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Executive Summary:

A mix of solar PV, wind and flexible power generators is least cost

The CSIR determined the least cost, unconstrained electricity mix by 2050 as input into the IRP 2016
* Conservative approach: pessimistic assumptions for new technologies, optimistic for established ones

Result: It is least cost for any new investment in the power sector to be solar PV, wind or flexible power
* Solar PV, wind & flexible power generators (e.g. gas, CSP, hydro, biogas) are the cheapest new-build mix
* There is no technical limitation to solar PV and wind penetration over the planning horizon until 2050
* >70% renewable energy share by 2050 is cost optimal, replacing all old plants with the new optimal mix

South Africa can de-carbonise its electricity sector without pain: clean & cheap are no trade-offs anymore

* The “Least Cost” mix is the cheapest, it emits less CO, emissions, it consumes less water, and it creates
more jobs in the electricity sector than both Draft IRP 2016 Base Case & Draft IRP 2016 Carbon Budget

Deviations from Least Cost have been quantified to inform policy adjustments. Compared to Least Cost:
* IRP 2016 Base Case: >R70 billion more costly, 2x more CO,, 2.5x more water, 10-20% less jobs by 2050
* IRP 2016 Carbon Budget: R60 billion more costly, 15% more CO,, 20% more water, 20% less jobs by 2050
* Decarbonised: R50 billion more costly, 95% decarbonised, 30% less water, 5% more jobs by 2050
JEJ) Additionally: Least Cost is adaptable and therefore robust against unforeseen changes in demand and cost



Conservative RE/battery costing:

Least Cost: R75 billion/yr cheaper than Draft IRP 2016 Base Case (-10%)

Conservative cost inputs
* Conventional technologies (coal, nuclear, gas CAPEX): as per IRP 2016
Battery technologies: as per IRP 2016 (10 000 R/kWh)
Gas fuel: more expensive than IRP 2016 (150 R/GJ)
Solar PV: aligned with original IRP 2010 cost assumptions (by 2030/2040/2050: 0.56/0.52/0.49 R/kWh)
Wind: kept constant at latest South African auction result for study period (2016-2050: 0.62 R/kWh)

Conservative job number inputs

* Utilising job creation numbers from McKinsey study commissioned by the Department of Energy in the
context of the Integrated Energy Plan

* Adjusting the numbers upwards for coal power generation and coal mining (McKinsey numbers assume
more efficient / automated coal mining process and coal-power-station operations than current RSA)

Results (presented on next three slides)
¢ Least Cost is R60-75 billion/yr cheaper by 2050 than Draft IRP 2016 Base Case/Carbon Budget (-10%)
* By 2050, Least Cost emits 55% less CO, than Draft IRP 2016 Base Case & consumes 65% less fresh water
* By 2050, Least Cost creates 10-20% more jobs in the electricity sector than Draft IRP 2016 Base Case

Sources: http://www.energy.gov.za/files/IEP/2016/IEP-AnnexureB-Macroeconomic-Assumptions.pdf, pages 23-38
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Least Cost is =R20-40 billion/yr cheaper by 2030 than IRP 2016.Base

Case and IRP 2016 Carbon Budget case

As per Draft IRP 2016 As per DoE
IRP 2016 Base IRP 2016 Unconstrained
2030 Case Carbon Budget Base Case Least Cost Decarbonised
1% 159
Demand: 343 TWh
35%

Total system
cost! (R-billion/yr)

Average tariff
won @ M2 w7 I 108
CO, emissions
Environ- RULLG [co. 251 176 214 204 141
ment
in 2030 Water usage
" (billion-litres/yr) ‘) 216 167 204 196 142

2 Direct & li Y
.’°£§0 ooy e 4 93-153 100-142 96-146 101-149 112-144
in
Because of lack of / B coal I Nuclear [ | Hydro+PS Peaking Other storage CSP
b.data, _z/erolobs for d B coal (new) Nuclear (new) I Gas [ | Biomass/-gas Wind Solar PV
iomass/-gas assume

(affects Decarbonised)

1 Only power generation (Gx) is optimised while cost of transmission (Tx), distribution (Dx) and customer services is assumed as =0.30 R/kWh (today‘s average cost for these items)
2 Lower value based on McKinsey study (appendix of IEP), higher value based on CSIR assumption with more jobs in the coal industry; Sources: Eskom on Tx, Dx cost; CSIR analysis; flaticon.com




Least Cost is =R45-60 billion/yr cheaper by 2040 than IRP 2016.Base

Case and IRP 2016 Carbon Budget case

As per Draft IRP 2016 As per DoE
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m 1 Only power generation (Gx) is optimised while cost of transmission (Tx), distribution (Dx) and customer services is assumed as =0.30 R/kWh (today‘s average cost for these items)
2 Lower value based on McKinsey study (appendix of IEP), higher value based on CSIR assumption with more jobs in the coal industry; Sources: Eskom on Tx, Dx cost; CSIR analysis; flaticon.com




Least Cost is =R60-75 billion/yr cheaper by 2050 than IRP 2016.Base

Case and IRP 2016 Carbon Budget case

As per Draft IRP 2016 As per DoE
IRP 2016 Base IRP 2016 Unconstrained
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1 Only power generation (Gx) is optimised while cost of transmission (Tx), distribution (Dx) and customer services is assumed as =0.30 R/kWh (today‘s average cost for these items)

2 Lower value based on McKinsey study (appendix of IEP), higher value based on CSIR assumption with more jobs in the coal industry; Sources: Eskom on Tx, Dx cost; CSIR analysis; flaticon.com



Expected RE/battery costing:

Least Cost: R145 bn/yr cheaper than Draft IRP 2016 Base Case (-20%)

Expected cost inputs

* Conventional technologies (coal, nuclear, gas CAPEX): as per IRP 2016
Battery technologies: expected cost reductions applied (2030/2040/2050: 2 000/1 000/800 R/kWh)
Gas fuel: more expensive than IRP 2016 (150 R/GJ)
Solar PV: 50% further cost reductions until 2050 assumed (by 2030/2040/2050: 0.46/0.38/0.30 R/kWh)
Wind: 20% further cost reductions until 2050 assumed (by 2030/2040/2050: 0.56/0.53/0.50 R/kWh)

Conservative job number inputs

* Utilising job creation numbers from McKinsey study commissioned by the Department of Energy in the
context of the Integrated Energy Plan

* Adjusting the numbers upwards for coal power generation and coal mining (McKinsey numbers assume
more efficient / automated coal mining process and coal-power-station operations than current RSA)

Results (presented on next three slides)
* Least Cost is R135-145 billion/yr cheaper by 2050 than Draft IRP 2016 Base Case/Carbon Budget (-20%)
* By 2050, Least Cost emits 70% less CO, than Draft IRP 2016 Base Case & consumes 75% less fresh water
ER By 2050, Least Cost creates 30-50% more jobs in the electricity sector than Draft IRP 2016 Base Case

Sources: http://www.energy.gov.za/files/IEP/2016/IEP-AnnexureB-Macroeconomic-Assumptions.pdf, pages 23-38
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Least Cost is =R30-50 billion/yr cheaper by 2030 than IRP 2016.Base

Case and IRP 2016 Carbon Budget case

As per Draft IRP 2016 As per DoE
IRP 2016 Base IRP 2016 Unconstrained
20 30 Case Carbon Budget Base Case Least Cost Decarbonised
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2 Lower value based on McKinsey study (appendix of IEP), higher value based on CSIR assumption with more jobs in the coal industry; Sources: Eskom on Tx, Dx cost; CSIR analysis; flaticon.com



Least Cost is =R80-105 billion/yr cheaper by 2040 than IRP 2016 Base

Case and IRP 2016 Carbon Budget case

2040

As per Draft IRP 2016 As per DoE
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2 Lower value based on McKinsey study (appendix of IEP), higher value based on CSIR assumption with more jobs in the coal industry; Sources: Eskom on Tx, Dx cost; CSIR analysis; flaticon.com



Least Cost is =<R135-145 billion/yr cheaper by 2050 than IRP 2016 Base

Case and IRP 2016 Carbon Budget case

As per Draft IRP 2016 As per DoE
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2 Lower value based on McKinsey study (appendix of IEP), higher value based on CSIR assumption with more jobs in the coal industry; Sources: Eskom on Tx, Dx cost; CSIR analysis; flaticon.com



IRP PLEXOS model only optimises for cost of power generation (Gx)=

two additional key aspects considered: system stability and grid cost

System Stability (inertia): worst case below 1% of Gx cost

Load Balancing (Frequency Control
* Connecting nuclear/coal via HVDC and/or solar PV/wind g {Freq y )

to the grid reduces the “system inertia” Synchronous generator
* This reduces the inherent stabilising effect of . \/\ ﬂ’ ﬂ,
synchronous inertia during contingency events * ; AT

* Many technical solutions to operate low-inertia system

* In this study the “worst case” was costed + Solar PV
+ HVDC interconnection
— State-of-the-art technology (very high costs +Tidal stream : _
+ Ocean wave Doubly fed induction F"‘e‘_j speed wind
assumed, no further tech/cost advancements) e generator wind turbine _ turbine generator

— No further increase in engineering of how to deal
with low-inertia systems

* In all scenarios, the worst-case-cost are well below 1%
of the total cost of power generation (Gx) by 2050, cost PN
differences between scenarios are much lower than 1% & A

Transmission grid cost: Gx Least Cost also cheapest for Tx o “MI: (5
* High-level cost estimate for shallow and deep grid Q,’.’:"m": e
connection cost for all scenarios was developed Y A % ,/’
* Least Cost (Gx) case is also R20-30 billion/yr cheaper ol .an.f,‘m.m,f"‘;@ - - e
compared to Draft IRP 2016 Base Case and Carbon s o g —

Budget case for transmission grid requirements
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The IRP is South Africa’s long-term electricity capacity expansion plan

Integrated resource planning (IRP) for electricity is a long-term capacity expansion planning process
typically applying least-cost planning principles to meet expected future demand reliably taking into
account all existing and future supply resources to a city, province/state or country

In South Africa, an IRP is performed periodically at a country level with the Department of Energy (DoE)
being the custodian of the process — the current iteration of the IRP is the IRP 2016 (draft)

* Starting point of the IRP Base Case: pure techno-economic analysis to determine least-cost way to supply electricity

* Later process: least-cost mix is policy adjusted to cater for aspects not captured in IRP model and/or policy objectives

* These adjustments are typically country level priorities and policy objectives e.g. emissions trajectories, water usage,
localisation potential, regional development, etc.

Due to it’s wide ranging implications for a broad range of stakeholders — it is typically made a consultative
process where inputs are sought from various entities

The IRP 2016 is the electricity expansion plan for South Africa until 2050 i

Sources: CSIR analysis



Last promulgated IRP is IRP 2010, update currently ongoing (IRP 2016)

The enforceable IRP in South Africa is still the IRP 2010 as promulgated in 2011
A number of changes since IRP 2010 (demand forecast and confirmation of wind/solar PV cost decrease)

The IRP 2016 currently released for public consultation is the latest update to South Africa’s IRP and is the
electricity system expansion plan to 2050

Public comments are invited by the Department of Energy to be submitted by 31 March 2017

IRP 2010: — IRP 2016: first draft
i | promulgated in 2011, = publ. in Nov 2016,

o) ) ner
2010203 plans from 2010-2030 \%’ T e plans from 2016-2050

ONS

[



Integrated Resource Plan (IRP):

Process for power generation capacity expansion in South Africa

LLT = Long-term

2 MT/ST = Medium-term/Short-term

Inputs

1) Demand Forecast

2) Existing Supply Forecast:

* Plants under construction

* Preferred bidders

* Decommissioning

* Plant performance

3) New Supply Options:

* Technology costs
assumptions

* Technology technical
characteristics

4) Constraints:

e CO, limits

* Security/adequacy of
supply level

IRP modelling
framework
(PLEXOS®)

LT techno-economic
least-cost optimisation

MT/ST? production cost
testing system adequacy
(security of supply)

Output

Per scenario:

* Total system costs

* Capacity expansion (GW)

* Energy share (TWh)

* CO, emissions

* Water usage

* Jobs in the electricity sector

After policy adjustment:

* Final “IRP” for
promulgation

* Key questions answered:
- What to build (MW)?
- When to build it (timing)?

v
Inputs

* Ministerial
Determinations for new
technology specific
generation capacity

Procurement

(competitive tender
e.g. REIPPPP, coal IPPPP)

Outcomes

* Preferred bidders

* MW allocation

* Technology costs
actuals (@ IPP tariffs)



IRP process as described in the Department of Energy’s Draft IRP-2016

document: least-cost Base Case is derived from technical planning facts

Scenario 2

Constraint:
RE limits

Constraint:
e.g. forcing in
of nuclear,
CSP, biogas,
hydro, others

Planning

Facts Least Cost
Base Case

Constraint:
Advanced CO,
cap decline

Case Cost
Base Case Base
Scenario 1 Base + Rxx bn/yr
Scenario 2 Base + Ryy bn/yr
Scenario 3 Base + Rzz bn/yr

1. Public consultation
on costed scenarios

2. Policy adjustment
of Base Case

3. Final IRP for

approval and
gazetting

CSIR

Sources: based on Department of Energy’s Draft IRP 2016, page 7; http://www.energy.gov.za/IRP/2016/Draft-IRP-2016-Assumptions-Base-Case-and-Observations-Revision1.pdf



http://www.energy.gov.za/IRP/2016/Draft-IRP-2016-Assumptions-Base-Case-and-Observations-Revision1.pdf

Reminder: IRP 2010 planned the electricity mix only until 2030

Installed capacity and electricity supplied from 2010 to 2030 as planned in the IRP 2010

ro
. . RP 2010
Installed capacity Energy mix
Total installed Electricity supplied
net capacity in GW in TWh per year
150 A 550 A
500 A
450 - 441
400
100
350
300
250
50 | 200
150
100
50
0 - 0
2010 2020 2025 2030 2010 2020 2025 2030
o, 0,
| Isolarpv | |other [ Gas B coal (new) RE 5% > 14%
(12 TWh/yr) (62 TWh/yr)
[ lcsp [ | Hydro I Nuclear (new) [ coal 10% 34%
. . (J (1]
[l wind || peaking I Nuclear CO, free (25 TWh/yr) )(149TWh/yr)

Note: Installed capacity and electricity supplied excludes pumped storage; Renewables include solar PV, CSP, wind, biomass, biogas, landfill and hydro (includes imports).
Sources: DoE IRP 2010-2030; CSIR Energy Centre analysis




Currently under discussion: Draft IRP 2016 Base Case plans until 2050

Installed capacity and electricity supplied from 2016 to 2050 as planned in the Draft IRP 2016 Base Case

t
L) . C
Installed capacity Energy mix
Total installed Electricity supplied
net capacity in GW in TWh per year
150 - 550 ~ 528
135.7 500 - 28
15.8
450
400
100
350
300
250
200
50
150
100
50
0 0
2016 2030 2040 2050 2016 2030 2040 2050
RE 10% > 29%
[ ]solarpv [l Other storage [ Gas B Nuclear (25 TWh/yr) (152 TWh/yr)
[csp [ ] other [ Hydro+PS [ coal (new) CO. free 10% > 57%
2
|:| Wind |:| Peaking - Nuclear (new) - Coal (40 TWh/yr) (300 TWh/yr)

Note: Installed capacity and electricity supplied includes pumped storage; Renewables include solar PV, CSP, wind, biomass, biogas, landfill and hydro (includes imports).
Sources: DoE Draft IRP 2016; CSIR Energy Centre analysis
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The DoE has asked for public comments and CSIR are mandated-as a

scientific body to contribute to key areas affecting all South Africans

The DoE has requested for the inputs from the public in provincial roadshows as part of wider
consultations (in addition to inter-departmental consultations and NEDLAC)

CSIR has already provided oral inputs (early Dec 2016), written inputs on 31 Mar 2017 (this document)

The CSIR is mandated by the Scientific Research Council Act section (3):

The objects of the CSIR are, through directed and particularly multi-disciplinary research and
technological innovation, to foster, in the national interest and in fields which in its opinion should
receive preference, industrial and scientific development, either by itself or In co-operation with
principals from the private or public sectors, and thereby to contribute to the improvement of the
quality of life of the people of the Republic, and to perform any other functions that may be
assigned to the CSIR by or under this Act.

CSIR has the capabilities to provide the scientific fact base for South Africa’s energy planning

As part of the contribution to the IRP 2016 public participation process — CSIR performed power-system
analyses for a range of scenarios and submit a complete package of data, models, report and slide deck

Sources: CSIR analysis



Energy Research at the CSIR covers the entire energy value chain,

from technologies, systems, market design to implementation

) _ Challenge
.' i ;“ l, s p— *  The global energy industry is in a restructuring phase, driven by the need for more
thu mm e efficient use of energy, renewable energies & new technologies (eVehicles, hydrogen,
y batteries)

*  The CSIR’s energy research responds to global megatrends while addressing national
research priorities

Objectives

*  The objective is to make CSIR the leading research institution on the African
continent in energy, globally recognised

*  Significant HCD pipeline with long-term target of 200+ staff

Energy Energy Energy Energy Energy
Demand Supply Storage Systems Market DeS|gn

Energy-Autonomous Campus Programme (real-world implementation)

Outputs generated so far

* Strong teams around hydrogen storage, batteries, energy systems, solar PV and wind
technology testing & development

2017/18 Plans

* Accelerated recruitment in areas hydrogen generation,
energy efficiency and demand response technologies

The feedback on the IRP is part of the research on “Energy Systems”



CSIR team has significant expertise from power system planning,

system operation and grid perspective

Joanne Calitz

* Senior Engineer: Energy Planning
(CSIR Energy Centre)

* Previously with Eskom Energy Planning
* Medium-Term Outlook and IRP for RSA

Dr Tobias Bischof-Niemz
* Head of the CSIR Energy Centre

* Member of the Ministerial Advisory Council :
on Energy (MACE)

* Member of IRP2010/2013 team at Eskom,
energy planning in Europe for large utilities

Mamahloko Senatla

I * Researcher: Energy Planning
(CSIR Energy Centre)

* Previously with the Energy Research
Centre at University of Cape Town

Robbie van Heerden

* Senior Specialist: Energy Systems

/ b (CSIR Energy Centre)

8 ,..:’f 4 ’j * Former General Manager and long-time
- A head of System Operations at Eskom

Jarrad Wright

* Principal Engineer: Energy Planning
(CSIR Energy Centre)

* Commissioner: National Planning
Commission (NPC)

* Former Africa Manager of PLEXOS

Crescent Mushwana

* Research Group Leader: Energy Systems
(CSIR Energy Centre)

, * Former Chief Engineer at Eskom strategic
S transmission grid planning

"_
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Global electricity sector generation mix

Coal

Nuclear

Natural gas

Solar PV, Wind, CSP, Biogas
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2000: South Africa’s electricity sector is fuelled by coal (92%)

Structure of electricity generation for selected countries

Structure of
Electricity Generation
in 2000 I

- Renewables (non-hydro) - Hydro - Oil - Gas - Coal - Nuclear

TWh
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|
World 'France Ukraine Spain  USA  United Russia Germany South India Brazil China Japan
Sources: IEA; CSIR analysis ngdom Africa




2014: South Africa’s electricity sector is fuelled by coal (92%)

Structure of electricity generation for selected countries

Structure of
Electricity Generation
in 2014

- Renewables (non-hydro) - Hydro - Oil - Gas - Coal - Nuclear

TWh

23904, 563 183 279 4339 339 1064 628 253 1287 591 5679 1041 280

1% 1%

[
1% 2%
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|
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Sources: IEA; CSIR analysis ngdom Africa




From 2000 to 2014, renewables and gas grew most, followed by coal

Global - Renewables (non-hydro) - Hydro - Oil - Gas - Coal - Nuclear
Electricity Generation
in TWh/yr
) (17%)
1074
16 879 % 1150 o
15671 16284, o o0 Ml
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(2%) (2%) (PR 1178 C%)
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pAY
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1198
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9143 9181 9707
(415%) [ (40%) (%)

8258 8100
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6723

6024
(40%)

(38%)

6005
(39%)

2661
(16%)

2719 2 696 2460 2535
(14%) (13%) (11%) (11%)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Sources: IEA; CSIR analysis



Global demand growth from 2000-2014 was supplied by coal, gas & RE

Electricity generation
in Germany in TWh/yr

+5 821 23904

585

- Biofuels and other
D Solar

D Wind

B Hydro

ol

- Gas

- Coal

- Nuclear

Change from 2000 to 2014

2000 Renewables (RE) Fossil and Nuclear 2014 i

GIR

Sources: IEA; CSIR analysis



Globally from 2000-2014: Renewables & gas grew by 4%-points each,

coal by 2%-points, nuclear declined by 6%-points and oil by 4%-points

Electricity generation

in Germany in TWh/yr
y y 4.0%

F5 80— 08%F 1.0%

0.7%

- Biofuels and other

D Solar
D Wind
N Hydro
H oil

- Gas
- Coal
- Nuclear

Change from 2000 to 2014

2000 Renewables (RE) Fossil and Nuclear 2014 i

GIR

Sources: IEA; CSIR analysis
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2000: South Africa produced 92% of its electricity from coal

Structure of electricity generation for selected countries

Structure of
Electricity Generation

in 2000 D Non-coal - Coal

TWh
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|
I
|
I
|
I
|
I
|
I
|
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61% o

6 : 0% o 64%
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89%
: 97% 94%
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I
|
: 68%
|
I
. 36%
I 30%
|
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| . e BB
I
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Sources: IEA; CSIR anaIySIsAfrica Klngdom



2014: South Africa produced 92% of its electricity from coal

Structure of electricity generation for selected countries

Structure of

Electricity Generation .| Non-coal [l Coal
in 2014
TWh
23903, 253 1287 5679 628 4 339 183 1041 339 280 279 1064 591 563

8%

25% 28%

55%
59% ’ 61% 61% .
66% 0%

83% 84% 85%
95% 98%

92%

39%

17% 16% 15%
%29, -1

World ' South India China Germany USA Ukraine Japan United Italy Spain Russia Brazil France
Sources: IEA; CSIR analysisAfrica Klngdom




Total global electricity generation from coal increased by 60% since

2000, its share in global electricity generation stayed constant at ~40%

Global D Non-coal - Coal
Electricity Generation
in TWh/yr
23 454 23903
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South Africa’s energy system relies on domestic coal and imported oil

Simplified energy-flow diagram (Sankey diagram) for South Africa in 2014 in PJ
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China is by far the largest electricity producer from coal —with

declining contribution and planned reduction in new-build capacities

China is the largest producer of electricity from coal
in absolute terms globally

* It produced 4 115 TWh of electricity from coal-
fired power stations in 2014 (18x South Africa)

 After a rapid growth from 1 060 TWh in 2000

The relative contribution of coal in the Chinese
electricity mix has however reduced

* 78% in 2000
* 72%in 2014

China recently announced the cancellation of
100 GW of planned new coal-fired power stations

* To achieve CO, reduction targets
* To reduce air pollution (smog) in urban areas

Sources: http://ceenews.info/en/china-cancels-more-than-100-gw-of-coal-plants/; IEA; CSIR analysis
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http://ceenews.info/en/china-cancels-more-than-100-gw-of-coal-plants/
http://upload.wikimedia.org/wikipedia/commons/archive/f/fa/20091103090801!Flag_of_the_People's_Republic_of_China.svg
http://upload.wikimedia.org/wikipedia/commons/archive/f/fa/20091103090801!Flag_of_the_People's_Republic_of_China.svg
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2000: South Africa produced 6% of its electricity from nuclear

Structure of electricity generation for selected countries
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2014: South Africa produced 5% of its electricity from nuclear

Structure of electricity generation for selected countries

Structure of

Electricity Generation D Non-nuclear - Nuclear
in 2014
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Total global nuclear electricity generation stayed constant since 2000,

its share in global electricity generation decreased from 17% to 11%

Global D Non-nuclear - Nuclear
Electricity Generation

in TWh/yr
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31 countries worldwide have operational nuclear power plants

Map of countries with operational nuclear reactors for commercial electricity production

A

Sources: World Nuclear Association - Reactor data base, CSIR analysis



In the last decade, 60% of nuclear capacity additions came from China

New nuclear capacity commissioned per year since 1950s
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After global ramp-up from 1970-1990, nuclear installed capacity stable

Global installed capacity end of year for nuclear, wind and solar PV (1970-2016) in GW (net)

Operational capacity
end of year in GW
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Nuclear power has been part of South Africa since 1970s

History of key decisions and milestones related to nuclear for power generation in South Africa

Gold and copper
mining with uranium
by-product: since
early ‘50s

il

to include nuclear in
i the generation mix:

|
1950 |

2007: 20 GW nuclear

2008: PBMR Nuclear policy  tender, later
demo planF ' 2008 (local cancelled in 2008
abandoned; lack [ clear fuel (lack of finance) necssa )\

of finance and cycle program)

|

Plans for the first
nuclear plant,
Koeberg; early ‘70s

Koeberg (2x 900 MW)
constructed from 1976 —
84. Commissioned in
1984/85)

1990

technology
issues '
. - PBMR (Pty)
NECSA established in established in 1994.
P B 1999. Nuclear Goal: A demo plant

200

research,
beneficiation of
nuclear material, and
forming nuclear fuel

GONTRIMENT GAZETTE. & M 2511

INTEGRATED RESOURCE PLAN FOR
EL 3

® Eskom

INTEGRATED RESOURCE PLAN FOR ELECTRICITY
0820

energy

Department:

2015

2014/15: Eskom
announces that it will
own and operate the
9.6 GW nuclear fleet

2011:IRP 2010
plans 9.6 GW
nuclear by 2030

Energy
REPUBLIC OF SOUTH AFRICA

Late 2015: DOE starts
preparatory work for
nuclear
procurement/ RFP

2013:IRP 2013
Update (not
promulgated) says
nuclear decision
can be delayed
Sources: http://www.world-nuclear.org/information-library/country-profiles/countries-o-s/south-africa.aspx;
http://www.fin24.com/Economy/energy-dept-postpones-nuclear-bid-gazette-as-court-case-looms-20160406

- 2015-16: IRP revision

=" underway (likely late
2016)

2017

2016: Court

challenge on nuclear
procurement delays
the issue of DoE RFP


http://www.world-nuclear.org/information-library/country-profiles/countries-o-s/south-africa.aspx
http://www.fin24.com/Economy/energy-dept-postpones-nuclear-bid-gazette-as-court-case-looms-20160406

Gen llI+ nuclear reactors can be sourced from various vendors

Reactor name, size, vendor and representative country likely available for South Africa’s nuclear procurement

Size

Name MW, et (MW, /MW, () Vendor Vendor countries
AP1000 Pressurised Water 1,100 (4,590/1,200) Westinghouse? . @
Reactor (PWR) e
Evolutionary Power Reactor 1,650 (3,400/1,770) Areva/EDF i i
(EPR)
Water-Water Energetic 1,082 (3,200/1,170) Rosatom
Reactor (VVER)! !
Advanced Boiling Water 1,350 (3,926/1,420) GE-Hitachi (and Toshiba) ﬁ .
Reactor (ABWR) P —
Advanced Power Reactor 1,400 (3,983/1,455) Korea HNP (KHNP) ///.‘:“
(APR) 1400 N
Hualong One (HPR 1000) 1,100 (3,050/1,150) CNNC/CGN o

1 RU: Vodo-Vodyanoi Energetichesky Reaktor (VVER); 2 Owned by Toshiba

Sources: https://aris.iaea.org/sites/..%5CPDF%5CAP1000.pdf; https://aris.iaea.org/sites/..%5CPDF%5CEPR.pdf; https://www.iaea.org/NuclearPower/Downloadable/aris/2013/36.VVER-1200(V-
491).pdf; https://aris.iaea.org/sites/..%5CPDF%5CABWR.pdf; https://aris.iaea.org/sites/..%5CPDF%5CAPR1400.pdf; https://www.iaea.org/NuclearPower/Downloadable/Meetings/2015/2015-
09-01-09-03-NPTDS41894/DAY2/10 _Chinas_Nuclear Power Development and Hualong One (HPR1000).pdf



https://aris.iaea.org/PDF/AP1000.pdf
https://aris.iaea.org/PDF/EPR.pdf
https://www.iaea.org/NuclearPower/Downloadable/aris/2013/36.VVER-1200(V-491).pdf
https://aris.iaea.org/PDF/ABWR.pdf
https://aris.iaea.org/PDF/APR1400.pdf
https://www.iaea.org/NuclearPower/Downloadable/Meetings/2015/2015-09-01-09-03-NPTDS41894/DAY2/10_Chinas_Nuclear_Power_Development_and_Hualong_One_(HPR1000).pdf

Hinkley Point C will be the first nuclear power plant built on the back

of a Power Purchase Agreement with an Independent Power Producer

The 3.2 GW Hinkley Point C nuclear power station is to be built
by Electricite de France (EDF) under a Power Purchase
Agreement (PPA) and is planned to be operational by 2025

The power plant will be jointly owned by French Electricite de
France (EDF) and Chinese China General Nuclear CGN (China)

This is the first time ever that a nuclear power plant is built on
the basis of a PPA (all project risks with the plant owner)

The resultant tariff in the PPA is hence the most transparent
cost of nuclear so far, as it is reflective of the project risks

Catastrophic risks are excluded (i.e. borne by the state)

Known Hinkley Point C PPA parameters

» 35 years PPA lifetime

* Tariff indexed to inflation (CPI)

 Initial tariff: 92.5 GBP/MWh (2012) i.e. 1.53 ZAR/kWh!

1 Annual average GBP/ZAR exchange rate for 2012 (13.0) and ZAR-CPI inflation from 2012 to 2016

Sources: https://www.edf.fr/sites/default/files/contrib/groupe-edf/espaces-dedies/espace-finance-en/investors-analysts/events/special-
announcements/agreement_reached on_commercial terms for_the planned hinkley point c nuclear _power_station.pdf; http://www.power-eng.com/articles/npi/print/volume-9/issue-
2/departments/enrichment/questions-doubts-swirl-around-hinkley-point-c.html; https://www.resbank.co.za/Research/Rates/Pages/SelectedHistoricalExchangeAndInterestRates.aspx



https://www.edf.fr/sites/default/files/contrib/groupe-edf/espaces-dedies/espace-finance-en/investors-analysts/events/special-announcements/agreement_reached_on_commercial_terms_for_the_planned_hinkley_point_c_nuclear_power_station.pdf
http://www.power-eng.com/articles/npi/print/volume-9/issue-2/departments/enrichment/questions-doubts-swirl-around-hinkley-point-c.html
https://www.resbank.co.za/Research/Rates/Pages/SelectedHistoricalExchangeAndInterestRates.aspx

Nuclear decommissioning costs generally not included in an IRP: the

long asset lifetime makes the costs negligible in present value

The International Energy Agency (IEA) said that 200 of the 434 reactors in operation around the globe
would be retired by 2040 with de-commissioning costs >$500 million per reactor?

The US Nuclear Regulatory Commission (NRC) estimates in the range of $350-500 per kW of net installed
capacity ($300-400 million per reactor)

France’s nuclear safety authority (ASN?2) estimates costs at between $600-700 per kW of net installed
capacity ($550-650 million per reactor)

Germany made provisions of $1,500 per kW of net installed capacity ($1.1 billion per reactor)
Japanese government estimates around $800 per kW of net installed capacity ($625 million per reactor)

Russia’s costs are estimated to range from $800-1,500 per kW of net installed capacity
($500 million to $1 billion per reactor)

Long asset lifetime makes present value of costs negligible — real cash provision needs to be made though

1These costs do not include waste disposal and long-term fuel storage 2 ASN - Autorite de Surete Nucleaire
Sources: World Nuclear Association - Reactor database, SA Reserve Bank, Exchange rate (2015 average); http://www.reuters.com/article/nuclear-decommissioning-idUSL6NOUV2BI20150119



http://www.reuters.com/article/nuclear-decommissioning-idUSL6N0UV2BI20150119

In Germany, waste management and storage costs were recently

transferred by private operators to the government for EUR24 billion

GW
307 &\& Permanent Shutdown
- Operational
20 -
10
O _

Installed
capacity (net)

Sources: World Nuclear Association - Reactor data base;

Nuclear plant operators in Germany have agreed to pay
EUR 24 billion into a German government fund to
transfer risk/liability of waste storage/handling

This is equivalent to additional “CAPEX” of EUR 1,100 per
kW of net capacity, i.e. = $1,200 per kW

http://www.handelsblatt.com/politik/international/atommuell-lagerung-kommission-will-rund-24-milliarden-euro-von-den-betreibern/13482042.html



http://www.handelsblatt.com/politik/international/atommuell-lagerung-kommission-will-rund-24-milliarden-euro-von-den-betreibern/13482042.html
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2000: South Africa produced 3% of its electricity from natural gas

Structure of electricity generation for selected countries
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2014: South Africa produced 3% of its electricity from natural gas

Structure of electricity generation for selected countries
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Total global