
1 

 

3RD ANNUAL COMPETITION & ECONOMIC REGULATION (ACER) 

CONFERENCE 

Dar es Salaam, Tanzania, 14-15 July 2017 

Planning a country’s energy infrastructure: an assessment of key debates 

emerging in South Africa 

Authors: Duncan Lishman, Paul Anderson and Dumakude Nxumalo1 2 

Abstract 

Market forces play an important role in pricing and allocating energy resources to end 

users.  However, there remains a need for policy makers to maintain oversight and, 

where required, to guide the nature, magnitude and timing of energy infrastructure 

developments. It is within this context that governments often develop long-term 

energy plans or outlooks.  These can differ in scope depending on their purpose, but 

generally aim to provide a trajectory of the energy landscape 20 to 30 years into the 

future in an effort to guide and inform policy, and to assist in shaping the optimal mix 

of energy investments required.   

The South African government has recently published for comment two such long-

term energy plans: (i) the Integrated Energy Plan (IEP) which models the overall 

energy mix for the country up to 2050, and (ii) the Integrated Resource Plan (IRP) 

which focuses specifically on the electricity sector.  The publication of these two plans 

has bought into sharp focus a number of key issues pertinent to the country’s energy 

path going forward and how policy imperatives related to inter alia energy access, 

cost of supply, job creation and environmental commitments ultimately need to be 

balanced. 

In our paper, we discuss the need for long term energy planning and use the South 

African context to identify and examine three key areas of the debate that are 

important to address in order for energy policy to optimally shape future 

developments. 

JEL codes: Q4 (Energy); Q47 (Energy Forecasting); Q48 (Government Policy) 
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1. INTRODUCTION 

“Energy is the go of things” 

 – James C. Maxwell (1831-1879) 

Energy is a critical element to the functioning of the economy, given its ubiquity in 

modern life. This ranges from supporting economic growth and development to 

influencing living standards through its impact on inflation and real household 

incomes. The relationship between energy and economic growth is an interdependent 

one, as greater economic activity tends to increase energy demand and affordable 

energy supply aids further economic development. 

Market forces play an important role in pricing and allocating energy resources to 

users. However, there remains a need for policy makers to maintain oversight and, 

where required, guide the nature, magnitude and timing of energy infrastructure 

investments. It is within this context that governments across the world develop long-

term energy plans or outlooks.  These can differ in scope depending on their purpose, 

but generally aim to provide a trajectory of the energy landscape 20 to 30 years into 

the future in an effort to guide and inform policy, and to assist in shaping the optimal 

mix of energy investments required.   

The South African government published for comment towards the end of 2016 two 

such long-term energy plans: (i) the Integrated Energy Plan (IEP) which models the 

overall energy mix for the country up to 2050, and (ii) the Integrated Resource Plan 

(IRP) which focuses specifically on the electricity sector. The publication of these two 

documents has bought into sharp focus a number of key issues pertinent to the 

country’s energy path going forward.  

Some of these issues are of general interest to policy makers, regulators and 

practitioners. We therefore explore in the first part of our paper the use and practice of 

energy planning, with examples of how it is done elsewhere. 

The second part of the paper identifies key issues emerging in the debate that are 

valuable for thinking about energy policy’s role in usefully shaping future 

developments. We consider three of these issues. 

1. The need to have clarity in the purpose of, and relationship between, the 

various energy plans produced by government;  

2. The manner in which environmental considerations should be taken into 

account in determining the optimal energy mix; and  

3. The choice between renewable and nuclear generation technologies as 

economies shift their energy reliance away from carbon-intensive fuels. 

Consideration of these factors is relevant not only for South Africa but for the 

development of energy infrastructure across the African continent. 
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2. AN OVERVIEW OF ENERGY PLANS 

2.1. WHY PLAN FOR FUTURE ENERGY INFRASTRUCTURE 

INVESTMENTS? 

Energy is critical for developing and modernising economies.3 Access to energy 

improves quality of life and forms the foundation of progress in many important areas 

of development.4 Conversely, inadequate energy infrastructure and supply reduces 

productivity, employment, and firm competitiveness, which ultimately constrain 

economic growth.5 

Even though much of the work in the energy sector can be left to market forces, there 

remains a role for the state to play in: (a) planning and guiding investments in 

generation, transmission and distribution over the medium to long term, and (b) 

establishing policy which private and public players can act on to achieve energy 

goals. 

Why might the state need to reprise such roles in the energy sector? 

- First, infrastructure investment decisions in the energy sector directly impact a 

range of national objectives such as access to energy, security of supply, cost 

of energy, reduction in emission levels, job creation and environmental 

considerations. Government oversight is important to guide decisions in the 

energy sector that are socially beneficial, taking into account these various 

policy imperatives and aspirations of the country as a whole.6 The choice of 

energy sources can matter to society beyond the monetary cost, something 

that market forces on their own may not provide private actors with sufficient 

incentive to address. 

- Secondly, many of these policy objectives can be in competition with one 

another or even contradictory in nature. Guidance is therefore required on how 

to balance these policy imperatives, and government is well placed to craft 

policy that appropriately deals with these trade-offs. For example, there may 

be a trade-off between minimising the cost of supply and meeting 

environmental goals or providing maximum employment. 

- Thirdly, the lead time to build new energy generation assets can be long and 

once built these assets exist for a long time thereafter (often upwards of 30 

years). Getting both timing and technology choices right are therefore 

important for a country’s future energy path. As such investments tend to be 

                                                           

3 International Atomic Energy Agency. Integrated Energy Planning For Sustainable Development. p. 3. Available online 
at: <https://www.iaea.org/OurWork/ST/NE/Pess/assets/IEPSD%20Brochure%20WEB.pdf>; World Bank. 2017. Energy 
– Overview. Available online at: <http://www.worldbank.org/en/topic/energy/overview>. 
4 World Bank. 2017. Energy – Overview. Available: <http://www.worldbank.org/en/topic/energy/overview>; World 
Bank. 2009. Energy Strategy Approach Paper Sustainable Development Network October 2009. p. 1. Available: 
http://siteresources.worldbank.org/EXTESC/Resources/Approach-paper.pdf   
5 Ibid. p. 1.  
6 Ibid. 



4 

 

lumpy and their costs sunk, build decisions and their timing can have a 

material impact on tariff paths. 

- Fourthly, energy sources are typically an array of various units of capacity 

which can be geographically dispersed and situated a distance from centres of 

demand. Planning can assist in organising these disparate production or 

generation assets. 

- Fifthly, governments can play an important role in the financing of energy 

infrastructure investments. The required investments can be massive and 

governments can assist either through the financing energy investments 

(directly or through state-owned companies)7 or by providing the policy 

environment necessary to attract private finance.8  

Coordinating policy objectives with energy investment decisions is therefore important 

to delivering good medium- to long-term energy outcomes, which may be defined as 

stable tariff paths that fund socially-desirable technology choices and meet energy 

needs. An energy plan which captures a country’s policy direction in its future 

investment schedule can lead to such desirable outcomes. 

2.2. ELEMENTS OF PLANNING 

Energy plans essentially model the energy demand and supply over a 20- to 30-year 

time horizon. This modelling often starts with current energy usage levels and mix by 

sector (taking prevailing policy as given), and then applies economic growth and 

anticipated structural changes to create a baseline in energy demand by energy 

source.  It may also seek to measure other effects, such as greenhouse gas (GHG) 

emissions. 

The modelling will normally increase in complexity by incorporating the impact of 

certain policies or regulations, as well as including expectations about the supply side 

(e.g. crude oil pricing). These factors are typically incorporated into different modelling 

scenarios to determine how that may impact on demand, energy supply mix, pricing 

and/or emissions. As the world changes, the idea is to update the model, normally on 

an annual basis. 

Understanding and forecasting how energy demand will evolve over time is crucial for 

correctly planning the energy supply mix that will service such demand. This situation 

points to a potential conundrum: it indicates why energy plans are important and 

necessary for achieving desirable energy futures, but at the same time exposes the 

dangers in developing an energy plan whose forecasts are wrong. Sensitivities to 

demand forecasts and what these imply for energy supply investments are critical to 

take into consideration when developing an energy plan. 

                                                           

7 Ibid. 
8 Organisation of American States. The Renewable Energy Policy Manual - Chapter 4. Government’s Role in the 
Electricity Sector. Available: <https://www.oas.org/dsd/publications/Unit/oea79e/ch08.htm>. 
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But energy plans are not simply about matching energy supply with demand. They are 

also about properly understanding in which sectors of the economy energy demand 

will grow (and at what rate), and what sources of supply will be required to meet that 

demand. South Africa’s IEP for instance disaggregates demand based on sectors of 

the economy and the energy sources that service the demand in these sectors vary 

accordingly.9 South African currently faces an electricity supply surplus and one of the 

exacerbating factors is the anticipated reduction in the economic contribution of 

mining and industry, and an increasing contribution by the less energy-intensive 

services sector.10 

Different energy plans can also highlight particular social values, often reflected in the 

type of energy investments to be made as well as other policy objectives that underpin 

these investments. An economy built on baseload power from fossil fuels that is 

required to lower emissions through climate change policy will have an energy plan 

that has technologies different to an economy which does not share the same policy 

objective. 

2.3. HOW ENERGY PLANS ARE COMPILED AROUND THE WORLD 

A number of countries employ long-term energy outlooks. This can either be done for 

the energy sector as a whole or for individual sub-sectors (such as electricity, gas and 

liquid fuels). The general purpose of these outlooks is to inform energy policy – i.e. the 

outlook on pricing or emissions on the current trajectory may be deemed unfavourable 

and this provides an indication that policy interventions may be required to change the 

trajectory. 

In most cases the focus of these outlooks is to primarily provide forecasts of the 

energy landscape (under various scenarios), with no recommendations as to policy 

developments.  In other instances, policy recommendations can be offered, but 

normally where the energy trajectory is provided against a specific and clearly defined 

policy objective.  For example, the EU has a policy goal of an 80% reduction in its 

1990-level emissions by 2050 for its member states.  In this case, the energy 

modelling serves to track the likely trajectory against this objective and also offers 

specific discussion and recommendations as to how to redirect the energy trajectory 

toward the preferred path (where required). 

It is therefore apparent that there are various ways in which energy plans can be put 

together, which we broadly categorise into two types: energy forecasts and energy 

plans.11 We classify and outline briefly below the approach taken by several countries 

                                                           

9 South African Department of Energy, Integrated Energy Plan 2016, (“IEP 2016 report”), pp. 72-111 
10 Frost and Sullivan. 2017. South African electricity market: Adaptive power generation models will become essential. 
Available: <https://ww2.frost.com/news/press-releases/south-african-electricity-market-adaptive-power-generation-
models-will-become-essential/>; De Vos, D. and Loser, N. “The importance of sensible future energy planning”. 
Business Day [online]. 15 May 2017. Available: <https://www.businesslive.co.za/bd/opinion/2017-05-15-the-
importance-of-sensible-future-energy-planning/>. 
11 Naturally, some plans can have elements of more than one type; for ease of taxonomy we have tried to identify each 
plan’s dominant type. 
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in mapping their energy outlooks by providing short descriptions of the forecasting 

methodologies for these countries. (A summary table is provided in Appendix 1.) 

- Energy forecasts. This type of outlook or plan is relatively agnostic to policy and 

tends to simply offer prognostications of future energy paths based on various 

scenarios. Examples of countries that provide energy forecasts are the United 

States, Australia, Canada, Sweden, Germany and the United Kingdom. 

o United States. The United States (US) has an Annual Energy Outlook 

which models projections of the US’s domestic energy markets through to 

2050.12 This energy outlook is modelled annually and is done on a 

reference case of prevailing policy conditions, with several alternative 

scenarios provided that model differences in economic growth; oil prices; 

technological change; and emissions rules.13 

o Australia. The Australian Energy Market Operator presents 20-year 

outlooks for the gas and electricity markets annually.  The latest outlooks 

are modelled on “weak”, “neutral” and “strong” scenarios which inter alia 

have their basis in the relative strength of the economy; consumer 

confidence; population projections; and oil and gas prices through to 

2035/36.14 15 

o Canada. The National Energy Board provides regular projections of 

Canada’s energy future.  The latest reference case is based on a 

moderate view on expected energy prices and economic growth through 

to 2040. There are additional modelled scenarios based on differences in 

natural gas prices; no construction of new oil pipelines; and varying 

degrees of LNG export volumes.16 

o Sweden. The Swedish Energy Agency provides a projection of four 

possible energy futures supported by a change in society to 2035 and 

later to 2050. These do not represent any political decisions but provides 

projections based on what society may deem important regarding 

energy.17 

o Germany. The German Federal Ministry of Economics and Technology 

publishes a forecast of the energy industry’s development every few 

years.  The latest reference scenario estimates developments based on 

expected economic, demographic and political change to 2035.  

                                                           

12 U.S. Energy Information Administration. 2017. “Annual Energy Outlook 2017 with projections to 2050”, p. 4 
13 Ibid. 
14 Australian Energy Market Operator. 2016. National Electricity Forecasting Report 2016, pg. 52-53. Available online: 
<https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/NEFR/2016/2016-National-
Electricity-Forecasting-Report-NEFR.pdf >. 
15 Ibid. p. 44-45. 
16 National Energy Board. 2016. Canada’s Energy Future 2016 – Energy Supply and Demand Provides projections to 

2040, pg. 2. Available online: <https://www.neb-one.gc.ca/nrg/ntgrtd/ftr/2016/2016nrgftr-eng.pdf >. 

17 Swedish Energy Agency. 2016.  Four Futures – the energy system beyond 2020, p. 11-12. Available online: 
<https://energimyndigheten.a-w2m.se/Home.mvc?ResourceId=5603 >. 
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Thereafter, trends are extrapolated through to 2050.18 The final modelled 

scenario is based on the aggressive pursuit of energy and climate 

protection goals.19 

o United Kingdom. The Department of Business, Energy and Industrial 

Strategy in the United Kingdom (UK) provides annual projections of 

energy demand and emissions. The latest projection models a reference 

scenario based on existing and agreed-to policies through to 2035. These 

scenarios are also modelled without climate change policies.20 There are 

further scenarios based on differences in fossil fuel prices and economic 

growth, as well as one that excludes planned policies.  

- Energy plans. These are plans in the true sense of the word, either directed 

towards implementing existing policy or defining/shaping policy going forward, or 

some combination of the two. 

o European Union member states. The European Union (EU) has an energy 

plan with the overarching policy goal of reducing emissions in 2050 by 

80% of their 1990 levels, in what it terms a “decarbonisation” strategy.21 It 

uses as its reference case current trends and the prevailing policy 

environment. In addition, it provides a set of specific scenarios that 

incorporate events that may alter the EU’s ability to reach its emissions 

goals (for instance a delay in the introduction of carbon capture and 

storage technology). Based on this modelling, the EU draws out 

implications for its policy goal of decarbonisation and then provides a 

discussion of policies and recommendations that may support this goal.22 

o Angola. Angola’s Energy Long Term Vision 2025 is a policy document that 

envisions an increase in electrification from 30% to 60% of the population 

by 2025. The policy is predicated on strong demand growth through 

increased residential demand, the development of the services sector, and 

industrialisation.23 Energy supply is predominantly to come from hydro, 

gas and renewable options in the various supply scenarios modelled.24 

The policy sets out financing principles, indicating where public funds are 

to be utilised and where the private sector is to have a role.25 

                                                           

18 German Federal Ministry of Economics and Technology. 2014. Development of Energy Markets – Energy Reference 
Forecast, pg. 10. Available online: 
<http://www.bmwi.de/Redaktion/Migration/DE/Downloads/Publikationen/entwicklung-der-energiemaerkte-
energiereferenzprognose-executive-summary.pdf?__blob=publicationFile&v=4 >. 
19 Ibid, pg. 32. 
20 UK Department of Business, Energy and Industrial Strategy. 2016. Updated Energy and Emissions Projections 
2016. Available online: 
<https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/599539/Updated_energy_and_emissio
ns_projections_2016.pdf>. 
21 European Commission. 2012. Energy roadmap 2050, p. 3. Available online: 
<https://ec.europa.eu/energy/sites/ener/files/documents/2012_energy_roadmap_2050_en_0.pdf>. 
22 Ibid. p. 6-9 
23 Republica de Angola. Angola Energia 2025 - Angola Power Sector Long Term Vision. p. 9. Available: 
<http://www.angolaenergia2025.com/sites/default/files/editor/livro_angola_energia_2025_baixa.pdf> 
24 Ibid. p. 10 
25 Ibid. p. 13 
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Transmission and distribution costs are accounted for in the policy,26 and 

in locations where network extension is unfeasible, off-grid solutions are 

recommended. 

o Kenya. Kenya’s Power Generation and Transmission Master Plan 

(PGTMP) sets out the expansion path of the Kenyan power system for the 

period 2015 to 2035.27 Four demand scenarios are modelled,28 and a 

corresponding generation mix proposed which seeks to use existing 

thermal generation, supplemented with other renewable sources including 

wind, biomass and solar plants.29 A small portion is reserved for imports 

and coal production. Based on the results of the model, the plan 

recommends a transmission network.30 Finally, the plan provides guidance 

on the investments required to achieve the envisioned generation mix.31   

o Tanzania. The Power System Master Plan (PSMP) 2016 is an update of a 

2008 plan, with an aim to increase electrification in Tanzania from 36% in 

2015 to 60% in 2020.32 Various demand forecasts are used as inputs into 

the generation and transmission planning.33 The plan considers 

generation mixes that include hydro, thermal, coal, gas-fired, nuclear and 

import sources,34 and develops a transmission plan through to 2040.35 

o South Africa. The IEP models energy demand and the associated optimal 

supply mix over a 35-year time horizon to 2050 based on several different 

scenarios. Within certain parameters, this supply mix aims to provide the 

least-cost energy system to meet the required demand.  The modelling 

outputs are not only presented in terms of the energy supply mix but also 

the other policy objectives, including employment opportunities, 

emissions, and water consumption. The plan concludes with a series of 

policy recommendations arranged by topic.36 

3. WHEN A PLAN COMES TOGETHER: EMERGING 

DEBATES IN ENERGY PLANNING 

It is evident from our review of energy outlooks that there are various ways in which 

energy plans can be and are ultimately put together. But emerging from these plans is 

a set of issues that we consider to be relevant for countries compiling or updating their 

                                                           

26 Ibid. p. 42  
27 Kenyan Ministry of Energy and Petroleum. 2016. Development of a Power Generation and Transmission Master 
Plan, Kenya Long Term Plan -  2015 – 2035 - Volume I – Main Report. p. 1. Available: 
<http://www.erc.go.ke/index.php?option=com_content&view=article&id=167&Itemid=680>. 
28 Ibid. p. 1 
29 Ibid. p. 5 
30 Ibid. p. 11 
31 Ibid, p. 265 
32 Tanzanian Ministry of Energy and Minerals. 2016. The Power System Master Plan 2016 Update.  p. 1. Available: 
http://www.ewura.go.tz/wp-content/uploads/2017/01/Power-System-Master-Plan-Dec.-2016.pdf  
33 Ibid, p. 10 
34 Ibid. pp. 25-44 
35 Ibid. p. 65 
36 IEP 2016 report, pp. 161-185 
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energy plans. South Africa’s IEP in particular raises three issues, the debate about 

which offers useful insights and potential lessons. Our paper focuses on these three 

issues in order to help in usefully guiding and shaping future developments in the 

energy sector. These issues are: 

1. What the ultimate role and purpose of energy plans are, and how important 

it is for there to be clarity on this 

2. How environmental considerations are to be taken into account in energy 

plans 

3. What may inform the choice between renewable and nuclear energies as 

society moves away from fossil-fuel technologies 

3.1. ISSUE ONE: IS IT NECESSARY TO ESTABLISH A CLEAR 

ROLE AND PURPOSE FOR ENERGY PLANS? 

It is evident that the choice of an energy plan’s role and purpose is open to policy 

makers. But what plans must share in common is that they are clear in what their 

purpose is and that the underlying content of the document follows through on this 

purpose. We use the South African IEP as a case study in this regard, discussing a 

couple of points that emerge. 

First, what is the role and purpose of an energy plan in expressly shaping 

policy? Whether the purpose of an energy plan is only to provide an energy outlook 

for the country or whether its role is also to expressly shape and direct policy for the 

energy sector, clarity of purpose should be sought in both instances. It is not the case 

that one or the other approach is clearly superior, as either option may be legitimate. 

However, clarity is required given that the document's purpose impacts the 

expectations and requirements as well as its standing in the broader energy policy 

context. 

What we take from our case study of South Africa’s IEP is that the document has 

been designed with three ambitions in mind: 

(i) To be informed by existing policy. The IEP aims to corral various government 

policies into an overarching strategy for the energy sector. This is consistent with 

the National Energy Act which specified that the IEP should take into account 

other government policies and plans.37 In this sense, the IEP serves as an 

organising device for a wide range of energy policy objectives relevant to the 

                                                           

37 Section 6(3)(a) of the National Energy Act requires that the IEP “take account of plans relating to transport, 
electricity, petroleum, water, trade, macro-economy energy infrastructure development, housing, air quality 
management, greenhouse gas mitigation within the energy sector and integrated development plans of local and 
provincial authorities.” 
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energy sector.38 The IEP indicates that it is these objectives that different policy 

proposals are to be evaluated against.39 

(ii) To provide long-term energy forecasts that shape energy investments. The IEP 

models energy demand and the associated optimal supply mix over a 35-year 

time horizon to 2050 based on several different scenarios. Within certain 

parameters, this supply mix aims to provide the least-cost energy system to meet 

the required demand.  The modelling outputs are not only presented in terms of 

the energy supply mix but also the other policy objectives of the IEP, including 

employment opportunities, emissions and water consumption.  

(iii) To offer recommendations to policy makers going forward. The IEP concludes 

with a raft of policy recommendations arranged by topic, which cover security of 

supply; cost of energy; energy mix (which deals with the potential for each energy 

technology in turn); job creation and localisation potential; environmental 

considerations; water usage; demand-side interventions (by sector); energy 

access; research and development; and other considerations, such data 

collection and the need for coordinated policy development and planning.40 

Taking cognisance of existing policy and the modelling of long-term energy forecasts 

are typical in energy planning. What is less widely practiced is the use of energy plans 

to develop policy recommendations. As a result, countries considering using an 

energy plan to do so should consider paying careful attention to the recommendations 

developed in order for these to usefully shape policy. In particular, recommendations 

made may wish to consider: 

- providing guidance on how to balance the competing policy objectives laid out in 

the energy plan and indicate the preferable trajectory for the country’s energy 

landscape;  

- focusing on key issues, and with sufficient specification, to take the country 

toward this trajectory; and  

- being clearly linked to the modelling results. 

Second, the hierarchy between a broad energy sector plan and other energy 

sub-sector plans should be made clear. South Africa’s IEP exists in a policy 

environment that has several sector-specific plans which may overlap with the tasks 

of the IEP: the IRP exists to shape electricity generation; the Gas Utilisation Master 

Plan for the gas sector; the Liquid Fuel Infrastructure Roadmap for liquid fuels; as well 

as the Transport Master Plan. The National Energy Act acknowledges this situation, 

noting that “[t]he Integrated Energy Plan must inform and be informed by plans from 

                                                           

38 The IEP synthesises these wide-ranging government policies into eight policy objectives: (1) ensure security of 
supply; (2) minimise the cost of energy; (3) promote job creation and localisation; (4) minimise environmental impacts; 
(5) minimise water consumption; (6) diversify supply sources; (7) promote energy efficiency; and (8) promote energy 
access. See: IEP 2016 report, p. 41 
39 IEP 2016 report, p. 41 
40 IEP 2016 report, pp. 161-185 
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all supply, production and demand sectors whose plans impact on or are impacted by 

the Integrated Energy Plan.”41 [emphasis added] 

Currently, the standing of the IEP vis-à-vis the other sector-specific energy plans is 

unclear, as they appear to vie for relevance in shaping policy. This confusion may be 

heightened as other sector-specific plans relating to gas and transport are further 

developed. Therefore the roles of these various plans need to be well defined. It is 

important that each plan has a specific and defined purpose and that the roles of the 

sector-specific plans do not duplicate that of the IEP, and that the hierarchy of the 

plans is worked out and clearly articulated. 

Third, thought should be given to the recommendations proposed in order for 

them to usefully guide policy and give direction to the energy sector. The IEP 

currently concludes with a series of recommendations, the scope of which is very 

broad: it is some 25-pages long and consists of more than 100 recommendatory 

and/or conclusion points.42 Yet despite the length of this section, many of the 

recommendations proposed do not necessarily give useful policy direction to the 

energy sector in South Africa.  

Some of the recommendations are pitched at a high level and are too general to 

substantively shape policy direction.  This includes recommendations like the call for 

electricity generation to be obtained through a competitive bidding process,43 or 

general references that wind and solar should play a more meaningful role in the 

generation mix.44 An energy plan like the IEP should consider focusing more narrowly 

on specific and concrete actions to move the country toward an optimal energy 

landscape trajectory. 

3.2. ISSUE TWO: HOW CAN ENERGY PLANS APPROPRIATELY 

TAKE INTO ACCOUNT ENVIRONMENTAL CONSIDERATIONS? 

Society continues to place an increasing weight on the environmental impact of 

energy choices. This is most apparent from the widespread acceptance that climate 

change is influenced by human activity and that this requires different energy choices 

going forward.45 

Broadly speaking, there are two ways in which the modelling contained in energy 

plans have accounted for this social valuation: emissions limits and externality pricing. 

 

 

                                                           

41 Section 6(3)(b) of the National Energy Act 
42 IEP 2016 report, pp. 161-185 
43 IEP 2016 report, p. 161 
44 IEP 2016 report, p. 165 and 166.  
45 Environmental considerations also matter in relation to energy choices when it comes to pollution (air, noise, water 
and light), geological stability (in the case of shale gas extraction for example), avian migratory patterns (in the case of 
wind energy), etc. 
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3.2.1. Emissions limits 

Emissions limits can play an important role in energy planning and feature in the 

energy models of several countries. These limits are quantitative restrictions on GHGs 

and other air pollutants released into the atmosphere. They tend to be notional, in that 

they are typically not binding on countries which agree to them and instead act as 

aspirational targets. 

The Paris Agreement, signed in 2015, is a recent example of a prominent global 

agreement to counter the effects of climate change by inter alia seeking commitments 

from signatories to curb emissions.46 In effect, the agreement attempts to introduce 

emissions limit for signatory countries – albeit non-binding but still specifiable for each 

party to the agreement. A three-speed approach is envisaged: developed countries 

are prompted to take the lead in economy-wide emissions reduction targets;47 

developing countries are permitted longer to reach their peaks (but required to rapidly 

reduce emissions thereafter);48 and least developed and small island developing 

countries are only required to communicate their plans for reducing emissions.49 

Several countries have incorporated emissions limits into their energy plan modelling. 

For instance, the EU’s energy plan has the overarching policy goal of an 80% 

reduction in 1990-level emissions by 2050 and the plan’s forecasts are used to check 

progress against this target and makes recommendations on how to meet the 

decarbonisation objectives.50 The US Annual Energy Outlook includes CO2 emission 

limits,51 as do the energy plans of Angola and Tanzania.52 53 

Similarly, South Africa’s IEP takes into account South Africa’s policy position on 

reduced emissions by imposing emission constraints in each modelled scenario, 

which informs the recommended generation mix.54 55 These are based on the Peak-

Plateau-Decline (PPD) emissions limits from the National Climate Change Response 

White Paper. Except for the Environmental Awareness scenario (which uses the PPD 

lower bound), all scenarios in the IEP are based on the PPD upper bound.56 This 

envisages emissions reductions of 34% below the expected emissions level in 2020, 

and 42% below the expected level by 2025.57 58 

 

                                                           

46 That is, to reach the global peak for emissions as soon as possible, with nationally determined contributions. See: 
Paris Agreement, Article 4(13) and 4(16)-4(19). Available online at: 
<http://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf>. 
47 Paris Agreement, Article 4(4) 
48 Paris Agreement, Article 4(1) 
49 Paris Agreement, Article 4(6) 
50 European Commission. 2012. Energy roadmap 2050, p. 3 
51 US Annual Energy Outlook, slide 20 
52 Republica de Angola. Angola Energia 2025 - Angola Power Sector Long Term Vision. p. 121 
53 Tanzania Ministry of Energy and Minerals. 2016. The Power System Master Plan 2016 Update.  p. 62 
54 See for instance: Department of Environmental Affairs, National Climate Change Response White Paper, p. 25 
55The emissions levels take into account carbon, nitrous oxide, sulphur oxide, particulate matter and mercury. 
See: IEP 2016 report,  p. 127-133 
56 IEP 2016 report, p. 127 
57 Department of Energy. Integrated Resource Plan, (“IRP 2016 update”), p. 30 
58 South Africa’s GHG emissions are expected to reach global peak between 2020 and 2025, and decline thereafter. 
Ibid. p. 30 



13 

 

3.2.2. Externality pricing 

Externalities are a common yet powerful insight in economics. The basic notion is that 

undertaking a particular activity can generate costs (or benefits) for others or society 

as a whole that are not fully captured in the price or cost of the initial activity. In the 

absence of well-defined property rights, too much of the initial activity will occur in the 

case of negative externalities (i.e. where an activity generates costs for others).59  

This is precisely the basis for countries having begun to contemplate, and in certain 

cases introduce, taxes on the emissions from burning various fossil fuels as sources 

of energy. Primary amongst these is carbon dioxide emissions, which countries such 

as Finland, Poland, Sweden and Japan have introduced carbon taxes to combat.60 

In the case of South Africa’s IEP, certain externalities are explicitly priced as part of 

the overall energy systems cost. These are: carbon dioxide; sulphur dioxide, nitrogen 

oxide, mercury, and particulate matter.61 Including the cost of these externalities in 

this way not only influences the overall cost of the energy mix but plays a direct role in 

determining the energy mix. 

In other words, the externality costs are modelled in the IEP as actual monetary costs 

to be taken into account in meeting the model’s least-cost constraint for determining 

the energy mix.62 These costs are reflected in the figure below. 

Figure 1: Externality costs as a portion of total energy system costs in the South African IEP 

 

Source: Author’s own calculations, based on IEP 2016 report, pp. 119-120 

                                                           

59 Conversely, positive externalities lead to “too little” of an activity given that the value of the activity is lower than it 
ought to be if the indirect benefits were to be taken into account. 
60 World Bank. 2015. State and Trends of Carbon Pricing. pp. 11-12. Available: 
http://documents.worldbank.org/curated/en/636161467995665933/pdf/99533-REVISED-PUB-P153405-
Box393205B.pdf  
61 IEP 2016 report, p. 67 and 119 
62 That the IEP 2016 includes the externality costs on this basis is evident from its description that “[t]he mix of 
generation capacity technologies by 2050 is considerably more diverse than the current energy mix, across all 
scenarios. The main differentiating factors between the scenarios are the level of demand, constraints on emission 
limits and the carbon dioxide externality costs.” (IEP 2016 report, p. 114) 

9.6%
7.7% 15.3%

6.9%

0

1 000

2 000

3 000

4 000

5 000

6 000

7 000

Base Case Resource
Constrained

Environmental
Awareness

Green Shoots

R
 b

il
li

o
n

Externality costs Total energy system costs



14 

 

As can be seen from the figure above, these externality costs are a non-trivial 

component of the total energy system costs in the IEP. In the base case, externalities 

represent almost 10% of total discounted costs. This increases to more than 15% on 

the Environmental Awareness scenarios, which increases the assumed price of CO2 

to R270 per tonne (while at the same time imposing lower emission limits). 

3.2.3. Effectively accounting for the environmental in energy planning models 

Despite the conceptual appeal, especially for an economist, how one should account 

for environmental considerations through externality costs raises some interesting 

questions. These are particularly pertinent given that externality costs may be a non-

trivial portion of energy system costs and can influence the choice of generation 

technology as well as its size and timing. 

First, from a conceptual perspective it may not be appropriate to include externality 

costs as direct monetary costs in the scenario modelling (at least not in all scenarios). 

This is so for the following reasons. 

- There could be an element of double-counting in including both emissions 

limits and externality costs in the modelling. Given that emission limits are 

included as binding constraints in the IEP’s modelling, externality costs are not 

required for emission targets to be met. It may actually be inappropriate to 

include both externality costs and emission limit constraints in the modelling 

exercise. If emissions limits are the ultimate objective of policy and act as a 

binding constraint within the model, then the value of including externality 

costs diminishes (especially when they are not explicitly priced in the real 

world). It would seem that it may be for this reason that many countries 

exclude non-monetary externalities. For example, the US Annual Energy 

Outlook does not include externalities but does have CO2 emission limits in 

place.63 

- Modelling non-monetary externalities may not be reflected in real-world 

decisions. There is a question about how useful it is to be modelling an optimal 

energy mix that is shaped by costs that do not transpire in the real world. 

Given that the commissioning of new generation capacity and electricity tariff 

paths going forward will be shaped by actual monetary costs incurred, there is 

an artificiality to the modelling a different energy mix based on hypothetical 

externality costs. This is because it is not a prediction of what will happen in 

the real world as no actual price signals will exist to steer the energy mix. To 

be sure, should a carbon tax (or any other externality tax) be introduced in a 

country, it would seem legitimate to account for the cost of this tax as part of 

the energy system cost as this would be a cost actually faced by firms and 

consumers. Therefore, where externalities are priced in as a component of the 

cost of supply in an energy plan, it should be recognized that direct policy 

                                                           

63 US Annual Energy Outlook, slide. 20. Available online:< https://www.eia.gov/outlooks/aeo/pdf/0383(2017).pdf>.  
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intervention will be required to move a country toward the optimal energy mix 

as actual price signals alone will not achieve this. 

Secondly, all externalities – positive and negative – should ideally be taken into 

account if an approach to pricing externalities in the model were to be adopted, 

though we acknowledge this is a challenging exercise and not always possible. Aside 

from the emissions impact of fossil fuels, other energy technologies can also generate 

negative externalities, such as grid balancing costs for renewable energy,64 

radioactive waste disposal and decommissioning costs for nuclear energy (where not 

factored into the sale price of electricity),65 and environmental costs in the case of 

shale gas extraction.66 67 By only taking into account emissions from the burning of 

fossil fuels, the relative size of other technologies in the energy mix will be too great. 

Thirdly, there can be significant uncertainty and room for subjectivity in the pricing of 

non-monetary externalities which brings into question the reliability of any modelling 

results upon which they are based. 

For example, a report on externalities which served as an input into the IEP is explicit 

on the impact that pricing externalities can have on energy technology choices: 

“externalities can change the cost ordering of energy technology choices”.68 Of great 

concern therefore is the accuracy of the costs associated with these externalities. As 

the authors point out in their conclusions to the externalities work: 

“the [externality] estimates presented here are based on best available but 

limited evidence. So the actual monetary values presented here would require 

significantly more research before they could be used in other policy work.”69 

[emphasis added] 

In conclusion, the potential material impact of externality costs to overall energy 

system costs would suggest a prudent approach to the inclusion of non-monetary 

externalities in energy plans. This is particularly so given the uncertainty about the 

precise costs of these externalities and the apparent room for error in estimating 

them. In some cases, the energy planner may want to make a choice of emissions or 

externality prices. But at the very least, an energy plan should include scenarios with 

and without these externality costs so that it is possible to gauge their impact on the 

energy mix predicted and overall energy system costs. 

                                                           

64 IEP 2016: Annexure C1 – Energy system externalities in South Africa (Vivid Economics), p. 14 
65 IEP 2016: Annexure C1 – Energy system externalities in South Africa (Vivid Economics), p. 14 
66 Barth, J.M. 2013. “The economic impact of shale gas development on state and local economies: benefits, costs, 
and uncertainties”, New Solutions, 23(1), p. 86 
67 A supporting document to the IEP notes that water “over-use” is a further negative externality of shale gas 
extraction. See: IEP 2016 report: Annexure C1 – Energy system externalities in South Africa (Vivid Economics), p. 14. 
Furthermore, the IEP notes that it includes “water use” as an externality in the model, priced at the “true water cost” 
(see IEP 2016 report, p. 67). But at no point does the document clarify or provide any further information on this. In 
any event, the use of water is an input cost that would likely be included as part of overall technology costs regardless 
of whether externalities are priced in the model. Potentially the contamination of water resources in the extraction of 
shale gas is the type of negative externality that is being proposed. 
68 IEP 2016 report: Annexure C1 – Energy system externalities in South Africa (Vivid Economics), p. 24 
69 IEP 2016 report: Annexure C1 – Energy system externalities in South Africa (Vivid Economics), p. 24 
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3.3. ISSUE THREE: WHAT INFORMS THE DEBATE BETWEEN 

RENEWABLE AND NUCLEAR ENERGY? 

The increased focus and social value placed on environmental priorities evidently 

requires a move away from carbon-rich fossil fuels. Absent any short- to medium-term 

breakthroughs in carbon capture and storage (CCS) technology, this implies a swing 

to other technologies over time. The key questions for energy planners in this situation 

are what these technologies are and in what mix they should feature in energy supply. 

Two important features of this debate in South Africa have been (i) the cost 

assumptions used in the energy modelling and (ii) the extent to which renewables can 

serve in the stead of nuclear technology. 

3.3.1. Cost assumptions 

The costs assumed for supply sources in energy plans are critically important in 

determining the overall electricity generation mix. In South Africa’s energy plans, there 

has been substantial debate about the roles of renewable and nuclear energy in the 

electricity supply mix and the cost level at which these technologies enter the 

modelling. Prominent features within this debate have been about appropriate cost 

comparators for nuclear generation and the learning rates applicable to renewable 

technologies. 

Cost comparisons include overnight capital costs and the levelised cost of electricity 

(“LCOE”),70 both of which can give rise to varying estimates. For example, South 

Africa's Department of Energy commissioned a “hybrid cost” study on nuclear energy 

as an alternative to an EPRI study for cost benchmarks in compiling its energy plans. 

The DoE’s study incorporated lower costs from facilities operated in Asian countries. 

The key question in such a case becomes which costs are more appropriate to use in 

the modelling, a situation made more challenging when different technology costs are 

compared to one another. 

Renewable energy cost estimates are further complicated by deciding on the 

appropriate learning rate to be used, i.e. the reduction in costs as manufacturers of 

the technologies accumulate experience.71 Falling costs for renewable energy sources 

under the successive phases of the REIPPP indicate the importance of assumptions 

about learning rates (as shown in the figure below), as it can strongly influence the 

relative cost of different technologies used in the modelling. 

 

                                                           

70 LCOE takes account both capital costs as well other all other costs and effectively represents the average revenue 
necessary to recoup investment and operating costs for a given technology . This can be derived with the following 
variables (i) capital costs; (ii) charge factors; (iii) fixed and variable operations & maintenance costs; (iv) lifetime of 
plant and (v) fuel costs. See: US Energy Information Administration. 2013. Levelized Cost of Electricity and Levelized 
Avoided Cost of Electricity Methodology Supplement, pg. 1. Available online: 
<https://www.eia.gov/renewable/workshop/gencosts/pdf/methodology_supplement.pdf>. 
71 Learning rates are particularly relevant for renewable energy given that commercial power production from these 
technologies is relatively new compared to established technologies like coal and nuclear. 



17 

 

Figure 2: Average REIPPP tariffs over successive bid windows in South Africa (Rand/kWh) 

Source: Authors’ own construction, based on CSIR information72 

Given the debate surrounding the costs of nuclear and renewables, and the 

importance of these costs in determining the least-cost energy mix, it is critical that 

energy plans carefully consider the assumptions made in this regard and ensure the 

cost and technical assumptions are robust, grounded in reliable research, and up to 

date. 

A few other issues may also be relevant in considering the cost comparison of 

different technologies. 

- It should be considered whether the different energy systems modelled in a 

plan conform to the same system adequacy metrics and that these are in line 

with existing metrics for a country’s electricity supply. Without taking this into 

account, the risk may be that one is not comparing like energy mixes and there 

may be other costs which need to be incurred that are not adequately 

accounted for in the energy plan. 

- The role of transmission and distribution infrastructure as an additional source 

of costs should also be taken into account. While all three other African 

countries whose energy plans we have considered – Angola, Kenya and 

Tanzania – take into account transmission and distribution costs in some way, 

this is currently missing in South Africa’s plans as well as in other jurisdictions. 

Were an energy plan to foresee more numerous generation assets, which 

could be geographically dispersed and far away from the existing grid and 

                                                           

72 CSIR. 2017. Least Cost Electricity Mix for South Africa – Optimisation of the South African power sector until 2050, 
slide 7 & 9. Available online: <http://www.crses.sun.ac.za/files/news/CSIR_BischofNiemz_pp.pdf>. 
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major centres of energy demand, it would seem important to take transmission 

and distribution infrastructure into account as a source of costs for the energy 

system. This may be particularly pertinent for considering renewable 

technologies as a large portion of the energy mix. 

- It is also important that two elements which give transparency to the planning 

and modelling process be in place for the debate to be constructive: first, all 

modelling assumptions must be identifiable, evidence based and testable. 

Particularly important are the cost and technical assumptions relating to 

technologies as we have discussed, as these determine the mix and timing of 

investments. Second, a draft of the plan must be available for public comment. 

In South Africa, inputs from civil society have been vital in identifying important 

issues, which hopefully propels the plans towards better planning and eventual 

policy. However, there is uncertainty around some of data sources used in the 

underlying cost and technical assumptions for the different energy sources in 

the modelling. 

3.3.2. Interchangeability of nuclear and renewable power sources 

The modelling of both the IEP and IRP paints nuclear and renewable technologies to 

some extent as substitutes for one another in respect of planning the future electricity 

generation mix. 

- The trade-off between nuclear and solar/wind is made apparent in the IEP 

when the plan relaxes its presumption of the 9.6GW nuclear build programme. 

Modelled on a least-cost basis, the IEP requires less nuclear and further in the 

future. In its place, additional solar and wind (as well as gas) generation 

capacity is required. 

- The IRP 2016 imposes an annual build constraint on wind and PV technology 

in its base case.73 The CSIR removes this build constraint and remodels the 

generation mix on a least-cost basis. With this change, no new nuclear 

generation capacity is required and instead more than 80% of generation 

capacity is envisaged to be renewable technology.74 

While South Africa’s energy plans appear to model nuclear as the baseload 

technology to replace the coal fleet as it is retired from service, the CSIR’s 

remodelling suggests that nuclear is not a necessity for the electricity supply system 

going forward. Instead, the nuclear baseload role appears to be addressed by an 

energy mix that includes solar CSP, coal, hydro and gas.75 

                                                           

73 This does not allow the model to build more than the stipulated quantum of wind (1,600MW) or PV (1,00MW) per 
year. See: IRP 2016 update, p. 24 
74 CSIR. 2017. Least Cost Electricity Mix for South Africa – Optimisation of the South African power sector until 2050, 
slides 48-49. 
75 CSIR. 2017. Least Cost Electricity Mix for South Africa – Optimisation of the South African power sector until 2050, 
slide 48. 



19 

 

It is ultimately a technical question – and one outside the scope of this paper – as to 

the degree to which nuclear and renewable technologies can be considered as 

interchangeable (particularly with respect to baseload power), or whether in fact these 

generation assets are best thought of as complementary. What is apparent is that 

there are differing opinions on the matter, in a debate which extends beyond South 

Africa’s shores.76  

The recent High Court judgment in Earthlife Africa and Another v Minister of Energy 

and Others has brought a temporary stay to South Africa’s nuclear procurement 

programme.77 Furthermore, South Africa currently has an energy supply surplus and 

the weak performance of the economy suggests demand growth will not upset this 

imbalance any time soon. This situation would appear to provide a window of 

opportunity to carefully examine the assumptions and reasoning underpinning any 

proposed decisions for either nuclear or renewable investments, and to ensure some 

resolution is reached about what the “right” energy planning decisions are. This 

window of opportunity will not last forever; therefore it is imperative that the pertinent 

questions relating to the different energy-type investments are properly interrogated 

with both transparency and urgency. 

4. CONCLUSIONS 

This paper has explored the nature and role of energy planning, not only as laid out in 

South Africa’s recently-published energy plans but also in its commonplace practice in 

various other countries. While having regard for energy plans in general, we have 

relied on the South African context in particular to identify key issues in energy 

planning that are likely to be important for usefully shaping future energy 

developments. 

First, energy plans need not prescribe policy recommendations as is clear from the 

approach taken by several jurisdictions including the US, Australia and Canada. But 

where a plan is designed to offer policy inputs, careful attention must be paid to its 

design. 

Next, it is evident that the future energy mix will shift markedly away from fossil fuels 

as concerns about climate change become more pressing. Plans that build in 

emissions limits and/or externality costs attempt to grapple with what this future 

energy mix will look like, and this is laudable. In using any of these measures in the 

modelling, it should be ensured that the corresponding energy paths charted are ones 

that can possibly emerge with existing or planned policies in place. 

                                                           

76 The US is currently covering similar ground following the publication of a research article suggesting that in the 
future the US grid could be sustained successfully using renewable energy, a conclusion which has been called into 
question. See: Porter, E. “Fisticuffs Over the Route to a Clean-Energy Future”. New York Times. 20 June 2017. 
Available at: < https://nytimes.com/2017/06/20/business/energy-environment/renewable-energy-national-academy-
matt-jacobson.html?smid=tw-share&referer=> 
77 Earthlife Africa Johannesburg and Another v Minister of Energy and Others (19529/2015) [2017] ZAWCHC 50 (26 
April 2017) 
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Which energy generation technologies are the heirs-apparent as countries move away 

from fossil fuels in response to environmental considerations? This is a crucial 

question and one which does appear to have a clear and immediate answer given the 

differing views provided so far. In South Africa, current circumstances suggest that 

additional time can be taken in making the required energy investment decisions. This 

time should urgently be used to constructively resolve debates about costs and 

technical suitability of competing technologies. 
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APPENDICES 

APPENDIX 1: SUMMARY OF ENERGY OUTLOOKS FOR 

VARIOUS OTHER COUNTRIES 

Country Basic Overview Modelling 

US Annual Energy 

Outlook 2017 

Provides an outlook of 

domestic energy 

markets to 2050 

Prepared by the U.S. 

Energy Information 

Administration and is 

updated annually 

 

“modelled projections of what may happen given certain assumptions and 

methodologies” 

The following scenarios are modelled: 

(1) Reference case: Trend improvements in known technologies, along with a 

view of economic and demographic trends. It assumes that current laws and 

regulations affecting energy are unchanged. Brent crude price is $109/barrel 

and 2.2% annual growth. 

(2) (a) High Oil Price case 

(2) (b) Low Oil Price case:  

(3) (a) High Oil and Gas Resource and Technology case 

(3) (b) Low Oil and Gas Resource and Technology case 

(4) (a) High Economic Growth cases 

(4) (b) Low Economic Growth cases 

(5) Clean Power Plan (CPP) is not implemented 

EU Energy Roadmap 

2050 

Provides results of 

decarbonisation 

objectives to 2050 

Prepared by the 

European 

Commission 

“The scenarios in this ‘Energy roadmap 2050’ explore routes towards 

decarbonisation of the energy system” 

The following scenarios are modelled: 

(0) Reference case: 1.7 % p.a. on average for 2010-2050. 106 $/barrel in 2030 

and 127 $/barrel in 2050 (in year 2008 dollars). This case assumes policies 

adopted before March 2010. 

Reference includes sensitivities: (i) higher GD growth, (ii) lower GDP growth, (iii) 

higher energy import prices and (iv) lower energy prices. 

(1) Updated reference case: It includes policies adopted or proposed post 

2010. There are additional policies for energy efficiency, infrastructure, internal 

market, nuclear energy taxation and transport. Nuclear technology assumptions 

were updated after Fukushima. 

(2) High energy efficiency  

(3) Diversified supply technologies 

(4) Higher Renewable energy 

(5) Delayed carbon capture and storage 

(6) Low nuclear 
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Australia National Electricity 

Forecasting Report 

and National Gas 

Forecasting Report 

Projections are up to 

2035-36 

Projections are made 

by the Australian 

Energy Market 

Operator and is 

provided annually 

 

“forecasts explore a range of sensitivities that represent the probable pathway 

for Australia across weak, neutral (considered the most likely), and strong 

economic and consumer outlooks” 

The following scenarios are modelled: 

(1) Weak 

(2) Neutral 

(3) Strong  

 

 

 

 

 

Canada Canada’s Energy 

Future 2016 – Energy 

Supply and Demand 

Provides projections 

to 2040 

Projections are 

provided by the 

National Energy 

Board and have been 

produced regularly 

since 1967. 

“This report, which centers on a baseline projection, also outlines alternate 

projections for higher and lower energy prices, and alternate market access and 

energy infrastructure assumptions, and then goes on to explore the important 

long-term implications of these energy market uncertainties” 

The following scenarios are modelled: 

(1) Reference Case: outlook based on a moderate view of future energy prices 

and economic growth. Oil production leads this growth, with production reaching 

963 103 m3 /d (6.1 MMb/d) by 2040, a 56 per cent increase from 2014 

(2) (a) Higher oil and natural gas prices 

(2) (b) Lower oil and natural gas prices 

(3) No new major oil pipelines are built over the projection period 

(4) (a) Higher LNG exports (volumes) from Canada 

(4) (b) No LNG exports from Canada 

 

Germany Development of 

Energy Markets – 

Energy Reference 

Forecast 

Projection to 2035 

and 2050 

German Federal 

Ministry of Economics 

and Technology and 

is published every few 

years  

 

“Reference Forecast and Trend Scenario, the goals of the German 

government’s Energy Concept will, for the most part, not be achieved. The 

Target Scenario shows what would be required in order to attain the energy and 

climate protection objectives defined in the Energy Concept” 

The following scenarios are modelled: 

(1) Reference scenario: Forecast based on energy sector developments based 

on expected economic, demographic, and political changes 

These were the sensitivities: 

(i) (a) higher energy prices, (i) (b) lower energy prices; (ii) (a) higher costs for 

renewables  (ii) (b) higher costs for renewables; (iii) enforced international 

climate protection. (pg. 35) 

(2) Trend scenario 

(3) Target scenario 
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UK Updated Energy and 

Emissions Projections 

2016 

Projections of energy 

demand and 

emissions to 2035 

Provided by the 

Department of 

Business, Energy and 

Industrial Strategy 

and is published 

annually 

 

“The projections bring together statistical and modelled information from a wide 

variety of different sources” 

The following scenarios are modelled: 

(1) Reference: existing and agreed government policies implemented but no 

new policies introduced. For electricity generation sector only reflects current 

policy up to 2020. Beyond 2020, the electricity generation scenario includes 

assumptions that go beyond current policy. 

(2) Baseline case: excludes impact of Climate Change policies brought since 

2009 Low Carbon Transition Plan8 (LCTP) 

(3) (a) low and high fossil fuel price 

(3) (b) high fossil fuel price 

(4) (a) low economic growth;  

(4) (b) high economic growth  

(5) scenario excludes planned policies 

 

 

Sweden Four Futures – the 

energy system 

beyond 2020 

Provides projections 

to 2035 and to  2050 

Provided by the 

Swedish Energy 

Agency 

 

“The scenarios are not routes charted according to political considerations, but 

are a results of changes in society, supported by the population, politicians and 

the wider world” 

The following scenarios are modelled: 

1) Forceful 

2) Tied together 

3) Expressive 

4) Lively 

Angola Angola Energy 2025 - 

Angola Power Sector 

Long Term Vision 

Aims to develop the 

Angolan electricity 

sector by 2025 

Prepared by 

Ministerio Da Energia 

E Aguas (Ministry of 

Energy and Water), 

Angola 

“This document assesses the main long term options, and establishes the 

Government’s atlas and vision for development of the electricity sector in the 

2018-2025 horizon, identifying priority investments in generation, transmission 

and interconnection, as well as the distribution and network expansion model up 

until 2025.” 

The following scenarios are modelled: 

(1) Investment in Hydropower (H): Focus on competitiveness and greater 

national incorporation of Large Hydropower projects, limiting new 

generation based on natural gas. 

(2) Investment in Gas (G): Focus on having higher guaranteed power and 

minimizing investments in the 2025 horizon, maintaining only the 

construction of the Large Hydropower Projects already decided 

(3) Hydropower and Gas Balance (HG): This scenario balances the focus 

on hydroelectric power with natural gas 

(4) Diversification (D): Focus on a higher diversification of the Angolan 

energy mix taking advantage of the new refinery’s coke production in 

order to create a new primary energy source. The remaining necessary 

power would also focus on diversification, with a balance between gas and 

hydropower. 
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Kenya Development of a 

Power Generation 

and Transmission 

Master Plan, Kenya - 

Long Term Plan - 

2015 – 2035 

Provides the 

respective Long Term 

Plan (LTP) for the 

period 2015 (base 

year) to 2035. 

 

Prepared by the 

Ministry of Energy and 

Petroleum, Kenya 

“The identification and analysis of suitable expansion paths of the Kenyan power 

system for the long term period 2015 to 2035, complying with the defined 

planning criteria and framework.” 

The following scenarios are modelled: 

(1) Scenario 1: establishing a first least cost ranking for the power plant 

candidates based on the full cost of each plant regardless of any 

incomplete or unclear determined site specific costs for power evacuation. 

(2) Scenario 2: Cost of each plant plus additional site specific 

infrastructure cost as a function of various discount rates and as a 

function of various capacity factors. 

 

Tanzania Power System Master 

Plan - 2016 Update 

Reflects and 

accommodates recent 

developments in the 

economy, including 

development in the 

gas sub sector as well 

as government policy 

guidelines. 

Prepared by the 

Ministry of Energy and 

Minerals, Tanzania 

“The overall objective of the Plan is to re-assess short-term (2016 - 2020), mid-

term (2021 - 2025) and long term (2026 - 2040), generation and transmission 

plans requirements and the need for connecting presently off-grid regions, 

options for power exchanges with neighboring countries, and increased supply 

of reliable power.” 

The following scenarios are modelled: 

(1) Gas: 50%; Coal: 25%; Hydro: 20%; Renewables: 5% 

(2) Gas: 40%; Coal: 35%; Hydro: 20%; Renewables: 5% 

(3) Gas: 35%; Coal: 40%; Hydro: 20%; Renewables: 5% 

(4) Gas: 25%; Coal: 50%; Hydro: 20%; Renewables: 5% 

(5) Gas: 50%; Coal: 35%; Hydro: 10%; Renewables: 5% 

(6) Gas: 40%; Coal: 30%; Hydro: 20%; Renewables: 10% 

 

  

 

 

 


