply remains largely coal-fired, with nuclear making up the bulk of the remainder (Figure 1 and 
Figure 2). 
 
The key drivers into the future are as follows: 
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Table 3: Key BAU scenario drivers 
Sector Driver Annual 

growth 

Residential sector: non-
electrified households 

Growth of informal households within Tshwane metro area based on past 
trends in Stats SA Census data (assumed non-electrified households are 
largely informal) 

3.98% 

Residential sector: 
electrified households 

Growth of formal households within Tshwane metro area based on past 
trends in Stats SA Census data (assumed electrified households are 
largely formal) 

2.25% 

Commercial sector Economic growth for this sector, based on regression analysis of Global 
Insight data, received from National Treasury, on GVA growth in trade 
and finance sectors in Tshwane metro area since 1996. 

3.91% 

Industrial sector Economic growth for this sector, based on regression analysis of Global 
Insight data, received from National Treasury, on GVA growth in the 
manufacturing sector in Tshwane metro area since 1996. 

2.74% 

Agricultural sector Economic growth for this sector, based on regression analysis of Global 
Insight data, received from National Treasury, on GVA growth in the 
agriculture sector in Tshwane metro area since 1996. 

1.44% 

Local government sector Economic growth for this sector, based on regression analysis of Global 
Insight data, received from National Treasury, on GVA growth in the 
community services sector in Tshwane metro area since 1996. 

3.42% 

Transport Sector: aviation 
and freight sub-sectors 

Economic growth, based on regression analysis of Global Insight data, 
received from National Treasury, on GVA growth in the Transport sector 
in Tshwane metro area since 1996. 

3.62% 

Transport sector: 
agricultural, commercial 
and industrial sub-sectors 

Based on the economic growth for each of these sectors as highlighted 
further above for the agricultural, commercial and industrial sectors. 

Varied 

Transport sector: 
passenger transport sub-
sector 

Economic growth, based on regression analysis of Global Insight data, 
received from National Treasury, on overall GVA growth in Tshwane 
metro area since 1996. 

3.56% 

 
Following a Business as Usual (BAU) scenario is untenable and unsustainable. Energy consumption 
doubles by 2035 and quadruples by 2055 (Figure 3). Energy-related emissions double by 2044 
(Figure 4). The reason for the slower doubling of emissions, when compared to energy consumption, 
is largely due to the increase in the proportion of nuclear into the electricity supply mix, according 
to the IRP 2010.  
 
Energy-related costs increase dramatically, doubling by 2026 and increasing 10-fold by 2055 (Figure 
5). This excludes the impact of inflation. Costs rise fast as a result of an increased use of energy, 
combined with above-average fuel price increases, in particular with regards to electricity. This will 
place particular pressure on the poor, but will also act as a constraint on the overall economy. 
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Figure 3: Business as Usual energy consumption 

 

 
Figure 4: Business as Usual energy-related emissions4 

 

                                                      
4 Note that in many emissions graphs there is a ‘kink’ in the year 2030.  This is due to emissions growing at a lower rate 
between 2020 and 2030 due to the proportional increase of nuclear electricity supply during this time period, in line 
with the IRP 2010 Policy-Adjusted Scenario. 
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Figure 5: Business as Usual energy-related costs 

 
Energy supply remains largely fossil-fuel based (Figure 6 and Figure 7), leaving residents and the 
economy vulnerable to external price shocks (in the case of largely-imported liquid fuels) and 
escalating prices as resources run low or local markets compete against international markets and 
pricing (e.g. coal). 
 

 
Figure 6: Business as Usual energy consumption by fuel5 

 

                                                      
5 Electricity is broken down into its component parts, e.g. coal, hydro, nuclear, etc. 
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Figure 7: Business as Usual energy consumption by fuel type6 

 
The transport sector, starting off as the largest energy-consuming sector in 2013, becomes even 
more dominant over time (Figure 3). Whilst it may consume the largest proportion of energy, it is 
proportionally less significant with regards to emissions when compared to the built environment 
sectors (residential, commercial and industrial). This is due to the fact that the built environment 
largely uses electricity (produced mainly by coal-fired power stations in South Africa), which 
produces a very high amount of emissions per unit energy when compared to transport-related 
fuels such as diesel and petrol (Figure 6 and Figure 8). 
 

 
Figure 8: Business as Usual emissions by fuel7 

 
When digging down into the transport sector's detail, it can be seen that the main driver behind 
current and future transport energy consumption is the passenger transport sector, i.e. moving 
people (not goods) around (Figure 9). This is partly a result of the sprawling nature of South African 
cities, requiring people to move large distances amongst places of work, education, shopping and 

                                                      
6 Due to damaging environmental and social impacts, large hydro power is not regarded as renewable 
7 Electricity is broken down into its component parts, e.g. coal, hydro, nuclear, etc. 
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leisure. The poor, who are often situated on the periphery of cities, are those who must travel the 
farthest. 
 

 
Figure 9: Business as Usual energy consumption with transport detail 

 
Freight energy consumption initially may seem low. A similar fuel-sales methodology was used to 
obtain freight sector consumption in another metro, which gave similar low consumption results 
(when compared to the remaining transport sector), but cross-checking with all the major freight 
carriers within the metro confirmed the figure as correct. It must be noted that the freight value 
only accounts for the fuel sold to the freight sector within the metropolitan boundary, i.e. it does 
not account for fuel bought/consumed outside the boundary on a truck's journey. 
 
When considering the detail of passenger transport energy consumption, what is striking is the 
consumption of the vast majority of energy by private vehicles (cars) when compared to public 
transport (Figure 10). This is despite the fact that most passenger-km (a product of the number of 
people moved and the distance they move) in Tshwane is by public transport (Figure 11) and only 
44% of all households own one or more cars (Stats SA, 2011). This points to the incredible 
inefficiency of private vehicles, which consume the majority of passenger transport energy to move 
a minority of people around. It also points to an inequitable transport system, where most energy 
resources and road space is used to cater for those moving by car (largely the rich). 
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Figure 10: Business as Usual energy consumption in the passenger transport sub-sector 

 

 
Figure 11: Business as Usual passenger-km 

 
Similar to the transport sector, the residential sector results points towards inequity and differing 
levels of access to services and/or energy. The minority of households (high and very high income 
households) consume the majority of energy and vice versa (Figure 12 and Figure 13). Low-income 
electrified households constitute the current majority of all households in Tshwane, but this picture 
will look even starker in the future (Figure 13). The City of Tshwane will need to consider how it will 
meet the needs of this fast-growing sub-sector. 
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Figure 12: Business as Usual residential sector energy consumption by income band 

 

 
Figure 13: Business as Usual residential sector growth in households by income band 

 

2.2. Sensitivity test 
 
The BAU scenario was run with high and low GVA growth. It was shown that the model is sensitive 
to the economic growth factors (Figure 14), i.e. economic growth is a significant determining factor 
with regards to future energy consumption. One of the key determining factors within the IRP (the 
national electricity power plant build plan) is economic growth. In the past, energy consumption 
and GVA have tracked each other closely in South Africa (see the City of Tshwane State of Energy 
Report's chapter on historical energy consumption trends), with the more recent decoupling most 
likely attributable to energy efficiency in the face of escalating electricity prices. 
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Figure 14: Impact of high and low economic growth on Business as Usual energy consumption 

 

2.3. Demand-side interventions 
 
Energy efficiency, renewable energy and energy access actions, aspirations, targets and obligations 
are incorporated into the LEAP Energy and Transport Efficiency (ETE) Scenario as follows: 
 
Table 4: Converting electricity efficiency, energy access and transport efficiency into a modelled scenario 

Sustainable energy action / target How it was modelled 

GENERAL 

A reduction in overall carbon intensity, i.e. emissions 
produced per economic unit output (Framework for a 
Green Economy Transition) 

Energy efficiency interventions implemented across all 
sectors. This will reduce the emissions intensity, as these 
sectors will be able to "do the same with less."  

BUILT ENVIRONMENT 

Rollout of solar water heaters (Framework for a Green 
Economy Transition) 

Increase the uptake of solar water heaters in all 
electrified households 

All new buildings should be constructed to be more 
energy efficient. Office buildings should not exceed 200 
kWh/m²/yr.  (SANS 10400XA) 

Electricity efficiency interventions included in built 
environment in commercial and local government 
sectors, e.g. efficient lighting and HVAC 

LOCAL GOVERNMENT SERVICES 

Efficient street and traffic lighting No disaggregated street and traffic lighting electricity 
consumption figures were available. Efficiency was 
modelled by reducing the overall energy intensity of 
street and traffic lighting energy requirements over time. 

Efficient water and wastewater treatment services Not modelled - no electricity consumption data was 
available for this sub-sector. 

Efficient vehicle fleet Efficiency was modelled by reducing the overall energy 
intensity of vehicle fleet energy requirements over time. 

ENERGY ACCESS 

Ensuring universal access to affordable, reliable and 
modern energy services by 2030 (Global Sustainable 
Development Goal 7). 
All households electrified by 2025 (Tshwane Local 
Authority Energy Strategy 2006).  

All households are electrified by 2025. 

Exploring other energy services for poor households, 
such as for more cost effective and efficient cooking and 
lighting. 

Efficient lighting and water heating options included in 
the residential sector. 

EFFICIENT TRANSPORT 
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Sustainable energy action / target How it was modelled 

15-20% of all daily trips over 2km being taken by cycling 
(CITP) 

LEAP was set up so as to display pass-km by mode. Pass-
km is not the same as a trip, as it is a product of the 
number of trips and the average trip distance. The pass-
km for non-motorised transport (cycling and walking) is 
often much lower than that for motorised due to shorter 
trip distances (people don't walk as far as they drive). 
20% of all daily short trips is therefore not the same as 
20% of all pass-km. A shift to non-motorised (NMT) 
transport is modelled by changing the pass-km share of 
non-motorised transport from 2% in 2013 to 10% in 
2055. 

50% of all trips less than 2km made by walking (CITP) 

Non-motorised transport facilities and lanes Modelled by changing the pass-km share of non-
motorised transport from 2% in 2013 to 10% in 2055. 

Work trips using public transport should increase from 
the current 47% to 80% of all motorized trips (CITP) 

Trips are not disaggregated in LEAP by purpose (e.g. 
work, leisure, education, etc.). LEAP is also set up to show 
pass-km rather than trips (as pass-km is more useful 
when using energy metrics). An overall shift to public 
transport is modelled by changing the percentage share 
of pass-km from 72% in 2013 to 85% in 2055. 

Public transport improvement Modelled by increasing the pass-km modal share of 
public transport from 72% in 2013 to 85% in 2055 at the 
expense of private transport. 

Improved walkability of destinations to encourage public 
transport 

School bus promotion (school lift traffic is significant in 
many areas) 

Inter-modal public transport coordination and integrated 
ticketing 

Disincentives for private vehicle use 

Demand-side incentives to increase private vehicle 
occupancy 

Increased occupancy of cars from 1.4 in 2013 to 1.8 in 
2035 to 2.0 in 2055 by decreasing the energy intensity of 
car pass-km. 

Freight transport system efficiency (e.g. intermodal 
facilities, road to rail promotion) 

Increase of freight tonne-km share by rail from 0.2% in 
2013 to 10% in 2055. 

SPATIAL PLANNING 

Densification Modelled by increasing the occupancy of conventional 
buses (through decreasing the energy intensity of bus 
pass-km) and increasing the share of public transport 
pass-km, as public transport is more viable in denser 
cities. 

ENERGY SUPPLY 

An increase in the amount of renewable energy Inclusion of rooftop PV and methane-to-electricity local 
generation (landfill or sewage methane) 

Landfill methane potential of 20-25 MW8 and sewage 
methane potential of 4 MW9  

Local electricity generation from methane is increased 
from the baseline 4 MW (from Bronkhorstspruit) to 30 
MW by 2025, after which it remains static. 

 
In short, the demand-side interventions modelled were as follows: 
 
Table 5: Demand-side interventions modelled 

Sector Interventions 

Residential  All households electrified by 2025 

                                                      
8 According to the latest Integrated Waste Management Plan, CoT disposes some 3 million tonnes of waste each year. 
In terms of power generation potential, an approximate 100,000 tonnes of domestic waste in a landfill may equate 1 
MW of capacity. 
9 Biogas Potential in Selected Wastewater Treatment Plants: Results from a Scoping Study in Nine Municipalities, GIZ 
and SALGA, 2015 
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Sector Interventions 

 All lighting efficient by 2055 

 Efficient water heating (solar water heaters) in 30% of low-income households and 95% of mid- 
to high-income households by 2055 

 All fridges efficient by 2055 

Commercial  All lighting efficient by 2055 

 All HVAC efficient by 2055 

Agricultural  All lighting efficient by 2055 

 All HVAC efficient by 2055 

Industrial  All systems efficient by 2055 (motors, etc.) 

Local 
Government 

 Buildings: all lighting and HVAC efficient by 2055 

 All street and traffic lighting efficient by 2055 

 Entire vehicle fleet efficient by 2055 

Transport 
sector 
(freight) 

 Increase in rail modal share of tonne-km from 0.2% in 2013 to 10% in 2055 

Transport 
sector 
(passenger) 

 Increase in share of pass-km by public transport from 7% in 2013 to 85% in 2055 

 Increase in share of pass-km by non-motorised transport from 2% in 2013 to 10% in 2055 

 Increase in private vehicle occupancy from 1.4 people per vehicle in 2013 to 1.8 in 2035 to 2.0 
in 2055. 

 Increase in share of conventional bus occupancy from 40% in 2013 to 45% in 2055 

 Half of all bus pass-km by Bus Rapid Transit (BRT) by 2055 

 15% of all private vehicle pass-km by electric cars by 2055; 15% by hybrid cars 

 All private and minibuses vehicles are efficient by 2055 

 
A detailed interventions table, with the implementation rate over time, can be found in the 
appendices. 
 
Implementing demand-side energy efficiency measures across the board decreases the energy 
consumption and emissions growth (Figure 15 and Figure 16), though it does not halt it completely, 
since energy consumption is still linked to the economy (though not as strongly, due to efficiency 
measures) and the economy continues to grow. Energy consumption now only doubles by 2049 
instead of 2035, pushing the doubling time back by 14 years. Emissions increase by 92% by 2055 
rather than 187%. Cost growth is also strongly curtailed (Figure 17). An energy efficient future is 
more resilient in the face of resource constraints and escalating resource costs. 
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Figure 15: Electricity and Transport scenario energy consumption vs. BAU 
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Figure 16: Electricity and Transport scenario energy-related emissions vs. BAU 
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Figure 17: Electricity and Transport scenario energy-related costs vs. BAU 

 
The energy savings by sector are shown in the figures below. Figure 18 shows the relative impact of 
the interventions in each sector, and points to the importance of transport interventions in 
transforming Tshwane’s energy profile. The remaining figures show the possible savings by end-use 
by sector, highlighting the areas where the largest efficiency gains can be made, i.e. efficient water 
heating and lighting in the residential sector (Figure 19), efficient lighting and HVAC in the 
commercial sector (Figure 20), efficient motors in the industrial sector (Figure 21), and street, traffic 
and building lighting in the local government sector (Figure 22). 
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Figure 18: Energy savings by sector 

 

 
Figure 19: Energy savings by intervention in the residential sector 

 

 
Figure 20: Energy savings by intervention in the commercial sector 
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Figure 21: Energy savings by intervention in the industrial sector 

 

 
Figure 22: Energy savings by intervention in the local government sector 

 
Table 6: Average annual growth in energy consumption, emissions and costs for BAU and ETE 

Average annual growth Business as Usual Energy and Transport Efficiency 

Energy 3.3% 2.0% 

Emissions 2.5% 1.6% 

Costs 5.7% 4.1% 

 
The largest energy savings potential lies with the transport sector (Figure 23). Emissions savings 
from electricity efficiency are proportionally larger than electricity efficiency energy saving potential 
(Figure 24). This is due to the very "carbon-dirty" nature of electricity. A unit of electricity saved will 
result in a larger emissions decrease than a unit of transport fuels saved. Both transport and 
electricity efficiency are a critical part of a sustainable future. 
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Figure 23: Transport vs. electricity efficiency energy consumption reduction potential 

 

 
Figure 24: Transport vs. electricity efficiency emissions reduction potential10 

 
Within the built environment (non-transport sectors), the largest energy savings potential is in the 
commercial sector, followed by the residential and industrial sectors (Figure 25).  
 

                                                      
10 Note that the "Electricity Efficiency" line is hidden by the "Transport Efficiency line" - they are very similar 
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Figure 25: Energy savings in Electricity and Transport Efficiency scenario 

 
Within the transport sector, passenger transport offers the largest savings potential; in particular 
within private passenger transport (cars) (Figure 26). 
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Figure 26: Energy consumption in passenger transport sub-sector: BAU vs. ETE 

 
It is worth considering each transport scenarios separately, as interventions often do not "stack" on 
one another, e.g. efficiency in the private transport sub-sector won't have as great an impact if more 
people are moving on to public transport. The table below outlines the transport scenarios 
modelled. 
 
Table 7: Transport scenarios explanation 

Scenario Intervention 

BRT Half of all bus pass-km by BRT. Occupancy of conventional buses increase from 40% 
to 45% (BRT is at 50%). Reasoning: densification will not only allow for BRT, but an 
increase in occupancy of conventional buses as well. Minibus taxi occupancies were 
not changed, as it was assumed that they cannot increase their average occupancy 
rate as they are already operating at the maximum average rate possible. 

Efficient Vehicles All government and passenger vehicles are efficient. 15% of all private pass-km (those 
done by cars) are by electric vehicles, 15% by hybrids. 

Freight Modal Shift Increase in rail modal share of tonne-km from 0.2% in 2013 to 10% in 2055 

Non-Motorised Transport Increase in share of pass-km by non-motorised transport from 2% in 2013 to 10% in 
2055 

Passenger Modal Shift Increase in share of pass-km by public transport from 7% in 2013 to 85% in 2055 
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Scenario Intervention 

Transport Behaviour Increase in private vehicle occupancy from 1.4 people per vehicle in 2013 to 1.8 in 
2035 to 2.0 in 2055. 

 

 
Figure 27: Energy savings potential from various transport scenarios 

 
Considering the massive amount of energy consumed and the inherent inefficiencies of private 
transport, any shift to decrease its energy consumption, either by shifting people on to another 
mode (from private to public or non-motorised) or increasing the efficiency of private vehicles has 
a large energy reduction impact. 
 
Shifting people from private to public transport has the largest energy reduction impact (Figure 27). 
Shifting people from private to non-motorised transport shows a smaller impact due to the fact that 
the modal shift modelled was not as aggressive as that for private to public (8% shift vs. 13%). If 
both modal shifts were of the same scale, the savings of a non-motorised transport scenario would 
be larger, but it was felt that it may be easier to shift people from private to public transport rather 
than from private to non-motorised transport. 
 
The transport behaviour scenario, which models an increase in private vehicle occupancy, shows 
significant savings potential. This is a scenario that has the potential of a quicker implementation 
timeframe, as it does not require large infrastructure costs, but rather a concerted awareness 
campaign around lift-sharing /car-pooling. 
 
As an aside, infrastructure costs were excluded from the modelling exercise, due in part to model 
limitations and a lack of comparative data. As an example of the difficulties of comparing 
infrastructure costs: infrastructure costs for certain public transport modes (such as BRT) may be 
available, but it would weigh a scenario unfairly against public transport if the total infrastructure 
costs for private vehicles are excluded. A fair private vehicle infrastructure costs is difficult to 
ascertain, as this would include the full gamut running from parking requirements within a city (large 
tracts of land and buildings are given over to car parking) to the costs of continually widening roads 
(congestion is largely caused by single-occupancy private vehicles). 
 
Next on the savings potential scale is efficient vehicles, which includes efficient conventional 
vehicles and alternative vehicles such as hybrid and electric. Regulations regarding licensing and 
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alternative vehicle infrastructure (such as electric charging stations) may fall outside the scope of 
local and rather rest with national government. 
 
Energy savings for the BRT scenario are not that high, largely because it is modelled as replacing 
conventional bus pass-km rather than private vehicle pass-km. Implementing a BRT system should 
actually not be seen as one scenario on its own, but more as a mechanism in order to encourage 
the Passenger Modal Shift scenario (getting people to move from private to public transport), which 
is the largest energy-saving scenario out of all the transport scenarios. 
 
A freight modal shift does not have a large energy-savings impact, as the sector's energy 
consumption is small when compared to passenger transport. It should still be pursued as a 
potential to increase economic efficiency and decrease the damage done to road infrastructure by 
road-based freight transport. 
 

2.4. Supply-side interventions 
 
The supply-side scenarios include the following assumptions on local generation: 
 

 70% of high and very high income households install small-scale embedded generation 
(rooftop PV) by 2055 

 20% of all commercial and industrial electricity consumption is met through small-scale 
embedded generation 

 Local electricity generation from methane increases from 4 MW in 2016 to 30 MW in 2035; 
remaining static after this year 

 
The below table lists the supply-side scenarios modelled. All are based on the assumption that the 
demand-side interventions are occurring at the same time (as it is more costly to create new 
generation than to save electricity), hence they are all based on the Electricity and Transport 
Efficiency Scenario (ETE). 
 
Table 8: LEAP supply-side scenarios 

Key Scenario Scenario description 

SOL Solar PV Based on ETE, but with uptake off rooftop PV in the residential, 
commercial and industrial sectors. 

MET Methane Based on ETE, but with local-level methane-based electricity 
generation, i.e. landfill gas, sewage methane, etc. 

MSOL Methane and Solar 
PV 

Based on ETE, but with both an (1) uptake off rooftop PV in the 
residential, commercial and industrial sectors and (2) local-level 
methane-based electricity generation. 

 
Due to the inclusion of demand-side measures, the Methane and Solar PV scenario not only has a 
higher proportion of renewables, but also lower overall electricity output when compared to 
Business as Usual, as a result of lower electricity demand (Figure 28). 
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Figure 28: Methane and Rooftop PV scenario electricity supply output by power station vs. BAU 

 
The change in the electricity supply to include methane-to-electricity and rooftop PV results in a 
higher proportion of total metro energy consumption met through renewables by 2055 (Figure 29); 
from 9% in Business as Usual to 36% in the Methane and Rooftop PV scenario. Overall energy 
demand is lower due to the inclusion of demand-side measures. 
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Figure 29: Methane and Rooftop PV scenario energy consumption by fuel vs. BAU 

 
Demand-side measures (i.e. electricity and transport efficiency) have the largest impact on the 
metro's overall emissions over time, but this could be reduced further through local electricity 
generation from renewables (Figure 30). The Methane scenario does not have such a large impact, 
as the potential is rather small (the results line is hidden beneath the Electricity and Transport 
Efficiency scenario line). Solar PV has the larger impact, yet it comes at a higher cost (Figure 31). Yet 
this cost is usually borne voluntarily by those who can afford it (e.g. higher-income households).  
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Figure 30: Emissions impact of various electricity supply scenarios 

 

 
Figure 31: Cost impact of various electricity supply scenarios 

 

2.5. Peak oil scenarios 
 
Peak oil is a theoretical point at which the maximum rate of extraction of crude oil is reached, after 
which extraction goes into terminal decline, resulting in liquid fuel price shocks. A shift from 
conventional to unconventional crude oil sources (e.g. oil shale, oil sands, gas-to-liquid, coal-to-
liquid, etc.) may delay this point or lessen the price increase trajectory.  Peak oil was modelled as a 
5% real increase (i.e. excludes inflation) on top of the current average real rate of increase in liquid 
fuel costs. The impact was modelled on the Business as Usual (BAU) and the Energy and Transport 
Efficiency (ETE) scenarios. 
 
Energy efficiency, especially with regards to transport fuels use, negates the impact of peak oil 
somewhat, keeping costs almost in line with Business as Usual without peak oil (Figure 32). Yet the 
impact in the latter years is still extreme, with additional costs running into the trillions (Figure 33). 
If or when peak oil occurs, it may require a paradigm shift in how a city uses transport-related 
energy. 
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Figure 32: Impact of peak oil on energy-related costs 

 

 
Figure 33: Additional costs of peak oil on scenarios 

 

2.6. Carbon tax scenarios 
 
Carbon tax scenarios includes a carbon tax of R40/tonne, increasing gradually to R47/tonne in 2019, 
before a more rapid escalation to R117/tonne in 2025, as set out in the IRP 2010. It is assumed that 
the charge remains static after 2025. A carbon tax will have the greatest impact on a Business as 
Usual Scenario, with additional costs running up to R130 billion by 2055 (Figure 34). Following an 
Energy and Transport Efficiency scenario will buffer the metro against most of this impact, whilst 
increasing local renewable generation will decrease the impact even further. 
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Figure 34: Additional costs of a carbon tax on scenarios 

 

2.7. Economic growth of 5.4% 
 
The overall economic growth of the Business as Usual (BAU) scenario, at 3.6% per annum, had been 
based on past trends, projected into the future. The impact of a growth rate of 5.4%, in line with 
Tshwane's economic growth strategy, on BAU as well as a sustainable energy future was 
investigated. 
 
As has been highlighted in the sensitivity test (chapter 2.2), given that economic growth is one of 
the principle model drivers, along with growth in the number of household, the model is sensitive 
to changes in economic growth, i.e. energy consumption is affected to a large extent by economic 
growth. 
 
Applying a 5.4% growth on a BAU or a sustainable energy scenario (which includes energy efficiency 
and cleaner energy interventions outlined in chapters 2.3 and 2.4) results in a doubling of energy 
consumption when compared to those same scenarios grown by 3.6%. A sustainable energy 
scenario based on a 5.4% economic growth rate results in higher energy consumption than a BAU 
scenario with a 3.6% economic growth rate (Figure 35). 
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Figure 35: Energy consumed in a business as usual or efficient scenario when following a 5.4% economic 
growth path 

 
Proportion of energy supplied by embedded generation 
 
Given the embedded generation (rooftop PV) penetration rates presented in the supply-side 
interventions chapter (chapter 2.4), the proportion of total energy and total electricity supplied by 
rooftop PV, given the different economic growth rates, is supplied in Table 9. 
 
Table 9: Proportion of energy and electricity supplied by rooftop PV in an energy efficient scenario 

 2013 2020 2025 2030 2040 2055 

Rooftop PV (% of total energy)       

5.4% growth 0% 1% 1% 2% 3% 4% 

3.6% growth 0% 1% 2% 3% 6% 10% 

Rooftop PV (% of electricity)       

5.4% growth 0% 2% 4% 5% 7% 9% 

3.6% growth 0% 3% 5% 8% 14% 24% 

 

3. The future affordability of energy in Tshwane 
 
Future energy use expenditure under different scenarios 
 
Key cost indicators for the modelled energy future scenarios are given in Table 10: . A more 
sustainable future, represented by the Electricity and Transport Efficiency (ETE) scenario, is shown 
to be substantially cheaper per capita than for Business as Usual (BAU) – potentially almost half of 
BAU costs by 2055.  In the residential sector specifically, households are projected to be spending 
39% less on energy for the same energy services by 2055 under the ETE scenario.  The total 
electricity costs are also projected to be significantly less per capita. Transport costs per capita are 
also significantly reduced, but it must be noted that transport infrastructure costs have not been 
fully assessed in the BAU and ETE scenarios. 
 
Table 10: Key cost indicators of future scenarios 

Real 2013 ZAR (annual) 2013 2020 2035 2055 
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BAU ETE BAU ETE BAU ETE 

Total energy costs per capita 10,422 18,272 16,471 47,422 34,957 111,649 61,782 

Total energy costs per GVA (R’000s) 175 293 264 687 506 1,412 781 

Residential energy cost per household 5,641 12,615 11,623 38,455 28,851 79,164 48,267 

Transport fuels cost per capita 6,253 9,054 7,908 19,912 13,147 55,887 25,549 

Transport fuels cost per GVA (R’000s) 105 145 127 288 190 707 323 

Electricity costs per capita 4,068 9,176 8,616 27,726 22,425 56,185 37,326 

Electricity costs per GVA (R’000s) 68 147 138 402 325 711 472 

 
Electricity sales revenue impact 
 
The City of Tshwane State of Energy Report assesses the electricity revenue losses from a range of 
factors, and the results are shown in Figure 36. The assessment estimates that total losses from 
load-shedding, outages, non-payment, non-technical losses and non-connection amounts to R1.15 
billion per year. This figure is dominated by non-technical losses, at 70% of this total (i.e. R809 
million). The total estimated losses from solar PV, solar water heaters and other energy efficiency 
interventions is between R297 million and R 594 million (for low and high penetration rate scenarios 
respectively). 
 

 
Figure 36: Loss of income as a percentage of annual operational costs (right-hand graph shown for projections 
in 10 years’ time) 

 
CoT's electricity distributor has a total annual revenue of R9.3bn (2014/15), of which R6.0bn is paid 
to Eskom for bulk purchases, leaving R3.3bn for operational costs11.  While the R1.15bn estimated 
loss from load-shedding, outages, non-payment, non-technical losses and non-connection is 
significant, the non-technical losses, which dominate this amount, are not high by municipal 
distributor standards. Nevertheless, initiatives to reduce these and other losses have the potential 
to yield significant returns, and should be constantly emphasised in distributor operations. 
 
The renewable energy and energy efficiency revenue impact analysis points to the need for 
adjustments to the electricity tariff structure to reduce the revenue impact of these interventions, 
solar PV rollout in particular12. 
 
The future cost of energy in Tshwane 
 

                                                      
11 These figures are from the trading account provided by Tshwane Electricity Department. 
12 See the City of Tshwane Energy Status Quo Report for more information on revenue protection measures. 
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While the electricity revenue losses discussed could put a measure of upward pressure on electricity 
prices, it is not clear that this pressure will be significant – especially if revenue loss protection is put 
in place to reduce potential renewable energy rollout impact.  The overriding factor is still likely to 
be the above-inflation increases of Eskom prices that are expected into the future. 
 
The futures modelling undertaken, however, points clearly to the reduced costs that will result from 
pursuing a range of sustainable energy interventions (see Table 5). Such measures are likely to lead 
to a significantly more affordable situation for all sectors of the economy, and also buffer against 
international factors such as liquid fuel price increases, and national factors such as Eskom power 
price increases. 
 

4. Summary of key findings 
 
Future energy consumption is sensitive to economic growth 
 
In the absence of energy efficiency, economic and energy consumption growth track one another. 
A higher economic growth will therefore result in a future with higher energy consumption and vice 
versa. 
 
A Business as Usual path is untenable 
 
Energy consumption quadruples by 2055 
 

Resource inefficiency will reduce the economic competitiveness of the city. 
 
Emissions more than doubles by 2055 
 

The city will not be able to meet national and local emissions commitments. 
 
Costs increase 10-fold by 2055 
 

The high cost increase is as a result of an increase in the amount of fuel consumed and above-
inflation price increases for some fuels (e.g. electricity). This will place a heavy cost burden 
on the economy and populace, in particular the poor. 

 
The majority of energy consumed comes from fossil fuel 
 

Energy supply remains largely fossil-fuel based, leaving residents and the economy 
vulnerable to external price shocks (in the case of largely-imported liquid fuels), and 
escalating prices as resources run low or local markets compete against international 
markets and pricing (e.g. coal). The impact of a carbon tax will be more severe on a Business 
as Usual scenario. 

 
The transport sector consumes the majority of energy in the metro 
 

The transport sector consumes more than half of all metro energy and is forecast to become 
even more dominant in the future (consuming an even higher proportion of energy). This is 
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largely a result of the sprawling nature of South African cities, requiring people and goods to 
move large distances. 

 
Large inequalities in energy consumption patterns are perpetuated 
 

The vast majority of passenger transport fuels are consumed by the wealthy minority in 
largely single-occupancy vehicles (a very energy inefficient mode of transport). Most road 
space is also occupied by private vehicles. In contrast, the poor rely mainly on public 
transport, which consumes very little energy per passenger-km in relation to cars. The poor 
are also often situated on the margin of cities; forced to travel large distances to get to places 
of work - which they can ill afford. 

 
Similar to the transport sector, the residential sector results point towards inequity and 
differing levels of access to services and/or energy. The minority of households (high and 
very high income households) consume the majority of energy and vice versa. Low-income 
electrified households constitute the current majority of all households in Tshwane, but this 
picture will look even starker in the future given the fast growing low-income residential 
sector. The City of Tshwane will need to consider how it will meet the needs of this sub-
sector in future. 

 
Opportunities for a sustainable and equitable future 
 
Energy efficiency and renewable energy implementation can reduce emissions and energy 
consumption substantially 
 

By implementing energy efficiency and renewable energy measures, the doubling point of 
energy consumption is moved back 19 years from 2035 to 2054, emissions increase by 59% 
rather than 187% by 2055.  

 
The reliance on fossil fuels is reduced 
 

The change in the electricity supply to include methane-to-electricity and rooftop PV results 
in a higher proportion of total metro energy consumption met through renewables by 2055. 
Renewables will contribute to 36% of the electricity supply mix by 2055, vs 9% in Business as 
Usual. 

 
The transport sector has the largest energy savings potential 
 

Given the large inefficiencies in the current transport system, the scope for energy savings 
is large. The interventions with the biggest impact include a modal shift from private to 
public or non-motorised transport, efficient conventional and alternative (electric and 
hybrid) vehicles, and increased private vehicle occupancy. A freight modal shift from road to 
rail has a smaller impact, due to the smaller amount of energy consumed when compared 
to passenger transport. 

 
Reducing electricity use results in larger emissions savings per unit energy than reducing transport 
fuel use 
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Electricity efficiency offers higher emissions savings per unit energy saved due to the 
emissions-intense nature of the national electricity mix (even with the inclusion of more 
nuclear over time). Yet, both transport and electricity efficiency are a critical part of a 
sustainable future that seeks to reduce energy consumption and emissions. 

 
The burden on the poor is eased 
 

Energy efficient services (such as solar water heaters and efficient lighting) can ease the 
energy cost burden on the poor. 

 
Clean electricity 
 

Demand-side measures (i.e. electricity and transport efficiency) have the largest impact on 
the metro's overall emissions over time, but this could be reduced further through local 
electricity generation from renewables. 

 
Improved affordability of energy for all sectors 
 

The sustainable energy scenarios demonstrate a significantly reduced cost to end users for 
energy services provided. End-user expenditure increase four-fold in the ETE scenario rather 
than 10-fold as in the BAU scenario. An energy efficient future is more resilient in the face 
of resource constraints and escalating resource costs. 

 

5. Way forward 
 
Taking the issues identified in the City of Tshwane State of Energy Report forward, the Energy 
Futures report highlights the implications of different future energy scenarios.  Together, these two 
documents provide a detailed background for the development of a strategy and action plan.  An 
initial strategy with associated actions is given as an appendix to this report (Sustainable Energy 
Strategy Framework), and provides a way forward to address all the issues identified, in the 
framework of the SALGA Energy Efficiency and Renewable Energy strategy for local government 
(SALGA 2013).  This initial strategy may be used as a resource in a stakeholder process to develop a 
final strategy towards a sustainable energy future for CoT. 
 
Targets 
 
Table 11 provides key modelling outputs that may be used, alongside the interventions penetration 
rate table in the appendices (chapter 7.2), for setting local-level targets. 
 
Table 11: Key energy and emissions indicators for target-setting 

  2020 2030 2040 2055 

Total GHG emissions from energy (tCO2e) 17,293,746 17,091,316 20,008,463 25,880,828 

GHG emissions per capita (tonnes) 4.9 3.9 3.6 3.3 

Renewable/cleaner energy as a portion of 
electricity supply 8% 16% 21% 29% 

Electricity efficiency (fraction of electricity 
reduced off a Business as Usual scenario) 2% 7% 12% 18% 
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  2020 2030 2040 2055 

Transport efficiency (fraction of petrol and diesel 
consumption reduced off a Business as Usual 
scenario) 13% 28% 41% 53% 
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7. Appendices 
 

7.1. LEAP modelling methodology 
 
Overview 
 
The project included a detailed energy data collection exercise. The first step in any energy 
modelling process is to develop a baseline of current energy use patterns. This information forms 
the foundation of all the modelling outputs that follow, and as such it is critical for it to be as 
accurate and meaningful as possible. Data was collected for the following sectors: 
 

 Residential 

 Commercial 

 Industrial 

 Agricultural 

 Local government 

 Transport 
 

The Long-Range Energy Alternatives Planning (LEAP) simulation tool was used to examine the 
implications of a number of possible future energy scenarios for Cape Town from the base year of 
2013 up to 2055 – a year in line with the City’s 2055 vision timeline. Each scenario contained a 
combination of specific energy efficiency interventions and supply mix options. The scenarios were 
informed by the scope of the project set by the City Sustainability Unit. The following primary 
scenarios were modelled: 
 
Interventions and Costing 
 
A set of interventions were modelled for each sector, in order to determine impacts on the energy 
use, carbon emissions and cost of differing future energy macro scenarios for Cape Town. Most 
macro scenarios modelled the same interventions, although the penetration rates for these 
interventions differed according to each scenario. The macro scenarios are discussed in more detail 
in the Scenarios section of the report. 
 
The cost of each intervention was modelled in LEAP by considering the capital cost of the 
intervention (duplicated whenever the end of the unit’s lifespan was reached) and the annual 
operation and maintenance costs, wherever available. The number of units for each intervention 
was estimated by dividing the total annual consumption for each end use by the annual energy 
consumption per unit for the existing systems. For example, when considering a retrofit from 
incandescent lights to CFLs: 
 
Number of CFLs required = total annual consumption for lighting / annual energy consumption per 
incandescent light bulb 
 
The total cost of each intervention was calculated by considering the difference between the 
inefficient and efficient technology option costs. Costs include the annualised capital cost and fuel 
costs. The equation in LEAP would be as follows: 
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Annualised Cost (number of units x capital cost [ZAR]/lifespan [years]) + Final Energy Intensity [GJ] 
x Key/Electricity Tariff [ZAR] 
 
Calculating Supply-Side Data using LEAP 
 
Due to the nature of the electricity supply in South Africa, it is challenging to model electricity supply 
at the municipal level for each of the future energy scenarios. In South Africa, electricity is currently 
supplied by a single national operator (Eskom). The electricity consumed in Cape Town is drawn 
directly from the national grid. It was decided to use the electricity demand of Cape Town to 
determine the amount of capacity (supply) required to meet that demand now and into the future. 
Unfortunately, because LEAP does not have iterative functions, this meant that some calculations 
needed to be done outside of the LEAP model, with the results being fed back into LEAP before the 
final calculations could be undertaken. The iteration is thus manual rather than automatic.  A 
Microsoft Excel spreadsheet ‘Elec supply tool for CoT 2012.xls’13 (referred to as the Supply Tool from 
here onwards) was used for the external calculations. 
 
The LEAP user must first complete the demand side ‘current account’ (i.e. the 2013 electricity 
demand side picture for Tshwane) as well as all of the demand side scenarios (e.g. Business As Usual, 
etc.) before undertaking any supply side calculations. If any changes are made to the demand side 
figures that would alter the total amount of electricity demand in any of the scenarios, the supply 
side figures would need to be recalculated. 
 
Once the total electricity demand for each scenario had been calculated in LEAP, these figures were 
used to calculate the required capacity to meet the demand. The capacity figures were calculated 
using the Supply Tool and entering the total annual electricity demand figures for the years (2013, 
2015, 2020, 2025, 2030, 2040 and 2055) in the ‘demand’ tab of the Supply Tool. The Supply Tool 
used the reserve margin (leave the default value of 15%, unless this has also been changed in the 
LEAP model) to calculate the total required capacity needed to meet the demand while still retaining 
the specified reserve margin. This was calculated by dividing the total annual electricity demand (in 
MWh) by the number of hours in a year and multiplying this figure by the reserve margin plus one, 
i.e. 
 
Capacity (MW) = demand (MWh) / hours in the year (365*24) x reserve margin plus one (1.15) 
 
It must be noted that LEAP is able to calculate the Peak Power Requirements (excluding reserve 
margin) in the same way as with the Supply Tool, but it was reasoned that it would be more intuitive 
for the user to calculate the required capacity from the actual electricity demand. 
 
The supply mix to be modelled in LEAP for each of the scenarios was entered on the ‘Supply’ tab. 
The Supply Tool used this data to produce the required ‘interp’ equations for insertion into LEAP. 
The equations were inserted into the 'Exogenous Capacity' field in LEAP for the relevant supply 
technology. 
 
The ‘interp’ equations were copied into the correct scenarios in LEAP. Once all the exogenous 
capacities for each supply technology were entered into each scenario in LEAP, the model was run 
again to calculate the supply costs. 
 

                                                      
13 This spreadsheet can be obtained from Sustainable Energy Africa. Contact: info@sustainable.org.za. 

mailto:info@sustainable.org.za
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By default, LEAP does not have a way of using the supply costs to influence the cost of electricity 
(i.e. an iterative function). In this project, it was desired for the costs of various supply scenarios to 
be reflected in the cost of electricity. Once the supply figures were entered for all scenarios and the 
model was run successfully, the costs associated with each supply type were used to alter the 
electricity tariff, using the ‘Supply Costs’ tab in the Supply Tool. Total supply costs for each year were 
entered into the relevant field of the Supply Tool. The Supply Tool provided a growth equation, 
which was copied into LEAP’s Key Assumption ‘Cost Elec Incr’ function. Each scenario would have a 
slightly different tariff factor equation if the supply mixes are different. 
 
Finally, once the tariff factor for each scenario was entered into LEAP, the model was run for the 
last time. The results of this run presented the final demand, the final supply and all associated 
costs. 
 
Supply-Side Costing 
 
All supply costs (capital, operation and maintenance), as well as efficiencies and availabilities, were 
taken from the ‘SNAPP 2.0 IRP2010 base and policy adjusted’ tool.14 Below is a summary table of 
electricity supply costs extracted from SNAPP. 
 
Table 12: Electricity power plant parameters from SNAPP15 

Plant Description Technology Type 

Capital cost 
overnight 
(2010) 

Capital 
cost 
Present 
Value 
(2010) 

Fixed 
O&M 

Variable 
O&M Efficiency Availability 

R/kW R/kW R/kW R/MWh fraction fraction 

Existing coal 
Large Existing coal large 7065 7065 199 8.18 0.35 87.1% 

OCGT liquid fuels 
Open-Cycle Gas Turbine 
diesel 3955 4051 22 21.74 0.30 93.0% 

PWR nuclear Nuclear PWR type 2 37205 47451 365 99.10 0.33 83.7% 

Hydro Hydro existing 0 0 130 0.00 1.00 15.0% 

Supercritical coal Supercritical Coal 17785 20323 8 8.34 0.37 85.7% 

Wind 29% 
availability Wind high resource 14445 14796 266 0.00 1.00 29.0% 

Solar CSP 
Solar Parabolic Trough 9 
hrs storage 50910 54150 635 0.00 1.00 43.7% 

Solar PV 
Solar PV Chrystalline 
(10MW) 20805 20805 474 0.00 1.00 19.4% 

CCGT 
Combined Cycle Gas 
Turbine 5780 6233 148 0.00 0.48 90.3% 

Hydro imported 
new 

Mphanda Nkuwa hydro 
import 15518 19883 344 0.00 1.00 70.0% 

 

                                                      
14  SNAPP (Sustainable National Accessible Power Planning Tool) developed by the Energy Research Centre of the 
University of Cape Town 
15 ERC SNAPP tool (2.0 IRP 2010 base and policy-adjusted). Note: Fixed O&M includes fuel cost. 
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Learning rates from the SNAPP tool were used to obtain 2012 costs. These learning rates were also 
applied to future capital costs in LEAP. Embedded solar PV costs were obtained for 2014.16 Solar PV 
learning rates were applied to bring the cost back to a 2012 value. 
 
Table 13: Electricity power plant learning rates 

Learning rates 2010 2011 2012 2013 2014 2015 2020 2030 

Existing coal large 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 

Open-Cycle Gas 
Turbine diesel 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 

Nuclear PWR type 2 1.00000 0.99917 0.99838 0.99793 0.99646 0.99507 0.98909 0.97087 

Hydro 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 

Supercritical Coal 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 

Wind high resource 1.00000 0.96241 0.93541 0.91651 0.90606 0.89007 0.85074 0.81668 

Solar Parabolic 
Trough 9 hrs storage 1.00000 0.94023 0.82662 0.74724 0.68543 0.59939 0.46786 0.41285 

Solar PV Chrystalline 
(10MW) learning 
indices 1.00000 0.91518 0.83038 0.76739 0.71052 0.65900 0.46234 0.33745 

Combined Cycle Gas 
Turbine 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 

Pumped Storage 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 

 
Table 14: Electricity supply capital costs 

Plant 2010 2011 2012 2013 2014 

Existing coal Large 7,065 7,065 7,065 7,065 7,065 

OCGT liquid fuels 3,955 3,955 3,955 3,955 3,955 

PWR nuclear 37,205 37,174 37,145 37,128 37,073 

Hydro 0 0 0 0 0 

Supercritical coal 17,785 17,785 17,785 17,785 17,785 

Wind 29% availability 14,445 13,902 13,512 13,239 13,088 

Solar CSP 50,910 47,867 42,083 38,042 34,895 

Solar PV 20,805 19,040 17,276 15,966 14,782 

CCGT 5,780 5,780 5,780 5,780 5,780 

Hydro imported new 15,518 15,518 15,518 15,518 15,518 

Solar PV embedded 30,963 28,337 25,711 23,761 22,000 

 
Power Plant lifetime 
 
All plant lifetimes were set as 100 years in LEAP. Usually LEAP has internal calculations that allow it 
to build more power plants when the end of a plant's life is reached. In this model, plant capacity is 
entered explicitly (under exogenous capacity) rather than allowing LEAP to add/retire plants. If plant 
lifetime is set as a number of years that is fewer than the number of years until the last model year 
(in this case 2040), there will be no capital cost assigned to plant capacity built after the end year of 
plant life, despite the fact that new capacity of that plant type is being built. 
 
LEAP dispatch rules 
 

                                                      
16 Source: Communication with Andrew Janisch, Environmental Resource Management, City of Cape Town, who sourced 
the data through telephonic interviews with solar PV suppliers in Cape Town. 
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Coal and nuclear are run to full capacity, others are run proportional to capacity. This is not the same 
as plant availability. 
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7.2. Penetration of different interventions used in modelling 
 

  2013 2015 2020 2025 2035 2045 2055 

RESIDENTIAL               

Electrification               

Very low income 81% 84% 92% 100% 100% 100% 100% 

Low income 88% 90% 95% 100% 100% 100% 100% 

Lower mid income 96% 96% 98% 100% 100% 100% 100% 

Upper mid income 100% 100% 100% 100% 100% 100% 100% 

High income 100% 100% 100% 100% 100% 100% 100% 

Very high income 100% 100% 100% 100% 100% 100% 100% 

Lighting               

Very low, low, lower mid 
income electrified               

Incandescent 50% 45% 34% 23% 0% 0% 0% 

CFL 50% 50% 50% 50% 50% 27% 5% 

LED 0% 5% 16% 27% 50% 73% 95% 

Upper mid, high, very high 
income electrified               

Incandescent 80% 73% 55% 36% 0% 0% 0% 

CFL 20% 20% 20% 20% 20% 0% 0% 

LED 0% 7% 25% 44% 80% 100% 100% 

Water heating               

Very low, low, lower mid 
income electrified               

Kettle or electric geyser 99% 98% 95% 91% 85% 78% 70% 

SWH 1% 2% 5% 9% 15% 23% 30% 

Upper mid income electrified               

Elec geyser 98% 94% 83% 71% 49% 27% 5% 

SWH 2% 6% 18% 29% 51% 73% 95% 

High income electrified               

Elec geyser 96% 91% 80% 69% 46% 23% 0% 

Elec geyser insulated 0% 0% 1% 1% 3% 4% 5% 

SWH 4% 8% 19% 30% 52% 73% 95% 

Very high income electrified               

Elec geyser 64% 61% 53% 46% 30% 15% 0% 

Elec geyser insulated 30% 29% 26% 23% 17% 11% 5% 

SWH 6% 10% 21% 31% 53% 74% 95% 

Refrigeration               

All electrified households               

Conventional 100% 92% 73% 54% 15% 8% 0% 

Efficient 0% 8% 27% 46% 85% 93% 100% 

COMMERCIAL               

Lighting               

Conventional 100% 95% 83% 71% 48% 24% 0% 

Efficient 0% 5% 17% 29% 52% 76% 100% 

HVAC               

Conventional 100% 95% 83% 71% 48% 24% 0% 

Efficient 0% 5% 17% 29% 52% 76% 100% 

INDUSTRIAL               

Compressed air, ventilation, 
pumps, cold generation, other               

Conventional 100% 95% 83% 71% 48% 24% 0% 

Efficient 0% 5% 17% 29% 52% 76% 100% 
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  2013 2015 2020 2025 2035 2045 2055 

AGRICULTURAL               

Lighting, HVAC               

Conventional 100% 95% 83% 71% 48% 24% 0% 

Efficient 0% 5% 17% 29% 52% 76% 100% 

LOCAL GOVERNMENT               

Street/traffic lighting               

Conventional 100% 95% 83% 71% 48% 24% 0% 

Efficient 0% 5% 17% 29% 52% 76% 100% 

Buildings: HVAC, lighting               

Conventional 100% 95% 83% 71% 48% 24% 0% 

Efficient 0% 5% 17% 29% 52% 76% 100% 

Vehicle fleet               

Conventional 100% 95% 83% 71% 48% 24% 0% 

Efficient 0% 5% 17% 29% 52% 76% 100% 

TRANSPORT (FREIGHT)               

Modal share               

Road 99.8% 99.4% 98.2% 97.0% 94.7% 92.3% 90.0% 

Rail 0.2% 0.6% 1.8% 3.0% 5.3% 7.7% 10.0% 

TRANSPORT (PASSENGER)               

Modal share               

Private 26% 25% 23% 20% 15% 10% 5% 

Public 72% 73% 74% 76% 79% 82% 85% 

NMT 2% 2% 3% 4% 6% 8% 10% 

Private vehicle occupancy 1.4% 1.4% 1.5% 1.6% 1.8% 1.9% 2.0% 

Densification (conventional bus 
occupancy rate) 40% 40% 41% 41% 43% 44% 45% 

Bus pass-km               

Conventional bus 100% 98% 92% 86% 74% 62% 50% 

BRT 0% 2% 8% 14% 26% 38% 50% 

Private vehicles (pass-km)               

Car diesel 33% 31% 28% 24% 16% 8% 0% 

Car diesel (efficient) 0% 1% 4% 7% 12% 18% 23% 

Car petrol 67% 64% 56% 48% 32% 16% 0% 

Car petrol (efficient) 0% 2% 8% 13% 25% 36% 47% 

Car hybrid 0% 1% 3% 4% 8% 11% 15% 

Car electric 0% 1% 3% 4% 8% 11% 15% 

Total 100% 100% 100% 100% 100% 100% 100% 

Minibuses               

Conventional 100% 95% 83% 71% 48% 24% 0% 

Efficient 0% 5% 17% 29% 52% 76% 100% 

SUPPLY               

Methane to electricity, e.g. 
landfill, sewage, etc. (MW) 4 4 17 30 30 30 30 

Rooftop (embedded) PV               

Residential high and very high 
income (% penetration of 
households) 0% 3% 12% 20% 37% 53% 70% 

Commercial & industrial (% 
electricity consumption 
supplied) 0% 1% 3% 6% 10% 15% 20% 
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7.3. City of Tshwane Sustainable Energy Strategy Framework 
 
(see separate document) 
 
 


