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ABBREVIATIONS

CCGT Closed Cycle Gas Turbine

CcO, Carbon Dioxide

COUE Cost of Unserved Energy

CSIR Council for Scientific and Industrial Resgar
CSP Concentrating Solar Power

DoE Department of Energy

DSM Demand Side Management

EEDSM Energy Efficiency Demand Side Management
EBLS Expensive Base Load Station

EPRI Electric Power Research Institute

FBC Fluidised Bed Combustion

FGD Flue Gas Desulphurisation

GDP Gross Domestic Product

GHG Greenhouse Gas

GJ Gigajoules

GLF Gross Load Factor

GW Gigawatt (One thousand Megawatts)
GWh Gigawatt hour

IGCC Integrated Gasification Combined Cycle
IMC Inter-Ministerial Committee on energy
IPP Independent Power Producer

IRP Integrated Resource Plan

kw Kilowatt (One thousandth of a Megawatt)
kWp Kilowatt-Peak (for Photovoltaic options)
LNG Liquefied Natural Gas

LTMS Long Term Mitigation Strategy

MCDM Multi-criteria Decision Making

MTO Medium Term Outlook

MTPPP Medium Term Power Purchase Programme
MW Megawatt

MWh Megawatt hour

MYPD Multi-Year Price Determination

NERSA National Energy Regulator of South Africhematively the Regulator
NOXx Nitrogen Oxide

OCGT Open Cycle Gas Turbine

o&M Operating and Maintenance (cost)

PF Pulverised Fuel

PPD Peak-Plateau-Decline

PV Present Value; alternatively Photo-Voltaic
RAB Regulatory Asset Base

RTS Return to Service

SOx Sulphur Oxide

TW Terawatt (One million Megawatts)

TWh Terawatt hour

UE Unserved Energy
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GLOSSARY

“Base-load plant” refers to energy plant or power stations that ate & produce energy at a constant, or near
constant, rate, i.e. power stations with high céapdactors.

“Capacity factor” refers to the expected output of the plant ovapexific time period as a ratio of the output if
the plant operated at full rated capacity for thee time period.

“Comparative Prices” refer to calculated prices that can be used omlgdmpare outcomes arising from
changes to input assumptions, scenarios or tesscasese prices do not indicate what future prinag be
(indicative prices).

“Cost of Unserved Energy” refers to the opportunity cost to electricity comsus (and the economy) from
electricity supply interruptions.

“Demand Side” refers to the demand for, or consumption of, eieityr
“Demand Side Management’refers to interventions to reduce energy consumptio

“Discount rate” refers to the factor used in present value cdiiana that indicates the time value of money,
thereby equating current and future costs.

“Energy efficiency” refers to the effective use of energy to producgiwen output (in a production
environment) or service (from a consumer point iefw, i.e. a more energy-efficient technology i dhat
produces the same service or output with less gniepgit.

“Gross Domestic Product” refers to the total value added from all econongitivity in the country, i.e. total
value of goods and services produced.

“Integrated Resource Plan” refers to the co-ordinated schedule for generatigpansion and demand-side
intervention programmes, taking into consideratiuuitiple criteria to meet electricity demand.

“Integrated Energy Plan” refers to the over-arching co-ordinated energy glambining the constraints and
capabilities of alternative energy carriers to mhetcountry’s energy needs.

“Levelised costof energy” refers to the discounted total cost of a technplogtion or project over its
economic life, divided by the total discounted autfrom the technology option or project over tlsaime
period, i.e. the levelised cost of energy providesindication of the discounted average cost redatdo a
technology option or project.

“Peaking plant” refers to energy plant or power stations that heessy low capacity factors, i.e. generally
produce energy for limited periods, specificallyidg peak demand periods, with storage that supporérgy
on demand.

“Policy” refers to an option that when implemented is &sbwuill achieve a particular objective.

“Present value” refers to the present worth of a stream of expeagpropriately discounted by the discount
rate.

“Reserve margin” refers to the excess capacity available to sera@ turing the annual peak.

“Scenario” refers to a particular set of assumptions anafgiture circumstances, providing a mechanism to
observe outcomes from these circumstances.

“Sensitivity” refers to the rate of change in the model outplétive to a change in inputs, with sensitivity
analysis considering the impact of changes in lesymptions on the model outputs.

“Steps” refers to the gradual change in assumptions, figedty in those adopted in IRP 2010 and the effect
these changes have on model outputs.

Page 6
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“Strategy” is used synonymously with Policy, referring to idemns that, if implemented, assume specific
objectives will be achieved.
“Supply side” refers to the production, generation or supplglettricity.

“Test case”refers to a mechanism to test the impact of aeitgiut assumptions or forced output requirements
on the model outcomes.

Page 7
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SUMMARY

Since the promulgation of the Integrated Resoutaa RRP) 2010-30 there have been a number of
developments in the energy sector in South andh®outAfrica. In addition the electricity demand
outlook has changed markedly from that expecte&20itD.

A revised economic and electricity sector outloak been developed to inform decisions required in
the lead-up to a new iteration of the IRP (whicli wiso be influenced by the approved Integrated
Energy Plan) expected in 2014. The demand in 2080w projected to be in the range of 345- 416
TWh as opposed to 454 TWh expected in the poligysted IRP. From a peak demand perspective
this means a reduction from 67800 MW to 61200 MW tbe upper end of the range), with the
consequence that at least 6600 MW less capadaiggisred (in terms of reliable generating capacity)

The Update considers the aspirational economic tirewggested by the National Development Plan
in order to reduce unemployment and alleviate ggvarSouth Africa. This growth rate (an average
of 5,4% per year until 2030) is also aligned witkhift in economic development away from energy-
intensive industries which is assumed to dramdgiceduce the electricity intensity of the economy
allowing the growth rate to have a less imposingadot on electricity demand to 2030 and beyond. It
should also be noted that this is an aspiratiobpdative and the reality is that demand may nothea
the levels required (especially not in the nexiefiyears) which raises the risk of overbuilding
generation capacity to meet the target.

Apart from the uncertainty regarding the future denhthere are additional variables in the energy
sector, specifically the potential for shale gas, ¢xtent of other gas developments in the regdian,
global agenda to combat climate change and thétiresmitigation requirements on South Africa, as
well as the uncertainty in the cost of nuclear cagand future fuel costs (specifically coal araby
including fuel availability. All these uncertaiai suggest that an alternative to a fixed capatiy

(as espoused in the IRP 2010) is a more flexibpFageh taking into account the different outcomes
based on changing assumptions (and scenarios)oakihd at the determinants required in making
key investment decisions.

The Update considers determinants at the turnimgigpdor the investment decisions and provides
recommendations on which investment should be pdrsmder different conditions when they arise.
In the shorter term (of the next two to three ypdhere are clear guidelines arising from the
scenarios, specifically:

* The nuclear decision can possibly be delayed. &hsed demand projections suggest that no
new nuclear base-load capacity is required urtir&025 (and for lower demand not until at
earliest 2035) and that there are alternative optisuch as regional hydro, that can fulfil the
requirement and allow further exploration of thealshgas potential before prematurely
committing to a technology that may be redundariéf electricity demand expectations do
not materialise;

« Procurement for a new set of fluidised bed combustbal generation should be launched for
a total of 1000-1500 MW capacity (as a preferabtglementation of the “Coal 3”
programme). It is recommended that these shoulthbed on discard coal;

« Regional hydro projects in Mozambique and Zambéraalised including the infrastructure
developments that may have positive spinoffs ireasthing other potential in the region.
Additionally regional coal options are attractiveedto the emissions not accruing to South
Africa, and in cases where the pricing is compatitivith South African options, would be
preferred;

* Regional and domestic gas options are pursuedteaid exploration stepped up;

Page 8
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¢ Continue with the current renewable bid programnith wdditional annual rounds (of 1000
MW PV capacity; 1000 MW wind capacity and 200 MW RCBapacity), with the potential
for hydro at competitive rates.

* A standard offer approach is developed by the Depart of Energy in which an agency
similar to Eskom’s Single Buyer Office purchasesrgy from embedded generators at a set
price (with a self-correcting mechanism based otekg) so as to render municipalities
indifferent between their Eskom supply and embedgederators and thus support small-
scale distributed generation;

« Additional analysis on the potential of extendihg tife of Eskom’s existing fleet should be
undertaken, to firm up on the costs involved, wigighup against the environmental impacts
(specifically the Departments of Water Affairs daavironmental Affairs should agree on the
appropriate way forward to deal with the impactsflae gas desulphurisation on water
resources in Mpumalanga). Alternatives to extegdie life of the plant would be to build
new coal-fired generation which is more efficiemidawith lower emission rates, or non-
emitting alternatives under more aggressive climateyation objectives.

e Formalise funding for EEDSM programmes and sectee dppropriate mandate for the
national entity to facilitate these programmes ¢y with targets on electricity intensity of
the economy).

Many of the options considered for future genetptiapacity would involve contracts that may be
dollar denominated. The current thinking agairmdtag-denominated contracting needs to be adjusted
as it would jeopardise the feasibility of thesei@ps. In particular it forces developers into arsér-
term contacting paradigm in order to hedge theirency exposure and it limits the interest from
potential developers. In particular developmengad options would be greatly prejudiced unless the
current aversion to dollar denominated contractsepped.

The assessment of the transmission impact of thdatdpindicates that five possible Transmission
Power Corridors will be required to enable key gatien scenarios. The main difference between
these scenarios is the physical amount of trangmissfrastructure within these corridors and their
timing. The transmission impact assessment has lbesed on the reasonable spatial location of the
future generation taking into account current kremigle and information. Therefore there is still
opportunity to consider better generation locatgirategies in the longer term. One generation
strategy that can provide advantages in terms dficieag the network integration costs and
minimising system losses is to consider a largdribiged generation network with more
appropriately sized units. These would be smalleeds plants that can be integrated into the
distribution networks utilising their infrastructuand reducing the loading of the Transmission .Grid
Initially this can be achieved with PV but latetexxded, with the associated transport infrastrectur
to gas and even coal plants located near larges loadhajor load centres.

Considering the changes in consumption patterngesithology costs over the past three years it is
imperative that the IRP should be updated on alaegoasis (possibly even annually), while
flexibility in decisions should be the priority favour decisions of least regret. This would ssgge
that commitments to long range large-scale investrdecisions should be avoided.
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1 BACKGROUND

11

1.2

13

14

The Integrated Resource Plan (IRP) 2010-30 was pigated in March 2011. It was indicated
at the time that the IRP should be a “living plavtiich would be revised by the Department of
Energy (DoE) every two years. This would mean thatMarch 2013 there should be a new
iteration of the plan.

The current planning activities in the DoE are femlion producing the Integrated Energy Plan
(IEP). One of the criticisms of the IRP 2010-30swhat it was developed without an
appropriate energy plan to inform the interactiontt other energy carriers. The IEP provides
a platform for integration between planning proesssn each of the energy carrier
environments with feedback loops into these planshe IRP would benefit from the
finalisation of the IEP process.

While the next iteration of the IRP will commencace the IEP is finalised there is an
opportunity now to undertake a high-level reviewupdate of the IRP 2010-30 allowing for
updated assumptions based on new information ak asethe consideration of additional
scenarios but not undertaking an entire re-itemadiothe plan.

The finalisation and publication of the Nationalvempment Plan (NDP) by the National
Planning Commission provided further clarity on ioaél policy objectives and broader
economic imperatives. These objectives are coresida this update.

2 UPDATE PROCESS

2.1

2.2

2.3

231

2.3.2

2.3.3

234

The IRP 2010 identified the preferred generatiamhnelogy (and assumed energy efficiency
demand side management) required to meet expeetadrdi growth up to 2030. The policy-
adjusted IRP incorporated a number of governmejgctibes, including affordable electricity,
carbon mitigation, reduced water consumption, isedbn and regional development,
producing a balanced strategy toward diversifiegtteicity generation sources and gradual
decarbonisation of the electricity sector in Sodtica.

There has been some progress over the past thaes, wince the promulgation of the IRP
2010, in executing the programmes identified in final plan. Table 1 indicates the policy-
adjusted plan and the results of the MinisteriateDainations (in 2011 and 2012) which
identified the capacity to be procured from indejmnt power producers (IPPs). In addition
800 MW of co-generation capacity was added to praferred in the IRP plans. Of these
determinations the Renewable Bid Programme haadreontracted 2470 MW of renewable
capacity and the contracts with the DoE OCGT peakave been finalised.

While the IRP 2010 remains the official governmptan for new generation capacity until
replaced by a full iteration, this IRP update igended to provide insight into critical changes
for consideration on key decisions in the interiim.particular it considers:

The changed landscape over the past three yegpsyticular in electricity demand and the
underlying relationship with economic growth;

New developments in technology and fuel optionsally and globally); and
Scenarios for carbon mitigation strategies andrtipact on electricity supply beyond 2030;

The affordability of electricity and its impact dlemand and supply beyond 2030.
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2.4 The update follows the approach of:

2.4.1 Developing a new Base Case from the IRP 2010 byatimyl some of the underlying
assumptions based on new information; and

2.4.2 Considering different scenarios or test cases f{iiilesh schematically in Figure 1) based on
alternative government policies or strategies dffdrénces in future economic and resource
terrains.

2.5 In order to ensure that the proposed resource etainder some of the key scenarios can meet
demand adequately in the future (under most foeddeecircumstances), additional adequacy
studies have been concluded, as well as an ass#ssfrtbe impact on transmission network
expansion. These are both included as appendidhe teport.

2.6 The intention is to develop a proposed path oftleagret, incorporating the benefits of
flexibility, and identify decision trees that coder the key determinants in decisions required
and the proposed solutions under different outcarhéisese determinants.

Figure 1 — IRP2010 Update schematic of test cases a nd scenarios
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Table 1 — IRP2010 Policy Adjusted Plan with Ministe  rial Determinations

Import | Gas— . DoE .2 | Other Co-
. SOIar .
MW MW MW MW MW MW MW MW MW MW MW MW MW MW

2010 0 0 0 0 0 0
2011 0 0 0 0 0 0
2012 ) 0 0 0 0 0
2013 0 0 0 0 0 0
2014 500 0 0 0 0 0 0 )
2015 500 0 0 0 0 ooV 0 0 0 200
2016 0 0 0 0 2 0 0 0 o200
2017 0 0 0 0 100 2168 0 0 0 ol 200
2018 0 0 0 0 100 - 0 0 0 o200
2019 250 0 0 0 100 e 0 0 0 0 0
2020 250 0 0 0 . 100 s 0 0 0 0 0
2021 250 0 ) 0 400 100 300 0 0 0 0 0 0
2022 250 o148 400 100 300 0 0 0 0 0 0
2023 | 250 1600 1183 400 100 300 0 0 0 0 0 0
2024 [W280 1600 288 800 100 300 0 0 0 0 0 0
2025 250 1600 0 1600 100 1000 0 0 0 0 0 0
2026 1000 1600 0 400 0 500 0 0 0 0 ) )
2027 250 0 0 1600 0 500 0 0 0 0 0 0
2028 1000 1600 0 474 6% 0 0 500 0 0 0 0 0 0
2029 250 1600 0 237 805 0 0 1000 0 0 0 0 0 0
2030 1000 0 0 o4 0 0 0 1000 0 0 0 0 0 0
Total 6250 9600 2609 2370 3910 8400 1000 8400 10133 1722 1020 800 325 800

- 2011 Determinations - 2012 Determinations - Eskom commitments (pre IRP)

Notes: 1. OCGT is seen as natural gas in therdetation

2. Includes Sere (100MW)

3 CHANGED CONDITIONS FROM 2010

Technology options and costs

3.1

The costs for generic technologies used in the 2BE0 were based on the July 2010 EPRI
report (“Power Generation Technology Data for Intégd Resource Plan of South Africa”)
The generic technology data was used for all optiercept for solar photovoltaic generation
which was provided by the Boston Consulting Grauphieir report (“Outlook on Solar PV");
sugar bagasse generation (provided by the sugastiydas part of the public hearings);
pumped storage costs (provided by Eskom) and tiierral hydro, gas and coal options (which
were based on data compiled in previous Southericalf Power Pool plans).

1
Downl

oadable from the Department of Energy’s IRP website (http://www.doe-irp.co.za/)
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3.2

3.3

EPRI has developed an updated report on the geteetinology costs in April 2012 based on
more recent data. This review utilises the updategided by EPRI for the same technologies;
for photovoltaic, sugar bagasse and regional optibe 2010 costs have been inflated with
South African consumer inflations rates, while Bekbas provided an updated view of the
pumped storage costs.

A persistent and unresolved uncertainty surrounatée@r capital costs. Based on a number of
expert studies and reported project costs for neglear investment, generic nuclear capital
costs were possible in the $3800/kW to $7000/kVgeanThese studies (indicated in Figure 2)
suggest that, outside of Asia, costs for new nuctegacity reach the nuclear cost value
included in the final scenarios of IRP2010 (aftex tonsultation process), adjusted for inflation
from 2010. This equates to $5800/kW overnight ¢ost2012 dollars). This is taken as the

generic cost of nuclear capacity for purposes efipdate.

Figure 2 — Nuclear capital costs (in 2010 $/kW) fro  m different sources
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Note: The IRP 2010 value is that adopted aftectmesultation process (40% increase on the initRiREcost)

3.4

3.5

3.6

3.7

Another departure from the methodology adopted R 12010 is the categorisation of
photovoltaic technologies. In IRP 2010 the maiffedentiator was between crystalline PV and
thin-film, whereas in the Update crystalline P\uged as a proxy for both technologies and the
main differentiation is between fixed tilt and tkang systems for PV installations, along with
location (as a key input into the load factor aeged with the PV installation).

Figure 3 indicates a comparison on some of thegdmin capital costs. Detail on the cost
estimates are provided in Appendix B.

The learning rates adopted in IRP 2010 are maiethin this review. Recent information
suggests that the somewhat aggressive learning f@tghotovoltaic technologies have been
realised in the industry (as evidenced in the oditehange between the first and second bid
windows of the Department of Energy’s Renewable Bidgramme). Similarly there have
been reductions in wind technology costs, whereasentrated solar technologies have yet to
support the learning expected in 2010. Howeves ksarning is continued in the base case
developed below with some sensitivity analysis ba impact if this does not materialise.
Figure 4 indicates the learning applied in the Wpda

Figure 44 in Appendix B provides a screening cdorethe main technologies included in the
Update as well as indicating the impact of learrforgthe renewable technologies. The model
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also has two prices for natural gas (R70/GJ forekiio and regional, and R92/GJ for imported
liquefied natural gas). The screening curve inéisdhe impact of the lower price of natural gas
for the regional options and how this is more cotitige against coal-fired generation.

Figure 3 — Comparison of overnight capital costs be  tween IRP 2010 and the Update
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©
=
Q.
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(with . IGCC | Nuclear | OCGT CCGT Wind . ne
FGD) (with lic, 3 (fixed
FGD) hrs) .
tilt)
# Inflation 2655 | 2234 | 3682 | 5554 | 590 863 | 2156 | 7599 | 3130
®IRP 2010 | 17785 | 14965 | 24670 | 37205 | 3955 | 5780 | 14445 | 50910 | 20971
MIRP Update| 21572 | 21440 | 29282 | 46841 | 4357 | 6406 | 15394 | 61176 | 19250

Note: The IRP 2010 capital costs are those addptkaving the consultation process (PV and nucleare revised)

Figure 4 — Technology cost paths applied in Update Base Case
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Expected Demand

3.8 Actual national electricity demand has been lowerdhe past three years than expected in the
IRP 2010, especially when compared to the Systemrddmr Moderate forecast which was
used as the base forecast for the final policystdfiIRP. In 2012 the expected SO moderate
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demand (net of expected EEDSM) was 270 TWh white gbtual was 249 TWh. This last
year's data is skewed by the application of poway-lbbacks by Eskom (in which certain
industrial consumers were paid to switch off prdduc capacity), notwithstanding, the
underlying trend indicates a lower growth in eleity demand relative to the previous
planning assumptions.

Figure 5 — Expected RSA sent-out from IRP 2010 vs a  ctual

Net Sentout in South Africa (TWh)
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Note: The System Operator Moderate was the den@eddst used in the policy-adjusted IRP
Sources: StatsSA (for actual), IRP 2010 (forecasts)

3.9

3.10

Whilst electricity demand was lower than forecastedonomic activity has been only
marginally different from that forecasted. TotdDB growth for each year was 2,9%, 3,4% and
2,4% for 2010, 2011 and 2012 respectively againsexpectation (in the moderate growth
scenario) of 2,4%, 3,7% and 4%. The 2012 lowewtradeparts from the forecast and has a
high impact on the resulting electricity demandhisTis indicated in the lower manufacturing
output against expectation in Figure 7.

The underlying causes of the reduced demand arg-folth including:

3.10.1 Eskom’s buyback programme which incentivised ceriadustrial consumers to reduce their

demand in 2011 and 2012. The extent to whichplzigs a role in the result depends on the
counter-factual of what the consumers were likelh@ave consumed if not paid to keep plant
off the system. It is possible that up to 4 TWhsweduced through this mechanism in each
year.

3.10.2 The constraints imposed by the supply situation #med strong likelihood for suppressed

demand, by industrial consumers as well as domestisumers.

3.10.3 The price increases over the past five years whaste led to large adjustments in consumer

demand. There was criticism in the IRP 2010 thatifficient attention was paid to price
elasticity in demand forecasting, and there ig@ngt case that the price increases are a major
contributor to a contraction in demand, especidilgm energy intensive electricity
consumers. There is evidence to suggest that cuelentricity prices are causing some
energy intensive users to relocate smelting opmrattd countries with more competitive
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electricity prices. From an industrial consumerspective then there is a strong indication
that electricity prices have reached the threshfdd a more price-elastic demand.
Quantifying the impact of prices on electricity damd into the future is almost impossible,
but the impact is reflected by assuming a progvesdecline in electricity intensity of GDP.

This is further discussed in Appendix A.

3.10.4 Improved energy efficiency, partly as a responsthéoprice increases which would greatly
improve the payback for many efficiency investmeatsd partly as a response to concerted
efforts by municipalities, Eskom and the DepartnadriEnergy.

Figure 6 — Expected GDP growth from IRP 2010 vs act ual
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Figure 7 — Actual manufacturing sector gross value added relative to IRP 2010 expectations
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Figure 8 — Actual mining output relative to IRP2010 expectations
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3.11 The continued decline in electricity intensity fagasured by the electricity sent-out in kWh
required to produce one rand of total gross vatiged (in constant 2005 rands) in the South
African economy) over the past three years hasesbabthe expectation in the CSIR Moderate

forecast and that of the SO Moderate and Low fatsca

Figure 9 — Actual electricity intensity relative to IRP2010 expectations
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3.12 A new set of demand trajectories have been develape result of the changes in economic
assumptions and incorporating (on the System Opreside) inputs from customers on their
changed expectations on demand. Details for tthesend forecasts are available in Appendix

A.
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Performance of the Eskom fleet

3.13

3.14

Since the 2008 electricity supply crisis Eskom waé¢e to meet electricity demand through

delaying maintenance on the generation fleet. Massled to the deterioration in performance
of the aging fleet, exacerbating the current ctisisalso incurring a longer term impact on the
effectiveness of the fleet to meet future demaitie IRP 2010 assumed the fleet to have an
average availability of 86% but actual performarmyever, declined to less than 80%.

Consequently to avoid continued stress on the fsiiom has proposed a new generation
maintenance strategy that aims to ensure the estjuimaintenance is carried out on key
identified generators, regardless of the demangigugalance. The final objective is to arrest
the decline in performance and return the averag#adility factor of the current fleet to 80%
over the next ten years. The Eskom generationyfaa-maintenance plan for the current fleet
(the “80:10:10" strategy) is used as the basistf@r planned maintenance and unplanned
outage probabilities in the Base Case.

Potential for extending economic life of existingléet

3.15

3.16

3.17

The current maintenance schedule for the Eskomistieg fleet includes additional
interventions to comply with the air quality recgrinents for existing generation facilities. The
Base Case also includes the additional outagesreelgio retrofit flue gas desulphurisation at
each of the large coal-fired generators (excludiregreturn to service stations which will be
decommissioned between 2020 and 2029).

Beyond the return to service stations the coatifippwer stations are all expected to be
decommissioned at the end of 50 year plant liféafdefor the default decommissioning is
included in Appendix B). There is the potentialwewer, with refurbishment for the life of
these power stations to be extended by anotherears, providing a mechanism to defer new
capital expenditure and contain electricity pricereases.

The modelling indicates that life extension of #né&mrge coal-fired generators, whilst requiring
additional capital expenditure over the next teargeis a potentially viable economic option
which defers the cost of replacement capacity enpériod 2025-2040. However, this result is
sensitive to the assumptions of the capital exgaralirequired for the refurbishment and is
further constrained by:

3.17.1 Extending the security of existing coal suppliesatacceptable price for at least another 10

years. The latest Coal Road Map for South Afrigdidates a decline in coal supply and an
increase in prices with the likelihood of augmegtexisting Mpumalanga coal supplies with
coal from rail from the Waterberg which will furthadd to the price of coal.

3.17.2 The environmental impacts of continuing productimm less efficient power stations with

3.18

high air quality emission impacts. Eskom would negdmption for the older power stations
from the requirements for air quality specifiedtbg Department of Environmental Affairs or
the inclusion of a ‘grand-fathering clause’ for #cilities that existed before the new
regulations. The decision to grant exemption walkdh need to consider the additional water
consumption required by FGD and the Department®Vafer Affairs and Environmental
Affairs would need to jointly consider the impabhese FGD facilities would have on scarce
water resources in Mpumalanga.

For the above reasons extending the life of thgelaoal-fired generators was included as an
option in the Base Case as this is a change frerorilinal IRP 2010 plan.

Page 18



IRP 2010-2030 UPDATE REPORT November 2013

4 BASE CASE

4.1

41.1

4.1.2

4.1.3

41.4

4.1.5

4.2

4.3

The Base Case is produced by updating the IRP 28%Qmption in five discrete “update
steps”. Each step represents a set of new infoomati changes to IRP 2010 assumptions. The
results of each of the steps can be seen in Appé&ndiThe steps are:

Step 1: The Ministerial Determinatidnare forced into the result with the IRP2010 SO
Moderate forecast extrapolated out to 2050 andC®e emissions limit maintained at 275
MT per annum. The technology costs, including,faapital and operating and maintenance
costs, are updated. All these costs were in 28tés (whereas the IRP2010 had used 2010
rands).

Step 2: The demand forecast is updated with theRGSleen Shoots forecast (detailed in
Appendix A) with all other aspects constant. THRIFC Green Shoots forecast was selected
as the median forecast from the four trajectodesiified (detailed in Section 5 below).

Step 3: The performance of the Eskom fleet is igutitd 80% EAF reflecting the new Eskom
80:10:10 strategy. The assumption in IRP 20108646 EAF.

Step 4: The option of life extension (“lifex”) ofi¢ existing Eskom coal-fired generators is
included as explained above.

Step 5: The new generation capacities called ftihénMinisterial Determinations that are not
yet committed are allowed to lapse. This meansdhly Rounds 1 and 2 of the renewable
bid programme and the OCGT peaker programme arendted with all other capacity freed
up for the model to optimise. It should be nothdtteven though Round 3 of the bid
programme is already in progress these have notbgenh committed and the final
determination of capacity is not known so was ¢gfen for the model to choose. The results
of the Base Case indicate that alternative capagtions to IRP 2010 are preferred by the
model — these are put forward in the report foregoment’s consideration.

The Base Case maintains a number of the limitatimp®sed in the IRP2010 in particular an
annual limit of new capacity for wind (1600 MW) aptiotovoltaic (1000 MW). The wind
construction limit was imposed in the IRP basedhenaverage construction rates in Spain over
the 2003-2009 period, whereas the photovoltaictliwés not based on any research but
required in order to limit the major switch to thiEchnology when the aggressive learning
reached a tipping point. These concerns stilltdxis impose an arbitrary constraint that needs
to be tested. For the purposes of the IRP Updieget constraints will continue until credible
information becomes available on solar and windd@ns and how the models can be further
developed to analyse the impacts of the stochiaatiare of the supply.

Table 2 provides the snapshot of the changes iacigpin 2030 between the Base Case
relative to the original IRP 2010 policy adjustddrp By the end of 2030 the life extension
would have increased the existing coal fleet to3B6RIW while new coal is substantially less

2 The Ministerial Determinations were issues in 2011 and 2012 and detailed:

IPP renewable capacity of 3825 MW (in the first determination) and an additional 3200 MW (in the second);

IPP base-load capacity of 8461 MW (of which 3200 MW coal, 2652 MW gas CCGT, 2609 MW import hydro);

IPP medium term risk mitigation capacity of 1274 MW (of which 800 MW industrial cogeneration and 474 MW of gas
CCGT)

IPP diesel-fired open cycle gas turbine capacity of 1005 MW;

Nuclear capacity of 9600 MW with Eskom as the owner and operator. (from the Statement on the Cabinet meeting of
7 November 2012, designating Eskom as the owner-operator (but the size of the nuclear procurement was not
specified)).

Page 19



IRP 2010-2030 UPDATE REPORT

November 2013

Table 2 — Technology options arising from IRP 2010

Notes:

at 2450 MW. The nuclear capacity is reduced frd#0D to 6660 (of which Koeberg remains
1800MW, implying only 4860 MW new nuclear capacityjhe gas capacity increases to 3550
MW, while CSP increases substantially at the expesfswind capacity with PV increasing
slightly. The total capacity required is a fullBLMW less than in the IRP 2010 which would
have an impact on electricity prices over the fiéeen years.

Technology option IRP 2010 (MW) Base Case (MW)
Existing Coal 34746 36230
New Coal 6250 2450
CCGT 2370 3550
OCGT / Gas Engines 7330 7680
Hydro Imports 4109 3000
Hydro Domestic 700 690
PS (incl Imports) 2912 2900
Nuclear 11400 6660
PV 8400 9770
CSP 1200 3300
wind® 9200 4360
Other 915 640
TOTAL 89532 81350

and the Update Base Case in 2030

(1) Demand Response options added to IRP 2010 to ensure comparability (previously not considered in IRP)

@

4.4

4.5

“Existing” coal includes Medupi and Kusile

The price curvésin Figure 10 and Figure 11 indicate the changdhé national revenue price
path of electricity arising from the successivendes / steps to the Base Case. The difference
between the two sets of price curves reflects thpatt of the recent multi-year price
determination (MYPD3) issued by NERSA. Figure hows the 8% annual nominal price
increases through to 2018 and then assumed 12%alanominal price increases thereafter
until the utility debt situation stabilises below 80:20 debt ratio. Figure 11 shows how the
prices would have to increase in the absence ditYieD3 in order to maintain an appropriate
debt: equity ratio throughout the period. Everiia Base Case without the constraint of the
MYPD3 price the electricity price would rise to 9é/h by 2018 before starting to decline
thereafter. With the MYPD3 price curve the pricerease is delayed but the consequent utility
debt escalation requires prices to eventually aise stay higher for longer in order to reduce
the debt situation. The impact of the MYPD3 decisventually works out of the system by
2035. For the purposes of this report the secadof price curves (without the MYPDS3
determination) are used to compare the impact efsttenarios or test cases and the choices
implied.

Initially the IRP 2010 moderate forecast is exttaped to 2050 to show how the prices would
result with the new costs and original forecast, this is modified by first, the new forecast,
then the changed availability of the existing flegid the options for life extension which
dramatically delays the requirement for new capégpenditure (even at the expense of
increased fuel costs). Finally Step 5 indicates élxtent to which price increases can be
delayed by shifting out the committed new buildnirédRP 2010 (such as the nuclear fleet and
the other Ministerial determinations).

% The reduced wind capacity (in the Update relative to the IRP 2010) results from incorporating new wind data into the model.
The combination of these new wind sites and the application of annual limits (L600MW per year) resulted in some wind sites
being selected in the model (preferred to Nuclear as the next option) and others falling below Nuclear. Revision of these
assumptions would greatly alter the wind outcomes.

4 The description of the pricing model and assumptions used to derive the comparative revenue price paths is included in
Appendix D.
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path following each step to the Base Case

Figure 10 — Comparative real average revenue price

(using MYPD3 determination)
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path following each step to the Base Case

Figure 11 — Comparative real average revenue price

(without MYPD3 determination)
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Figure 12 — Costs implications and system snapshot for Base Case
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4.6 The greatest contribution to electricity costshe Base Case remains coal fuel costs (to the
value of R2,45tn (undiscounted) of the total R7@®itrr the period). Coal-fired generation also
remains the main source of dispatchable generati@50 (as reflected in the 2050 snapshot).

5 DEMAND FORECAST TRAJECTORIES

5.1 A number of updated demand forecasts were develajpeithg 2012 based on the latest
economic indicators and measured electricity demand

5.1.1 The Eskom System Operator forecasts (developedhbySystem and Market Operator
Division) consider information from key customesegarding their expectations of future
demand and evaluate these against different faefmsmacro-economic conditions. For the
purposes of the IRP Update two forecasts are ieddbm the System Operator: an SO Low
and SO Moderate. The details for these forecastsialuded in Appendix A.

5.1.2 The CSIR prepared five electricity demand forecdstsed on five economic projections
developed by the Eskom System and Market Operataisibn. These details are also
included in Appendix A.

5.2 For the purposes of the IRP Update cases onlydbtlre trajectories are used (shown in Figure
13, along with the other trajectories developed @rdpared to the IRP 2010 forecasts):

5.2.1 The CSIR Green Shoots forecast, based on the N®Rage 5,4 % GDP growth to 2030,
but assuming significant shifts in economic acyivéiway from classical energy-intensive
industries, results in an average annual elegtrd@imand growth of 2,7 % to 2030 (and only
1,9% to 2050) and is used for the Base Case antlahtie other test cases;

5.2.2 The SO Moderate forecast, also based on an avBrd@é GDP growth to 2030 but with less
of a restructuring of the industry, results in aerage annual electricity demand growth of
2,8 % to 2030 (and 2,4 % to 2050);

5.2.3 The SO Low forecast which is based on an averag@GDP growth to 2030, result in an
average annual electricity demand growth of 1,9%030 (and 1,5% to 2050); and
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5.2.4 The CSIR Weathering the Storm forecast which ha®&b6 GDP growth to 2030 and results
in a 1,8 % average annual electricity demand graw@030 (and 1,3% to 2050).

Figure 13 — Expected electricity demand trajectorie s to 2050
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5.3 Combining the electricity demand and economic ghovibrecasts results in declining
electricity intensity expectations over the nextyioyears as indicated in Figure 14. The SO
Low and SO Moderate follow exactly the same intignsath (indicated as the SO Moderate),
climbing initially before dropping extensively toemt and then exceed the decline in the Green
Shoots intensity. Importantly the difference besw¢he Green Shoots and Traditional Sectors
intensity graphs reflect the impact of the assursedtor shift in the economy as energy
intensive industries make way for less intensikgtries.

Figure 14 — Electricity Intensity for each of thed  emand trajectories
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The results from the four optimisation runs (detiin Appendix E) on the trajectories indicate
that regardless of the demand the requirementdar coal generation remains much the same
as it is constrained by the emissions cap, thuls thi¢ life extension the new coal is between
2450 MW (in the Green Shoots/ Base Case) and 2700itvithe SO Moderate. The nuclear
requirement is entirely dependent on the demanj@ggtion as there is no nuclear build in either

the SO Low or the Weathering the Storm scenarfoSP is similarly reduced in the SO Low
and Weathering the Storm to no new plant beyondctheent bid windows and the current
PV and wind capacity follows thadarequirement more gradually. CCGT
capacity is relatively similar between all casesept the Weathering the Storm scenario.

Eskom project.

Table 3 — Technology options arising from the four

demand trajectories in 2030

Technology SO Green SO Low Weathering Scenario -
option Moderate Shoots (MW) the Storm wise decom-
(MW) (MW) (MW) position
(MW)
Existing Coal 36230 36230 36230 36700 36047
New Coal 2700 2450 2450 2450 2355
CCGT 2840 3550 2840 1420 3760
OCGT / Gas Engines 8280 7680 6960 6720 7731
Hydro Imports 3000 3000 3000 3000 3000
Hydro Domestic 690 690 690 690 690
PS (incl Imports) 2900 2900 2900 2900 2900
Nuclear 8260 6660 1860 1860 6717
PV 10050 9770 8860 7400 9770
CSP 2900 3300 300 300 3166
Wind 4090 4360 3240 2260 4402
Other 640 640 640 640 640
TOTAL 82580 81350 69970 66340 81179

Notes:

(1) “Existing” coal includes Medupi and Kusile
(2) The scenario-wise decomposition scenario is not based on mixed integer optimisation (i.e. optimised output allows
for partial construction of units) whereas all other scenarios are mixed integer (i.e. capacity reflects whole units with
no partial construction allowed)

5.5 Both the Green Shoots scenario and SO Moderatepoie the aspirations of the National
Development Plan by indicating the trajectory thatuld be required in order to provide the
generation capacity to meet the high growth plafthile this indicates the top end of the
expectation the reality is that the economy iskahi to grow at this level for the full period
and may undershoot substantially. However if gati@n capacity is only built to manage a
low growth path the electricity system will foreveemain a constraint on the appropriate
growth required to reduce unemployment and povirtshe country. Thus in the decisions
required over the next ten years it should be clegtrthe Green Shoots represents an aspiration
but that the lower growth of the SO Low may coms#tthe reality, thus building for the higher
demand may result in over-capacity and strandedsinvent but building for the low could
constraint the development path. The dynamic$efdecision should be to allow maximum
flexibility to build for the low as a minimum, byirovide options for faster, more flexible

development to meet the aspirations of the country.

5.6

This would suggest that the minimum required ovex hext twenty years would include

limited new coal-fired generation (all FBC), invegnt in CCGT from domestic and regional
gas along with OCGT or gas engines based on the gas sources; continuation of the PV
and Wind roll-out; but no additional nuclear or C&%elopments. This would meet the lower
end of the demand requirements, but run the riskenfaining a constraint on new growth
should other constraints identified in the NatioDalvelopment Plan be adequately tackled.
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5.7

The revenue price paths in Figure 15 show how ribégt prices would have to increase

steeply in the next five to ten years if demandmisch lower than the current MYPD3

expectation in order to generate the required neweto fund the current build before the

overcapacity situation under these scenarios allprices to fall away again before new

capacity is required. This is shown in the extrerase of the Weathering the Storm scenario
where prices rise to 95 c/kWh before declining ¢wally to 71 c/kwh in 2031.

Figure 15 — Comparative real average revenue price  path for each demand trajectory

Average real utility revenue price (c/kWh)
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5.8

Instead of looking at which expansion plan bestssai particular demand trajectory, an
alternative approach is to allow the optimisatioodel to incorporate the uncertainty regarding
different demand outlooks into the decision dinedtirough scenario-wise decomposition.
This approach requires applying a probability disiion to the different demand trajectory
and allowing the model to build a least regret espan plan to attempt to meet the different
trajectories and minimise the cost of regret uneieh condition. For the purposes of this
approach it was assumed that each of the fourctmajes had the same probability of being
realised, thus the outcome tends to weight thehigber trajectories equally to the two lower.
The outcome (indicated in Table 3) suggests thatildllity has a premium to large-scale
commitments in this approach due to higher OCGTac#yy, indicating that the least regret
move is to accept higher fuel costs (in the higthemand outcome) offsetting the reduced
capital costs, which would have been an increaaad possibly under-utilised) burden in the
lower demand outcome.

6 CLIMATE CHANGE MITIGATION

6.1

A key issue for extending the study period for IR Update was to consider other strategies
to reduce carbon emissions in the period follon2080. By excluding the period after 2030

there is a risk of building coal-fired generatiam the period leading up to 2030 on the

assumption that the carbon emission caps wouldreentt the same level, but this would lead
to a constraint in reducing the emissions or undiéisation of generation capacity if the cap

needed to be reduced over time as indicated bgdlkernment's peak-plateau-decline (PPD)

objective.

Page 25



IRP 2010-2030 UPDATE REPORT November 2013

6.2 The peak-plateau-decline objective suggests thaseons would be allowed to peak in 2025
(originally indicated at 550 million tons per anndion South Africa as a whole), then plateau
for some period before declining. In August 20hé& Department of Environmental Affairs
published an explanatory note titled ‘Defining Soukfrica’s Peak, Plateau and Decline
Greenhouse Gas Emission Trajectory” which indicatedirange of expected carbon dioxide
emissions up to 2050. Under the PPD range, Sofrica’s upper limit is expected at 428
MT/a in 2050 and the lower limit at 212 MT/a. Theng Term Mitigation Scenarios (LTMS)
(October 2007) indicated that the electricity segmeenhouse gas contribution was 45% in
2003. The IRP 2010 assumed a 50% contributionfhisitwas seen by some observers at the
time as an indulgence. Assuming the less indulg&ft contribution, the upper limit for the
electricity would be 193 MT/a in 2050 and the lowmit would be 95 MT/a.

Figure 16 — DEA Peak, Plateau and Decline range wit h assumed electricity industry
contribution
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6.3 Three alternatives are proposed for future carbatigation (indicated in Figure 17) with
increasing impact on costs for the electricity seciThese are:

6.3.1 To continue the emission target established inlf## 2010 of 275 million tons per annum.
Although this target does not meet the DEA expemtadf a PPD it establishes a counter-
factual for the impact of the target on costs i@ #hectricity sector. This still serves as the
assumption in the Base Case (as a continuatidmedRP 2010 trajectory).

6.3.2 One approach to the DEA'’s requirement for the PBDaimoderate decline in carbon
emissions, starting at the 275 million tons esgdigld in IRP 2010 and then starting to decline
in 2037 at a moderate pace before reaching 210 MT2850, which is marginally above the
DEA upper limit target at a 45% electricity contriton.

6.3.3 The advanced decline scenario allows for an eamiguction in carbon emissions from the
IRP 2010 limit of 275 MT/a in 2030 before decliniagan increasing rate to reach 140 MT/a
in 2050, which is well within the DEA target at %4 electricity contribution.
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Figure 17 — Emission Trajectory scenarios forthe |  RP 2010 Update

Annual CO2 emissions (MT/a)
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6.6

6.7

6.8

As indicated in Table 4 the differences between ttitree emission options only becomes
evident beyond 2030 (even though new domestic optbns built before 2030 would be
impacted by the declining emissions). The diffeemnin the 2050 capacity outlook are
highlighted in the shift from coal generation taclaar. In all cases the renewable options, PV,
wind and CSP, are relatively constant with CSPedasing in the advanced decline scenario as
wind and PV are constrained by the maximum annoéld. The CCGT also increases slightly
as the emission requirements reduce.

The comparative price paths in Figure 18 also stieaprice increase beyond 2033 as cheaper
coal-fired generation is replaced by more expensuaear capacity.

Under both the Moderate and Advanced decline swendine increase in nuclear capacity
results in the relative increase in fixed capitats (as reflected in Figure 19) as a proportion of
total costs over the period.

The application of the annual limit constraint fesin a higher cost to the system when it is
binding (i.e. when the model would not have attdirthe desired outcome without the
constraint). This cost is reflected in the “shadprice” of the constraint which reflects an
inherent carbon price associated with the carbassom limit. Figure 20ndicates the annual
shadow price associated with each of the threet@nts applied above. These shadow prices
represent the marginal cost to the system in mgelia constraint and indicate the extent to
which the carbon tax would need to rise in ordeadbieve the technology switch at the margin
that is achieved by the emission constraint.

The shadow prices associated with the three mibiggiaths are similar because the shift in
technology is similar between them, from new caef generation to new nuclear generation.
This suggests that if the carbon tax were appligtiia level the reduction in emissions would
at least meet the advanced decline requirementhieuimpact on competitiveness would be
significant” (Genesis Analytics Study: The potehirapact of the carbon tax on electricity

tariffs and an economic impact assessment, 312D1lg).
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Table 4 — Technology options arising from the three
Figure 18 — Comparative real average revenue
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Figure 19 — The cost implications of the Moderate ( left) and Advanced (right) decline scenarios
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Carbon tax

6.9 National Treasury has issued a series of discussionposition papers on a proposed carbon
tax. The latest proposal indicates a R120/tonrtawduced in 2015, escalating by 10% p.a. (in
nominal terms) until 2019. In addition the proddsaludes a tax free allowance set at 60%
with additional allowances awarded for efficienaydaparticipation in other climate change
mitigation options. For the purposes of assessiadmpact of the carbon tax on the electricity
sector the assumption was that the electricity shguas a whole experienced a 60% exemption
on the full carbon tax until 2019 after which ttax free allowance is reduced by 10 percentage
points every year until its elimination in 2025 real terms (2012 ZAR) this gives an effective
carbon tax of R40/ton in 2015 increasing gradutdlfR47/ton in 2019 before the more rapid

escalation to R117/ton in 2025, as reflected inFeg0.

6.10 For the purposes of all the Update scenarios thetrality generation levy is maintained at

3,5c/kWh in real terms.

Figure 20 — Effective Carbon Tax (in real terms) on  electricity generation against the shadow
price of the emission constraints
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6.11 The imposition of the carbon tax, even at R117for2025, is not sufficient to make the
optimisation model alter technology choices. As ba seen from the results (Table 5 below),

Page 29



IRP 2010-2030 UPDATE REPORT November 2013

if the emission cap is withdrawn and replaced lmardoon tax as the only instrument, then the
preferred option is to continue building cheapealdoed generators and pay the tax to the
authorities, but not reduce carbon emissions inmaegningful way (indicated in Figure 21).

6.12 The application of the emissions limit in the IRP12 and the Update provides a more
significant carbon price than the carbon tax. Thighlights the point that as a result of the
emissions limit (including potential declines) tlRP modelling chooses a more aggressive
decarbonisation than the proposed carbon tax anseqoently consideration should be given
to using one of the two but not both.

Table 5 — Technology options arising from the carbo n tax relative to emission caps

Technology Constant Carbon Constant Carbon
option Emissions Tax Emissions Tax
(MW) (Mw) (Mw) (Mw)
2030 2030 2050 2050
Existing Coal 36230 36230 16120 16120
New Coal 2450 9700 24700 42700
CCGT 3550 2840 6390 6390
OCGT / Gas Engines 7680 7920 12240 14520
Hydro Imports 3000 3560 3000 3560
Hydro Domestic 690 690 690 690
PS (incl Imports) 2900 2900 2900 2900
Nuclear 6660 1860 12800 0
PV 9770 8160 25000 24720
CSP 3300 300 8100 0
Wind 4360 1610 10520 4880
Other 640 640 0 0
TOTAL 81350 76410 122460 116480

Notes: (1) “Existing” coal includes Medupi and Kusile

Figure 21 — Electricity industry CO2 emissions unde r the carbon tax
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Carbon budget

6.13

6.14

6.15

6.16

6.17

An alternative approach to induce the appropriditeate mitigation path is to set the total
emissions allowance for the electricity sector otlee study period and impose that as a
constraint rather than an annual limit.

The World Wildlife Fund in a briefing paper on “®an budgeting” suggests a range of 9 to 15
Gt CO-equivalent as the maximum South African emissionghe period 2009-2050. The
Department of Environmental Affairs paper on theDR@nge, referenced above, suggests a
range of 13,5 to 21,4 Gt Ge@quivalent for the country in the period 2013-2050 the
electricity sector is taken at 45% contributiorthis, the range for the electricity sector should
be 6,1 to 9,6 Gt C&equivalent. The total emissions over the periotl3280 for the Constant
Emissions scenario are 10,4 Gt, for the Moderatdib=9,9 Gt and for the Advanced Decline
9,4 Gt.

For the purposes of the carbon budget study th&9df the advanced decline is assumed as
the total budget for the electricity sector in geriod 2013-50 in order to assess how the
optimisation model would prefer to meet the budigetstraint rather than a forced annual limit.

Figure 22 indicates that the optimisation approaciuld delay the implementation of the
constraint but extend the decline to a lower léafbre 2058 This shifting out of the limit is

a clear result of the discounting process in thinggation model which sees future costs as
lower impact the further into the future these iamirred. Thus the premium associated with
emission reductions is best delayed under suchitomsl and if incurred at the end of the
period, even if more severe, is preferred to iringrat an earlier date.

The delay in the application of the emission caistrwould also delay the nuclear build (as
evidenced in Table 6 but increase the nuclear remant in the 2040s at the expense of gas
CCGT and coal.

Figure 22 — Electricity industry CO  , emissions under carbon budget vs. advanced decline
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® A comparison of the total carbon emissions between the carbon budget and Advanced decline cases between 2013 and 2050
show the total under the carbon budget (9613 Mt) is higher than the Advanced decline (9439 Mt).  This is due to the
optimisation model operating beyond the study end date of 2050 (up to 2055) to avoid end effects in the optimisation routine.
In the period 2051-55 the carbon emissions are substantially lower in the carbon budget case and makes up for the 174 Mt
difference.
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Table 6 — Technology options arising from the carbo

n budget scenario relative to the Adv

decline

Technology Advanced Carbon Advanced Carbon

option Decline budget Decline budget

(MW) (MW) (MW) (MW)

2030 2030 2050 2050
Existing Coal 36230 36700 16120 16120
New Coal 2450 4450 5200 4450
CCGT 3550 4260 8520 4970
OCGT / Gas Engines 7680 8160 11400 11040
Hydro Imports 3000 3280 3000 3280
Hydro Domestic 690 690 690 690
PS (incl Imports) 2900 2900 2900 2900
Nuclear 6660 3460 28800 32000
PV 9660 9050 25000 24930
CSP 3600 2800 11900 13100
Wind 4530 3490 10770 11200
Other 640 640 0 0
TOTAL 81590 79880 124300 124680

Notes: (1) “Existing” coal includes Medupi and Kusile

7 REGIONAL DEVELOPMENTS

7.1 The policy adjusted IRP only allowed for 2609 MW m&#gional hydroelectric generation
projects, even though it considered an additiod@l MW. Since the promulgation of the IRP
2010 a number of additional hydro options have becavailable. These include:

7.1.1

7.1.2

7.1.3

The Inga Il project in the Democratic Republic@bngo which would allow South Africa
access to 2500 MW from the facility. For the pug® of this Update it was assumed this
would be available after 2025. Since no costs len provided as yet for this project the
scenario tested the impact of the new option andwtechnology options it would displace,
and the pricing model assumed costs for the Mp&hde from IRP 2010.

The Kobong pumped storage scheme in Lesotho whbichs part of the second phase of the
Lesotho Highlands Water Project. This facility yicles 1200 MW of pumped storage
capacity from 2023. Again, without costs to guttie technology choice, the facility was
forced in for the Regional Hydro scenario to inigegie what, if anything, the facility would
displace. The utilisation of the facility in theodel remained low for the full study period
indicating that it may not be the most cost effextuse of capital to invest in yet another
pumped storage scheme.

The other hydro projects included in the IRP 20E)ene-introduced in the Regional Hydro
scenario to see if they would still be selectedhat costs as indicated in IRP 2010 (with
escalation at South African CPI). All four proje¢Boroma, Ithezi Tezi, Kafue, Kariba North

Extension) are selected between 2022 and 2024aitalg the attractiveness of the options if
the original cost assumption is indicative of thestcost.

7.2 Additionally in the region there are gas optionzedfically Kudu in Namibia, but these are
discussed in the Gas outlook below.

7.3 In terms of coal options in the region, the onlti@p considered was for Mmamabula in
Botswana. This 1200 MW was included in the BasgeGes a fluidised bed combustion option
with no emissions (as the emissions take placesadie border and therefore accrue outside
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South Africa) and is preferred by the model in @ises before other domestic coal-fired
generation.

8 EMBEDDED GENERATION

8.1

8.2

8.3

8.4

Given the recent reduction in the cost of photaiolgeneration it has become highly probable
that electricity consumers (commercial, residen@ald to some extent industrial) will begin

installing small-scale (predominantly roof-top) tdisuted generation to meet some or all of
their electricity requirements. This penetratidndestributed generation may occur with or

without the support and approval of national andalogovernment entities, but it may be

prudent to incentivise the appropriate implemeatain order to derive social benefits from

this development rather than a potentially subroati result because authorities only
considered the risks rather than the benefits.

While there may be many forms of embedded generaitieluding biogas, biomass and wind,
for the purposes of the analysis the Update corsiolely photovoltaic as it is the most likely
form of generation to be embedded.

The assumed penetration of embedded PV uses rialdena proxy (even though commercial
rooftop is more likely to materialise especiallythsre is a better match of electricity supply
from PV and the demand onsite). It was assumeth®purposes of estimating potential PV
rollout in homes that only households in livingretard measure (LSM) 7 or higher would
invest in rooftop PV and that (by 2020) only 50%tleése would do so. In these cases the
average capacity invested would be 5kWp. Figurin@R®ates the growth in total rooftop PV
estimated growing as the number of households M [ZSor higher increase. By 2015 it is
assumed that 40% of all households (6 million) Wwélin LSM 7 or higher and that this will
rise with the assumed GDP growth to reach 70% 50204 million out of a total number of
households of 20 million).

The results of the scenario indicate the prefetexthnology option in the face of this
investment, especially as more flexible, mid-mplént would be required to accommodate the
large midday generation that disappears towardettening peak. This can be seen in the
increased requirement for OCGT or gas engines andaease in CCGT of 1420 MW. The
nuclear required is less by 3200 MW, whereas tlaé @eneration is much the same as the Base
Case (increase of one unit of 750 MW). The CSRci&pis reduced significantly.

Figure 23 — Possible total small-scale photovoltaic capacity
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Table 7 — Technology options arising from the Rooft

op PV case relative to Moderate Decline

Technology Moderate Rooftop Moderate Rooftop
option Decline PV Decline PV
(MW) (MW) (Mw) (Mw)
2030 2030 2050 2050
Existing Coal 36230 36230 16120 16120
New Coal 2450 2450 12700 13450
CCGT 3550 2840 9230 10650
OCGT / Gas Engines 7800 13440 11400 17160
Hydro Imports 3000 3000 3000 3000
Hydro Domestic 690 690 690 690
PS (incl Imports) 2900 2900 2900 2900
Nuclear 6660 3460 20800 17600
Embedded PV - 21617 - 29778
PV (additional) 9630 8770 25000 24930
CSP 3300 700 10900 4000
Wind 4250 3790 10680 10870
Other 640 640 0 0
TOTAL 81100 100527 123420 151148

Notes: (1) “Existing” coal includes Medupi and Kusile

9 OUTLOOK FOR NATURAL GAS

9.1

9.2

9.21

9.2.2

9.2.3

In the IRP 2010 the main source of potential gasersion was liquefied natural gas (LNG).
This was priced at R80/GJ (in 2010 ZAR) but limiteda maximum 4300 MW of capacity (on
the assumption that import capacity would be cairséd by LNG terminal size). There was a
consideration of the Kudu gas option but this ubedparameters from a previous SAPP pool
plan. While gas-fired CCGT were evident in manytred scenarios leading up to the final IRP
2010 these were squeezed out by many of the poptigns made in the policy-adjusted plan,
especially as coal, nuclear, renewables and hyptiors were forced, leaving little room for
originally preferred technologies.

In the years since the promulgation of the IRP 2bi#0e have been a number of new gas finds
and developments in the gas market, domesticabipnally and internationally. These have
required a change in how the IRP considers gasrmupti

In the Base Case the domestic gas option (whichneagonsidered at all in IRP 2010) is
considered at a fuel price of R70/GJ (in 2012 ZARj) limited in total energy capacity to 295
PJ. This allows the model to choose how to optirtigeconsumption of gas over the study
period to best suit the electricity demand. Clethils offers an additional complication as the
gas field will require a fairly constant outflow gés, thus necessitating storage facilities.

In the Base Case regional gas is also consideradfial| price of R70/GJ and is similarly
limited but at 986 PJ. This reflects the Kudu gekifonly as it is assumed that the currently
operating Mozambique gas fields (Temane and Paardealready fully committed. As with
the domestic gas the modelling system prefers ameidt operation for the gas-fired power
plants and builds 2840 MW to utilise the gas irstfashion. If operated in a base-load
fashion only 800 MW would be built.

LNG is still considered available, uncapped, bua girice of R92/GJ, based on an assumed
LNG price of $10/MMBTU. The future price of LNG &ssumed to remain at this price in
real terms, based on the expectation that the dritiates will soon start exporting the
liquefied product (derived from shale) which is egfed to keep the LNG market suppressed
for some time. At this price few of the scenamossider LNG gas as a viable fuel for mid-
merit generation, let alone base-load. Howevewnduld be feasible for OCGT peaking
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capacity and thus all new OCGT capacity is assutmegberate on gas rather than the current
practice of utilising diesel. The OCGT is assuntecbe able to utilise the domestic and
regional gas as a first priority and then only LNGhe capacity is reached. This is also an
issue for implementation as it requires that theGDe able to access gas storage, either
from piped gas or LNG, with sufficient capacitysiopport peaking operation.

9.3 A principle benefit of CCGT gas generation is ther Icapital cost which lends itself to mid-

Figure 24 — Levelised cost comparison between base-

merit operation. This is supported by the levelis®st comparison between PF coal and
CCGT gas in Figure 24 which indicates that, at entrrfuel cost assumptions, PF coal is
preferred for operation at load factors above 468%mas CCGT is preferred below this. The
break-even gas price for base-load generationdgated in Figure 25. As the coal price

increases so the break-even gas price, below Wigsh-load CCGT is preferred to coal, rises.
An adjustment is made to indicate the relative hiemé gas in reducing carbon emissions.

With the existing assumption on coal costs at R8B80jor R17.50/GJ) the break-even gas price
would be R64.50/GJ. When accounting for the emisbienefit this rises to R73.20/GJ.
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9.4 An additional scenario (the Big Gas scenario) hasnbconstructed to consider potential

r

egional and local gas developments. These include
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9.4.1

9.4.2

9.4.3

9.4.4

Table 8 — Technology options arising from the Big G

The development of additional conventional off-ghgas fields in Mozambique, specifically

in Sofala province, which would increase the voluamailable at the R70/GJ price from 2020
(by an additional 986 PJ). The large gas fieldshim far north of Mozambique (Romvula

basin) and Tanzania are not considered in this podlthe distance would lead to higher
costs, closer to the LNG price. There may evemrbargument that suggests South Africa
would be better served to allow this gas to bedipd and then import it as LNG rather than
increase energy dependency on one source of gas.

The potential for shale gas in South Africa, spealfy the Karoo, after 2025. The total
guantum of potential gas energy is substantiahgmsing any cap for own use makes little
sense, but the price of the developed shale gdmghdy uncertain. If the scale of the
operation remains limited then a price similarite LNG price (R92/GJ) may be realised, but
this would decline as the scale of the shale deweémt increases. For the purposes of the
scenario the price of shale is assumed at the RO2/k in 2025 but decreases annually to a
low of R50/GJ in 2035. This provides an insightfe tipping point where gas would replace
coal-fired generation not only for mid-merit opéoatbut also base-load generation.

The possible decrease in the gas price resultomg fin expected large-scale exploitation of
shale gas results in a switch in electricity geti@nafrom coal and nuclear toward a gas
dominated regime along with a more limited renewafleet. This is similar to the
experience of the United States in the last fiv@ryeas shale gas has revolutionised the power
generation industry and allowed the US to reduebaraemissions through the switch from
coal to cheaper gas-fired generation.

Figure 26 indicates the lower electricity price iaglable over the study period if the shale gas
costs become a reality.

as Scenario vs Moderate Decline

Technology Mod Decline Big Gas Mod Decline Big Gas

option (MW) (MW) (MW) (MW)

2030 2030 2050 2050
Existing Coal 36230 35090 16120 11690
New Coal 2450 1200 12700 1200
CCGT 3550 16330 9230 62480
OCGT / Gas Engines 7800 4560 11400 6720
Hydro Imports 3000 3000 3000 3000
Hydro Domestic 690 690 690 690
PS (incl Imports) 2900 2900 2900 2900
Nuclear 6660 1860 20800 0
PV 9630 4710 25000 15900
CSP 3300 300 10900 0
Wind 4250 1300 10680 1170
Other 640 640 0 0
TOTAL 81100 72580 123420 105750

Notes: (1) “Existing” coal includes Medupi and Kusile
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test cases against the Base Case

Figure 26 — Real average utility revenue price for
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10 ENERGY EFFICIENCY

10.1 The IRP 2010 considered only the Eskom projects doergy efficiency demand side
management (EEDSM) as was indicated in the MYPO#figgiion. These projects were forced
into the policy-adjusted plan in the absence oditkd per-unit cost analysis. It was suggested
in the IRP 2010 report that additional work would frequired to establish a clearer indication
of the per unit costs of EEDSM programmes and thtergial (beyond Eskom’s programmes).
This work has not been undertaken thus, once aganUpdate relies on Eskom’s assumed
programmes, this time from the MYPD3 application.

10.2 Beyond this, however, the Update considers a sagmt decline in the electricity intensity of
the South African economy (indicated in Figure btjyven by:

10.2.1 Changes in the structure of the economy (spedyicle move from energy intensive
industries to less intensive sectors), which isgited by the difference in the Traditional
Sectors and Green Shoots intensity curves, sired@ itiditional Sectors is based on a similar
economic structure to the current SA environmeriteneas the Green Shoots assumes the
shift away from energy intensive industries;

10.2.2 Price elasticity of demand as higher electricitiggs impact on energy consumption patterns;

10.2.3 Regular improvements in technology which reduces é¢mergy intensity of production
processes and energy requirements on appliances ottret elements of electricity
consumption.

10.3 In short it is expected that, even without the rivéation of a centrally mandated entity, the
market will drive some energy efficiency over thexin30 years. However there are limits to
market-driven efficiency which still requires antign to pursue programmes to continue
efficiency improvements. These include:

10.3.1 In as much as electricity retail prices do noteeflthe long run marginal cost of electricity
(due to regulatory intervention, fiscal subsidi@s,market driven by over-capacity, or
whatever means) the socially optimal level of é#ficy investment will not be attained as the
true benefit of the efficiency improvement is neélised by the investor;

10.3.2 Access to capital may limit the ability of consuséo undertake the investment required to
improve the efficiency relating to their consumptio

10.3.3 Linked to the above is the potentially higher aaistapital for private investors relative to the
state (and state-owned enterprises) which coulce@se the pay-back period of investments
and thus lead to a suboptimal investment in efficye

10.4 Thus there is a role for a centrally mandated eritit pursue energy efficiency in order to
realise the expected electricity intensity (or io& thereon), using programmes to:

10.4.1 Set national targets and efficiency standards (eugding codes); as well as work with
industry bodies to providing rating mechanismsdppliances, buildings, amongst others.

10.4.2 Provide financing for efficiency programmes (whaceess to financing limits the rollout of
new technologies);

10.4.3 Provide financing for research into new efficietieghnologies (where feasible); and

10.4.4 Implement public awareness campaigns and efficiamfoymation.
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10.5 The costs and benefits from such programmes reqadditional research, especially
international experience in this field, and shoodda high priority for the next full iteration of
the IRP.

11 SENSITIVITY ANALYSIS ON BASE CASE ASSUMPTIONS

Nuclear capital costs

11.1 As discussed in 3.3 above the nuclear overnighitaiagpst assumption for the Base Case is
$5800/kW value. Considering the importance of taésumption to the future generation
outlook a higher capital cost was considered amnaisvity test case. The sensitivity test uses
$7000/kW for the overnight capital cost.

11.2 The results from the test case indicate the detgreghich the results are dependent on this
assumption. At the higher cost of nuclear theeenar new nuclear units built with this shortfall
in capacity taken up by CSP, wind and CCGT gasi¢uENG in addition to the domestic and
regional gas options). PV is already constraingthle annual maxima applied and this cannot
increase any further.

11.3 The lower prices achieved under this scenario ¢ated in Figure 26) after 2040 relative to the
Moderate Decline test case reflects the switch faomigh capital solution toward lower capital
but exposure to future fuel costs.

Table 9 — Technology options arising from the High Nuclear Cost Scenario

Technology Moderate High Moderate High
option Decline Nuclear Decline Nuclear
(MW) Cost (MW) (MW) Cost (MW)
2030 2030 2050 2050
Existing Coal 36230 36230 16120 16120
New Coal 2450 2950 12700 11950
CCGT 3550 2840 9230 20590
OCGT / Gas Engines 7800 5760 11400 2640
Hydro Imports 3000 3000 3000 3000
Hydro Domestic 690 690 690 690
PS (incl Imports) 2900 2900 2900 2900
Nuclear 6660 1860 20800 0
PV 9630 10270 25000 25000
CSP 3300 13400 10900 38100
Wind 4250 7450 10680 25280
Other 640 640 0 0
TOTAL 81100 87990 123420 146270

Notes: (1) “Existing” coal includes Medupi and Kusile

Future coal costs

11.4 The Base Case assumption for future coal cost ¥R for new coal-fired generation. There
is no allowance for a real price increase overstinely period. Even though there have been
real price increases over the last ten yearsstillsnot evident that this trend need continu@int
the future. However the sensitivity of the modelat higher future coal price is assessed by
increasing this cost to R500/ton for future PF apaterators. The cost for FBC coal remains
the same as this is still assumed to be fired byadld coal which is priced at R150/ton.
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11.5 Under this assumption CCGT generation becomes owrpetitive (with the breakeven price
for gas rising to R74/GJ) resulting in more gasacity (both in terms of peaking and base-

load).

11.6 The impact on pricing (also reflected in Figuref@bows the opposite trajectory to the High

Nuclear costs as the more expensive coal (evideatighout the study period) increases the
cost of electricity while also forcing the modeltime longer term toward the more expensive
gas option.

Table 10 — Technology options arising from the High Coal Cost scenario

Technology Moderate High Coal Moderate | High Coal

option Decline Cost Decline Cost

(MW) (MW) (MW) (MW)

2030 2030 2050 2050
Existing Coal 36230 36230 16120 16120
New Coal 2450 2950 12700 10450
CCGT 3550 2840 9230 12780
OCGT / Gas Engines 7800 7800 11400 13200
Hydro Imports 3000 3000 3000 3000
Hydro Domestic 690 690 690 690
PS (incl Imports) 2900 2900 2900 2900
Nuclear 6660 6660 20800 19200
PV 9630 9890 25000 25000
CSP 3300 3300 10900 8300
Wind 4250 4450 10680 10390
Other 640 640 0 0
TOTAL 81100 81350 123420 122030

Notes: (1) “Existing” coal includes Medupi and Kusile

Learning rates

11.7 The technology learning rates included in the B@sse have been described as somewhat
aggressive (especially for CSP and PV) even thabegly were based on external credible
sources (such as Boston Consulting Group — for Pahd the IEA — for CSP and other
technologies). Increased learning for nuclear uadéeet procurement strategy compared to a
single site strategy was not considered. Thisctbelconsidered in future iterations.

11.8 A more restrained set of technology rates has beelnded as a scenario to identify the
sensitivity of the results to these rates. The@ggh was to test each learning rate individually
and then apply a global Restrained Learning scenatinder this scenario there was no
learning applied for nuclear, biomass, IGCC anddwimith a more restrained learning for CSP.
The PV learning was the same as the Base Casenhutuntil 2020 and then no learning
thereafter. Similarly the restrained learning @BP stops in 2020 with no learning thereafter.
The differences in the technology cost paths agifiom these rates are indicated in Figure 28.
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Figure 28 — Technology cost paths in the Base Case = and Restrained Learning Scenario
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11.9 The results (indicated in Table 11) highlight thevious impact that the higher renewable costs
have on the outcomes. Specifically if the CSPriiegy cannot be realised then CSP is never
competitive with the other options and no new CSHdveloped after the existing Rounds 1
and 2 options and the committed Eskom plant. Wmdlso similarly limited without
additional learning as is PV but the PV rates ir@@llow it to be somewhat competitive
(especially with tracking which reduces the levadiscosts of PV) and PV would continue
development but at a lower penetration. Nucledrgas CCGT are the technologies chosen to
replace the limited renewables under this scenario.

Table 11 — Technology options arising from the Rest  rained Learning Rate scenario

Technology Moderate | Restrained Moderate Restrained
option Decline Learning Decline Learning
(MW) (MW) (MW) (MW)
2030 2030 2050 2050
Existing Coal 36230 36230 16120 16120
New Coal 2450 2950 12700 12700
CCGT 3550 2840 9230 12780
OCGT / Gas Engines 7800 6960 11400 9240
Hydro Imports 3000 3560 3000 3560
Hydro Domestic 690 690 690 690
PS (incl Imports) 2900 2900 2900 2900
Nuclear 6660 9860 20800 30400
PV 9630 6860 25000 13450
CSP 3300 300 10900 0
Wind 4250 1300 10680 550
Other 640 640 0 0
TOTAL 81100 75090 123420 102390

Notes: (1) “Existing” coal includes Medupi and Kusile

Solar park

11.10The concept of the solar park or solar corridor Ibesn high on the government agenda for a
number of years. While the Moderate Decline detagsconstruction of CSP until 2030 (when
learning rates render these competitive) the Sk test case forces construction earlier,

Page 41



IRP 2010-2030 UPDATE REPORT November 2013

allowing for 1000 MW of CSP construction each ygam 2018 to 2022. The result is to

delay the nuclear construction in the Moderate iDedrom 2025 to 2030 (but resulting in the
same nuclear construction by 2050), whereas moteobther technologies remain much the
same as the Moderate Decline case.

11.11The Solar Park test case results in higher elé@gtyicices initially (indicated in Figure 26) as

the CSP technology is constructed, but over tleedifthe study the price returns to the same as
the Moderate Decline.

Table 12 — Technology options arising from the Sola  r Park test case

Technology Moderate Solar Park Moderate Solar Park
option Decline (MW) Decline (MW)
(MW) 2030 (MwW) 2050
2030 2050
Existing Coal 36230 36230 16120 16120
New Coal 2450 2450 12700 12700
CCGT 3550 2840 9230 9230
OCGT / Gas Engines 7800 7440 11400 12480
Hydro Imports 3000 3000 3000 3000
Hydro Domestic 690 690 690 690
PS (incl Imports) 2900 2900 2900 2900
Nuclear 6660 5060 20800 20800
PV 9630 8840 25000 24930
CSP 3300 7000 10900 9400
Wind 4250 3550 10680 10560
Other 640 640 0 0
TOTAL 81100 80640 123420 122810

Notes: (1) “Existing” coal includes Medupi and Kusile

12 DECISION TREES

121

12.2

12.3

The IRP 2010 indicated preferred options for theqoe2010-30 but did recommend the need
to be flexible considering inherent high uncertgiahd changing circumstances. While the
IRP 2010 remains the official strategy, the priteipurpose of this report is to provide
additional information to guide key decisions befa full reiteration of the IRP can be
completed.

The Update considers a number of scenarios baseathamges in underlying assumptions as
well as policy direction. A mechanism to consdi@¢hese options is that of decision trees
which draw together the key lessons from each efdbtenarios. In this section four key

decision trees are outlined for the technologieth e greatest divergence in outcomes
amongst the scenarios and which involve longer teads. These are nuclear, new coal, gas
CCGT and CSP.

In all the discussions from the decision trees Wwethe timeline specifies a procurement
process (on the assumption of an independent ppwelucer being the responsible entity for
the new capacity). However if the determinatiofioisEskom to build the new capacity, then
the same timeline applies but the Minister of Egangeds to consult with the Department of
Public Enterprises and Eskom to ensure the fundinop place to develop the generation
capacity.
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Nuclear

12.4 The choice of nuclear generation is particularliatite given shifts in underlying assumptions.
Total nuclear capacity in 2050 ranges from 0 MWtfia Big Gas and Weathering the Storm
scenarios) to 30400 MW (in the restrained learsicgnario).

12.5 This would suggest that the decision to develop neglear technology would need to consider
the determinants that would result in differentcomes for nuclear. Since the earliest that
nuclear is considered is 2025, this would suggeat within the next twelve months the
following determinants needs to be assessed:

12.5.1 If regional development (Inga Il option) occurs, Bmbedded Generation (Rooftop PV) or
the Solar Park are likely to succeed then the mnaecision can be delayed by three years (to
2018) in order to get firm answers on the determtiseotherwise,

12.5.2 If, and only if, electricity net-sentout is greatBan 265 TWh in 2014 (or 270 TWh in 2015)
AND there is no expectation of large-scale gas lbgweent then the nuclear procurement
should proceed. However, if it is clear that thisreo commitment to a nuclear capital cost
below $6500/kW then the procurement should be alrsedi as the additional cost would
suggest an alternative technology instead.

12.6 The decision tree in Figure 30 identifies the d#fe paths for nuclear construction with the SO
Moderate scenario building 8 units between 2025 2085 (for a total of 12800 MW) and
similar, though marginally smaller, builds in thad® Case, Moderate Decline, High coal cost,
and Advanced Decline scenarios. This is opposethéyero nuclear construction under the
Big Gas, High Nuclear Cost and Weathering the Stecenarios. If the renewable learning is
not realised then additional nuclear is requiréahi{ar to the SO Moderate scenario).

Figure 29 — Total Nuclear capacity under the differ  ent scenarios
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Figure 30 — Decision Tree for nuclear capacity
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New coal

12.7 In all scenarios there is a requirement for firestvncoal-fired generation between 2020 and
2025. The common element is the option for a regicoal project (of the order of 1200 MW)
which is preferred to all other coal options beeailiss expected that the emissions from the
generation will not count to the South African tota a future global emission targeting
regime. If this is not the case, then there ipreference between a local and regional coal
option. The procurement for the regional coal @pshould be initiated by the end of 2015 to

ensure the capacity is available in 2024 or 202®quired.

12.8 The first major decision point for other coal-firedpacity is during 2014. If total net sent-out
exceeds 265 TWh in 2013 (which is exceedingly whikat this point) then a procurement
process is required to construct 1000 MW of FBCaciép between 2020 and 2025. This is an

early indication of a high growth trajectory whiglould require new capacity by 2021.

12.9 It is recommended that procurement for additiorBCFcapacity is launched during 2017 if
total net sent-out exceeds 280 TWh (except if mgidiydro is being pursued). Under these
conditions the programme should consider 500 — 18@0 of new FBC capacity, depending

on the underlying conditions as indicated in theiglen tree.

12.10The significance of the lifex decision is highligdtin the decision tree (using the Moderate
decline case without the lifex option allowed).tHé life extension decision is removed then an

additional 9750 MW of pulverised-fuel coal-genesatis required between 2029 and 2035.

12.11 Figure 33 indicates the electricity price impactrait pursuing the lifex option in terms of
higher prices from 2029-46 in order to pay for ttepital costs of the new coal-fired

generation.

12.12 Amongst the options still considering lifex a numbé cases propose new PF coal generation
capacity but only after 2031. It is only in thase of high coal costs, large shale gas
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exploitation and the Advanced Decline carbon miiggathat there is no requirement for new
large-scale domestic coal-fired generation bef@&52 Given that the earliest date for new PF
coal-fired generation is 2029 (without lifex) an@34 (with lifex) the “Coal 3" possibility
should be limited to small-scale fluidised bed costion.

Figure 31 — Total new coal-fired generation under e  ach scenario (excluding existing coal fleet)
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Figure 32 — Decision Tree for new coal-fired capaci ty
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Figure 33 — Real average utility revenue price path  on Moderate Decline with and without lifex
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Gas CCGT

12.13The majority of scenarios provide for a limited egpre to new CCGT capacity (between 3550
and 9330 MW in 2050). There are a few outliergcgjrally the Big Gas scenario which
unsurprisingly calls for 62480 MW of CCGT capachly 2050, based on large-scale shale
exploitation, but also the High Nuclear and HighaCoost scenarios which require investment
in alternative sources of fuel including gas andPCS

12.14Considering the shorter lead time for CCGT consimacthere is time to assess the economic
and environmental impacts of large-scale shale Idpueent before embarking on the
procurement process, although the commitment téettienology may be required earlier to be
clearer on the nuclear path. It is expected th&d18 a decision would be made regarding the
shale process, otherwise the procurement of CCGTwgauld be limited to domestic and
regional gas options.

12.15As discussed above LNG has limited benefit as bsimerce relative to alternatives available in
South Africa, unless the costs for LNG reduce bellogrexpectation of R92/GJ. It is only in
the case of higher nuclear capital costs and celdosts that the LNG option becomes viable
and is pursued but since that capacity is only ireduafter 2030 there is also time to assess
developments before committing to the new capacity.

CSP

12.16 There is a wide range of outcomes for CSP developmeder the different scenarios with
many of the options clustering around 8000 MW céapaic 2050. The outliers are:

12.16.1 the Big Gas and Restrained Learning scenarioshwhimuld prefer no CSP capacity at all in
2050 (assuming that those constructed under theerdurbid programme would be
decommissioned at end of life after 30 years); and

12.16.2The High Nuclear Cost scenario which replaces thelear fleet with a mixture of
alternatives, not least of all 38 000 MW of CSP.
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Figure 34 — Total CCGT gas capacity under different  scenarios
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Figure 35 — Decision Tree for CCGT gas capacity
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12.171t is particularly noticeable that all the new C&&pacity (except in the high nuclear cost
scenario) is only constructed in 2030 when therteldgy learning rates reduce the new capital
costs to a competitive level. If these learnirtgsare realisable then there is an argument to be
made that early development of these technologieSouth Africa, even if more expensive
than alternatives, could form part of the globapazty required to ensure that learning
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materialises. It would also be in keeping with theention of the IRP 2010 that renewable
capacity be accelerated and developed over a Idimgerrather than delay until it is required
by the least-cost optimisation.

12.18In this light it is recommended that the futuremds of the renewable bid programme allow for
annual development of 200 MW CSP capacity until®@@hen four alternatives would occur,
either:

12.18.1Increase the annual CSP procurement capacity toMBB0 in the case where the nuclear
costs are too high and the nuclear option willm®pursued and the total net sent-out in 2018
is greater than 300 TWh; or

12.18.2Reduce the annual CSP allocations to 100 MW i itlear demand follows the SO Low
trajectory; or

12.18.3Cease CSP allocations entirely if the total net-semnis less than 280 TWh OR development
of shale gas fields are underway with the expemiaif a large-scale exploitation of domestic

shale gas OR it is clear there is limited cost cédn being experienced in CSP as proposed
under this Update; or

12.18.4Continue the procurement of 200 MW CSP annually thre next decision point in 2025.

Figure 36 — Total CSP capacity under different scen  arios
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Figure
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37 — Decision Tree for CSP capacity
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Other technologies
12.19The decisions for regional hydro are relatively @ien All the proposed hydro options are

feasible if the assumed costs can be realisedess$ence if the price of the hydro proposal,
inclusive of transmission requirements to evactbéepower, can be maintained within the
60c/kwWh benchmark for new coal then these optibiosilsl be pursued as and when they arise.
The impact on alternative capacity would have tocbasidered in follow-up IRPs. Any
additional domestic hydro options (especially srsallle) that can meet the same 60c/kWh
benchmark should be pursued, especially where eseldledlose to load centres due to the
network benefits from such options.

12.20Photovoltaic and wind technologies are commonlysped in almost all scenarios, especially

as the artificial annual limits of 1000 MW for PWica 1600 MW for wind limit the upside of
further development of these resources. Windss ahpacted by new modelling assumptions
that have limited the choices relative to othehitetogies (see Footnote 3 on page 20). This
could change with new data and is susceptible &amgbs in assumptions in the next iteration.
As a result the recommended approach is to contwitileannual procurement processes for
1000 MW of PV and 1000 MW of wind until the capgdts reached. It is only in the case of
large-scale gas exploitation (specifically the Bgs scenario) and the Restrained Learning
scenario that wind and PV capacity is limited. thfs eventuality is realised then wind
procurement would need to be curtailed.

12.210pen-cycle gas turbines or engines are also retjirirall scenarios, generally in the 10000-

14000 MW range, but is dependent on gaining adoegas (regional, domestic or LNG) which
is storable in quantities to support very low Idactors (less than 5%). If this does not occur
then the preference is to engage customers in dibmemponse (particularly peaking demand
response) programmes to the maximum extent podsdftae building additional OCGT and
using diesel to fuel generation. If large-scale@ICgeneration is feasible (for example in the
Big Gas scenario) then OCGT is replaced by CCGTatjmm and in the high nuclear cost case,
OCGT is replaced by CSP and CCGT to meet peak dinegirements.
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12.22The generic costs for land-fill gas are extrematyaative, but this was not included in the
modelling due to the uncertainty regarding avadatgbtions and the impact of local conditions
on costs. However if land-fill gas options are ilkde and compete with the 60c/kWh
benchmark then these should be pursued for singi(eons to small-scale hydro.

Figure 38 — Total wind capacity per scenario Figure 39 — Total PV capacity per scenario
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Demand-driven capacity options

12.23As discussed under Section 5 above, the potergialdifferent demand outcomes has an
obvious impact on the capacity requirement. Howdvaeeds to be repeated that the Green
Shoots demand trajectory, used as a basis for #se Base and derivative scenarios, is an
aspiration for the country. It indicates a minimegquirement in order to meet developmental
objectives. However there are severe constramth@ realisation of this aspiration. There is a
strong likelihood that the aspiration will not beh&eved and so, even as it indicates where the
country should be headed, any capacity requiredget this objective may also be stranded, or
at least under-utilised, with a result of highexa#dicity prices as under-utilised capacity needs
to be financed.

12.24The large-scale capacity investment required foshetemand trajectory is indicated in Figure
40. This identifies which major investment (exchglirenewables and OCGT) is required in
each year in addition to that which is requiredhie lower trajectories. Thus all of the large
coal generation is required to meet the lowest dehieajectory (Weathering the Storm) but
only incremental gas and nuclear options are reduior higher demand trajectories. In all
cases the timing of new capacity is brought forwasdthe demand increases but this is not
indicated.

12.25The critical issue is to indicate that the largalscinvestments (with longer lead times)
indicated in the Base Case may not be requireddiwer demand scenarios and that the
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objective should be to identify flexible optionsatlcould meet the capacity requirements for
the growth aspiration but minimise the negative aotp of over-investment should the
aspiration not be met.

Figure 40 — Peak demand paths indicating incrementa | large investment requirements
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13 CONCLUSION
13.1 The Update and additional analysis provide valudiégghts to support decisions over the

131.1

13.1.2

13.1.3

13.1.4

13.1.5

next two to three years. In particular the follogis strongly recommended:

The nuclear decision can possibly be delayed. réhised demand projections suggest that
no new nuclear base-load capacity is required aft@r 2025 and that there are alternative
options, such as regional hydro, that can fulfd tequirement and allow further exploration
of the shale gas potential before prematurely cdtmgito a technology that may be
redundant if the electricity demand expectationsxdbmaterialise (especially in the face of
widespread embedded photovoltaic generation);

Procurement for a new set of fluidised bed combustbal generators should be launched for
a total of 1000-1500 MW capacity (as a preferabtgplementation of the “Coal 3”
programme). It is recommended that these shoulthbed on discard coal;

Regional hydro projects in Mozambique and Zambéraalised including the infrastructure
developments that may have positive spinoffs ireasting other potential in the region.
Additionally regional coal options are attractiveedto the emissions not accruing to South
Africa, and in cases where the pricing is compatitivith South African options, would be

preferred;

Regional and domestic gas options are pursuedtaie sxploration stepped up;
Additional analysis on the potential of extendihg tife of Eskom’s existing fleet should be

undertaken, to firm up on the costs involved, wigighup against the environmental impacts
(specifically the Departments of Water Affairs deavironmental Affairs should agree on the
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appropriate way forward to deal with the impactsflae gas desulphurisation on water
resources in Mpumalanga). Alternatives to extegdire life of the plant would be to build
new coal-fired generation which is more efficiemdawith lower emission rates, or non-
emitting alternatives under more aggressive climateyation objectives.

13.1.6 Continue with the current renewable bid programnith wdditional annual rounds (of 1000

MW PV capacity; 1000 MW wind capacity and 200 MW RCBapacity), with the potential
for small hydro and land-fill gas at competitivées

13.1.7 A standard offer approach is developed by the Depart of Energy in which an agency

similar to Eskom’s Single Buyer Office purchasesrgy from embedded generators at a set
price (with a self-correcting mechanism based otekg) so as to render municipalities

indifferent between their Eskom supply and embedgederators and thus support small-
scale distributed generation;

13.1.8 Formalise funding for EEDSM programmes and sechee dppropriate mandate for the

13.2

13.3

13.4

135

national entity to facilitate these programmes ¢y with targets on electricity intensity of
the economy).

Many of the options considered for future generptiapacity would involve contracts that may
be dollar denominated. The current thinking agadltdlar-denominated contracting needs to
be adjusted as it would jeopardise the feasibititythese options. In particular it forces
developers into a shorter-term contacting paradigmorder to hedge their currency exposure
and it limits the interest from potential developerin particular development of gas options
would be greatly prejudiced unless the current sawarto dollar denominated contracts is
dropped.

The assessment of the transmission impact of thdatdpindicates that five possible
Transmission Power Corridors will be required t@alde key generation scenarios. The main
difference between these scenarios is the phyamalunt of transmission infrastructure within
these corridors and their timing. The transmissiopact assessment has been based on the
reasonable spatial location of the future genematiddking into account current knowledge and
information. Therefore there is still opportunitydonsider better generation location strategies
in the longer term. One generation strategy thafravide advantages in terms of reducing the
network integration costs and minimising systenséassis to consider a large distributed
generation network with more appropriately sizedsurmThese would be smaller sized plants
that can be integrated into the distribution neksautilising their infrastructure and reducing
the loading of the Transmission Grid. Initiallyghgan be achieved with PV but later extended,
with the associated transport infrastructure, ® @ad even coal plants located near large loads
or major load centres.

Considering the changes in consumption patterndemithology costs over the past three years
it is imperative that the IRP should be updatedaoregular basis (possibly even annually),

while flexibility in decisions should be the prityrito favour decisions of least regret. This

would suggest that commitments to long range lagde investment decisions should be
avoided.

There are short term constraints in the electrisitypply industry until 2016. There are
however few options available to alleviate the atiton in this time period, except increased
energy efficiency and demand side responses, apobired utilisation of existing generation
resources (improving Eskom’s fleet performance arogntivising production from existing

non-Eskom generation). These options should kegtinened.

Page 52



IRP 2010-2030 UPDATE REPORT November 2013

14 REFERENCES

141

14.2

14.3

14.4

145

14.6

14.7

14.8

Department of Energy, Integrated Resource Plarlectricity 2010-2030, Revision 2, March
2011, Pretoria, 2011.

Department of Environmental Affairs, ‘Defining Sbuifrica’s Peak, Plateau and Decline
Greenhouse Gas Emission Trajectory’, Explanatide,ntune 2011, Pretoria, 2011.

Department of Environmental Affairs and TourismngoTerm Mitigation Scenarios: Strategic
Options for South Africa, Pretoria, 2007.

Electric Power Research Institute, Power Generadfeehnology Data for Integrated Resource
Plan of South Africa, Technical Update, April 20Palo Alto, 2012.

Electric Power Research Institute, Power Generafeehnology Data for Integrated Resource
Plan of South Africa, EPRI Member Specific Finalp@d, July 2010, Palo Alto, 2010.

National Planning Commission, National Developnfélain, Pretoria, 2011.

World Wildlife Fund for Nature, Understanding Canb®udgets, Briefing Booklet, Cape
Town, 2012.

International Energy Agency, World Energy OutlodK 2, Paris, 2012.

Page 53



IRP 2010-2030 UPDATE REPORT November 2013

APPENDIX A — EXPECTED DEMAND

Economic outlook

Al

A2

. There has historically been a strong correlationveen economic growth in South Africa

and the demand for electricity, especially from ofanturing and mining operations.
However this relationship has altered over timehvdecreasing electricity intensity in the
South African economy.

Considering its role as a determinant of elecyridiemand it was prudent to develop an
outlook of economic growth for the next fifty yeardhis is by no means a prediction of
economic growth but serves as a framework to cenglte impact of different scenarios on
the demand in the electricity industry. The scmsadeveloped consider the impact of
global economic growth in one dimension and the ekt policy environment on the other.
The four resulting scenarios indicate:

A.2.1. Traditional Sectors: Where global growth is stroagd the domestic policy
environment has failed to reform industry structuaad dynamics;

A.2.2. Green Shoots: Where global growth is strong anditmeestic development agenda,
as espoused in the National Development Plan, sdsc@ reforming the structure of
the South African economy;

A.2.3. Adrift in Troubled Waters: Where global growth isak and the domestic policy
environment fails to provide any internal impetogtowth; and

A.2.4. Weathering the Storm: Where successful domesticypaiterventions alleviate the
downward pressure from anaemic global economic trow

Figure 41 — Overview of Economic Growth Scenarios
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A.3. The growth rates associated with each of theseasiosn(and particularly the sector growth)
is indicated in Figure 41 with Figure 42 represamtithe total gross value added in each
scenario (and the growth in the secondary secsarczted with each scenario).

Figure 42 — Economic Growth Paths of the economicg  rowth scenarios
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Note: Green Shoots and Traditional Sectors haves#ime GDP growth rates and thus the Green
Shoots GDP growth cannot be identified separatellge-difference lies in the growth rates of the
component economic sectors.

Figure 43 — Annual GDP growths
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Table 13 — Gross Value Added in each sector based o

n the economic growth scenarios

Primary Sector

Secondary Sector

Tertiary Sector

gL ®BELE PE =£BE| g8 TL PE £l $L TL PE £3¢

S 5% 52 £35| £S £§% ©g £35| &S £% g £E3E

©G 29 £% 333 °5 28 £ 3gz| °v £g £9 gd=s

S S = S S = o g <F
= = = = = =

2006| 140723 140723 140723 140723| 352503 352503 352503 352503 985265 985265 985265 985265
2007| 141637 141637 141637 141637| 374511 374511 374511 374511| 1044928 1044928 1044928 1044928
2008| 141539 141539 141539 141539| 385230 385230 385230 385230| 1092969 1092969 1092969 1092969
2009| 135553 135553 135553 135553| 358714 358714 358714 358714| 1103593 1103593 1103593 1103593
2010| 140924 140924 140924 140924 374284 374284 374284 374284| 1128625 1128625 1128625 1128625
2011 140968 140968 140968 140968 382005 382005 382005 382005| 1169751 1169751 1169751 1169751
2012| 141957 141957 141957 141957| 386209 386209 386209 386209| 1208433 1208433 1208433 1208433
2013| 144931 147436 146271 145225| 401992 401992 399948 400785| 1266086 1263581 1233795 1246161
2014| 147725 154071 150884 148761| 419460 425535 414307 416205| 1345539 1333118 1264664 1298891
2015| 150518 161447 155808 152708| 438241 456564 429586 427298 1438729 1409477 1299356 1349087
2016| 153300 168740 161303 156939| 456462 490059 442345 437849| 1549514 1500476 1347068 1392178
2017| 156521 176477 167007 161078 476277 526016 455486 448093| 1666831 1597135 1396498 1425481
2018| 159850 185065 172652 164248| 496953 562483 468899 456882| 1785402 1694657 1442049 1462354
2019| 163292 194548 178744 167471| 518575 601387 479118 465845| 1906871 1792802 1492413 1500171
2020| 166723 204075 184523 170510| 541283 642517 489566 474987| 2036056 1897470 1544994 1539195
2021| 170266 213584 190461 173838| 564008 681461 499890 483156| 2168943 2008172 1599743 1580129
2022| 173926 223155 196268 177212 585622 722600 510346 491291 2303346 2117139 1652182 1613363
2023| 176860 233267 202371 179315| 608204 765661 521025 499563| 2446289 2232425 1706164 1648625
2024| 179868 243166 208892 181498| 631807 805454 529950 507975| 2597403 2360457 1763605 1684580
2025| 182636 253393 214861 183613| 655120 847325 539038 515610| 2758821 2495858 1823622 1722311
2026| 185437 263266 220504 185807| 679388 891385 548293 523360 2929563 2639738 1886050 1760798
2027| 188301 272762 226397 188172| 704362 929198 557048 531230| 3091444 2782148 1937772 1799962
2028| 190861 282658 231540 190615| 730362 968632 565949 539219| 3262091 2932023 1991759 1839917
2029| 193589 292772 236920 192922 753107 1009595 574996 547074| 3437416 3081745 2047063 1868303
2030| 196368 303380 241405 195234 776450 1052054 583907 555043 3608579 3225964 2090847 1897145
2031| 199123 313472 246011 196720| 799954 1093695 592786 560858| 3742669 3334580 2135685 1929555
2032| 201929 323962 250742 198246| 823942 1134704 600611 565661| 3858128 3425333 2182618 1963534
2033| 204462 333629 255602 199736 848770 1177326 608169 570515| 3977287 3519564 2224811 1998101
2034| 207036 343617 260594 200309 874200 1212363 615838 575262| 4080076 3605332 2267745 2026002
2035| 209652 353939 264474 200848| 895348 1246485 623620 577701| 4190507 3695082 2312679 2056643
2036| 212235 362106 268431 201109| 916961 1281429 631516 580160| 4293403 3779064 2358440 2087945
2037| 214861 370477 272466 201457 939194 1317412 639527 582638 4398686 3864852 2405044 2119549
2038| 217531 379058 276582 201812 956880 1344458 647657 582803| 4511596 3962490 2452505 2148066
2039| 220245 386680 280781 201481| 968405 1371724 655905 582721| 4611077 4041322 2500840 2177805
2040| 222647 393706 285115 201152| 980098 1397251 664275 582394| 4712976 4124764 2550011 2193272
2041| 225086 400879 289534 200824 991962 1423289 672768 582081| 4816988 4209868 2600089 2208796
2042| 227563 408204 292616 200537 1003862 1449656 681385 581520| 4911223 4284788 2652512 2224603
2043| 230079 415684 295745 200251| 1015939 1476555 690128 580970| 5007199 4360977 2705917 2240473
2044| 232633 422463 298920 199966| 1028195 1492728 699000 580289| 5104945 4450583 2760322 2247482
2045| 235228 429081 302143 199683| 1037450 1508831 708002 579623| 5188583 4523349 2815746 2254486
2046| 237863 435816 305414 199401 1046803 1525154 716962 578973| 5273514 4597209 2860903 2261486
2047| 240540 442670 308734 199158 1056254 1541701 726058 578338| 5359759 4672181 2906737 2268443
2048| 243258 449645 312103 198916 1065467 1558007 735290 577630| 5414392 4715465 2953258 2269394
2049| 246020 456745 315523 198675| 1074786 1574550 744662 576763| 5469543 4759054 3000476 2270501
2050| 248825 463970 318995 198435 1084212 1588465 754175 575914| 5525215 4805818 3048402 2271591
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Table 14 — Total Gross Value Added and economic gro

wth under each scenario

Total Gross Value Added (GDP)

Growth Rate

S5 L PE £3g| 58 FL PE £3¢

£3 S8 T8 £35E| £8 S8 T8 £35E

5 53 £9 28F| %% 58 £3 3E=

2 v S = o =] =
S S

2006|1478491 1478491 1478491 1478491 5.53 5.53 5.53 5.53
2007|1561076 1561076 1561076 1561076 5.59 5.59 5.59 5.59
2008|1619738 1619738 1619738 1619738 3.76 3.76 3.76 3.76
2009|1597860 1597860 1597860 1597860 -1.35 -1.35 -1.35 -1.35
2010|1643833 1643833 1643833 1643833 2.88 2.88 2.88 2.88
20111692724 1692724 1692724 1692724 2.97 2.97 2.97 2.97
2012|1736599 1736599 1736599 1736599 2.59 2.59 2.59 2.59
2013|1813009 1813009 1780014 1792170 4.40 4.40 2.50 3.20
2014(1912725 1912725 1829854 1863857 5.50 5.50 2.80 4.00
2015|2027488 2027488 1884750 1929092 6.00 6.00 3.00 3.50
2016|2159275 2159275 1950716 1986965 6.50 6.50 3.50 3.00
2017|2299628 2299628 2018991 2034652 6.50 6.50 3.50 2.40
2018(2442205 2442205 2083599 2083484 6.20 6.20 3.20 2.40
2019|2588737 2588737 2150274 2133487 6.00 6.00 3.20 2.40
2020|2744061 2744061 2219083 2184691 6.00 6.00 3.20 2.40
2021(2903217 2903217 2290094 2237123 5.80 5.80 3.20 2.40
20223062894 3062894 2358796 2281866 5.50 5.50 3.00 2.00
2023|3231353 3231353 2429560 2327503 5.50 5.50 3.00 2.00
2024(3409078 3409078 2502447 2374053 5.50 5.50 3.00 2.00
2025|3596577 3596577 2577521 2421534 5.50 5.50 3.00 2.00
20263794389 3794389 2654846 2469965 5.50 5.50 3.00 2.00
2027|3984108 3984108 2721217 2519364 5.00 5.00 2.50 2.00
2028|4183313 4183313 2789248 2569752 5.00 5.00 2.50 2.00
20294384112 4384112 2858979 2608298 4.80 4.80 2.50 1.50
20304581397 4581397 2916159 2647422 4.50 4.50 2.00 1.50
2031|4741746 4741746 2974482 2687134 3.50 3.50 2.00 1.50
2032|4883999 4883999 3033971 2727441 3.00 3.00 2.00 1.50
20335030519 5030519 3088583 2768352 3.00 3.00 1.80 1.50
20345161312 5161312 3144177 2801572 2.60 2.60 1.80 1.20
2035|5295506 5295506 3200772 2835191 2.60 2.60 1.80 1.20
20365422598 5422598 3258386 2869214 2.40 2.40 1.80 1.20
20375552741 5552741 3317037 2903644 2.40 2.40 1.80 1.20
20385686007 5686007 3376744 2932681 2.40 2.40 1.80 1.00
2039|5799727 5799727 3437525 2962007 2.00 2.00 1.80 1.00
20405915721 5915721 3499401 2976818 2.00 2.00 1.80 0.50
20416034036 6034036 3562390 2991702 2.00 2.00 1.80 0.50
2042|6142648 6142648 3626513 3006660 1.80 1.80 1.80 0.50
2043|6253216 6253216 3691790 3021693 1.80 1.80 1.80 0.50
20446365774 6365774 3758243 3027737 1.80 1.80 1.80 0.20
2045|6461260 6461260 3825891 3033792 1.50 1.50 1.80 0.20
20466558179 6558179 3883279 3039860 1.50 1.50 1.50 0.20
20476656552 6656552 3941528 3045940 1.50 1.50 1.50 0.20
20486723118 6723118 4000651 3045940 1.00 1.00 1.50 0.00
2049|6790349 6790349 4060661 3045940 1.00 1.00 1.50 0.00
20506858252 6858252 4121571 3045940 1.00 1.00 1.50 0.00

Page 57



IRP 2010-2030 UPDATE REPORT

November 2013

Table 15 — Annual Expected Electricity Consumption (GWh)
Year IRP IRP 2010 | IRP 2010 | Green | Traditio [Weatherin | Adriftin | Moderat | SO IRP | SO IRP
2010 SO CSIR Shoots nal g the Troubled e 2010 2010
SO Low | Moderate | Moderate Sectors Storm Waters Growth | Update | Update
(Modera | (Low)
2010| 257601 259685 249422 | 250273 250273 250273 250276 250273 252943 252943
2011| 262394 266681 256744 | 255808 255888 255808 255378 255375 255493 255493
2012| 267784 274403 262376 | 251980 252063 251980 251531 251533 255353 254562
2013 | 274788 283914 267694 | 258769 259646 257450 257629 258782 265457 265586
2014| 278880 290540 272964 | 265465 268184 263094 263986 266141 274044 271761
2015| 285920 300425 278589 | 271424 276788 267139 268226 272912 285526 280652
2016 | 292728 310243 284450| 279384 287717 272914 273478 281843 298332 290655
2017 | 299991 320751 289983 | 287479 298913 278506 277800 290546 310410 299726
2018 | 308036 332381 295628 | 296379 311315 284615 282162 300126 319523 305760
2019| 316501 344726 301486 | 305418 324226 290616 286572 309964 327438 310512
2020| 323498 355694 307503 | 314790 337515 296483 290937 319770 336178 315930
2021| 329556 365826 313601 | 324303 350686 302448 295693 329116 340946 317499
2022 | 334587 375033 319869 | 333929 364273 308428 300258 338887 349164 322214
2023 | 339160 383914 326326 | 343561 378400 314556 304240 348477 358299 327658
2024 | 343634 392880 332998 | 353651 392644 320808 308284 357760 368136 333612
2025| 350065 404358 339436 | 364056 407635 326798 312243 367218 377496 338997
2026| 355785 415281 345864 | 366034 414262 323930 307333 367458 379871 337064
2027 | 361300 426196 352012 | 376611 428849 329588 311454 376473 391000 343747
2028 | 366319 436761 358365| 387506 444017 334880 315637 385369 402296 350421
2029 | 370007 445888 364884 | 398408 459472 340317 319301 393688 407175 351357
2030| 372947 454357 371616 | 409140 474990 344747 322925 401268 416410 356001
2031| 376272 463503 378322 | 418001 488580 349065 326194 408829 427572 362172
2032 | 379737 473046 385185| 425856 501366 353445 329487 416533 440175 369418
2033 | 383410 483075 392205| 433743 514192 357608 332799 424382 450030 374193
2034| 386404 492540 399384 | 440862 525803 361794 335315 432004 460968 379747
2035 447926 537651 365469 337654 438964 473203 386231
2036 454617 548464 369170 339857 445466 486094 393097
2037 461389 559482 372897 342080 452047 496368 397687
2038 468272 570033 376648 343896 458295 507587 402913
2039 473960 579152 380425 345349 464107 519276 408379
2040 479589 588417 384245 346075 467963 530777 413561
2041 485295 597834 388089 346834 471655 540390 417140
2042 490494 606814 391311 347568 475331 548838 419717
2043 495717 615894 394537 348260 478991 558173 422887
2044 500996 624127 397766 348471 482228 567797 426181
2045 505388 631505 400996 348583 485673 576921 428999
2046 509754 638907 403666 348644 489105 585727 431492
2047 514138 646378 406269 348662 492524 594834 434122
2048 516880 652279 408847 348324 495928 604407 437005
2049 519511 658121 411397 347892 499315 613432 439399
2050 522104 663978 413919 347395 502684 622118 441469
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APPENDIX B — SUPPLY SIDE DATA

Existing fleet

B.1. The IRP update considers the Eskom fleet as wédhas/n non-Eskom generation resources
as the existing base to which new generation isGdd

Table 16 — Existing South African capacity assumed for IRP Update

Capacity Capacity
(MW) (MW)
Eskom generation 42330 |Non-Eskom generation 3330
Camden 1520 | Cahorra Bassa 1500
Grootvlei 1080 | Aggreko 90
Komati 900 | Pretoria West 90
Arnot 2220 | Rooiwal 180
Hendrina 1900 | Sasol_Infrachem 150
Kriel 2880 | Sasol_SSF 500
Duvha 3480 | Steenbras 180
Matla 3480 | Co-generation 360
Kendal 3840 | MTPPP 280
Lethabo 3540
Matimba 3720
Tutuka 3540
Majuba 3840
Koeberg 1860
Gariep 360 | Demand Response 2560
VanderKloof 240 | DR_Peaking 500
Colleywobbles 70 | Interruptible Load 2060
Drakensberg 1000
Palmiet 400
Acacia 180
Port Rex 180
Ankerlig 1350
Gourikwa 750
TOTAL 48220
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sting fleet

Table 17 — Assumed decommissioning schedule for exi
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Fuel assumptions

Scenario Fuel Assumption
Base Case Coal Discard coal for FBC (capacity available up to 1750
MW) at R8.75/GJ
Import coal-fired generation up to 1200 MW at
R17.5/GJ (but no domestic emissions)
PF Coal (uncapped) at R17.5/GJ (for new coal-fired
generation)
Natural Gas (for OCGT | Domestic gas at R70/GJ, capped at 295 PJ
and CCGT) Import gas-fired generation up to 986 PJ at R70/GJ
Liquefied natural gas uncapped at R92/GJ
Big Gas Natural Gas Increase the import gas-fired generation by an
additional 986PJ at R70/GJ
Shale gas becomes available after 2025, starting at
LNG equivalent prices (R92/GJ) and declining with
scale exploitation to R50/GJ in 2035
Fuel price sensitivity PF Coal (uncapped) at R25/GJ (for new coal-fired
generation)
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Table 18 — Technology costs input (as at 2012, with

Pulverised coal,
with FGD

Pulverised coal,
with CCS

Fluidised bed
combustion
(coal) with FGD

out learning rates) — Part 1

Fluidised bed
combustion
(coal) with
ccs

IGCC, with
CCS

Nuclear (single
unit)

Nuclear fleet

Rated capacity, net (MW) 4500 (6 x 750) 4500 (6 x 750) 250 250 |1288 (644 x2) |1288 (644 x2) 1600 | 9600 (6 X 1600)

Life of programme 30 30 30 30 30 30 60 60

Typical load factor (%) 85% 85% 85% 85% 85% 85% 92% 92%

Overnight capital costs (R/kW) 21572 40845 21440 40165 29282 39079 46841 44010

Lead time 9 9 4 4 5 5 6 16

3%, 3%, 7%, 7%,

2%, 6%, 13%, |2%, 6%, 13%, 8%, 8%*, 8%,

Phasing in capital spent (% per year) |17%%, 17%, |17%*, 17%, 5%, 18%, | 5%, 18%, 8%, 8%, 8%, 8%,

(* indicates commissioning year of |16%, 15%, 11%, |16%, 15%, 11%, |10%, 25%, 45%, |10%, 25%, |35%, 32%* |35%, 32%* |15%, 15%, 25%, |8%, 6%, 6%, 2%,

1st unit) 3% 3% 20% 45%, 20% 10% 10% 25%, 10%, 10% 2%

Adjusted overnight capital costs,

accounting for capex phasing (R/kW)

and discount rate 25772 48789 23661 44325 32340 43160 58036 59226

Fixed O&M (R/kW/a) 552 923 543 902 794 951 532 532

Variable O&M (R/MWh) 51.2 81.4 110.8 149.1 42.5 65.4 29.5 29.5

Variable Fuel costs (R/GJ) 17.5 17.5 8.75 8.75 17.5 17.5 6.8 6.8

Fuel Energy Content, HHV, ki/kg 17850 17850 17850 17850 17850 17850 3.9x10° 3.9x10°

Heat Rate, kJ/kWh, avg 9812 14106 10081 15425 9758 12541 10762 10762

Equivalent Avail 91.7 91.7 90.4 90.4 85.7 85.7 94.1 94.1

Maintenance 4.8 4.8 5.7 5.7 4.7 4.7 3 3

Unplanned outages 3.7 3.7 4.1 4.1 10.1 10.1 3 3

Water usage, |/MWh 231 320 33 43 256.7 1027 - -

Sorbent usage, kg/MWh 15.8 22.8 38 59 0 0

CO2 emissions (kg/MWh) 947.3 136.2 978 150 930 120

SOx emissions (kg/MWh) 0.46 0.66 0.47 0.72 0.18 0.23

NOx emissions (kg/MWh) 1.94 0.42 1.39 2.13 0.01 0.01

Hg (kg/MWh)

Particulates (kg/MWh) 0.13 0.18 0.13 0.2 0.04 0.05

Fly ash (kg/MWh) 168 241.5 172.6 264.1

Bottom ash (kg/MWh) 3.3 4.8 3.4 5.2

FGD solids (kg/MWh) 25.2 36.2 61.1 93.4

Levelised Cost

Adjusted Capital (R/MWh) 287.10 543.51 263.58 493.78 360.27 480.80 524.14 534.89

O&M (R/MWh) 125.33 205.36 183.73 270.24 149.13 193.12 95.51 95.51

Fuel (R/MWh) 171.71 246.86 88.21 134.97 170.77 219.47 73.18 73.18

Total (R/MWh) 584.14 995.72 535.52 898.99 680.17 893.39 692.83 703.58
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Table 19 — Technology costs input (as at 2012, with

out learning rates) — Part 2

CSP, CSP, CSP, PV, crystalline
CCGT Parabolic Parabolic Parabolic CSP, Central CSP, Central CSP, Central silicon, Fixed
with CCS Wind trough, 3 hrs trough, 6 hrs trough, 9 hrs receiver, 3 hrs receiver, 6 hrs receiver, 9 hrs Tilt
Rated capacity, net (MW) 115 711 591 |100(50x2) 125 125 125 125 125 125 10
Life of programme 30 30 30 20 30 30 30 30 30 30 25
Typical load factor (%) 10% 50% 50% 30% 30.90% 36.90% 42.80% 31.80% 40.00% 46.80% 19.40%
Overnight capital costs (R/kW) 4357 6406 13223 15394 40438 51090 61176 37577 44866 51604 28910
Lead time 2 3 3 4 4 4 4 4 4 4 2
Phasing in capital spent (% per year)
(* indicates commissioning year of 40%, 40%, 5%, 5%, 10%, 25%, 10%, 25%, 10%, 25%, 10%, 25%, 45%, 10%, 25%, 45%, 10%, 25%, 45%,
1st unit) 90%, 10% | 50%, 10% | 50%, 10% 10%, 80% 45%, 20% 45%, 20% 45%, 20% 20% 20% 20% 10%, 90%
Adjusted overnight capital costs,
accounting for capex phasing (R/kW)
and discount rate 4671 7089 14632 15945 44626 56381 67512 41469 49513 56949 29141
Fixed O&M (R/kW/a) 78 163 292 310 582 599 616 537 555 573 208
Variable O&M (R/MWh) 0.2 0.7 0.7 0 1.9 2 2 0 0 0 0
Variable Fuel costs (R/GJ) 92 92 92 0
Fuel Energy Content, HHV, ki/kg 39.3t 39.3% 39.3t 0
Heat Rate, kJ/kWh, avg 11926 7487 9010 0
Equivalent Avail 88.8 88.8 88.8 94-97 95 95 95 92 92 92 95
Maintenance 6.9 6.9 6.9 6 5
Unplanned outages 4.6 4.6 4.6
Water usage, |/MWh 19.8 12.7 19.2 299 304 308 310 302 300
Sorbent usage, kg/MWh
CO2 emissions (kg/MWh) 618 388 47
SOx emissions (kg/MWh) 0 0 0
NOx emissions (kg/MWh) 0.27 0.29 0.35
Hg (kg/MWh)
Particulates (kg/MWh)
Fly ash (kg/MWh)
Bottom ash (kg/MWh)
FGD solids (kg/MWh)
Levelised Cost
Adjusted Capital (R/MWh) 442.29 134.25 277.10 575.93 1367.51 1446.80 1493.62 1234.81 1172.09 1152.24 1498.70
0&M (R/MWh) 89.24 37.91 67.37 117.96 216.91 187.31 166.30 192.77 158.39 139.77 122.39
Fuel (R/MWh) 1097.19 688.80 828.92 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total (R/MWHh) 1628.73 860.97 1173.39 693.89 1584.42 1634.11 1659.92 1427.58 1330.48 1292.01 1621.09
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Table 20 — Import hydro option costs

Import hydro

Import hydro

Import hydro

Import hydro

Import hydro

Import hydro

(Mozambique A)  (Mozambique B) | (Mozambique C) (Zambia A) (Zambia B) (zambia C)
Hydro Hydro Hydro Hydro Hydro Hydro
Rated capacity, net (MW) 1500 MW 850 MW 160 MW 120 MW 250 MW 120 MW
Life of programme 60 60 60 60 60 60
Typical load factor (%) 66,7% 38% 42% 64% 46% 38%
Overnight capital costs (R/kW) 17834.37 8339.10 14492 10174 6159 4440
Lead time 9 9 4 3 8 4
Phasing in capital spent (% per 5%, 5%, 5%, 5%, 5%, 5%, 5%, 5%, 10%, 25%, 45%, 15%, 55%, 30% 5%, 5%, 5%, 5%, 10%, 25%, 45%,
year) 10%, 25%, 20%, 10%, 25%, 20%, 20% 10%, 25%, 25%, 20%
20%, 5% 20%, 5% 20%
Adjusted  overnight capital 21116.81 9873.95 17413.74 10876.69 7355.33 4900.49
costs, accounting for capex
phasing (R/kW) and discount
rate
Fixed O&M (R/kW/a) 344 80,2 80,2 80,2 80,2 80,2
Variable O&M (R/MWHh) 0 13,9 13,9 13,9 13,9 13,9
Variable Fuel costs (R/G)) N/A N/A N/A N/A N/A N/A
Equivalent Avail 90 90 90 90 90 90
Maintenance 7 7 5 5 5 5
Unplanned outages 3 3 5 5 5 5
Levelised Cost
Adjusted Capital (R/MWh) 273.36 224.36 357.99 146.74 138.06 111.35
0&M (R/MWh) 58.87 38.00 35.71 28.22 33.81 38.00
Fuel (R/MWh) 0 0 0 0.00 0.00 0.00
Total (R/MWh) 332.23 262.38 393.70 174.96 171.88 149.35
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Figure 44 — Screening curve with levelised costs of technology options at different load factors (incl uding learning)
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Learning rates

B.2. The learning rates used in the IRP 2010 are redaineghe Base Case, while allowing for a
testing of the sensitivity of the results to the&arning. A Restrained Learning scenario is
included with less aggressive learning for PV ai&P@nd no learning at all for nuclear, biomass
and wind.

Table 21 — Assumed international installed capacity

International installed capacity (GW)
Technology 2010 2020 2030 | Learning rate
CSP 1 148 337 10%
Wind (onshore) 120 562 830 7%
Biomass (electricity production) 60 275 370 5%
IGCC 4 40 120 3%
Nuclear 370 475 725 3%

Source: IEA Energy Technology Perspectives 2008efaming rates; IEA road maps for CSP, Wind, Nacle
for global capacity expectations; remaining techgi@s assumed

Table 22 — Expected overnight capital costs

Overnight capital costs (R/kWp)
hnol Storage Base Case Restrained learning

Technology (hrs) 2012 2020 2030 | 2012 2020 _ 2030
PV Fixed Tilt - 19660 10984 8029 | 19660 10984 10984
PV Thin Film - 20660 12545 8916 | 20660 13026 13026
3 44626 25258 22289 | 44626 31448 31448
CSP Parabolic Trough 6 56381 31912 28160 | 56381 39731 39731
9 67512 38212 33719 | 67512 47575 47575
3 41469 23471 20712 | 41469 29223 29223
CSP Central Receiver 6 49513 28024 24729 | 49513 34891 34891
9 56949 32233 28443 | 56949 40131 40131
Wind - 15945 14502 13922 | 15945 15945 15945
Biomass (bagasse) - 22184 20302 19861 | 22184 22184 22184
Biomass (MSW) - 74497 68177 66696 | 74497 74497 74497
Biomass (forest waste) - 35900 32855 32141 | 35900 35900 35900
IGCC - 32340 29956 28544 | 32340 32340 32340
Nuclear |1l - 60659 60095 58988 | 60659 60659 60659

Source: All Base Case calculations are based oledneing rates used in IRP 2010.
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APPENDIX C — PRICING MODEL ASSUMPTIONS AND OTHER
PARAMETERS
C.1. Even though the Plexos cost optimization ranks awes from low cost to higher cost, there is

c.2.

C.3.

c.4.

C.5.

C.6.

some value to be obtained by comparing the priggdtories that arise from the different
scenarios and also how prices change in the shonetium term, and what longer term price
trend could be expected. It should be noted tHgprades in the report areomparative and
cannot be used to show what the actual or indiegtiices in the future may be.

In order to simplify the calculation of highly untan future prices, the approach starts with
the calculation of a “business as usual” futurengighe latest published Eskom results for the
full business (generation, transmission and distidm) and escalating the cost buckets as
shown in the financial statements with inflatiordagrowth, appropriately weighed based on
previous experience. This view produces a pricé pateal terms with the basic assumption
that unit cost for generation, transmission andritistion would remain close to the historic
values, and this would be the pricing base-scelfiaria specific load forecast.

All new generation options are modelled using thikyupricing rules to ensure consistency in
results in an environment where future options @dag utility built or IPP financed. Since
these decisions are not clearly identified at presbe comparison between scenarios is done
by consistently using the same pricing rules, angresent the utility approach is perhaps the
best understood.

To obtain a unique price curve for each scenagwy generation is simulated as an extending
aging fleet of coal based plant, and its cost isutited and the annual cost of this new
generation option is subtracted from the full-dease-scenario. Using the EPRI cost data, the
new generation cost of each scenario is calculatetl added to the remaining cost in the
model. It silently assumes that the transmissiaoth @istribution cost of each scenario is the
same, which might not be the case, and this coeldah area of improvement in future,
simulating the marginal transmission cost of sdesan some detail.

In order to produce maximum value in the pricingves, MYPD determinations (current and
future) are ignored and the pricing rules are fgd implicitly instead, to show the full short
term implication of scenario differences. This daes mean the IRP team does not accept any
MYPD decisions of the regulator. The value in tiféedences in price curves in the early years
would be lost if all cases were following a manageide transition from current prices to the
required price levels of each scenario, and additi@assumptions would be needed after the
MYPD3 period to manage such price movements foexdanded period, with no regulatory
indication of how that would be done at the timacl® discretionary assumptions of future
regulatory decisions are problematic. Thus it wasnded a better choice to follow the pricing
rules for all years, avoiding a thorny issue andiragl value to the price curves, right from year
one. An approximation of an MYPD3 influenced prisshown for clarity.

It is important to note that interest, tax and dérids paid do not affect the price of electricity
directly, since the real rate of return producesrétvenue to fund those payments. The real rate
of return is determined by NERSA and no effort &d@ in the pricing calculations to replicate
the calculations of this value. Dividend policy wadjusted (compared to assumptions used in
IRP2010 calculations) to ensure a stable debtteagaiio for the base case.
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Table 23 — Assumptions used in Pricing calculations

Base year for Price Output 2013
Assumed SA Inflation rate 6.00%
Average Cost of Eskom capacity for Gx, Tx and Dx in
Business-as-Usual (USD/kW) 5450
Assumed US inflation rate 2.0%
Target Reserve Margin 15%
R/USD in year 2012 8.01
(Exchange rate moves with inflation differential)
Rate of Return (real) 5.00%
Depreciation of new assets over 30
Depreciation of old assets over 40
Debt rate above inflation 4.0%
Return on cash investments 1.80%
Dividend policy of Government:
Start in 2018 at 5% of regulated profits
Increase dividend payments at 5 percentage points per
ear
Maximum dividend percentage of 35% of regulated pr)(/)fits
is reached in 2024

C.7. All assumptions are in line with the assumptionslentor the IRP optimization calculations to
ensure alignment. Some additional assumptions weade where the pricing calculations
required it.

C.8. The pricing rules in theoretical format were useddlculate future electricity prices. Together
with the use of a “real” rate of return (which exaks inflation), asset values are indexed with
the expected inflation rates of future years, tsuea the utility is compensated for the effects of
inflation when making long term capital investments

Other Parameters
Parameter Assumption ‘ Value/Reference
Exchange Rate R8.01/US$ As at 1 Jan 2012

Cost reference year (for modelling | 1 January 2012

purposes, not electricity price paths)

Economic Parameters a. Net, real, post tax a. 8
Discount Rate (%)
b. Cost of Unserved b. 75000
Energy (R/MWh)
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APPENDIX D

<

 Moderate Decline

— SCENARIOS AND RESULTS

Stepsto Base Case
New EPRI costs
New forecast
New outage plan
Adding lifex
Releasing determinations

IRP 2010

Base Case ‘
Green Shoots

" Weatheringthe
\/ Storm Forecast
Base Case
(Constant Emissions)

N/
~ Advanced
Decline Emission

Emission T

NuclearCost |

e Y Fuelprice |
Scenario Assumption
Base Case . New EPRI costs

. CSIR Green Shoots Forecast

. New 80:10:10 outage plans for existing fleet

. Life extension and FGD retrofitting of existing fleet included as options

. Only Renewables IPP Programme Round 1 & 2, DOE Peaker are forced; all
other determinations including Nuclear are relaxed

SO Moderate

As with Base Case, but using the SO Moderate forecast

SO Low As with Base Case, but using the SO Low forecast
Weathering the | As with Base Case, but using the CSIR Weathering the Storm forecast
Storm

Constant emissions

Same as Base Case (275 MT/a carbon emissions limit throughout the period)

Moderate decline

As with Base Case, but allowing moderate decline in annual emission limits to 201
MT/a in 2050

Advanced decline

As with Base Case, but allowing advanced decline in annual emission limits to 140
MT/a in 2050

Carbon Tax

Removing all carbon emissions limits, apply carbon tax (starting at R40/ton in 2015
(at 2012 Rands), escalating to R117/ton in 2025 (at 2012 Rands))

Regional Hydro

As with Base Case, forcing in 2500 MW from Inga in 2022 and 1200 MW from
Kobong (pumped storage) in 2023

Rooftop PV As with Base Case, but force in an assumed amount of PV installation from
households acting without incentives up to 28 000 MW in 2050
Solar Park As with Base Case, but force in 5000 MW of CSP (1000 MW per year from 2018 to

2022)

Page 69




IRP 2010-2030 UPDATE REPORT November 2013

Big Gas As with Moderate Decline, but allowing for shale gas (unlimited) and at a declining
price (from R92/GJ in 2025 to R50/GJ in 2035 as scale exploitation occurs), and an
additional development of regional gas in the Sofala field (an additional 800 MW at
R70/GJ).

Fuel price sensitivity | As with Moderate Decline, but coal for new coal-fired generation at R25/GJ.

Learning rates | As with Moderate Decline, but with the learning on technologies occurs more
sensitivity conservatively (with a conservative wind and PV learning case, and another for
nuclear and CSP).

Nuclear Cost | As with Moderate Decline, but with the a higher nuclear capital cost at $7000/kW (or
sensitivity R56000/kW)
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Table 24 — Details of Base Case development: Step 1

Existing/Committed New
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2013| 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 O 0 0 0 0 o] 45660 2560 42416 14.6 9.0 256.1
2014| 37580 2460 1500 700 1580 1860 1330 0 940 3200 0 0 0 0 0 O 0 0 0 0 0] 48590 2560 43436 18.9 86| 257.4
2015 39010 2460 1500 750 2900 1860 1930 200 1600 3500 0 0 0 0 0 O 0 0 0 0 200 53100 2810 44865 26.3 12.7| 264.7
2016| 41070 3480 1500 750 2900 1860 2290 300 2000 3750 0 0 0 0 0 O 0 0 0 0 400| 57240| 3060 45786 34.0| 183| 266.6
2017 43210 3480 1500 750 2900 1860 2650 400 2400 3750 500 0 0 0O 0 O 0 0 0 0 600 60940 3060 47870 36.0 19.5| 273.0
2018| 44640 3480 1500 750 2900 1860 2890 500 2800 2750| 1000 0 0 0 0 O 0 0 0 0 800| 63810| <2060 49516 345| 194 277.3
2019 45350 3480 1500 750 2900 1860 3150 600 3200 2750 1250 240 0 0O 0 O 0 0 0 0 800 65770 2060 51233 33.8 18.1| 283.7
2020| 44970 3480 1500 750 2900 1860 3150 700 3200 2750| 1500 480 0 0 0 0 0 140 0 0 800| 66120| 2060 52719 305| 15.1| 291.3
2021| 44400 3480 1500 750 2900 1860 3150 700 3200 2750| 1750 720 0 0 0 O 0 350 0 0 800| 66250| <2060 54326 26.8| 11.5| 303.0
2022 43390 3480 1500 750 2900 1860 3150 700 3200 2750 2000 720 840 1143 0 O 0 840 0 0 800 67963 2060 55734 26.6 10.8| 306.1
2023 42760 3480 1500 750 2900 1860 3150 700 3200 2750 2250 720 1680 2326 0 O 0 1410 0 0 800 70176 2060 57097 275 11.1| 309.3
2024| 42310 3480 1500 750 2900 1860 3150 700 3200 2750| 2500 720 1680 2609 O O 0 2200 0 0 800| 71049| 2060 58340 26.2 8.8| 3158
2025| 40420 3480 1500 750 2900 1860 3150 700 3200 2750| 3700 2850 2520 2609 O O 3200 3130 0 320 8oo| 77779| 2060 60150 33.9| 149| 2750
2026 38920 3120 1500 750 2900 1860 3150 700 3200 690 3700 2850 2520 2609 0 O 4800 4130 0 640 800 78839 0 61770 27.6 10.5| 275.0
2027| 37150 3120 1500 750 2900 1860 3150 700 3200 690|] 3700 2850 5040 2609 O O 4800 5130 0 960 800| 80909 0 63404 27.6 89| 275.0
2028 35260 3120 1500 750 2900 1860 3150 700 3200 690 5200 2850 5280 2609 0 O 6400 6130 0 1280 800 83679 0 64867 29.0 8.9 | 275.0
2029| 33350 3120 1500 750 2900 1860 3150 700 3200 690|] 7450 2850 5280 2609 O O 8000 7130 0 1600 800| 86939 0 66460 30.8 9.3| 275.0
2030 31030 3120 1500 750 2900 1860 3150 700 3200 690 9950 2850 6120 2609 0 O 8000 8130 0 1920 800 89279 0 67809 317 8.8| 275.0
2031| 29870 3120 1500 750 2900 1860 3150 700 3200 690| 11450 2850 6120 2609 O O 9600 9130 0 2240 800| 92539 0 69258 33.6 95| 275.0
2032 28710 3120 1500 750 2900 1860 3150 700 3200 690| 12450 2850 6360 2609 0 O 11200 10130 0 2560 800 95539 0 70615 35.3 9.9 2747
2033 27550 3120 1500 750 2900 1860 3150 700 3200 690| 12950 2850 7320 2609 0 O 11200 11130 1000 3200 800 98479 0 72344 36.1 8.7 275.0
2034| 26970 3120 1500 750 2900 1860 3150 700 2270 690| 13700 2850 7920 2609 O O 12800 12130 1000 3840 800| 101559 0 73856 375 95| 275.0
2035] 25800 3120 1500 750 2900 1860 3150 700 1600 690| 14450 3330 8880 2609 O O 12800 13130 2100 4480 800| 104649 0 75358 38.9 95| 275.0
2036 24050 3120 1500 750 2900 1860 3150 700 1200 330| 16700 3330 9120 2609 0 O 14400 14130 2100 4820 800] 107569 0 76890 39.9 9.9 275.0
2037 22250 1020 1500 750 2900 1860 3150 700 800 330| 18950 3330 11520 2609 0 O 16000 15130 2100 5140 800| 110839 0 78453 41.3 10.7| 274.9
2038| 19250 1020 1500 750 2900 1860 3150 700 400 330| 21200 4530 11760 2609 O O 16000 16130 3200 5780 800| 113869 0 80048 423 10.2| 2750
2039 18050 1020 1500 750 2900 1860 1900 700 0 330| 22700 4530 11760 2609 0 O 17600 17130 3200 6290 800 115629 0 81676 41.6 10.3| 275.0
2040| 16270 1020 1500 750 2900 1860 1220 700 0 280| 24950 4530 11760 2609 O O 19200 18130 3200 6610 800| 118289 0 83336 419 107| 2750
2041 13770 1020 1500 750 2900 1860 880 700 0 0] 27950 4770 12600 2609 0 0O 20800 19130 3200 6930 800 122169 0 85031 43.7 12.0| 275.0
2042| 13140 1020 1500 750 2900 1860 550 700 0 0] 27950 4770 12600 2609 O O 22400 20130 3200 7250 800| 124129 0 86759 43.1| 11.0| 2709
2043 12360 1020 1500 750 2900 1860 300 700 0 0] 29450 4770 12600 2609 0 0O 22400 21130 4100 7890 1600 127139 800 88523 44.9 10.7| 275.0
2044| 12360 1020 1500 750 2900 0 0 600 0 0] 29450 4770 12600 2609 O O 25600 22130 4100 8510 800| 129699 0 90323 43.6 9.8| 275.0
2045| 12360 1020 1500 750 2900 0 300 0 0] 29450 4770 12600 2609 O O 25600 22990 6800 8830 600| 133079 0 92160 44.4 89| 275.0
2046 11750 0 1500 750 2900 0 0 200 0 0] 29450 5010 14520 2609 0 O 27200 23780 6800 8830 400 135699 0 94033 44.3 8.7 275.0
2047 11140 0 1500 750 2900 0 0 100 0 0] 29450 6450 14520 2609 0 O 27200 24290 8300 9150 200 138559 0 95945 44.4 8.1| 275.0
2048| 10530 0 1500 750 2900 0 0 0 0 0] 30950 6930 14520 2609 O O 28800 24720 8500 9470 0] 142179 0 97896 45.2 9.0 275.0
2049 9860 0 1500 750 2900 0 0 0 0 0] 30950 7170 14520 2609 O O 28800 24930 11000 9790 0] 144779 0 99886 44.9 78| 275.0
2050 9190 0 1500 750 2900 0 0 0 0 0] 30950 9330 15120 2609 0 0O 28800 25000 11500 10110 0] 147759 0 101917 45.0 8.1| 275.0
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Table 25 — Details of Base Case development: Step 2

Existing/Committed New
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2013| 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 O 0 0 0 0 o] 45660 2560 38280 278 211] 2353
2014| 37580 2460 1500 700 1580 1860 1330 0 940 3200 0 0 0 0 0 O 0 0 0 0 0] 48590 2560 38924 336 214| 2366
2015 39010 2460 1500 750 2900 1860 1930 150 1600 3500 0 0 0 0 0 O 0 0 0 0 200 53050 2810 39703 43.8 27.6| 240.9
2016| 41070 3480 1500 750 2900 1860 2290 300 2000 3750 0 0 0 0 0 O 0 0 0 0 400| 57240| 3060 40608 52.4| 33.7| 2409
2017 43210 3480 1500 750 2900 1860 2650 400 2400 3750 500 0 0 0O 0 O 0 0 0 0 600 60940 3060 41679 57.8 37.6| 245.0
2018| 44640 3480 1500 750 2900 1860 2890 500 2800 2750| 1000 0 0 0 0 O 0 0 0 0 800| 63810| <2060 42485 57.8| 39.5| 247.2
2019 45350 3480 1500 750 2900 1860 3150 600 3200 2750 1250 240 0 0O 0 O 0 0 0 0 800 65770 2060 43713 57.9 38.7| 251.1
2020| 44970 3480 1500 750 2900 1860 3150 700 3200 2750| 1500 480 0 0 0 0 0 0 0 0 800| 65980| 2060 44977 53.7| 35.1| 2580
2021| 44400 3480 1500 750 2900 1860 3150 700 3200 2750| 1750 720 0 0 0 O 0 0 0 0 800| 65900| 2060 46481 48.4| 305| 267.3
2022 43390 3480 1500 750 2900 1860 3150 700 3200 2750 2000 720 840 1143 0 O 0 0 0 0 800 67123 2060 47952 46.3 29.1| 269.3
2023 42760 3480 1500 750 2900 1860 3150 700 3200 2750 2250 720 1680 2326 0 O 0 140 0 0 800 68906 2060 49442 45.4 285| 2734
2024| 42310 3480 1500 750 2900 1860 3150 700 3200 2750| 2500 720 1680 2609 O O 0 350 0 0 800| 69199| 2060 50895 41.7| 249| 2806
2025| 40420 3480 1500 750 2900 1860 3150 700 3200 2750| 2500 720 2520 2609 O O 1600 910 0 0 800| 70309| 2060 52593 39.1| 21.9| 2750
2026 38920 3120 1500 750 2900 1860 3150 700 3200 690 2500 720 2520 2609 0 O 3200 1470 0 0 800 70609 0 52995 33.2 19.1| 2645
2027| 37150 3120 1500 750 2900 1860 3150 700 3200 690] 2500 720 2520 2609 O O 3200 2260 0 0 800| 69629 0 54745 27.2| 120| 2716
2028 35260 3120 1500 750 2900 1860 3150 700 3200 690 2750 960 3600 2609 0 O 4800 3190 0 0 800 71839 0 56482 27.2 10.9| 266.2
2029| 33350 3120 1500 750 2900 1860 3150 700 3200 690|] 4250 960 4080 2609 O O 6400 4190 0 0 800| 74509 0 58547 27.3 9.8| 260.0
2030 31030 3120 1500 750 2900 1860 3150 700 3200 690 7250 1200 4440 2609 0 O 6400 5190 0 0 800 76789 0 60509 26.9 8.4 | 265.6
2031| 29870 3120 1500 750 2900 1860 3150 700 3200 690] 8000 1200 5280 2609 O O 8000 6190 0 0 800| 79819 0 62159 28.4 8.7| 263.0
2032 28710 3120 1500 750 2900 1860 3150 700 3200 690 8000 1200 6000 2609 0 O 9600 7190 0 150 800 82129 0 63463 29.4 8.4 | 256.4
2033 27550 3120 1500 750 2900 1860 3150 700 3200 690| 10250 1200 6480 2609 0 O 9600 8190 0 470 800 85019 0 64969 30.9 85| 262.6
2034| 26970 3120 1500 750 2900 1860 3150 700 2270 690| 11750 1200 7320 2609 O O 9600 9190 0 790 8oo| 87169 0 66210 317 8.8| 270.0
2035] 25800 3120 1500 750 2900 1860 3150 700 1600 690| 13850 1200 7320 2609 O O 9600 10190 0 1380 800| 89019 0 67414 32.0 82| 272.6
2036 24050 3120 1500 750 2900 1860 3150 700 1200 330| 16100 1200 8760 2609 0 O 9600 11190 0 1700 800 91519 0 68341 33.9 9.0 275.0
2037 22250 1020 1500 750 2900 1860 3150 700 800 330| 18950 1910 10800 2609 0 O 9600 12190 0 2020 800 94139 0 69621 35.2 9.4 | 275.0
2038| 19250 1020 1500 750 2900 1860 3150 700 400 330| 21950 3330 10800 2609 O O 9600 13190 0 2340 800| 96479 0 70777 36.3 9.6 275.0
2039 18050 1020 1500 750 2900 1860 1900 700 0 330| 22700 3330 10920 2609 0 O 9600 14190 600 2980 800 96739 0 71736 34.9 8.2| 2748
2040| 16270 1020 1500 750 2900 1860 1220 700 0 280| 24950 3330 10920 2609 O O 9600 15190 2100 3620 800| 99619 0 72495 37.4 9.1 275.0
2041 13770 1020 1500 750 2900 1860 880 700 0 0] 27950 3330 10920 2609 0 O 9600 16190 3900 4260 800 102939 0 73599 39.9 9.4 | 275.0
2042| 13140 1020 1500 750 2900 1860 550 700 0 0| 28700 3330 11280 2609 O O 9600 17190 4400 4900 800| 105229 0 74482 41.3 9.3| 275.0
2043 12360 1020 1500 750 2900 1860 300 700 0 0] 28700 3330 11880 2609 0 O 9600 18190 5500 5540 800] 107539 0 75368 42.7 8.9 275.0
2044| 12360 1020 1500 750 2900 0 0 600 0 0| 28700 3330 11880 2609 O O 11200 19190 5500 6180 800| 108519 0 76112 42.6 76| 275.0
2045| 12360 1020 1500 750 2900 0 300 0 0] 28700 3330 12120 2609 O O 11200 20190 6500 6820 600| 110899 0 77059 43.9 71| 275.0
2046 11750 0 1500 750 2900 0 0 200 0 0] 29450 3330 13560 2609 0 O 11200 21190 6500 7400 400 112739 0 77841 44.8 6.7 275.0
2047 11140 0 1500 750 2900 0 0 100 0 0] 29450 5010 13680 2609 0 O 11200 22190 6500 7720 200 114949 0 78603 46.2 6.9 275.0
2048| 10530 0 1500 750 2900 0 0 0 0 0] 29450 6210 13680 2609 O O 11200 23050 6500 8040 0] 116419 0 78969 47.4 7.0| 275.0
2049 9860 0 1500 750 2900 0 0 0 0 0] 30200 7410 13680 2609 O O 11200 23840 6500 8040 0] 118489 0 79640 48.8 77| 275.0
2050 9190 0 1500 750 2900 0 0 0 0 0] 30950 7170 13920 2609 0 0 11200 24280 6500 8040 0] 119009 0 80163 48.5 71| 275.0
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Table 26 — Details of Base Case development: Step 3

Existing/Committed New
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2013| 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 O 0 0 0 0 o] 45660 2560 38280 278 211] 2538
2014| 37580 2460 1500 700 1580 1860 1330 0 940 3200 0 0 0 0 0 O 0 0 0 0 0] 48590 2560 38924 33.6| 21.4| 2458
2015 39010 2460 1500 750 2900 1860 1930 200 1600 3500 0 0 0 0 0 O 0 0 0 0 200 53100 2810 39703 43.9 27.7| 251.0
2016| 41070 3480 1500 750 2900 1860 2290 300 2000 3750 0 0 0 0 0 O 0 0 0 0 400| 57240| 3060 40608 52.4| 337| 2523
2017 43210 3480 1500 750 2900 1860 2650 400 2400 3750 500 0 0 0O 0 O 0 0 0 0 600 60940 3060 41679 57.8 37.6| 256.3
2018| 44640 3480 1500 750 2900 1860 2890 500 2800 2750| 1000 0 0 0 0 O 0 0 0 0 800| 63810| <2060 42485 57.8| 39.5| 2565
2019 45350 3480 1500 750 2900 1860 3150 600 3200 2750 1250 240 0 0O 0 O 0 0 0 0 800 65770 2060 43713 57.9 38.7| 259.7
2020| 44970 3480 1500 750 2900 1860 3150 700 3200 2750| 1500 480 0 0 0 0 0 0 0 0 800| 65980| 2060 44977 53.7| 35.1| 2650
2021| 44400 3480 1500 750 2900 1860 3150 700 3200 2750| 1750 720 0 0 0 O 0 0 0 0 800| 65900| 2060 46481 48.4| 305| 2735
2022 43390 3480 1500 750 2900 1860 3150 700 3200 2750 2000 720 840 1143 0 O 0 70 0 0 800 67193 2060 47952 46.4 29.1| 2755
2023 42760 3480 1500 750 2900 1860 3150 700 3200 2750 2250 720 1680 2326 0 O 0 210 0 0 800 68976 2060 49442 45.6 28.5| 280.7
2024| 42310 3480 1500 750 2900 1860 3150 700 3200 2750| 2500 720 1680 2609 O O 0 480 0 0 800| 69329| 2060 50895 42.0| 249| 2881
2025| 40420 3480 1500 750 2900 1860 3150 700 3200 2750| 3100 720 2520 2609 O O 1600 1040 0 0 800| 71039| 2060 52593 40.6| 231| 2750
2026 38920 3120 1500 750 2900 1860 3150 700 3200 690 3100 720 2520 2609 0 O 3200 1600 0 0 800 71339 0 52995 34.6 20.2| 2643
2027| 37150 3120 1500 750 2900 1860 3150 700 3200 690] 3100 720 2520 2609 O O 3200 2390 0 0 800| 70359 0 54745 285| 13.1| 27238
2028 35260 3120 1500 750 2900 1860 3150 700 3200 690 3350 720 3840 2609 0 O 4800 3320 0 0 800 72569 0 56482 285 11.9| 268.1
2029| 33350 3120 1500 750 2900 1860 3150 700 3200 690|] 4850 720 4320 2609 O O 6400 4320 0 0 800| 75239 0 58547 285| 10.8| 2615
2030 31030 3120 1500 750 2900 1860 3150 700 3200 690 7850 720 4920 2609 0 O 6400 5320 0 0 800 77519 0 60509 28.1 9.3| 265.9
2031| 29870 3120 1500 750 2900 1860 3150 700 3200 690] 8600 720 5640 2609 O O 8000 6320 0 0 800| 80429 0 62159 29.4 95| 262.6
2032 28710 3120 1500 750 2900 1860 3150 700 3200 690 8600 720 6240 2609 0 O 9600 7320 0 220 800 82689 0 63463 30.3 9.0 255.0
2033 27550 3120 1500 750 2900 1860 3150 700 3200 690| 10850 720 6480 2609 0 O 9600 8320 0 540 800 85339 0 64969 314 8.7| 261.4
2034| 26970 3120 1500 750 2900 1860 3150 700 2270 690| 12350 720 7560 2609 O O 9600 9320 0 860 8o00| 87729 0 66210 325 9.4| 271.8
2035] 25800 3120 1500 750 2900 1860 3150 700 1600 690| 14450 1430 7560 2609 O O 9600 10320 0 1500 800| 90339 0 67414 34.0 9.8| 275.0
2036 24050 3120 1500 750 2900 1860 3150 700 1200 330| 16700 2140 7560 2609 0 O 9600 11320 0 1820 800 92109 0 68341 34.8 9.6 275.0
2037 22250 1020 1500 750 2900 1860 3150 700 800 330| 18200 2850 10680 2609 0 O 9600 12320 0 2140 800 94459 0 69621 35.7 9.6 275.0
2038| 19250 1020 1500 750 2900 1860 3150 700 400 330| 21950 2850 11040 2609 O O 9600 13320 300 2780 800| 97109 0 70777 37.2 9.7| 275.0
2039 18050 1020 1500 750 2900 1860 1900 700 0 330| 22700 2850 11040 2609 0 O 9600 14320 1700 3420 800 98049 0 71736 36.7 8.8 275.0
2040| 16270 1020 1500 750 2900 1860 1220 700 0 280| 24950 2850 11040 2609 O O 9600 15320 2500 4060 800| 100229 0 72495 38.3 9.1 275.0
2041 13770 1020 1500 750 2900 1860 880 700 0 0] 27200 2850 11040 2609 0 O 9600 16320 4800 4700 800 103299 0 73599 40.4 8.7 2749
2042| 13140 1020 1500 750 2900 1860 550 700 0 0] 27950 2850 11400 2609 O O 9600 17320 5100 5340 800| 105389 0 74482 415 85| 275.0
2043 12360 1020 1500 750 2900 1860 300 700 0 0] 28700 2850 11400 2609 0 O 9600 18320 6100 5980 800 107749 0 75368 43.0 8.2 275.0
2044| 12360 1020 1500 750 2900 0 0 600 0 0| 28700 2850 11400 2609 O O 11200 19320 6700 6620 800| 109329 0 76112 43.6 74| 275.0
2045| 12360 1020 1500 750 2900 0 300 0 0] 28700 2850 12120 2609 O O 11200 20320 6900 7110 600| 111239 0 77059 44.4 6.9| 275.0
2046 11750 0 1500 750 2900 0 0 200 0 0] 28700 4290 13200 2609 0 O 11200 21320 6900 7430 400 113149 0 77841 45.4 6.8 275.0
2047 11140 0 1500 750 2900 0 0 100 0 0] 29450 4530 13560 2609 0 O 11200 22250 6900 7750 200|] 114839 0 78603 46.1 6.5 275.0
2048| 10530 0 1500 750 2900 0 0 0 0 0] 29450 5730 13560 2609 O O 11200 23110 6900 8070 0] 116309 0 78969 47.3 65| 275.0
2049 9860 0 1500 750 2900 0 0 0 0 0] 30200 6690 13680 2609 O O 11200 23840 6900 8070 0] 118199 0 79640 48.4 71| 275.0
2050 9190 0 1500 750 2900 0 0 0 0 0] 30950 7170 13680 2609 0 0 11200 24280 6900 8070 0] 119199 0 80163 48.7 71| 274.9
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Table 27 — Details of Base Case development: Step 4
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2013| 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 O 0 0 0 0 o] 45660 2560 38280 278 211 2648
2014| 37580 2460 1500 700 1580 1860 1330 0 940 3200 0 0 0 0 0 O 0 0 0 0 0] 48590 2560 38924 336 214| 2571
2015 39010 2460 1500 750 2900 1860 1930 200 1600 3500 0 0 0 0 0 O 0 0 0 0 200 53100 2810 39703 43.9 27.7| 262.9
2016| 41070 3480 1500 750 2900 1860 2290 300 2000 3750 0 0 0 0 0 O 0 0 0 0 400| 57240| 3060 40608 52.4| 337| 2647
2017 43210 3480 1500 750 2900 1860 2650 400 2400 3750 500 0 0 0O 0 O 0 0 0 0 600 60940 3060 41679 57.8 37.6| 268.6
2018| 44640 3480 1500 750 2900 1860 2890 500 2800 2750| 1000 0 0 0 0 O 0 0 0 0 800| 63810| <2060 42485 57.8| 39.5| 269.0
2019 45350 3480 1500 750 2900 1860 3150 600 3200 2750 1250 240 0 0O 0 O 0 0 0 0 800 65770 2060 43713 57.9 38.7| 2724
2020| 44970 3480 1500 750 2900 1860 3150 700 3200 2750| 1500 480 0 0 0 0 0 0 0 0 800| 65980| 2060 44977 53.7| 35.1| 277.8
2021| 44400 3480 1500 750 2900 1860 3150 700 3200 2750| 1750 720 0 0 0 O 0 0 0 0 800| 65900| 2060 46481 48.4| 30.5| 287.0
2022 43390 3480 1500 750 2900 1860 3150 700 3200 2750 2000 720 840 1143 0 O 0 70 0 0 800 67193 2060 47952 46.4 29.1| 2894
2023 42760 3480 1500 750 2900 1860 3150 700 3200 2750 2250 720 1680 2326 0 O 0 210 0 0 800 68976 2060 49442 45.6 285| 2941
2024| 42310 3480 1500 750 2900 1860 3150 700 3200 2750| 2500 720 1680 2609 O O 0 520 0 0 800| 69369| 2060 50895 42.0| 249| 3015
2025| 40420 3480 1500 750 2900 1860 3150 700 3200 2750| 3700 2140 2520 2609 O O 1600 1080 0 0 800| 73099| 2060 52593 44.7| 27.0| 2750
2026 38920 3120 1500 750 2900 1860 3150 700 3200 690 3700 2140 2520 2609 0 O 3200 1710 0 0 800 73469 0 52995 38.6 240| 2729
2027| 37620 3120 1500 750 2900 1860 3150 700 3200 690|] 3700 2140 2520 2609 O O 3200 2570 0 0 800| 73029 0 54745 334 17.7| 2750
2028 36670 3120 1500 750 2900 1860 3150 700 3200 690 3700 2140 2520 2609 0 O 4800 3500 0 0 800 74609 0 56482 32.1 15.2| 275.0
2029| 36270 3120 1500 750 2900 1860 3150 700 3200 690] 3700 2140 2520 2609 O O 6400 4500 0 0 800| 76809 0 58547 31.2| 132| 2735
2030 36230 3120 1500 750 2900 1860 3150 700 3200 690 3700 2140 3120 2609 0 O 6400 5500 0 320 800 78689 0 60509 30.0 10.6| 275.0
2031| 35640 3120 1500 750 2900 1860 3150 700 3200 690] 3700 2140 3960 2609 O O 8000 6500 0 640 800| 81859 0 62159 31.7| 108 2750
2032 34480 3120 1500 750 2900 1860 3150 700 3200 690 3700 2140 4440 2609 0 O 9600 7500 0 960 800 84099 0 63463 325 10.1| 269.3
2033 33320 3120 1500 750 2900 1860 3150 700 3200 690 5200 2140 5520 2609 0 O 9600 8500 0 1540 800 87099 0 64969 34.1 10.0| 275.0
2034| 32740 3120 1500 750 2900 1860 3150 700 2270 690|] 5450 2850 7560 2609 O O 9600 9500 0 2180 800| 90229 0 66210 36.3| 115| 2750
2035| 32740 3120 1500 750 2900 1860 3150 700 1600 690|] 5700 2850 7560 2609 O O 9600 10500 1800 2820 800| 93249 0 67414 38.3| 11.3| 2750
2036 32740 3120 1500 750 2900 1860 3150 700 1200 330 5950 2850 7560 2609 0 O 9600 11500 3200 3330 800 95649 0 68341 40.0 10.8| 275.0
2037 32270 1020 1500 750 2900 1860 3150 700 800 330 6200 2850 10440 2609 0 O 11200 12500 3200 3650 800 98729 0 69621 41.8 11.9| 275.0
2038| 31330 1020 1500 750 2900 1860 3150 700 400 330|] 8450 2850 10440 2609 O O 11200 13500 3200 4080 800| 101069 0 70777 428 11.9| 2750
2039 29820 1020 1500 750 2900 1860 1900 700 0 330 9200 2850 10440 2609 0 O 12800 14500 3200 4610 800] 101789 0 71736 41.9 11.6| 275.0
2040| 27540 1020 1500 750 2900 1860 1220 700 0 280| 11450 2850 10440 2609 O O 12800 15500 3700 5250 800| 103169 0 72495 423 11.0| 2750
2041 26970 1020 1500 750 2900 1860 880 700 0 0] 12950 2850 10440 2609 0 O 12800 16500 4200 5890 800] 105619 0 73599 435 10.8| 275.0
2042| 26970 1020 1500 750 2900 1860 550 700 0 0] 12950 2850 11280 2609 O O 12800 17500 4400 6530 800| 107969 0 74482 450 111| 2750
2043 26820 1020 1500 750 2900 1860 300 700 0 0] 12950 3090 11760 2609 0 O 12800 18500 5000 7170 800 110529 0 75368 46.7 11.2| 275.0
2044| 26820 1020 1500 750 2900 0 0 600 0 0] 12950 3090 11760 2609 O O 14400 19500 5900 7810 800| 112409 0 76112 47.7| 106| 2750
2045| 25650 1020 1500 750 2900 0 300 0 0] 14450 3330 12360 2609 O O 14400 20500 5900 8130 600| 114399 0 77059 485| 104 2750
2046 23900 0 1500 750 2900 0 0 200 0 0] 15950 5010 12600 2609 0 O 14400 21500 5900 8450 400 116069 0 77841 49.1 9.9 275.0
2047 22100 0 1500 750 2900 0 0 100 0 0] 18200 5250 12600 2609 0 O 14400 22430 5900 8770 200 117709 0 78603 49.8 9.6 275.0
2048| 19100 0 1500 750 2900 0 0 0 0 0] 21200 5250 12600 2609 O O 14400 23290 5900 8830 0] 118329 0 78969 49.8 87| 275.0
2049| 17900 0 1500 750 2900 0 0 0 0 0] 23450 5010 13200 2609 O O 14400 23980 5900 8830 0] 120429 0 79640 51.2 9.6| 275.0
2050 16120 0 1500 750 2900 0 0 0 0 0] 24950 4770 13200 2609 0 0 14400 24420 5900 8510 0] 120029 0 80163 49.7 8.1| 275.0

Page 74




IRP 2010-2030 UPDATE REPORT

November 2013

Table 28 — Details of Base Case scenario (following  Step 5)
Existing/Committed New
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2013 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 O 0 0 0 0 0 45660 2560 38280 27.8 21.1| 264.8
2014 37580 2460 1500 680 1580 1860 910 0 940 3200 0 0 0 0 0 O 0 0 0 0 0 48150 2560 38924 324 21.4| 257.7
2015 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 0 0 0 0 0 o| 51610| 2810 39703| 39.9| 26.8| 2659
2016 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0O 0 O 0 0 0 0 0 54710 3060 40608 45.7 31.9| 270.1
2017| 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 0 0 0 0 0 0| 56850| 3060 41679| 47.2| 337 277.0
2018 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0O 0 O 0 0 0 0 0 58280 2060 42485 44.2 33.6| 280.2
2019| 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 0 0 0 0 0 0| 58990 2060 43713| 416| 315| 2845
2020 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0O 0 O 0 140 0 0 0 58850 2060 44977 37.1 27.0| 289.3
2021 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 O 0 420 0 0 0 58560 2060 46481 31.8 21.6| 2985
2022| 43390 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1125 0 0 0 980 0 0 0| 59235 2060 47952 29.1| 180| 2981
2023| 42760 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1500 0 O 0 1770 0 0o o| 59770| 2060 49442| 26.1| 139 3049
2024 42310 3480 1500 690 2900 1860 1070 300 1300 2700 750 0 0 1500 0 O 0 2700 0 320 0 61320 2060 50895 25.6 11.4| 310.9
2025 40420 3480 1500 690 2900 1860 1070 300 1300 2700 1950 2840 0 1500 0 O 1600 3700 0 640 0 66390 2060 52593 314 15.2| 275.0
2026 39390 3120 1500 690 2900 1860 1070 300 1300  640| 1950 2840 840 1500 O O 1600 4700 o 90 o] e7160 0 52995| 26.7| 121 275.0
2027 38090 3120 1500 690 2900 1860 1070 300 1300 640 1950 3550 3240 1500 0 O 1600 5700 0 1600 0 70610 0 54745 29.0 12.2| 275.0
2028| 36670 3120 1500 690 2900 1860 1070 300 1300  640| 1950 3550 4560 1500 O O 3200 6700 o 1920 o] 73430 0 56482 | 30.0| 115| 275.0
2029 36270 3120 1500 690 2900 1860 1070 300 1300 640 2450 3550 4680 1500 0 O 4800 7700 0 2560 0 76890 0 58547 31.3 11.0( 275.0
2030| 36230 3120 1500 690 2900 1860 1070 300 1300  640| 2450 3550 4680 1500 O O 4800 8700 3000 3060 0| 81350 0 60509 | 34.4| 10.4| 275.0
2031 36210 3120 1500 690 2900 1860 1070 300 1300 640 2450 3550 4800 1500 0 O 6400 9700 3000 3700 0 84690 0 62159 36.2 10.5| 275.0
2032| 35050 3120 1500 690 2900 1860 1070 300 1300  640| 3700 3550 5160 1500 O O 6400 10700 3400 4340 0| 87180 0 63463| 37.4| 96| 275.0
2033| 33890 3120 1500 690 2900 1860 1070 300 1300  640| 4450 3550 5160 1500 O O 6400 11700 5200 4980 0| 90210 0 64969 |  38.9 82| 275.0
2034 33310 3120 1500 690 2900 1860 1070 300 370 640 5200 3550 6240 1500 0 O 8000 12700 5200 5620 0 93770 0 66210 41.6 10.3| 275.0
2035 33310 3120 1500 690 2900 1860 1070 300 0 640 5200 3550 6240 1500 0 O 9600 13700 5200 6260 0 96640 0 67414 43.4 10.9| 275.0
2036| 32840 3120 1500 690 2900 1860 1070 300 0 280| 5950 3550 6840 1500 O O 9600 14700 5200 6580 0| 98480 0 68341| 441| 103| 275.0
2037| 32370 1020 1500 690 2900 1860 1070 300 0 280| 6700 3550 9720 1500 O O 11200 15700 5200 6900 O 102460 0 69621 | 47.2| 122| 2718
2038 31900 1020 1500 690 2900 1860 1070 300 0 280 8200 3550 9720 1500 0 O 11200 16700 5200 7220 0 104810 0 70777 48.1 12.0( 275.0
2039| 30390 1020 1500 690 2900 1860 160 300 0 280| 9700 3550 9720 1500 O O 11200 17700 5200 7860 O 105530 0 71736 | 47.1| 10.7| 275.0
2040 28110 1020 1500 690 2900 1860 20 300 0 280] 11950 4970 9840 1500 0 O 11200 18700 5200 8500 0 108540 0 72495 49.7 119 275.0
2041| 26970 1020 1500 690 2900 1860 0 300 0 o| 12700 4970 9840 1500 0 0 11200 19700 5200 9020 O 109370 0 73599 | 486| 95| 275.0
2042 26970 1020 1500 690 2900 1860 0 300 0 0] 13450 5680 10800 1500 0 O 11200 20700 5200 9480 0 113250 0 74482 52.0 11.7| 275.0
2043| 26820 1020 1500 690 2900 1860 0 300 0 o| 13450 5680 10800 1500 O O 11200 21700 5800 10120 O 115340 0 75368 | 53.0| 10.8| 275.0
2044 26820 1020 1500 690 2900 0 0 200 0 0] 13450 5680 10800 1500 O O 12800 22700 7200 10440 0 117700 0 76112 54.6 10.5| 275.0
2045 25650 1020 1500 690 2900 0 0 0 0] 14950 5680 10800 1500 0 O 12800 23560 7900 10760 0 119710 0 77059 55.3 10.0| 275.0
2046| 23900 0 1500 690 2900 0 0o o 0 o| 16450 6390 12000 1500 O O 12800 24280 8000 11080 O 121490 0 77841 56.1| 99| 275.0
2047| 22100 0 1500 690 2900 0 0o o 0 o| 18700 6390 12000 1500 O O 12800 24720 8000 11080 O 122380 0 78603 |  55.7 95| 275.0
2048 19100 0 1500 690 2900 0 0 0 0 0] 21700 6390 12000 1500 O O 12800 24930 8100 11080 0 122690 0 78969 55.4 9.0| 275.0
2049 17900 0 1500 690 2900 0 0 0 0 0] 23200 6390 12240 1500 O O 12800 25000 8100 10760 0 122980 0 79640 54.4 8.7| 275.0
2050] 16120 0 1500 690 2900 0 0o o 0 0] 24700 6390 12240 1500 0 0 12800 25000 8100 10520 0] 122460 0 80163| 528| 75| 275.0
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Table 29 — Details of SO Moderate scenario
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2013| 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 O 0 0 0 0 o] 45660 2560 39282 243 179 2707
2014| 37580 2460 1500 680 1580 1860 910 0 940 3200 0 0 0 0 0 O 0 0 0 0 0] 48150 2560 40210 27.9| 17.4| 2657
2015 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 O 0 0 0 0 0 51610 2810 41816 32.3 20.3| 278.1
2016| 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 O 0 0 0 0 0| 54710 3060 43440 355| 232| 287.2
2017 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0O 0 O 0 0 0 0 0 56850 3060 45111 35.2 23.3| 296.7
2018| 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 O 0 0 0 0 0] 58280 2060 45942 32.8| 234| 2995
2019 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0O 0 O 0 140 0 0 0 59130 2060 46994 31.6 22.2| 303.8
2020| 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 120 0 0 0 0 350 0 0 0] 59180 2060 48154 28.4| 187 309.8
2021| 44400 3480 1500 690 2900 1860 1070 300 1300 2700 250 0 480 0 0 O 0 840 0 0 0] 59710 2060 48958 27.3| 16.8| 3138
2022 43390 3480 1500 690 2900 1860 1070 300 1300 2700 250 0 480 1125 0 O 0 1400 0 0 0 60385 2060 50221 254 14.1| 3115
2023 42760 3480 1500 690 2900 1860 1070 300 1300 2700 1000 710 480 1500 0 O 0 2190 0 0 0 62380 2060 51639 25.8 13.3| 3173
2024| 42310 3480 1500 690 2900 1860 1070 300 1300 2700| 1600 710 480 1500 0 O 0 3050 0 320 0] 63710 2060 53051 249| 107| 319.1
2025| 40420 3480 1500 690 2900 1860 1070 300 1300 2700| 2200 2840 480 1500 O O 3200 3980 0 640 0] 69000 2060 54596 31.3| 15.2| 2750
2026 39390 3120 1500 690 2900 1860 1070 300 1300 640 2200 2840 1320 1500 0 O 3200 4980 0 1190 0 70000 0 55057 271 12.2| 275.0
2027| 38090 3120 1500 690 2900 1860 1070 300 1300 640|] 2200 2840 3000 1500 O O 4800 5980 0 1510 0] 73300 0 56890 28.8| 12.3| 2750
2028 36670 3120 1500 690 2900 1860 1070 300 1300 640 2200 2840 4680 1500 0 O 6400 6980 0 1830 0 76480 0 58683 30.3 12.2| 275.0
2029| 36270 3120 1500 690 2900 1860 1070 300 1300 640|] 2700 2840 5160 1500 O O 6400 7980 0 2470 o] 78700 0 59857 315| 11.3| 2750
2030 36230 3120 1500 690 2900 1860 1070 300 1300 640 2700 2840 5160 1500 0 O 6400 8980 2600 2790 0 82580 0 61596 34.1 10.5| 275.0
2031| 36210 3120 1500 690 2900 1860 1070 300 1300 640|] 2700 2840 5280 1500 O O 8000 9980 3700 3430 0] 87020 0 63592 36.8| 11.0| 2750
2032 35050 3120 1500 690 2900 1860 1070 300 1300 640 3700 2840 6360 1500 0 O 8000 10980 4900 4070 0 90780 0 65605 38.4 10.3| 275.0
2033 33890 3120 1500 690 2900 1860 1070 300 1300 640| 4450 2840 6360 1500 0 O 9600 11980 5000 4710 0 93710 0 67414 39.0 95| 275.0
2034| 33310 3120 1500 690 2900 1860 1070 300 370 640|] 5200 2840 7320 1500 O O 11200 12980 5000 5350 o] 97150 0 69232 403| 104 2750
2035| 33310 3120 1500 690 2900 1860 1070 300 0 640|] 5200 2840 7320 1500 O O 12800 13980 5600 5990 0] 100620 0 71218 41.3| 102| 2750
2036 32840 3120 1500 690 2900 1860 1070 300 0 280 5950 2840 8040 1500 O 0 14400 14980 5600 6310 0] 104180 0 73073 42.6 10.6| 274.8
2037 32370 1020 1500 690 2900 1860 1070 300 0 280 6700 3550 11040 1500 O 0 14400 15980 6100 6950 0] 108210 0 74899 445 11.0| 275.0
2038| 31900 1020 1500 690 2900 1860 1070 300 0 280| 8200 3550 11040 1500 O O 16000 16980 6100 7270 0] 112160 0 76719 462 11.9| 2750
2039 30390 1020 1500 690 2900 1860 160 300 0 280 8950 3550 11040 1500 O O 17600 17980 6100 7590 0] 113410 0 78594 44.3 10.4| 2735
2040| 28110 1020 1500 690 2900 1860 20 300 0 280| 11200 4970 11160 1500 O O 17600 18980 6400 8230 0] 116720 0 80232 455| 10.5| 2750
2041 26970 1020 1500 690 2900 1860 0 300 0 0] 11950 4970 12120 1500 O 0 17600 19980 6400 8870 0] 118630 0 81955 44.8 8.8| 275.0
2042| 26970 1020 1500 690 2900 1860 0 300 0 0| 12700 4970 12600 1500 O O 19200 20980 6400 9190 0] 122780 0 83342 47.3| 105| 2718
2043 26820 1020 1500 690 2900 1860 0 300 0 0] 13450 4970 12600 1500 0 0 19200 21980 6400 9830 0] 125020 0 84864 47.3 9.4 | 275.0
2044| 26820 1020 1500 690 2900 0 0 200 0 0] 13450 4970 12600 1500 O O 22400 22840 7200 10150 0] 128240 0 86260 48.7 9.8| 273.6
2045| 25650 1020 1500 690 2900 0 0 0 0 0] 14200 5680 13800 1500 O O 22400 23630 7300 10470 0] 130740 0 87966 48.6 9.4| 275.0
2046 23900 0 1500 690 2900 0 0 0 0 0] 17200 5680 13800 1500 O 0 24000 24140 7300 10240 0] 132850 0 89443 48.5 9.6 274.9
2047 22100 0 1500 690 2900 0 0 0 0 0] 19450 6390 13800 1500 O 0 24000 24580 8100 10560 0] 135570 0 90940 49.1 9.6 275.0
2048| 19100 0 1500 690 2900 0 0 0 0 0] 22450 6390 13800 1500 O O 24000 24790 9200 10880 0] 137200 0 92341 48.6 87| 275.0
2049| 17900 0 1500 690 2900 0 0 0 0 0] 23200 7100 14400 1500 O O 24000 24930 10300 10880 0] 139300 0 94038 48.1 83| 275.0
2050 16120 0 1500 690 2900 0 0 0 0 0] 23950 8520 14280 1500 0 0 24000 25000 10300 10880 0] 139640 0 95519 46.2 6.9| 275.0
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Table 30 — Details of SO Low scenario
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2013| 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 O 0 0 0 0 o] 45660 2560 39301 243 17.8] 2708
2014| 37580 2460 1500 680 1580 1860 910 0 940 3200 0 0 0 0 0 O 0 0 0 0 0] 48150 2560 39868 29.1| 185| 2635
2015 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 O 0 0 0 0 0 51610 2810 41086 34.8 225| 273.6
2016| 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 O 0 0 0 0 0| 54710 3060 42293 395| 26.6| 280.1
2017 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0O 0 O 0 0 0 0 0 56850 3060 43512 40.5 28.0| 287.1
2018| 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 O 0 0 0 0 0] 58280 2060 43886 39.3| 29.3| 2876
2019 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0O 0 O 0 0 0 0 0 58990 2060 44472 39.1 29.2| 288.8
2020| 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 0 0 140 0 0 0] 58850 2060 45147 36.6| 26.5| 290.3
2021| 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 O 0 280 0 0 0] 58420 2060 45469 346| 243| 2926
2022 43390 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 37 0 O 0 580 0 0 0 58085 2060 46207 31.6 20.9| 292.0
2023 42760 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1500 0 O 0 1140 0 0 0 59140 2060 47072 314 19.7| 290.5
2024| 42310 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1500 0 O 0 1930 0 0 0] 59480 2060 47913 29.7| 16.6| 2938
2025| 40420 3480 1500 690 2900 1860 1070 300 1300 2700| 1200 1420 0 1500 0 O 0 2860 0 320 0] 61460 2060 48858 31.3| 16.1| 2750
2026 39390 3120 1500 690 2900 1860 1070 300 1300 640 1200 1420 0 1500 0 O 0 3790 0 640 0 61320 0 48678 26.0 12.4| 275.0
2027| 38090 3120 1500 690 2900 1860 1070 300 1300 640|] 1200 1420 2760 1500 O O 0 4790 0 960 0] 64100 0 49847 286| 129| 2750
2028 36670 3120 1500 690 2900 1860 1070 300 1300 640 1700 2840 3240 1500 0 O 0 5790 0 1280 0 66400 0 50964 30.3 125| 275.0
2029| 36270 3120 1500 690 2900 1860 1070 300 1300 640| 2450 2840 3240 1500 O O 0 6790 0 1600 0] 68070 0 51521 321 121 2750
2030 36230 3120 1500 690 2900 1860 1070 300 1300 640 2450 2840 3840 1500 0 O 0 7790 0 1940 0 69970 0 52562 331 11.2| 275.0
2031| 36210 3120 1500 690 2900 1860 1070 300 1300 640| 2450 2840 4560 1500 O O 0 8790 600 2580 o] 72910 0 53799 355| 109| 2750
2032 35050 3120 1500 690 2900 1860 1070 300 1300 640 2950 2840 5520 1500 0 O 0 9790 1400 3220 0 75650 0 55019 375 10.1| 275.0
2033 33890 3120 1500 690 2900 1860 1070 300 1300 640| 4450 2840 5520 1500 0 O 0 10790 2200 3860 0 78430 0 56031 40.0 9.9 275.0
2034| 33310 3120 1500 690 2900 1860 1070 300 370 640| 4450 2840 6240 1500 O O 0 11790 3700 4500 0] 80780 0 57024 41.7 95| 275.0
2035| 33310 3120 1500 690 2900 1860 1070 300 0 640|] 5200 2840 6240 1500 O O 1600 12790 3700 5140 0] 84400 0 58129 452| 116| 2750
2036 32840 3120 1500 690 2900 1860 1070 300 0 280 5950 2840 6240 1500 0 O 3200 13790 3700 5460 0 87240 0 59093 47.6 125| 275.0
2037 32370 1020 1500 690 2900 1860 1070 300 0 280 6700 2840 8760 1500 0 O 3200 14790 4000 6010 0 89790 0 60008 49.6 125| 275.0
2038| 31900 1020 1500 690 2900 1860 1070 300 0 280| 8200 2840 8760 1500 O O 3200 15790 4400 6650 0] 92860 0 60898 525| 13.2| 2750
2039 30390 1020 1500 690 2900 1860 160 300 0 280 8950 2840 8760 1500 0 O 3200 16790 5300 7290 0 93730 0 61810 51.6 11.5| 275.0
2040| 28110 1020 1500 690 2900 1860 20 300 0 280| 11950 2840 9240 1500 O O 3200 17790 5600 7930 0] 96730 0 62514 54.7| 127| 2750
2041 26970 1020 1500 690 2900 1860 0 300 0 0] 12700 2840 9240 1500 0 O 3200 18790 5600 8570 0 97680 0 63263 54.4 10.6| 275.0
2042| 26970 1020 1500 690 2900 1860 0 300 0 0| 13450 2840 10200 1500 O O 3200 19790 5600 8890 0] 100710 0 63735 58.0| 126| 2750
2043 26820 1020 1500 690 2900 1860 0 300 0 0] 13450 2840 10200 1500 0 O 3200 20790 5600 9530 0] 102200 0 64295 59.0 11.7| 275.0
2044| 26820 1020 1500 690 2900 0 0 200 0 0| 13450 2840 10200 1500 O O 4800 21790 6000 10130 0] 103840 0 64746 60.4| 11.0| 2750
2045| 25650 1020 1500 690 2900 0 0 0 0 0] 14950 3550 10560 1500 O O 4800 22650 6000 10130 0] 105900 0 65412 61.9| 11.9| 2750
2046 23900 0 1500 690 2900 0 0 0 0 0] 17200 3550 11760 1500 O 0 4800 23510 6000 10130 0] 107440 0 65890 63.1 12.1| 275.0
2047 22100 0 1500 690 2900 0 0 0 0 0] 18700 3550 12000 1500 O 0 4800 24210 6000 10130 0] 108080 0 66370 62.8 11.2| 275.0
2048| 19100 0 1500 690 2900 0 0 0 0 0] 21700 3550 12000 1500 O O 4800 24650 6000 9810 0] 108200 0 66765 62.1| 104| 2750
2049| 17900 0 1500 690 2900 0 0 0 0 0] 23200 3550 12600 1500 O O 4800 24860 6000 9490 0] 108990 0 67359 61.8| 10.6| 275.0
2050 16120 0 1500 690 2900 0 0 0 0 0] 25450 3550 12600 1500 O 0 4800 24930 6000 9150 0] 109190 0 67783 61.1 10.5| 275.0
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Table 31 — Details of Weathering the Storm scenario
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2013| 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 O 0 0 0 0 o] 45660 2560 38082 285 217] 2636
2014| 37580 2460 1500 680 1580 1860 910 0 940 3200 0 0 0 0 0 O 0 0 0 0 0] 48150 2560 38568 33.7| 225| 2557
2015 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 O 0 0 0 0 0 51610 2810 39061 42.4 29.0| 262.4
2016| 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 O 0 0 0 0 0| 54710 3060 39641 496| 35.2| 26438
2017 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0O 0 O 0 0 0 0 0 56850 3060 40335 52.5 38.3| 269.5
2018| 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 O 0 0 0 0 0] 58280 2060 40728 50.7| 39.5| 269.6
2019 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0O 0 O 0 0 0 0 0 58990 2060 41508 49.5 385| 2717
2020| 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 0 0 0 0 0 0| 58710 2060 42258 46.1| 35.3| 2740
2021| 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 O 0 0 0 0 0] 58140 2060 43229 41.2| 30.8| 2806
2022 43390 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 O 0 140 0 0 0 57270 2060 44154 36.1 25.7| 283.0
2023 42760 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 37 0 O 0 350 0 0 0 57225 2060 45119 32.9 22.4| 286.6
2024| 42310 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 750 0 0 0 910 0 0 o] 57710 2060 46008 31.3| 19.9| 2884
2025| 40420 3480 1500 690 2900 1860 1070 300 1300 2700| 1200 710 0 1500 0 O 0 1610 0 0 0] 59180 2060 47040 31.6| 189| 2750
2026 39390 3120 1500 690 2900 1860 1070 300 1300 640 1200 710 0 1500 0 O 0 2400 0 0 0 58580 0 46721 254 15.1| 271.0
2027| 38090 3120 1500 690 2900 1860 1070 300 1300 640] 1200 710 1560 1500 O O 0 3330 0 0 o] 59770 0 47737 252 132 2749
2028 37140 3120 1500 690 2900 1860 1070 300 1300 640 1700 710 3120 1500 0 O 0 4330 0 320 0 62200 0 48652 27.8 13.6| 275.0
2029| 36740 3120 1500 690 2900 1860 1070 300 1300 640| 2450 1420 3120 1500 O O 0 5330 0 640 0] 64580 0 49872 295| 13.1| 2750
2030 36700 3120 1500 690 2900 1860 1070 300 1300 640 2450 1420 3600 1500 0 O 0 6330 0 960 0 66340 0 50879 30.4 11.9| 275.0
2031| 36680 3120 1500 690 2900 1860 1070 300 1300 640| 2450 2130 3720 1500 O O 0 7330 0 1600 0] 68790 0 51836 32.7| 11.8| 2750
2032 35520 3120 1500 690 2900 1860 1070 300 1300 640 2950 2840 4320 1500 0 O 0 8330 0 2240 0 71080 0 52629 35.1 11.7| 275.0
2033 34360 3120 1500 690 2900 1860 1070 300 1300 640 3700 2840 5160 1500 0 O 0 9330 100 2880 0 73250 0 53541 36.8 11.1| 275.0
2034| 33780 3120 1500 690 2900 1860 1070 300 370 640| 4450 2840 5760 1500 O O 0 10330 1400 3520 0] 76030 0 54326 40.0| 120 2750
2035| 33780 3120 1500 690 2900 1860 1070 300 0 640| 4450 2840 5760 1500 O O 0 11330 2900 4160 0] 78800 0 55004 43.3| 12.3| 2750
2036 33310 3120 1500 690 2900 1860 1070 300 0 280 5200 2840 5760 1500 0 O 0 12330 3500 4480 0 80640 0 55496 45.3 11.9| 275.0
2037 32840 1020 1500 690 2900 1860 1070 300 0 280 5950 2840 8520 1500 0 O 0 13330 3900 4800 0 83300 0 56268 48.0 12.6| 275.0
2038| 31900 1020 1500 690 2900 1860 1070 300 0 280| 8200 2840 8520 1500 O O 0 14330 3900 5440 0] 86250 0 56928 51.5| 14.0| 2750
2039 30390 1020 1500 690 2900 1860 160 300 0 280 8950 2840 8520 1500 0 O 0 15330 4300 6080 0 86620 0 57579 50.4 12.1| 275.0
2040| 28110 1020 1500 690 2900 1860 20 300 0 280| 11200 2840 8760 1500 O O 0 16330 5100 6720 0] 89130 0 58083 535| 126| 2750
2041 26970 1020 1500 690 2900 1860 0 300 0 0] 12700 2840 8760 1500 0 O 0 17330 5100 7320 0 90790 0 58857 54.3 11.5| 275.0
2042| 26970 1020 1500 690 2900 1860 0 300 0 0] 13450 2840 8760 1500 0 O 0 18330 5100 7960 0] 93180 0 59421 56.8| 12.0| 275.0
2043 26820 1020 1500 690 2900 1860 0 300 0 0] 13450 2840 9240 1500 0 O 0 19330 5300 8600 0 95350 0 59985 59.0 12.0| 275.0
2044| 26820 1020 1500 690 2900 0 0 200 0 0] 13450 2840 9240 1500 0 O 0 20330 7200 9240 0] 96930 0 60429 60.4| 10.1| 275.0
2045| 25650 1020 1500 690 2900 0 0 0 0] 14200 4260 9960 1500 O O 0 21330 7200 9560 o] 99770 0 61142 63.2| 11.6| 2750
2046 23900 0 1500 690 2900 0 0 0 0 0] 16450 4260 10200 1500 0 O 0 22330 7200 9880 0] 100810 0 61641 63.5 10.4| 275.0
2047 22100 0 1500 690 2900 0 0 0 0 0] 18700 4260 10200 1500 0 O 0 23190 7200 10200 0] 102440 0 62111 64.9 10.4| 275.0
2048| 19100 0 1500 690 2900 0 0 0 0 0] 21700 4260 10200 1500 O O 0 23980 7200 9880 0] 102910 0 62463 64.8 9.7| 275.0
2049| 17900 0 1500 690 2900 0 0 0 0 0] 23950 4260 10200 1500 O O 0 24420 7200 9560 0] 104080 0 63066 65.0| 10.1| 275.0
2050 16120 0 1500 690 2900 0 0 0 0 0] 25450 4260 10200 1500 0 O 0 24720 7200 9240 0] 103780 0 63553 63.3 8.7| 275.0
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Table 32 — Details of Scenario-Wise Decomposition s  cenario
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2013 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 O 0 0 0 0 0 45660 2560 38280 27.8 21.1| 256.1
2014 37580 2460 1500 680 1580 1860 910 0 940 3200 0 0 0 0 0 O 0 0 0 0 0 48150 2560 38924 324 21.4| 2574
2015 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 0 0 0 0 0 o| 51610| 2810 39703| 39.9| 26.8| 264.7
2016 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0O 0 O 0 0 0 0 0 54710 3060 40608 45.7 31.9| 266.6
2017| 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 0 0 0 0 0 0| 56850| 3060 41679| 47.2| 337 273.0
2018 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0O 0 O 0 0 0 0 0 58280 2060 42485 44.2 33.6| 2773
2019| 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 0 0 0 0 0 0| 58990 2060 43713| 416| 315| 2837
2020 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0O 0 O 0 140 0 0 0 58850 2060 44977 37.1 27.0| 2913
2021 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 O 0 420 0 0 0 58560 2060 46481 31.8 21.6| 3028
2022| 43390 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1126 0 © 0 980 0 0 0| 59236| 2060 47952 29.1| 180| 3058
2023| 42760 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1500 0 O 0 1770 0 48 o] s9818| 2060 49442| 262| 139| 3088
2024 42310 3480 1500 690 2900 1860 1070 300 1300 2700 794 116 0 1500 0 O 0 2700 0 368 0 61528 2060 50895 26.0 11.8| 3141
2025 40420 3480 1500 690 2900 1860 1070 300 1300 2700 1994 2804 0 1500 0 O 1355 3700 0 688 0 66201 2060 52593 31.0 14.7| 275.0
2026 39047 3120 1500 690 2900 1860 1070 300 1300  640| 1994 2804 1365 1500 O O 1355 4700 o 1008 o] 67154 0 52995| 26.7| 12.0| 275.0
2027 37747 3120 1500 690 2900 1860 1070 300 1300 640 1994 3760 3259 1500 0 O 1660 5700 0 1648 0 70649 0 54745 29.0 12.2| 275.0
2028| 36527 3120 1500 690 2900 1860 1070 300 1300  640| 1994 3760 4324 1500 O O 3326 6700 o 1968 o] 73479 0 56482 | 30.1| 116| 275.0
2029 36127 3120 1500 690 2900 1860 1070 300 1300 640 2355 3760 4611 1500 0 O 4857 7700 0 2608 0 76899 0 58547 31.3 11.0( 275.0
2030| 36047 3120 1500 690 2900 1860 1070 300 1300  640| 2355 3760 4611 1500 O O 4857 8700 2866 3102 0| 81179 0 60509 | 342| 10.1| 275.0
2031 36027 3120 1500 690 2900 1860 1070 300 1300 640 2441 3760 4837 1500 0 O 6271 9700 2866 3742 0 84524 0 62159 36.0 10.2| 275.0
2032| 34867 3120 1500 690 2900 1860 1070 300 1300  640| 3582 3760 5106 1500 O O 6716 10700 3134 4382 0| 87127 0 63463| 37.3| 96| 2701
2033| 34162 3120 1500 690 2900 1860 1070 300 1300  640| 4085 3760 5106 1500 O O 6716 11700 5045 5022 0| 90477 0 64969 | 39.3| 87| 2728
2034 33582 3120 1500 690 2900 1860 1070 300 370 640 4678 3760 6227 1500 0 O 8158 12700 5045 5662 0 93762 0 66210 41.6 104 | 2704
2035 33582 3120 1500 690 2900 1860 1070 300 0 640 4698 3760 6227 1500 0 O 9627 13700 5045 6302 0 96521 0 67414 43.2 10.8 | 267.8
2036| 33455 3120 1500 690 2900 1860 1070 300 0 280| 5474 3760 6838 1500 O O 10095 14700 5045 6622 0| 99208 0 68341| 452 114| 2729
2037| 32985 1020 1500 690 2900 1860 1070 300 0 280| 6294 3760 9818 1500 O O 10615 15700 5045 6942 0| 102278 0 69621 | 46.9| 120/ 270.8
2038 32315 1020 1500 690 2900 1860 1070 300 0 280 8018 3760 9818 1500 O O 11180 16700 5045 7262 0 105218 0 70777 48.7 126 2742
2039| 30805 1020 1500 690 2900 1860 160 300 0 280| 8962 3760 9818 1500 O O 11447 17700 5081 7902 0| 105685 0 71736 |  47.3| 11.0| 2744
2040 28565 1020 1500 690 2900 1860 20 300 0 280] 11305 4350 9930 1500 O O 11447 18700 5081 8542 0 107990 0 72495 49.0 112 2715
2041| 27425 1020 1500 690 2900 1860 0 300 0 o| 12795 4350 9930 1500 O O 11447 19700 5081 8975 0| 109474 0 73599 |  48.7 98| 2714
2042 27425 1020 1500 690 2900 1860 0 300 0 0] 13162 5044 10816 1500 0 O 11447 20700 5081 9467 0 112911 0 74482 51.6 11.3| 275.0
2043| 26820 1020 1500 690 2900 1860 0 300 0 o| 13718 5044 10816 1500 O O 11447 21700 5499 10059 O 114872 0 75368 | 52.4| 105| 2732
2044 26820 1020 1500 690 2900 0 0 200 0 0] 13718 5044 10816 1500 0 O 13152 22700 6844 10379 0 117282 0 76112 54.1 10.2| 270.0
2045 25650 1020 1500 690 2900 0 0 0 0 0] 15396 5044 10816 1500 0 O 13152 23560 7500 10699 0 119426 0 77059 55.0 10.0| 269.1
2046| 23900 0 1500 690 2900 0 0o o 0 o| 16992 5801 12045 1500 0 0 13152 24280 7611 11019 O 121390 0 77841| 559| 10.1| 2685
2047| 22100 0 1500 690 2900 0 0o o 0 o| 18745 6048 12045 1500 O O 13152 24720 7611 11019 O 122030 0 78603 |  55.2 93| 2714
2048 19100 0 1500 690 2900 0 0 0 0 0] 21500 6048 12045 1500 0 O 13152 24930 7611 11019 0 121995 0 78969 54.5 8.5| 270.7
2049 17900 0 1500 690 2900 0 0 0 0 0] 23197 6162 12314 1500 0 O 13152 25000 7611 10699 0 122625 0 79640 54.0 85| 2721
2050] 16120 0 1500 690 2900 0 0o o 0 o] 24678 6162 12314 1500 0 0 13152 25000 7611 10459 0] 122086 0 80163| 523| 7.4| 2720
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Table 33 — Details of Moderate Decline scenario
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2013| 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 O 0 0 0 0 o] 45660 2560 38280 278 211 2648
2014| 37580 2460 1500 680 1580 1860 910 0 940 3200 0 0 0 0 0 O 0 0 0 0 0] 48150 2560 38924 324 214| 2577
2015 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 O 0 0 0 0 0 51610 2810 39703 39.9 26.8| 265.9
2016| 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 O 0 0 0 0 0| 54710 3060 40608 457 31.9| 2701
2017 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0O 0 O 0 0 0 0 0 56850 3060 41679 47.2 33.7| 277.0
2018| 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 O 0 0 0 0 0] 58280 2060 42485 442| 33.6| 2802
2019 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0O 0 O 0 0 0 0 0 58990 2060 43713 41.6 315| 2845
2020| 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 0 0 140 0 0 0] 58850 2060 44977 37.1| 27.0| 289.3
2021| 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 O 0 420 0 0 0] 58560 2060 46481 31.8| 21.6| 2985
2022 43390 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1125 0 O 0 980 0 0 0 59235 2060 47952 29.1 18.0| 298.1
2023 42760 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 120 1500 0 O 0 1770 0 0 0 59890 2060 49442 26.4 14.2| 304.9
2024| 42310 3480 1500 690 2900 1860 1070 300 1300 2700 750 0 120 1500 0 O 0 2630 0 320 0] 61370 2060 50895 25.7| 11.6| 311.0
2025| 40420 3480 1500 690 2900 1860 1070 300 1300 2700| 1950 2840 120 1500 O O 1600 3560 0 640 0] 66370 2060 52593 31.3| 154 2750
2026 39390 3120 1500 690 2900 1860 1070 300 1300 640 1950 2840 720 1500 0 O 1600 4560 0 1200 0 67140 0 52995 26.7 12.0| 275.0
2027| 38090 3120 1500 690 2900 1860 1070 300 1300 640] 1950 3550 3360 1500 O O 1600 5560 0 1840 0] 70830 0 54745 29.4| 125| 2750
2028 37140 3120 1500 690 2900 1860 1070 300 1300 640 1950 3550 3960 1500 0 O 3200 6560 0 2160 0 73400 0 56482 30.0 11.4| 275.0
2029| 36270 3120 1500 690 2900 1860 1070 300 1300 640|] 2450 3550 4680 1500 O O 4800 7560 0 2630 0] 76820 0 58547 31.2| 111| 2750
2030 36230 3120 1500 690 2900 1860 1070 300 1300 640 2450 3550 4680 1500 O 0 4800 8560 3000 2950 0 81100 0 60509 34.0 10.3| 275.0
2031| 36210 3120 1500 690 2900 1860 1070 300 1300 640|] 2450 3550 4680 1500 O O 6400 9560 3000 3590 0] 84320 0 62159 357| 102| 2750
2032 35050 3120 1500 690 2900 1860 1070 300 1300 640 3700 3550 5400 1500 0 O 6400 10560 3000 4230 0 86770 0 63463 36.7 95| 275.0
2033 34460 3120 1500 690 2900 1860 1070 300 1300 640| 4450 3550 5400 1500 0 O 8000 11560 3000 4870 0 90170 0 64969 38.8 10.0| 275.0
2034| 33880 3120 1500 690 2900 1860 1070 300 370 640| 4450 3550 6480 1500 O O 9600 12560 3000 5510 0] 92980 0 66210 40.4| 11.0| 2750
2035| 33880 3120 1500 690 2900 1860 1070 300 0 640|] 4450 3550 6480 1500 O O 9600 13560 5300 6150 0] 96550 0 67414 43.2| 11.0| 2750
2036 33410 3120 1500 690 2900 1860 1070 300 0 280 5200 3550 6960 1500 0 O 9600 14560 6200 6790 0 99490 0 68341 45.6 11.1| 275.0
2037 32940 1020 1500 690 2900 1860 1070 300 0 280 6700 4260 9000 1500 0 O 9600 15560 6200 7350 0] 102730 0 69621 47.6 11.7| 275.0
2038| 32000 1020 1500 690 2900 1860 1070 300 0 280| 7450 4260 9000 1500 O O 11200 16560 6200 7670 0] 105460 0 70777 49.0( 12.0| 2703
2039 30960 1020 1500 690 2900 1860 160 300 0 280 7450 4260 9000 1500 O 0 12800 17560 6200 7990 0] 106430 0 71736 48.4 11.4| 264.1
2040| 28680 1020 1500 690 2900 1860 20 300 0 280| 8200 5680 9480 1500 O O 12800 18560 6500 8630 0] 108600 0 72495 49.8| 11.2| 2580
2041 27540 1020 1500 690 2900 1860 0 300 0 0 8200 5680 9480 1500 O 0 14400 19560 6500 8950 0] 110080 0 73599 49.6 10.0| 250.1
2042| 27540 1020 1500 690 2900 1860 0 300 0 0] 8200 5680 10080 1500 O O 14400 20560 6800 9590 800| 112620 800 74482 52.8| 10.3| 2458
2043 26820 1020 1500 690 2900 1860 0 300 0 0 8200 5680 10080 1500 O 0 16000 21560 6800 9910 0] 114820 0 75368 52.3 9.9 239.7
2044| 26820 1020 1500 690 2900 0 0 200 0 0| 8200 5680 10080 1500 O O 19200 22560 6800 10110 0] 117260 0 76112 54.1| 10.6| 2336
2045| 25650 1020 1500 690 2900 0 0 0 0] 8200 5680 10680 1500 O O 20800 23420 6800 10110 0] 118950 0 77059 54.4| 105| 226.6
2046 23900 0 1500 690 2900 0 0 0 0 0 8950 6390 11400 1500 O O 20800 24140 8300 10190 0] 120660 0 77841 55.0 9.7| 221.4
2047 22100 0 1500 690 2900 0 0 0 0 0 9700 6390 11400 1500 O 0 20800 24580 10300 10190 0] 122050 0 78603 55.3 8.7 215.3
2048| 19100 0 1500 690 2900 0 0 0 0 0] 11950 7100 11400 1500 O O 20800 24790 10900 10510 0] 123140 0 78969 55.9 8.7 | 209.2
2049| 17900 0 1500 690 2900 0 0 0 0 0] 11950 9230 11400 1500 O O 20800 24930 10900 10680 0] 124380 0 79640 56.2 9.0 203.0
2050 16120 0 1500 690 2900 0 0 0 0 0] 12700 9230 11400 1500 O 0 20800 25000 10900 10680 0] 123420 0 80163 54.0 7.0 201.2
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Table 34 — Details of Advanced Decline scenario
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2013| 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 O 0 0 0 0 o] 45660 2560 38280 278 211 2648
2014| 37580 2460 1500 680 1580 1860 910 0 940 3200 0 0 0 0 0 O 0 0 0 0 0] 48150 2560 38924 324 214| 2577
2015 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 O 0 0 0 0 0 51610 2810 39703 39.9 26.8| 265.9
2016| 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 O 0 0 0 0 0| 54710 3060 40608 457 31.9| 2701
2017 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0O 0 O 0 0 0 0 0 56850 3060 41679 47.2 33.7| 277.0
2018| 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 O 0 0 0 0 0] 58280 2060 42485 442| 33.6| 2802
2019 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0O 0 O 0 0 0 0 0 58990 2060 43713 41.6 315| 2845
2020| 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 0 0 140 0 0 0] 58850 2060 44977 37.1| 27.0| 289.3
2021| 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 O 0 420 0 0 0] 58560 2060 46481 31.8| 21.6| 2985
2022 43390 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1125 0 O 0 980 0 0 0 59235 2060 47952 29.1 18.0| 298.1
2023 42760 3480 1500 690 2900 1860 1070 300 1300 2700 0 710 0 1500 0 O 0 1770 0 0 0 60480 2060 49442 27.6 15.4| 304.8
2024| 42310 3480 1500 690 2900 1860 1070 300 1300 2700 500 710 0 1500 0 O 0 2630 0 320 o] 61710 2060 50895 26.4| 12.3| 311.3
2025| 40420 3480 1500 690 2900 1860 1070 300 1300 2700| 1700 2840 0 1500 0 O 1600 3590 0 640 0] 66030 2060 52593 30.7| 147| 2750
2026 39390 3120 1500 690 2900 1860 1070 300 1300 640 1700 2840 960 1500 0 O 1600 4590 0 1280 0 67240 0 52995 26.9 12.0| 275.0
2027| 38090 3120 1500 690 2900 1860 1070 300 1300 640] 1700 3550 3480 1500 O O 1600 5590 0 1920 0] 70810 0 54745 29.3| 123| 2750
2028 36670 3120 1500 690 2900 1860 1070 300 1300 640 1950 3550 4320 1500 0 O 3200 6590 0 2260 0 73420 0 56482 30.0 11.3| 275.0
2029| 36270 3120 1500 690 2900 1860 1070 300 1300 640|] 2450 3550 4560 1500 O O 4800 7590 0 2890 0] 76990 0 58547 315| 11.0| 2750
2030 36230 3120 1500 690 2900 1860 1070 300 1300 640 2450 3550 4560 1500 O 0 4800 8590 3300 3230 0 81590 0 60509 34.8 10.5| 275.0
2031| 36210 3120 1500 690 2900 1860 1070 300 1300 640|] 2450 3550 4560 1500 O O 6400 9590 3300 3870 0] 84810 0 62159 36.4| 104| 2740
2032 35050 3120 1500 690 2900 1860 1070 300 1300 640 2950 3550 5640 1500 0 O 6400 10590 4200 4510 0 87770 0 63463 38.3 9.9 271.9
2033 34460 3120 1500 690 2900 1860 1070 300 1300 640 2950 3550 5640 1500 0 O 8000 11590 4200 5150 0 90420 0 64969 39.2 9.2 269.0
2034| 33880 3120 1500 690 2900 1860 1070 300 370 640|] 2950 3550 6000 1500 O O 9600 12590 4200 5790 800| 92510 800 66210 41.4 95| 265.4
2035| 33880 3120 1500 690 2900 1860 1070 300 0 640|] 2950 3550 6000 1500 O O 12800 13590 4200 6110 0] 96660 0 67414 43.4| 119| 259.3
2036 33410 3120 1500 690 2900 1860 1070 300 0 280 2950 3550 7320 1500 O 0 12800 14590 4200 6430 0 98470 0 68341 44.1 11.2| 256.3
2037 32940 1020 1500 690 2900 1860 1070 300 0 280 2950 4260 9600 1500 O 0 14400 15590 4200 6750 0] 101810 0 69621 46.2 12.2| 250.9
2038| 32470 1020 1500 690 2900 1860 1070 300 0 280| 3700 4260 9600 1500 O O 16000 16590 4200 7070 0] 105010 0 70777 484 13.2| 2450
2039 30960 1020 1500 690 2900 1860 160 300 0 280 3700 4260 9600 1500 O O 17600 17590 4200 7390 0] 105510 0 71736 47.1 11.9| 238.2
2040| 28680 1020 1500 690 2900 1860 20 300 0 280| 3700 5680 9600 1500 O O 17600 18590 4700 8030 800| 106650 800 72495 488| 10.6| 2314
2041 27540 1020 1500 690 2900 1860 0 300 0 0 3700 5680 9720 1500 O 0 19200 19590 5000 8670 0] 108870 0 73599 47.9 95| 220.6
2042| 27540 1020 1500 690 2900 1860 0 300 0 0] 3700 5680 9720 1500 O O 19200 20590 5900 9310 1600| 111410 1600 74482 52.9 9.8| 216.9
2043 26820 1020 1500 690 2900 1860 0 300 0 0 3700 5680 9720 1500 O 0 20800 21590 5900 9950 800 113930 800 75368 52.8 9.6 208.7
2044| 26820 1020 1500 690 2900 0 0 200 0 0] 3700 5680 9720 1500 O O 22400 22590 10200 10270 0] 119190 0 76112 56.6| 11.0| 200.2
2045| 25650 1020 1500 690 2900 0 0 0 0] 3700 5680 9720 1500 O O 24000 23450 10200 10590 0] 120600 0 77059 56.5| 10.1| 191.3
2046 23900 0 1500 690 2900 0 0 0 0 0 3700 5680 10920 1500 O 0 25600 24170 10200 10590 0] 121350 0 77841 55.9 9.1| 181.9
2047 22100 0 1500 690 2900 0 0 0 0 0 3700 7100 10920 1500 0 0 25600 24610 11900 10590 0] 123110 0 78603 56.6 8.7 172.2
2048| 19100 0 1500 690 2900 0 0 0 0 0] 5200 7100 11040 1500 O O 27200 24820 11900 10780 0] 123730 0 78969 56.7 86| 162.2
2049| 17900 0 1500 690 2900 0 0 0 0 0] 5200 7100 11400 1500 O O 28800 24960 11900 10790 0] 124640 0 79640 56.5 86| 151.8
2050 16120 0 1500 690 2900 0 0 0 0 0 5200 8520 11400 1500 O 0 28800 25000 11900 10770 0] 124300 0 80163 55.1 75| 140.0
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Table 35 — Details of Carbon Budget scenario
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2013| 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 O 0 0 0 0 o] 45660 2560 38280 278 211 2648
2014| 37580 2460 1500 680 1580 1860 910 0 940 3200 0 0 0 0 0 O 0 0 0 0 0] 48150 2560 38924 324 214| 2577
2015 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 O 0 0 0 0 0 51610 2810 39703 39.9 26.8| 265.9
2016| 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 O 0 0 0 0 0| 54710 3060 40608 457 31.9| 2701
2017 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0O 0 O 0 0 0 0 0 56850 3060 41679 47.2 33.7| 277.0
2018| 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 O 0 0 0 0 0] 58280 2060 42485 442| 33.6| 2802
2019 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0O 0 O 0 0 0 0 0 58990 2060 43713 41.6 315| 2845
2020| 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 0 0 140 0 0 0] 58850 2060 44977 37.1| 27.0| 289.3
2021| 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 O 0 350 0 0 0] 58490 2060 46481 31.7| 216| 2987
2022 43390 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1125 0 O 0 840 0 0 0 59095 2060 47952 28.8 18.0| 298.4
2023 42760 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1780 0 O 0 1400 0 0 0 59680 2060 49442 26.0 145| 305.4
2024| 42310 3480 1500 690 2900 1860 1070 300 1300 2700| 1200 0 0 1780 0 0 0 2190 0 0 0] 61220 2060 50895 25.4| 127| 3032
2025| 40420 3480 1500 690 2900 1860 1070 300 1300 2700| 4450 0 0 1780 0 0 0 3050 0 0 0] 63440 2060 52593 255| 11.6| 3083
2026 39390 3120 1500 690 2900 1860 1070 300 1300 640| 4450 0 2640 1780 0 O 0 3980 0 320 0 65940 0 52995 24.4 12.0| 304.3
2027| 38090 3120 1500 690 2900 1860 1070 300 1300 640| 4450 2130 3960 1780 0O O 0 4980 0 640 0] 69410 0 54745 26.8| 125| 306.2
2028 37140 3120 1500 690 2900 1860 1070 300 1300 640| 4450 4260 4560 1780 0 O 0 5980 0 960 0 72510 0 56482 28.4 12.4| 302.5
2029| 36740 3120 1500 690 2900 1860 1070 300 1300 640| 4450 4260 4920 1780 O O 1600 6980 0 1550 0] 75660 0 58547 292| 11.4| 296.8
2030 36700 3120 1500 690 2900 1860 1070 300 1300 640| 4450 4260 5040 1780 0 O 1600 7980 2500 2190 0 79880 0 60509 32.0 10.5| 295.2
2031| 36680 3120 1500 690 2900 1860 1070 300 1300 640| 4450 4260 5160 1780 O O 3200 8980 2500 2830 0] 83220 0 62159 33.9| 106| 2947
2032 36090 3120 1500 690 2900 1860 1070 300 1300 640| 4450 4260 6120 1780 0 O 3200 9980 3500 3470 0 86230 0 63463 35.9 10.1| 292.9
2033 34930 3120 1500 690 2900 1860 1070 300 1300 640| 4450 4260 6120 1780 0 O 4800 10980 4200 4110 0 89010 0 64969 37.0 9.1| 284.6
2034| 34350 3120 1500 690 2900 1860 1070 300 370 640| 4450 4260 6120 1780 O O 8000 11980 4200 4750 0] 92340 0 66210 395| 109| 2807
2035] 34350 3120 1500 690 2900 1860 1070 300 0 640| 4450 4260 6120 1780 O O 9600 12980 4200 5390 0] 95210 0 67414 41.2| 114 279.4
2036 33880 3120 1500 690 2900 1860 1070 300 0 280| 4450 4260 6120 1780 0 0 11200 13980 4200 5710 0 97300 0 68341 42.4 11.1| 2724
2037 33410 1020 1500 690 2900 1860 1070 300 0 280| 4450 4260 9120 1780 0 0 12800 14980 4200 6030 0] 100650 0 69621 44.6 12.2| 266.1
2038| 32470 1020 1500 690 2900 1860 1070 300 0 280| 4450 4260 9120 1780 O O 16000 15980 4200 6350 0] 104230 0 70777 47.3| 13.7| 2462
2039 30960 1020 1500 690 2900 1860 160 300 0 280| 4450 4260 9120 1780 0 0 16000 16980 5500 6990 0] 104750 0 71736 46.0 11.3| 2452
2040| 28100 1020 1500 690 2900 1860 20 300 0 280| 4450 4260 9120 1780 O O 19200 17980 6500 7630 0] 107590 0 72495 484 11.6| 2187
2041 26960 1020 1500 690 2900 1860 0 300 0 0] 4450 4260 9240 1780 0 0 19200 18980 8200 8270 0] 109610 0 73599 48.9 9.7 2137
2042| 26390 1020 1500 690 2900 1860 0 300 0 0| 4450 4260 9480 1780 O O 20800 19980 8200 8910 0] 112520 0 74482 51.1| 10.4| 2014
2043 26240 1020 1500 690 2900 1860 0 300 0 0] 4450 4260 9480 1780 0 0 20800 20980 9000 9550 0] 114810 0 75368 52.3 9.7 200.9
2044| 26240 1020 1500 690 2900 0 0 200 0 0| 4450 4260 9480 1780 O O 22400 21980 9700 10190 0] 116790 0 76112 53.4 9.0 202.7
2045| 25070 1020 1500 690 2900 0 0 0 0 0| 4450 4260 9480 1780 O O 24000 22840 11200 10830 0] 120020 0 77059 55.8 9.4| 187.9
2046 23320 0 1500 690 2900 0 0 0 0 0] 4450 4260 9480 1780 0 0 27200 23630 12000 11150 0] 122360 0 77841 57.2 95| 164.0
2047 21520 0 1500 690 2900 0 0 0 0 0] 4450 4260 9600 1780 0 0 28800 24140 12100 11470 0] 123210 0 78603 56.8 8.6 152.6
2048| 18520 0 1500 690 2900 0 0 0 0 0| 4450 4260 11040 1780 O O 30400 24580 13100 11790 0] 125010 0 78969 58.3 89| 1337
2049| 17320 0 1500 690 2900 0 0 0 0 0| 4450 4260 11040 1780 O O 32000 24790 13100 11520 0] 125350 0 79640 57.4 84| 124.2
2050 16120 0 1500 690 2900 0 0 0 0 0] 4450 4970 11040 1780 0 0 32000 24930 13100 11200 0] 124680 0 80163 55.5 7.0| 120.2
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Table 36 — Details of Carbon Tax scenario
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2013| 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 O 0 0 0 0 o] 45660 2560 38280 278 211 2648
2014| 37580 2460 1500 680 1580 1860 910 0 940 3200 0 0 0 0 0 O 0 0 0 0 0] 48150 2560 38924 324 214| 2577
2015 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 O 0 0 0 0 0 51610 2810 39703 39.9 26.8| 265.9
2016| 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 O 0 0 0 0 0| 54710 3060 40608 457 31.9| 2701
2017 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0O 0 O 0 0 0 0 0 56850 3060 41679 47.2 33.7| 277.0
2018| 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 O 0 0 0 0 0] 58280 2060 42485 442| 33.6| 2802
2019 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0O 0 O 0 0 0 0 0 58990 2060 43713 41.6 315| 2845
2020| 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 0 0 140 0 0 0] 58850 2060 44977 37.1| 27.0| 289.3
2021| 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 O 0 280 0 0 0] 58420 2060 46481 315| 21.6| 2988
2022 43390 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1125 0 O 0 550 0 0 0 58805 2060 47952 28.1 18.0| 298.9
2023 42760 3480 1500 690 2900 1860 1070 300 1300 2700 600 0 0 1500 0 O 0 1110 0 0 0 59710 2060 49442 26.0 15.1| 301.2
2024| 42310 3480 1500 690 2900 1860 1070 300 1300 2700 1450 0 0 1500 0 O 0 1670 0 0 0] 60670 2060 50895 242| 126 304.1
2025| 40420 3480 1500 690 2900 1860 1070 300 1300 2700 5950 0 0 1500 0 O 0 2370 0 0 0] 63980 2060 52593 26.6| 13.9| 3086
2026 39390 3120 1500 690 2900 1860 1070 300 1300 640 5950 0 1560 1500 0 O 0 3160 0 0 0 64940 0 52995 225 12.1| 305.6
2027| 38090 3120 1500 690 2900 1860 1070 300 1300 640|] 5950 1420 3000 2060 O O 0 4090 0 0 0] 67990 0 54745 242| 124 3107
2028 36670 3120 1500 690 2900 1860 1070 300 1300 640 6700 2840 3960 2060 0 O 0 5090 0 20 0 70720 0 56482 25.2 11.9| 3111
2029| 36270 3120 1500 690 2900 1860 1070 300 1300 640| 8200 2840 4800 2060 O O 0 6090 0 310 0] 73950 0 58547 26.3| 115| 317.3
2030 36230 3120 1500 690 2900 1860 1070 300 1300 640 9700 2840 4800 2060 0 O 0 7090 0 310 0 76410 0 60509 26.3 10.3| 325.6
2031| 36210 3120 1500 690 2900 1860 1070 300 1300 640| 11200 2840 5400 2060 O O 0 8090 0 630 0] 79810 0 62159 28.4| 10.8| 3349
2032 35620 3120 1500 690 2900 1860 1070 300 1300 640 11950 2840 6480 2060 0 O 0 9090 0 950 0 82370 0 63463 29.8 10.7| 338.6
2033 34460 3120 1500 690 2900 1860 1070 300 1300 640 | 14200 2840 6840 2060 0 O 0 10090 0 1270 0 85140 0 64969 31.0 10.5| 345.2
2034| 33880 3120 1500 690 2900 1860 1070 300 370 640| 16450 2840 7200 2060 O O 0 11090 0 1590 0] 87560 0 66210 322| 112| 357.3
2035| 33880 3120 1500 690 2900 1860 1070 300 0 640| 17950 2840 7320 2060 O O 0 12090 0 1910 0] 90130 0 67414 33.7| 116| 367.8
2036 33410 3120 1500 690 2900 1860 1070 300 0 280 | 19450 2840 7680 2060 0 O 0 13090 0 1910 0 92160 0 68341 34.9 11.6| 371.7
2037 32940 1020 1500 690 2900 1860 1070 300 0 280| 20950 2840 10680 2060 0 O 0 14090 0 2230 0 95410 0 69621 37.0 12.4| 3754
2038| 32470 1020 1500 690 2900 1860 1070 300 0 280| 22450 2840 11400 2060 O O 0 15090 0 2230 0] 98160 0 70777 38.7| 13.1| 379.9
2039 30960 1020 1500 690 2900 1860 160 300 0 280| 24700 2840 11400 2060 0 O 0 16090 0 2550 0 99310 0 71736 38.4 12.7| 383.1
2040| 28680 1020 1500 690 2900 1860 20 300 0 280| 26950 2840 11520 2060 O O 0 17090 0 2870 0] 100580 0 72495 38.7| 11.8| 3839
2041 27540 1020 1500 690 2900 1860 0 300 0 0] 28450 2840 12840 2060 0 O 0 18090 0 3190 0] 103280 0 73599 40.3 12.2| 384.7
2042| 26970 1020 1500 690 2900 1860 0 300 0 0] 29200 2840 13200 2060 O O 0 19090 0 3330 0] 104960 0 74482 409| 11.6| 3846
2043 26820 1020 1500 690 2900 1860 0 300 0 0] 29950 2840 13440 2060 0 O 0 20090 0 3650 0] 107120 0 75368 42.1 11.5| 3874
2044| 26820 1020 1500 690 2900 0 0 200 0 0] 32200 2840 13440 2060 O O 0 21090 0 3960 0] 108720 0 76112 42.8| 11.0| 4034
2045| 25650 1020 1500 690 2900 0 0 0 0 0] 34450 2840 13440 2060 O O 0 21950 0 4280 0] 110780 0 77059 43.8| 11.0| 4055
2046 23900 0 1500 690 2900 0 0 0 0 0] 36700 3550 14040 2060 0 O 0 22810 0 4280 0] 112430 0 77841 44.4 10.9| 407.2
2047 22100 0 1500 690 2900 0 0 0 0 0] 38200 4260 14520 2060 0 O 0 23540 0 4550 0] 114320 0 78603 45.4 11.1| 406.3
2048| 19100 0 1500 690 2900 0 0 0 0 0] 41200 4260 14520 2060 O O 0 23980 0 4530 0] 114740 0 78969 453| 10.6| 404.8
2049| 17900 0 1500 690 2900 0 0 0 0 0| 42700 4970 14520 2060 O O 0 24420 0 4560 0] 116220 0 79640 459 10.9| 4038
2050 16120 0 1500 690 2900 0 0 0 0 0] 42700 6390 14520 2060 0 O 0 24720 0 4880 0] 116480 0 80163 45.3 9.9| 399.3
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Table 37 — Details of Regional Hydro scenario
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2013| 36860 2550 1500 670 1580 1860 0 o0 0 3200 0 0 0 0o o0 o 0 0 0 0 o 45660| 2560 38280 27.8| 211 264.8
2014| 37580 2460 1500 680 1580 1860 910 O 940 3200 0 0 0 o o0 o 0 0 0 0 0| 48150| 2560 38924 324| 214| 2577
2015 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 0 0 0 0 0 0 51610 2810 39703 39.9 26.8| 265.9
2016| 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 o 0 o 0 0 0 0o o] 54720 3060 40608 457 31.9| 2701
2017 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 0 0 0 0 0 0 56850 3060 41679 47.2 33.7| 277.0
2018| 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 o 0 o 0 0 0 o o] 58280 2060 42485| 442| 336| 280.2
2019 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 0 0 0 0 0 0 58990 2060 43713 41.6 315| 2845
2020| 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 o 0 o 0 140 0 o o] ssss0| 2060 44977| 37.1| 27.0| 2893
2021| 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 o o0 o 0 350 0 0 0] 58490| 2060 46481| 31.7| 21.6| 2987
2022 43390 3480 4000 690 2900 1860 1070 300 1300 2700 0 0 0 490 0 0 0 740 0 0 0 60860 2060 47952 32.6 22.0| 290.1
2023 42760 3480 4000 690 4100 1860 1070 300 1300 2700 0 0 0 1615 0 0 0 1300 0 0 0 63115 2060 49442 33.2 21.7| 292.6
2024| 42310 3480 4000 690 4100 1860 1070 300 1300 2700 0 0 0 1990 0 O 0 2090 0 0 o] 63830 2060 50895| 30.7| 18.1| 2982
2025| 40420 3480 4000 690 4100 1860 1070 300 1300 2700| 1200 2840 0 2150 0 O 0 3020 o 320 o] 67390 2060 52593| 33.4| 188| 275.0
2026 38920 3120 4000 690 4100 1860 1070 300 1300 640 1200 2840 0 2150 0 0 0 4020 0 640 0 66850 0 52995 26.1 13.2| 275.0
2027| 37620 3120 4000 690 4100 1860 1070 300 1300  640] 1200 3550 2040 2150 0 0O 0 5020 o 970 o] 6930 0 54745| 272 12.4| 2750
2028 36670 3120 4000 690 4100 1860 1070 300 1300 640 1450 3550 2880 2150 0 0 1600 6020 0 1290 0 72690 0 56482 28.7 12.2| 275.0
2029| 36270 3120 4000 690 4100 1860 1070 300 1300  640| 2200 3550 2880 2150 O O 3200 7020 o 180 o] 76180 0 58547 301 11.9| 275.0
2030 36230 3120 4000 690 4100 1860 1070 300 1300 640 2450 3550 3240 2150 0 0 3200 8020 1300 2460 0 79680 0 60509 31.7 10.7| 275.0
2031| 36210 3120 4000 690 4100 1860 1070 300 1300  640| 2450 3550 3240 2150 0 O 4800 9020 1300 3100 0| 82900 0 62159 | 33.4| 10.6| 275.0
2032 35050 3120 4000 690 4100 1860 1070 300 1300 640 3450 3550 3240 2150 0 0 6400 10020 1300 3520 0 85760 0 63463 35.1 10.8| 275.0
2033 33890 3120 4000 690 4100 1860 1070 300 1300 640 4450 3550 3360 2150 0 0 6400 11020 2300 4160 0 88360 0 64969 36.0 9.3| 275.0
2034| 33310 3120 4000 690 4100 1860 1070 300 370  640| 5200 3550 4200 2150 0 0 8000 12020 2300 4800 0| 91680 0 66210 385 11.1| 275.0
2035| 33310 3120 4000 690 4100 1860 1070 300 0 640|] 5200 3550 4200 2150 O O 9600 13020 2300 5440  O| 94550 0 67414| 403| 11.6| 275.0
2036 33310 3120 4000 690 4100 1860 1070 300 0 280 5200 3550 5160 2150 0 0 9600 14020 3000 6080 0 97490 0 68341 42.7 11.8| 275.0
2037 32840 1020 4000 690 4100 1860 1070 300 0 280 5950 3550 8280 2150 0 0 9600 15020 3800 6690 0] 101200 0 69621 45.4 125| 275.0
2038| 31900 1020 4000 690 4100 1860 1070 300 0 280| 8200 3550 8280 2150 O O 9600 16020 4500 7330 O 104850 0 70777| 481 133| 275.0
2039 30390 1020 4000 690 4100 1860 160 300 0 280 8950 3550 8280 2150 0 0 9600 17020 5300 7970 0] 105620 0 71736 47.2 11.6| 275.0
2040| 28110 1020 4000 690 4100 1860 20 300 0 280 11950 3550 8280 2150 O O 9600 18020 5500 8610 O 108040 0 72495| 490 11.9| 2750
2041 26970 1020 4000 690 4100 1860 0 300 0 0] 13450 3550 8280 2150 0 0 9600 19020 5500 8980 0] 109470 0 73599 48.7 10.4| 275.0
2042| 26970 1020 4000 690 4100 1860 0 300 0 0| 13450 4260 9120 2150 0 0 9600 20020 5500 9370 O] 112410 0 74482| 509 11.4| 2750
2043 26820 1020 4000 690 4100 1860 0 300 0 0] 13450 4970 9120 2150 0 0 9600 21020 5900 10010 0] 115010 0 75368 52.6 11.4| 275.0
2044| 26820 1020 4000 690 4100 0 0 200 0 0| 13450 4970 9120 2150 0 0 11200 22020 7200 10650 O] 117590 0 76112| 545| 11.0| 275.0
2045| 25650 1020 4000 690 4100 0 0o o0 0 0| 14950 4970 9120 2150 0 0 11200 22880 7800 10970 O] 119500 0 77059| 55.1| 105| 275.0
2046 23900 0 4000 690 4100 0 0 0 0 0] 16450 5680 10320 2150 0 0 11200 23670 7900 11080 0] 121140 0 77841 55.6 10.3| 275.0
2047 22100 0 4000 690 4100 0 0 0 0 0] 18700 5680 10320 2150 0 0 11200 24280 7900 11070 0] 122190 0 78603 55.5 9.8| 275.0
2048| 19100 0 4000 690 4100 o 0o o 0 0| 21700 5680 10320 2150 0 0 11200 24720 7900 11070 O] 122630 0 78969 | 553 93| 275.0
2049| 17900 0 4000 690 4100 0 0o o0 0 0| 23200 5680 10440 2150 0 0 11200 24930 7900 10850 O] 123040 0 79640| 545 89| 275.0
2050 16120 0 4000 690 4100 0 0 0 0 0] 24700 5680 10440 2150 0 0 11200 25000 7900 10540 0] 122520 0 80163 52.8 7.7| 275.0
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Table 38 — Details of Rooftop PV scenario
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2013| 36860 2550 1500 670 1580 1860 0 o0 0 3200 0 0 0 0o o0 o 0 0 0 0 o 45660| 2560 38280 27.8| 211 264.8
2014| 37580 2460 1500 680 1580 1860 910 O 940 3200 0 0 0 o o0 o 0 0 0 0 0| 48150| 2560 38924 324| 214| 2577
2015 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 0 0 2870 0 0 0 54480 2810 39703 47.7 26.8| 2625
2016| 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 o 0 o 0 4316 0 0 o] 59026| 3060 40608 57.2| 31.9| 265.1
2017 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 0 0 5823 0 0 0 62673 3060 41679 62.3 33.7| 270.0
2018| 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 o 0 o 0 7378 0 0o o] es658| 2060 42485| 624 336 2704
2019 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 0 0 8887 0 0 0 67877 2060 43713 63.0 315| 2733
2020| 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 o 0 o 0 10453 0 o o] 69163 2060 44977| 61.2| 27.0| 276.6
2021| 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 o o0 o 0 12060 0 0 o] 70200| 2060 46481| 58.0| 21.6| 284.4
2022 43390 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 375 0 0 0 13769 0 0 0 71274 2060 47952 55.3 16.4| 286.0
2023 42760 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1500 0 0 0 15705 0 0 0 73705 2060 49442 55.6 13.9| 286.3
2024| 42310 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 960 1500 0 0O 0 17804 o 320 o] 7e634| 2060 50895| 56.9| 11.8| 290.7
2025| 40420 3480 1500 690 2900 1860 1070 300 1300 2700] 1700 1420 1440 1500 0 © 0 19955 o 660 0| 80835| 2060 52593| 60.0| 11.7| 275.0
2026 39390 3120 1500 690 2900 1860 1070 300 1300 640 1700 1420 4200 1500 0 0 0 22011 0 980 0 84581 0 52995 59.6 12.3| 275.0
2027| 38090 3120 1500 690 2900 1860 1070 300 1300  640| 1700 2130 6720 1500 0 0O 0 24030 0 1300 o] 88850 0 54745| 623 12.4| 2750
2028 36670 3120 1500 690 2900 1860 1070 300 1300 640 1700 2840 8880 1500 0 0 0 25929 0 1850 0 92749 0 56482 64.2 11.8| 275.0
2029| 36270 3120 1500 690 2900 1860 1070 300 1300  640| 2200 2840 9240 1500 O O 1600 27695 o 2170 o] 96895 0 58547 655| 11.5| 275.0
2030 36230 3120 1500 690 2900 1860 1070 300 1300 640 2450 2840 10320 1500 0 0 1600 29317 400 2490 0] 100527 0 60509 66.1 10.6| 275.0
2031| 35640 3120 1500 690 2900 1860 1070 300 1300  640| 2950 2840 10320 1500 O O 3200 30847 400 3130 0 104207 0 62159| 67.6| 104| 275.0
2032 35050 3120 1500 690 2900 1860 1070 300 1300 640 2950 2840 10320 1500 0 0 4800 32366 400 3770 0] 107376 0 63463 69.2 10.0| 274.4
2033 33890 3120 1500 690 2900 1860 1070 300 1300 640 4450 2840 11280 1500 0 0 4800 33875 500 4410 0] 110925 0 64969 70.7 9.8| 275.0
2034| 33310 3120 1500 690 2900 1860 1070 300 370  640| 5200 2840 11880 1500 O O 6400 35372 500 5050 0| 114502 0 66210 729 11.2| 2750
2035| 33310 3120 1500 690 2900 1860 1070 300 0 640|] 5200 2840 11880 1500 O O 8000 36858 500 5690 0| 117858 0 67414| 748| 11.7| 2750
2036 32840 3120 1500 690 2900 1860 1070 300 0 280 5950 2840 12840 1500 0 0 8000 38332 500 6300 0] 120822 0 68341 76.8 11.8| 275.0
2037 32370 1020 1500 690 2900 1860 1070 300 0 280 7450 2840 15960 1500 0 0 8000 39794 500 6620 0] 124654 0 69621 79.0 12.8| 275.0
2038| 31900 1020 1500 690 2900 1860 1070 300 0 280| 8200 2840 15960 1500 O O 9600 41243 500 6940 0| 128303 0 70777| 813| 13.7| 2703
2039 30390 1020 1500 690 2900 1860 160 300 0 280 8200 2840 15960 1500 0 0 11200 42679 500 7260 0] 129239 0 71736 80.2 125| 263.3
2040| 28110 1020 1500 690 2900 1860 20 300 0 280| 8200 4970 16440 1500 O 0 11200 44101 500 7900 0| 131491 0 72495| 814 12.0| 258.0
2041 27540 1020 1500 690 2900 1860 0 300 0 0 8200 4970 16440 1500 0 0 12800 45509 500 8250 0] 133979 0 73599 82.0 11.5| 250.7
2042| 26970 1020 1500 690 2900 1860 0 300 0 o] 8200 4970 17040 1500 0O O 12800 46903 500 8890 800| 136043| 800 74482| 846| 10.8| 2458
2043 26820 1020 1500 690 2900 1860 0 300 0 0 8200 4970 17040 1500 0 0 12800 48282 2800 9530 0] 140212 0 75368 86.0 109 | 239.7
2044| 26820 1020 1500 690 2900 0 0 200 0 o] 8200 4970 17040 1500 0 O 16000 49645 2800 9850 O 143135 0 76112| 88.1| 11.6| 233.6
2045| 25650 1020 1500 690 2900 0 0o o0 0 o] 8200 4970 17160 1500 0 0 17600 50923 2800 9830 O 144743 0 77059| 87.8| 10.8| 2275
2046 23900 0 1500 690 2900 0 0 0 0 0 8950 7100 17160 1500 0 0 17600 52114 3200 10150 0] 146764 0 77841 88.5 10.3| 221.4
2047 22100 0 1500 690 2900 0 0 0 0 0 8950 9230 17160 1500 0 0 17600 53149 4000 10470 0] 149249 0 78603 89.9 10.3| 215.3
2048| 19100 0 1500 690 2900 o 0o o 0 0| 11200 9230 17160 1500 0 O 17600 53886 4000 10560 O] 149326 0 78969 | 89.1 89| 2092
2049| 17900 0 1500 690 2900 0 0o o0 0 0| 11950 10650 17160 1500 O O 17600 54376 4000 10870 O] 151096 0 79640| 897 9.3| 203.0
2050 16120 0 1500 690 2900 0 0 0 0 0] 13450 10650 17160 1500 0 0 17600 54708 4000 10870 0] 151148 0 80163 88.6 8.2| 201.2
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Table 39 — Details of Solar Park scenario
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2013 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 0 0 0 0 0 0 45660 2560 38280 27.8 21.1| 256.1
2014 37580 2460 1500 680 1580 1860 910 0 940 3200 0 0 0 0 0 0 0 0 0 0 0 48150 2560 38924 324 214| 2574
2015| 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 0 0 0 0 0 o| s51610| 2810 39703| 39.9| 26.8| 2647
2016 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 0 0 0 0 0 0 54710 3060 40608 45.7 319| 266.6
2017| 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 o o0 o 0 0 0 0 o| 56850| 3060 41679| 47.2| 33.7| 2730
2018 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 0 0 0 1000 0 0 59280 2060 42485 46.6 349| 2773
2019| 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 o o0 o 0 0 2000 0 o| 60990| 2060 43713| 46.4| 340 2837
2020 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 0 0 140 3000 0 0 61850 2060 44977 44.1 30.7| 291.3
2021 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 0 0 280 4000 0 0 62420 2060 46481 40.5 26.4| 302.8
2022| 43390 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 0 0 560 5000 0 o| 62690| 2060 47952| 36.6| 215| 3058
2023| 42760 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 750 0 0 0 1120 5000 0 o| 63370 2060 49442| 337| 18.0| 3088
2024 42310 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1500 0 0 0 1910 5000 320 0 64780 2060 50895 32.7 15.4| 314.1
2025 40420 3480 1500 690 2900 1860 1070 300 1300 2700 1450 2130 0 1500 0 0 0 2840 5000 640 0 67720 2060 52593 34.0 15.0| 275.0
2026| 39390 3120 1500 690 2900 1860 1070 300 1300  640| 1450 2130 1320 1500 0 O 0 3770 5000 960 o| 68900 0 52995 30.0| 12.9| 275.0
2027 38090 3120 1500 690 2900 1860 1070 300 1300 640 1450 2130 2520 1500 0 0 1600 4770 5000 1280 0 71720 0 54745 31.0 12.2| 275.0
2028| 36670 3120 1500 690 2900 1860 1070 300 1300  640| 1700 2840 4080 1500 O O 1600 5770 5000 1600 o| 74140 0 56482| 31.3| 10.9| 275.0
2029 36270 3120 1500 690 2900 1860 1070 300 1300 640 2450 2840 4320 1500 0 0 3200 6770 5000 1920 0 77650 0 58547 32.6 10.9| 275.0
2030| 36230 3120 1500 690 2900 1860 1070 300 1300  640| 2450 2840 4320 1500 0 0 3200 7770 6700 2250 o| 80640 0 60509 | 333 89| 275.0
2031 36210 3120 1500 690 2900 1860 1070 300 1300 640 2450 2840 4320 1500 0 0 4800 8770 6700 2890 0 83860 0 62159 34.9 8.9 275.0
2032| 35050 3120 1500 690 2900 1860 1070 300 1300  640| 3700 2840 4920 1500 0 0 4800 9770 6700 3530 800| 86190| 800 63463| 375 84| 2701
2033| 33890 3120 1500 690 2900 1860 1070 300 1300  640| 4450 2840 4920 1500 0 0 6400 10770 6700 4170 o| 89020 0 64969 | 37.0 76| 2728
2034 33310 3120 1500 690 2900 1860 1070 300 370 640 5200 2840 5760 1500 0 0 8000 11770 6700 4810 0 92340 0 66210 39.5 94| 2704
2035 33310 3120 1500 690 2900 1860 1070 300 0 640 5200 2840 5880 1500 0 0 9600 12770 6700 5450 0 95330 0 67414 41.4 10.1| 267.8
2036| 32840 3120 1500 690 2900 1860 1070 300 0 280| 5950 2840 7080 1500 O O 9600 13770 6700 6090 o| 98090 0 68341| 435 106| 2729
2037| 32370 1020 1500 690 2900 1860 1070 300 0 280| 7450 2840 9480 1500 0 0 9600 14770 6800 6730 o| 101160 0 69621 | 453| 108| 2708
2038 31900 1020 1500 690 2900 1860 1070 300 0 280 8200 2840 9480 1500 0 0 11200 15770 6800 7050 0] 104360 0 70777 47.4 11.8| 274.2
2039| 30390 1020 1500 690 2900 1860 160 300 0 280| 8200 2840 9480 1500 0 0 12800 16770 6800 7370 o| 104860 0 71736| 462| 106| 2744
2040 28110 1020 1500 690 2900 1860 20 300 0 280 8950 4260 9960 1500 0 0 12800 17770 7600 8010 0] 107530 0 72495 48.3 10.8| 2715
2041| 26970 1020 1500 690 2900 1860 0 300 0 o| 8950 4970 10200 1500 0 0 12800 18770 7600 8650 o| 108680 0 73599 |  47.7 87| 2714
2042 26970 1020 1500 690 2900 1860 0 300 0 0 8950 4970 10200 1500 0 0 14400 19770 7600 8970 0] 111600 0 74482 49.8 9.7 275.0
2043| 26820 1020 1500 690 2900 1860 0 300 0 o| 8950 4970 10200 1500 0 0 16000 20770 7600 9290 o| 114370 0 75368| 51.7| 105| 2732
2044 26820 1020 1500 690 2900 0 0 200 0 0 8950 4970 10200 1500 0 0 19200 21770 7600 9290 0] 116610 0 76112 53.2 11.1| 270.0
2045 25650 1020 1500 690 2900 0 0 0 0 0 8950 4970 10200 1500 0 0 20800 22630 7600 9290 0] 117700 0 77059 52.7 10.1| 269.1
2046| 23900 0 1500 690 2900 0 0o o 0 o| 8950 5680 12240 1500 0 0 20800 23490 8700 9610 o| 119960 0 77841| 541 99| 2685
2047| 22100 0 1500 690 2900 o 0o o 0 o] 9700 5680 12240 1500 0 0 20800 24210 10200 9930 o| 121450 0 78603 | 545 87| 2714
2048 19100 0 1500 690 2900 0 0 0 0 0] 11950 6390 12360 1500 0 0 20800 24650 11400 10250 0] 123490 0 78969 56.4 9.2| 270.7
2049 17900 0 1500 690 2900 0 0 0 0 0] 11950 8520 12480 1500 0 0 20800 24860 10400 10570 0] 124070 0 79640 55.8 9.1 272.1
2050 16120 0 1500 690 2900 0 0o o 0 0] 12700 9230 12480 1500 0 0 20800 24930 9400 10560 o] 122810 0 80163| 532 7.3| 2720
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Table 40 — Details of Big Gas scenario
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2013 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 0 0 0 0 0 0 45660 2560 38280 27.8 21.1| 256.1
2014 37580 2460 1500 680 1580 1860 910 0 940 3200 0 0 0 0 0 0 0 0 0 0 0 48150 2560 38924 32.4 214| 2574
2015| 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 o 0 o 0 0 0 0 o] 51610 2810 39703 39.9| 26.8| 2647
2016| 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 o 0 o 0 0 0 0o o] s4710| 3060 40608| 45.7| 31.9| 266.6
2017 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 0 0 0 0 0 0 56850 3060 41679 47.2 33.7| 273.0
2018 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 0 0 0 0 0 0 58280 2060 42485 442 33.6| 277.3
2019| 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 o 0 o 0 0 0 o o] 58990 2060 43713| 41.6| 315| 2837
2020 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 0 0 0 0 0 0 58710 2060 44977 36.8 27.0| 2913
2021| 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 o o0 o 0 70 0 0 o] 58210| 2060 46481 310 21.6| 302.8
2022 43390 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1125 0 0 0 210 0 0 0 58465 2060 47952 27.4 18.0| 305.8
2023| 42760 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1500 0 O 0 420 0 0 o] 58420 2060 49442 | 233| 13.9| 3088
2024 42310 3480 1500 690 2900 1860 1070 300 1300 2700 0 1420 0 1500 0 0 0 630 0 0 0 59600 2060 50895 22.0 125| 314.1
2025| 40420 3480 1500 690 2900 1860 1070 300 1300 2700| 1200 5680 0 1500 0 O 0 1050 0 0 o] 63590 2060 52593 258| 15.7| 275.0
2026| 39390 3120 1500 690 2900 1860 1070 300 1300  640] 1200 5680 720 1500 0 0O 0 1470 0 o o] 63340 0 52995| 195| 122| 275.0
2027 38090 3120 1500 690 2900 1860 1070 300 1300 640 1200 8520 1200 1500 0 0 0 2030 0 0 0 65920 0 54745 20.4 12.3| 275.0
2028 36670 3120 1500 690 2900 1860 1070 300 1300 640 1200 11360 1440 1500 0 0 0 2590 0 0 0 68140 0 56482 20.6 11.8| 275.0
2029| 36270 3120 1500 690 2900 1860 1070 300 1300  640| 1200 14200 1440 1500 0 0O 0 3080 0 o o] 71070 0 58547 214 12.1| 2750
2030| 35090 3120 1500 690 2900 1860 1070 300 1300  640| 1200 16330 1440 1500 0 0O 0 3640 0 o o] 72580 0 60509 | 19.9| 10.0| 275.0
2031 33930 3120 1500 690 2900 1860 1070 300 1300 640 1200 19170 1440 1500 0 0 0 4200 0 0 0 74820 0 62159 20.4 9.8| 275.0
2032| 32770 3120 1500 690 2900 1860 1070 300 1300  640| 1200 22010 1440 1500 0 0O 0 4760 0 o o] 77060 0 63463 214 102| 2701
2033 31610 3120 1500 690 2900 1860 1070 300 1300 640 1200 24850 1440 1500 0 0 0 5320 0 0 0 79300 0 64969 22.1 10.2| 2728
2034| 31030 3120 1500 690 2900 1860 1070 300 370  640| 1200 27690 1440 1500 0 0O 0 5810 0 o o] 81120 0 66210 225 11.1| 2704
2035 30450 3120 1500 690 2900 1860 1070 300 0 640 1200 30530 1440 1500 0 0 0 6300 0 0 0 83500 0 67414 23.9 12.3| 267.8
2036| 29980 3120 1500 690 2900 1860 1070 300 0 280| 1200 32660 1440 1500 0 0O 0 6790 0 o o] ss29 0 68341| 248 12.7| 2729
2037 29510 1020 1500 690 2900 1860 1070 300 0 280 1200 34790 2760 1500 0 0 0 7280 0 0 0 86660 0 69621 24.5 11.9| 270.8
2038 27280 1020 1500 690 2900 1860 1070 300 0 280 1200 38340 2880 1500 0 0 0 7840 0 0 0 88660 0 70777 25.3 12.1| 274.2
2039| 25180 1020 1500 690 2900 1860 160 300 0 280| 1200 40470 3600 1500 0 0O 0 8400 0 o o] 89060 0 71736 242 11.7| 2744
2040| 22870 1020 1500 690 2900 1860 20 300 0 280| 1200 43310 3600 1500 O 0O 0 8960 0 o o] 90010 0 72495| 242 112| 2715
2041 22870 1020 1500 690 2900 1860 0 300 0 0 1200 44730 3600 1500 0 0 0 9660 0 0 0 91830 0 73599 24.8 11.1| 271.4
2042 22240 1020 1500 690 2900 1860 0 300 0 0 1200 46150 3600 1500 0 0 0 10450 0 0 0 93410 0 74482 25.4 10.8| 275.0
2043| 21460 1020 1500 690 2900 1860 0 300 0 o] 1200 48280 3600 1500 0 0O 0 11240 0 0 o] 95550 0 75368| 268 11.3| 2732
2044 21460 1020 1500 690 2900 0 0 200 0 0 1200 51830 3600 1500 0 0 0 12100 0 0 0 98000 0 76112 28.8 12.4| 270.0
2045| 20870 1020 1500 690 2900 0 0o o0 0 o] 1200 53960 3600 1500 0 0O 0 12890 0 0 o] 100130 0 77059 | 299 12.9| 269.1
2046 18510 0 1500 690 2900 0 0 0 0 0 1200 56800 4680 1500 0 0 0 13610 0 290 0] 101680 0 77841 30.6 125| 268.5
2047| 16100 0 1500 690 2900 0 0o o 0 o] 1200 58220 5520 1500 0 0O 0 14330 0 290 o] 102250 0 78603 30.1| 11.3| 2714
2048 14250 0 1500 690 2900 0 0 0 0 0 1200 60350 5520 1500 0 0 0 14950 0 610 0] 103470 0 78969 31.0 11.2| 270.7
2049| 12970 0 1500 690 2900 0 0o o0 0 o] 1200 61060 5880 1500 0 0O 0 15530 0 93 o] 104160 0 79640 308 101 2721
2050 11690 0 1500 690 2900 0 0o 0 o] 1200 62480 6720 1500 0 © 0 15900 o 1170 o] 105750 0 80163| 31.9| 10.7| 272.0
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Table 41 — Details of High Coal Cost scenario
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2013 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 0 0 0 0 0 0 45660 2560 38280 27.8 21.1| 256.1
2014 37580 2460 1500 680 1580 1860 910 0 940 3200 0 0 0 0 0 0 0 0 0 0 0 48150 2560 38924 32.4 214| 2574
2015| 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 0 0 0 0 0 o] 51610 2810 39703| 39.9| 26.8| 2647
2016 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 0 0 0 0 0 0 54710 3060 40608 45.7 31.9| 266.6
2017| 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 0 0 0 0 0 o] 156850| 3060 41679| 47.2| 33.7| 2730
2018 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 0 0 0 0 0 0 58280 2060 42485 442 33.6| 277.3
2019| 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 0 0 70 0 0 o] 59060 2060 43713| 41.8| 315| 2837
2020 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 0 0 210 0 0 0 58920 2060 44977 37.3 27.0| 2913
2021 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 0 0 540 0 0 0 58680 2060 46481 32.1 21.6| 3028
2022| 43390 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1125 0 0 0 1100 0 0 o] 59355| 2060 47952 29.3| 18.0| 3058
2023| 42760 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1500 0 0 0 1890 0 320 o] 60210 2060 49442 27.1| 14.1| 3088
2024 42310 3480 1500 690 2900 1860 1070 300 1300 2700 1000 0 0 1500 0 0 0 2820 0 640 0 62010 2060 50895 27.0 12.1| 3141
2025 40420 3480 1500 690 2900 1860 1070 300 1300 2700 2200 2130 0 1500 0 0 1600 3820 300 1280 0 66990 2060 52593 32.6 15.0( 275.0
2026| 38920 3120 1500 690 2900 1860 1070 300 1300  640| 2200 2130 1320 1500 0 0 1600 4820 300 1600 o] 67770 0 52995 279 11.9| 2750
2027 37620 3120 1500 690 2900 1860 1070 300 1300 640 2200 2130 2880 1500 0 0 3200 5820 300 1920 0 70950 0 54745 29.6 11.9| 275.0
2028| 36670 3120 1500 690 2900 1860 1070 300 1300  640| 2200 2840 4560 1500 0 0 3200 6820 300 2460 o] 73930 0 56482 30.9| 11.3| 2750
2029 36270 3120 1500 690 2900 1860 1070 300 1300 640 2950 2840 4680 1500 0 0 4800 7820 300 2830 0 77370 0 58547 32.1 11.1| 275.0
2030| 36230 3120 1500 690 2900 1860 1070 300 1300  640| 2950 2840 4680 1500 0 0 4800 8820 3000 3150 o] 81350 0 60509 | 34.4| 101| 275.0
2031 36210 3120 1500 690 2900 1860 1070 300 1300 640 2950 2840 4920 1500 0 0 6400 9820 3000 3790 0 84810 0 62159 36.4 10.4| 275.0
2032| 35620 3120 1500 690 2900 1860 1070 300 1300  640| 2950 2840 6360 1500 0 0 6400 10820 3400 4430 o] 87700 0 63463 382 10.1| 2701
2033| 35030 3120 1500 690 2900 1860 1070 300 1300  640| 2950 2840 6360 1500 0 0 8000 11820 3400 5070 o] 90350 0 64969 39.1 94| 2728
2034 35020 3120 1500 690 2900 1860 1070 300 370 640 2950 2840 7200 1500 0 0 8000 12820 5800 5710 0 94290 0 66210 42.4 10.5| 270.4
2035 35020 3120 1500 690 2900 1860 1070 300 0 640 2950 2840 7200 1500 0 0 9600 13820 5800 6350 0 97160 0 67414 44.1 11.0| 267.8
2036| 35020 3120 1500 690 2900 1860 1070 300 0 280| 2950 4260 7440 1500 0 0 9600 14820 5900 6990 o] 100200 0 68341| 466| 11.7| 2729
2037| 34550 1020 1500 690 2900 1860 1070 300 0 280| 3700 4970 10080 1500 0 0 9600 15820 6300 7310 0| 103450 0 69621 | 486 12.3| 270.8
2038 33610 1020 1500 690 2900 1860 1070 300 0 280 5200 4970 10080 1500 0 0 11200 16820 6300 7950 0] 107250 0 70777 51.5 13.8| 274.2
2039| 32100 1020 1500 690 2900 1860 160 300 0 280| 5200 4970 10080 1500 0 0 11200 17820 7200 8450 o] 107230 0 71736 495 11.1| 2744
2040 29820 1020 1500 690 2900 1860 20 300 0 280 6700 4970 10440 1500 0 0 12800 18820 7200 8770 0] 109590 0 72495 51.2 11.7| 2715
2041| 28680 1020 1500 690 2900 1860 0 300 0 o| 6700 6390 10440 1500 0 0 12800 19820 7200 9090 o] 110890 0 73599 50.7| 10.1| 2714
2042 28110 1020 1500 690 2900 1860 0 300 0 0 6700 6390 11040 1500 0 0 14400 20820 7200 9410 0] 113840 0 74482 52.8 11.2| 275.0
2043| 27390 1020 1500 690 2900 1860 0 300 0 o| 6700 6390 11040 1500 0 0 16000 21820 7200 9410 o] 115720 0 75368| 53.5| 11.0| 2732
2044 26820 1020 1500 690 2900 0 0 200 0 0 6700 6390 11040 1500 0 0 19200 22750 7200 9410 o] 117320 0 76112 54.1 10.9| 270.0
2045 25650 1020 1500 690 2900 0 0 0 0 0 6700 7810 11280 1500 0 0 19200 23610 7300 9410 0] 118570 0 77059 53.9 10.1| 269.1
2046| 23900 0 1500 690 2900 0 0o o 0 o| 6700 9230 13200 1500 0 0 19200 24280 7300 9700 o] 120100 0 77841| 543 98| 2685
2047| 22100 0 1500 690 2900 o 0o o 0 o| 6700 11360 13200 1500 0 0 19200 24720 7300 10020 o] 121190 0 78603 | 542 93| 2714
2048 19100 0 1500 690 2900 0 0 0 0 0 8950 12070 13200 1500 0 0 19200 24930 7400 10120 0] 121560 0 78969 53.9 8.8| 270.7
2049 17900 0 1500 690 2900 0 0 0 0 0 9700 12780 13200 1500 0 0 19200 25000 8300 10390 0] 123060 0 79640 54.5 9.0 2721
2050 16120 0 1500 690 2900 0 0o o 0 0] 10450 12780 13200 1500 0 0 19200 25000 8300 10390 0] 122030 0 80163| 522 7.0 272.0
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Table 42 — Details of High Nuclear Cost scenario
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2 2 Il

< < g | x 8 25 |2 2
= - | 9 = o | 9 o =Na o £ 2F 2532 Yo
S| z |0 |88l 8| > 2 8|z |o|0|8El2|lw|S88| > |9%|2|l2|l38s]| = S | 821288 973
> 3 O | 22| o | a ] a ! = = S O O 82| o |a ] a ! = = =X B ~ o5 [cZa OZ

o |TE| s E ©|1 2| 6|9 | 0o |0 |TE|g 3 © | 3 |56 82| ~ S P =g §

T T 2 a =
2013 36860 2550 1500 670 1580 1860 0 0 0 3200 0 0 0 0 0 0 0 0 0 0 0 45660 2560 38280 27.8 21.1| 256.1
2014 37580 2460 1500 80 1580 1860 910 0 940 3200 0 0 0 0 0 0 0 0 0 0 0 48150 2560 38924 32.4 214| 2574
2015| 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 0 0 0 0 0 o] 51610 2810 39703| 39.9| 26.8| 2647
2016 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 0 0 0 0 0 0 54710 3060 40608 45.7 31.9| 266.6
2017| 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 0 0 0 0 0 o] 156850| 3060 41679| 47.2| 33.7| 2730
2018 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 0 0 0 0 0 0 58280 2060 42485 442 33.6| 277.3
2019| 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 0 0 70 0 0 o] 59060 2060 43713| 41.8| 315| 2837
2020 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 0 0 280 0 0 0 58990 2060 44977 375 27.0| 2913
2021 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 0 0 0 0 770 0 0 0 58910 2060 46481 32.6 21.6| 3028
2022| 43390 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1125 0 0 0 1410 0 320 o] 159985 2060 47952 30.7| 18.2| 3058
2023| 42760 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1500 0 0 0 2270 0 640 o] 60910 2060 49442 28.6| 14.3| 3088
2024 42310 3480 1500 690 2900 1860 1070 300 1300 2700 500 0 120 1500 0 0 0 3200 0 1280 0 62650 2060 50895 28.3 11.7| 314.1
2025 40420 3480 1500 690 2900 1860 1070 300 1300 2700 1950 2840 120 1500 0 0 0 4200 2600 1920 0 69290 2060 52593 37.1 15.8| 275.0
2026| 39390 3120 1500 690 2900 1860 1070 300 1300  640| 1950 2840 240 1500 0 0 0 5200 2600 2650 o] 69750 0 52995 316 11.6| 275.0
2027 38090 3120 1500 690 2900 1860 1070 300 1300 640 1950 2840 2640 1500 0 0 0 6200 3800 3590 0 73990 0 54745 35.2 11.8| 275.0
2028| 36670 3120 1500 690 2900 1860 1070 300 1300  640| 1950 2840 2640 1500 0 0 0 7200 6700 4420 o] 77300 0 56482 36.9 9.1| 275.0
2029 36270 3120 1500 690 2900 1860 1070 300 1300 640 2950 2840 2640 1500 0 0 0 8200 8900 5380 800 82060 800 58547 42.1 9.3| 275.0
2030| 36230 3120 1500 690 2900 1860 1070 300 1300  640| 2950 2840 2640 1500 0 0 0 9200 13100 6150 o] 87990 0 60509 | 45.4 9.4| 2750
2031 36210 3120 1500 690 2900 1860 1070 300 1300 640 2950 2840 2640 1500 0 0 0 10200 14800 7430 0 91950 0 62159 47.9 8.6 275.0
2032| 35050 3120 1500 690 2900 1860 1070 300 1300  640| 4450 3550 2640 1500 0 0 0 11200 15700 8710 o] 96180 0 63463| 516 9.4| 2701
2033| 33890 3120 1500 690 2900 1860 1070 300 1300  640| 5200 3550 2640 1500 0 0 0 12200 16600 9990 o] 98950 0 64969 52.3 76| 272.8
2034 33310 3120 1500 690 2900 1860 1070 300 370 640 5950 4260 2640 1500 0 0 0 13200 18800 11270 0] 103380 0 66210 56.1 8.9| 270.4
2035 33310 3120 1500 690 2900 1860 1070 300 0 640 5950 4970 2640 1500 0 0 0 14200 21500 12550 0] 108700 0 67414 61.2 10.6| 267.8
2036| 32840 3120 1500 690 2900 1860 1070 300 0 280| 6700 6390 2640 1500 0 0 0 15200 21500 13830 o] 112320 0 68341| 644 11.6| 2729
2037| 32370 1020 1500 690 2900 1860 1070 300 0 280| 6700 8520 2640 1500 0 0 0 16200 21500 15110 800| 114160| 800 69621 | 65.9 99| 2708
2038 31900 1020 1500 690 2900 1860 1070 300 0 280 6700 9940 2640 1500 0 0 0 17200 23000 16390 800 118890 800 70777 69.9 11.1| 274.2
2039| 30390 1020 1500 690 2900 1860 160 300 0 280| 6700 9940 2640 1500 0 0 0 18200 24200 17670 o] 119950 0 71736 | 672 86| 274.4
2040 28110 1020 1500 690 2900 1860 20 300 0 280 6700 13490 2640 1500 0 0 0 19200 24200 18950 800 123360 800 72495 72.1 10.1| 2715
2041| 26970 1020 1500 690 2900 1860 0 300 0 o| 6700 14910 2640 1500 0 0 0 20200 24500 20230 o] 125920 0 73599 711 89| 2714
2042 26970 1020 1500 690 2900 1860 0 300 0 0 6700 14910 2640 1500 0 0 0 21200 26600 21190 0] 129980 0 74482 74.5 95| 275.0
2043| 26820 1020 1500 690 2900 1860 0 300 0 o| 6700 14910 2640 1500 0 0 0 22200 29500 22150 o] 134690 0 75368| 78.7| 105| 2732
2044 26820 1020 1500 690 2900 0 0 200 0 0 6700 14910 2640 1500 0 0 0 23130 36500 22790 0] 141300 0 76112 85.6 12.2| 270.0
2045 25650 1020 1500 690 2900 0 0 0 0 6700 17040 2640 1500 0 0 0 23920 37700 23430 0] 144690 0 77059 87.8 13.1| 269.1
2046| 23900 0 1500 690 2900 0 0o o 0 o| 6700 19170 2640 1500 0 0 0 24430 38100 23980 o] 145510 0 77841| 86.9| 11.6| 2685
2047| 22100 0 1500 690 2900 o 0o o 0 o| 6700 20590 2640 1500 0 0 0 24790 38100 24320 0| 145830 0 78603| 855| 10.2| 2714
2048 19100 0 1500 690 2900 0 0 0 0 0 9700 20590 2640 1500 0 0 0 24930 38100 24770 0] 146420 0 78969 85.4 9.8| 270.7
2049 17900 0 1500 690 2900 0 0 0 0 0] 10450 20590 2640 1500 0 0 0 25000 38100 25090 0] 146360 0 79640 83.8 85| 2721
2050 16120 0 1500 690 2900 0 0o o 0 o] 11950 20590 2640 1500 0 0 0 25000 38100 25280 0] 146270 0 80163| 825 75| 272.0
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Table 43 — Details of Learning Curve Sensitivity sc  enario
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2013| 36860 2550 1500 670 1580 1860 0 o 0 3200 0 0 0 0 0 o0 0 0 0 0 0| 45660| 2560 38280 27.8| 21.1] 256.1
2014| 37580 2460 1500 680 1580 1860 910 O 940 3200 0 0 0 o 0 o0 0 0 0 0 0| 48150| 2560 38924 | 32.4| 214| 2574
2015 39010 2460 1500 690 2900 1860 1050 200 1300 3450 0 0 0 0 0 0 0 0 0 0 0 51610 2810 39703 39.9 26.8| 264.7
2016| 41070 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 o0 0 0 0 0 0] 54710| 3060 40608| 45.7| 319| 266.6
2017 43210 3480 1500 690 2900 1860 1070 200 1300 3700 0 0 0 0 0 0 0 0 0 0 0 56850 3060 41679 47.2 33.7| 273.0
2018| 44640 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 O 0 0 0 0 0] 58280| 2060 42485| 44.2| 336| 277.3
2019 45350 3480 1500 690 2900 1860 1070 200 1300 2700 0 0 0 0 0 0 0 140 0 0 0 59130 2060 43713 42.0 315| 2837
2020| 44970 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 o 0 0 0 280 0 0 0] 58990| 2060 44977| 375| 27.0| 2913
2021| 44400 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 o 0 o0 0 490 0 0 o] 58630 2060 46481 320| 216 3028
2022 43390 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1125 0 0 0 1050 0 0 0 59305 2060 47952 29.2 18.0| 305.8
2023 42760 3480 1500 690 2900 1860 1070 300 1300 2700 0 0 0 1500 0 0 0 1610 0 0 0 59610 2060 49442 258 13.9| 308.8
2024| 42310 3480 1500 690 2900 1860 1070 300 1300 2700 750 710 0 1500 0 0O 0 2270 0 0 o] 61280 2060 50895| 255| 12.6| 314.1
2025| 40420 3480 1500 690 2900 1860 1070 300 1300 2700| 2200 2840 0 1500 O 0 1600 2990 0 0 0] 65290| 2060 52593 29.2| 153| 275.0
2026 39390 3120 1500 690 2900 1860 1070 300 1300 640 2200 2840 840 1500 0 0 1600 3550 0 0 0 65300 0 52995 232 12.0| 275.0
2027| 38090 3120 1500 690 2900 1860 1070 300 1300  640| 2200 2840 2640 1500 O O 3200 4110 0 0 0| 67960 0 54745| 241| 123| 2750
2028 36670 3120 1500 690 2900 1860 1070 300 1300 640 2200 2840 3600 2060 0 0 4800 4670 0 0 0 70220 0 56482 243 11.8| 275.0
2029| 36270 3120 1500 690 2900 1860 1070 300 1300  640| 2700 2840 3840 2060 O O 6400 5230 0 o o| 72720 0 58547 242| 11.2| 2750
2030 36230 3120 1500 690 2900 1860 1070 300 1300 640 2950 2840 3840 2060 0 0 8000 5790 0 0 0 75090 0 60509 241 10.6 | 275.0
2031| 36210 3120 1500 690 2900 1860 1070 300 1300  640| 2950 2840 4200 2060 O O 9600 6350 0 o o] 7759 0 62159 24.8| 108| 275.0
2032 35050 3120 1500 690 2900 1860 1070 300 1300 640 3700 2840 5400 2060 0 0 9600 6910 0 0 0 78940 0 63463 244 9.7| 270.1
2033 34460 3120 1500 690 2900 1860 1070 300 1300 640 5200 2840 5400 2060 0 0 11200 7470 0 0 0 82010 0 64969 26.2 11.1| 2728
2034| 33880 3120 1500 690 2900 1860 1070 300 370  640| 5200 2840 6000 2060 O O 12800 8030 0 o o] 83260 0 66210 25.8| 11.0| 270.4
2035| 33880 3120 1500 690 2900 1860 1070 300 0 640| 5200 2840 6360 2060 O 0 14400 8590 0 0 o] 85410 0 67414| 26.7| 11.8| 2678
2036 33410 3120 1500 690 2900 1860 1070 300 0 280 5200 2840 6600 2060 0 0 16000 9150 0 0 0 86980 0 68341 27.3 11.7| 272.9
2037 32940 1020 1500 690 2900 1860 1070 300 0 280 7450 2840 8760 2060 0 0 16000 9710 0 0 0 89380 0 69621 284 12.3| 270.8
2038| 32470 1020 1500 690 2900 1860 1070 300 0 280| 7450 2840 9120 2060 O 0 17600 10270 0 0 0| 91430 0 70777| 292| 126| 2742
2039 30960 1020 1500 690 2900 1860 160 300 0 280 8200 2840 9120 2060 0 0 19200 10760 0 0 0 91850 0 71736 28.0 12.3| 2744
2040| 28680 1020 1500 690 2900 1860 20 300 0 280| 8200 4260 9120 2060 O O 20800 11320 0 o 0| 93010 0 72495 283| 121| 2715
2041 27540 1020 1500 690 2900 1860 0 300 0 0 8200 6390 9120 2060 0 0 20800 11880 0 0 0 94260 0 73599 28.1 11.4| 2714
2042| 27540 1020 1500 690 2900 1860 0 300 0 o] 8200 6390 9120 2060 0 0 22400 12440 0 0o o] 96420 0 74482 295| 122| 2750
2043 26820 1020 1500 690 2900 1860 0 300 0 0 8200 6390 9120 2060 0 0 24000 13000 0 0 0 97860 0 75368 29.8 12.1| 2732
2044| 26820 1020 1500 690 2900 0 0 200 0 o] 8200 7100 9120 2060 0 0 25600 13490 0 320 0| 99020 0 76112 30.1| 116 2700
2045| 25650 1020 1500 690 2900 0 o0 0 o] 8200 7810 9240 2060 0 0 27200 13910 0 550 0| 100730 0 77059| 30.7| 11.8| 269.1
2046 23900 0 1500 690 2900 0 0 0 0 0 8950 8520 9240 2060 0 0 28800 14260 0 550 0 101370 0 77841 30.2 11.1| 268.5
2047 22100 0 1500 690 2900 0 0 0 0 0 8950 9940 9240 2060 0 0 28800 14260 0 550 800 100990 800 78603 29.8 9.8| 2714
2048| 19100 0 1500 690 2900 0 0o o0 0 o| 11950 9940 9240 2060 O 0 30400 14190 0 550 0] 102520 0 78069 | 29.8| 11.0| 2707
2049| 17900 0 1500 690 2900 0 0o o0 0 o| 11950 11360 9240 2060 O 0 30400 13950 0 550 0] 102500 0 79640 28.7| 104| 2721
2050 16120 0 1500 690 2900 0 0 0 0 0] 12700 12780 9240 2060 0 0 30400 13450 0 550 0 102390 0 80163 27.7 10.1| 272.0
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APPENDIX E — REVIEW OF TRANSMISSION IMPACT OF IRP UPDATE
SCENARIOS
E.1. This is an assessment report on the potential ingrathe future Transmission Grid of three

IRP 2010 update scenarios considering the likedyiapallocation of the future generation of
these scenarios.

E.2. The three scenarios considered are:
. Moderate Decline Scenario
. Weathering the Storm Scenario
. Big Gas Scenario

E.3.

E.4.

E.5.

The geographical allocation of each type of gefmmais discussed separately with an
overview of the main impacts of each scenario enfttansmission Grid design.

Recent long term strategic transmission planningliess and interaction with external

stakeholders have identified five main Transmis$&omer Corridors that will be required to

be developed. The assessment of the transmissjmerctrof the IRP 2010 update scenarios
indicates that these identified Power Corridors él required to enable all three generation
scenarios. The five main Power Corridors are kn@asnthe Solar Corridor; the Western

Coastal Corridor, the Eastern Coastal Corridor,Gkatral Corridor and the Northern Import

Corridor.

The advantages of less transmission infrastructegeiirements with a large distributed
generation strategy in terms of PV as well as ¢asilgl be taken into consideration when
developing the new policies for generation. Howether strategy must also account for the
associated risks of large power transfer swinga/déen day and night flows that will result
with the installation of large amounts of distribdtPV and the replacement generation for
the evening peak. Whichever future generation scenafolds and wherever the new
generation will be finally located, the five maimafsmission Power Corridors will play a
major role in their successful integration. Thedsivnent in and the development of these
Power Corridors will provide flexibility of implenmgation and faster connection schedules
for all three IRP 2010 update scenarios or a cotalyleifferent IRP scenario in the future.

System Peak Demand

E.6.

As both the Moderate Decline and Big Gas scenaesusing the Green Shoots Demand
Forecast, they have the same Peak Demand whidbherithan the Weathering the Storm
Peak Demand as shown in Table 44 below. This vallehan impact on the timing of the
transmission projects as the Weathering the Starem&io 2050 demand is only slightly
higher than the 2030 demand of the other two saenarHowever it is the location of
generation that has the major impact on the desfigimne Transmission Grid.

Table 44 - Peak Demand (MW) for the three scenarios

Peak Demand (MW) 2020 2030 2040 2050

Moderate Decline Scenario 46759 61187 72495 80163
Weathering the Storm Scenario | 44040 51557 58083 63553
Big Gas Scenario 46759 61187 72495 80163

Generation Options: Coal

E.7. The coal generation consists of two componentsghathe existing fleet (including Medupi
and Kusile) and the allocation of New Coal generati

Page 91



IRP 2010-2030 UPDATE REPORT November 2013

E.8.

E.O.

Existing Fleet: The existing fleet now includes life extensiontiop. The locations of
existing fleet are known and this component is camrto all three scenarios. There is no
major impact from these units other than extendedai the existing Transmission Grid due
to longer life.

New Coal: The New Coal plant consists of three componentmeha Coal FBC, Coal
Imported (i.e. imported as electricity) and Coal. Alhe Coal FBC is considered to be
250MW units and these have been allocated to patelucations based on previous
consultations with coal generation experts. The | Qogorted is a proposed plant of
1200MW in Botswana which is considered to be imgaiinto the North West Province in
the area where the MTS Watershed is located. Tla I is considered to be 750MW units
which make up large power station with a maximune $if 4500MW. They are mainly in
Limpopo near Lephalale, with one located in thelBwtlle area in the Free State (3000MW)
and one in the Majuba area (2250MW) in northern Kwa Natal.

Table 45 — Coal generation for the three scenarios
COAL Generation (MW) 2020 2030 2040 2050
Existing Coal - Common 45750 37410 28950 12280
New Coal - Moderate Decline Scenario 0 2450 8200 14950
New Coal - Weathering the Storm Scenario | 0 2200 10450 26200
New Coal - Big Gas Scenario 0 1200 1200 1200

E.10. Impact: The coal generation values are shown in Tablg=45the Big Gas Scenario the

impact on the Transmission Grid is minimal. For Mederate Decline Scenario some
additional power corridors will be required fronethorth-western Limpopo after 2030 but
in line with the IRP 2010 transmission planning siderations. However for the
Weathering the Storm Scenario significant transimisseinforcement from the same area
of Limpopo will now be required to evacuate the pow

Generation Options: Hydro / Pumped Storage / Hydrdmported

E.11. All the existing hydro and pumped storage genematiod the new Ingula pumped storage

E.12.

Genera
E.13

are considered in service for the entire periodingd 2050 for all three scenarios. Cahora
Bassa is considered to be importing 1500MW for ¢néire period at same location,
Apollo, for all three scenarios. Mpanda Nkua is gsidared to start importing with
1125MW and in 2022 for the Moderate Decline and 8&p scenarios and in 2023 in the
Weathering the Storm Scenario, with 1500MW for fibliowing years up to 2050 for all
three scenarios. The Mpanda Nkua power is considerarrive in Maputo via HVDC
where it will first offset the Mozal load and remaig power will cross the border in the
Komatipoort border area.

Impact: There is minimal transmission impact from the IR0 considerations regarding
hydro generation. The only potential risk is Mpandiaua, if it does not materialise
provision will have to be made to keep supplying itiicreasing Mozambique load in the
Maputo area. Similarly if Mpanda Nkua does happed the Mozal load is no longer
there, provision must be made to import the aviélglower. Therefore a reinforced South
Africa-Mozambique transmission power corridor mustplanned for any future scenario.

tion Options: Nuclear

. Koeberg is considered operational until 2043 fortlalee scenarios. No new nuclear is
considered for the Weathering the Storm and Big Samnarios and therefore have no
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E.14.

impact. A new nuclear fleet up to 20800MW is coesadl for the Moderate Decline
Scenario. They consist of 1600MW units and thesee Haeen allocated to the three
nuclear sites already under consideration in prefetransmission integration order. The
maximum size per site is 4800MW with an additionalt added at Duynefontien after
Koeberg is decommissioned. Thus a fourth sitedsired and this was selected as one of
the existing West Coast nuclear sites that Eskoeady owns.

Impact: The rollout of a large nuclear fleet of 20GW aspgwsed in the Moderate Decline
Scenario will have a major impact on the transmissystem. Currently the only sites
under consideration are along the Cape coastlinembihed with other generation in the
Cape provinces this implies that most of the powdlrhave to be exported to the north
and to KwaZulu Natal which will require significattansmission infrastructure, including
several high capacity HYDC schemes, over long dégs. This results in a very skewed
power transfer from south to north. It is highlg@exmended that if such a large nuclear
fleet is committed then alternative sites be idadj e.g. in KwaZulu Natal or
decommissioned coal power station sites, and cereidto reduce the amount of new
transmission infrastructure that will be required.

Generation Options: Gas

E.15.

Table 46 —

The proposed Gas generation consists of three aoemp®y namely imported gas (i.e.
imported as electricity), CCGT units and OCGT unlige imported gas will be imported
from both Namibia and Mozambique, crossing the brgdin the Oranjemund and
Komatipoort areas respectively. All the CCGT andGICunits are considered to be
installed at the five main port areas of SaldarMassel Bay, Port Elizabeth (Coega),
Durban and Richards Bay. This is to either imploetgas as LNG initially or as a result of
massive shale gas resources to collect the gdmipdrt areas for generation or shipping
out as LNG. The ports are thus considered as “GabsHfor the collection and
redistribution of any gas resources.

Gas generation for the three scenarios

GAS Generation (MW) 2020 2030 2040 2050

Moderate Decline Scenario 3480 10510 15350 18140

Weathering the Storm Scenario 3480 7660 12380 13520

Big Gas Scenario 3480 20880 45690 67770

E.16.

E.17.

Impact: The gas generation in the Moderate Decline andtiéging the Storm scenarios
will be mainly used to manage the system with iaseel renewable generation and after
2030 will start to require significant additionahmsmission infrastructure to move the
power out from the port areas. This should berie lvith the normal development of the
Transmission Grid with an emphasis on more trarsionidines in the power corridors out
of the Cape. However in Big Gas Scenario theresggmificant amounts of gas generation
added with around 20GW in service by 2030 whicH wafuire a significant amount of
new transmission capacity in the power corridorevtacuate the power, particularly from
the Eastern Cape. By 2050 the installed gas geoeratill have more than tripled to
around 67GW. This will require significant investmhién transmission infrastructure, to
more or less one and half times the existing trégson infrastructure.

For every 4000MW of generation the likely transrussinfrastructure needed to link this
to a remote load centre and meet the Grid Codaresgants will be either a complete new
4000MW HVDC scheme, three 765kV HVAC lines or siB0kV HVAC lines. All are
very expensive solutions when distances start teexk 500km. It is highly likely that

Page 93



IRP 2010-2030 UPDATE REPORT November 2013

transporting large amounts of gas around the cpumili become more attractive as the
gas can be used for other industrial and residaemdizs. Then it would be more beneficial
to locate the gas generation plant closer to thd lentres and reduce the burden on the
Transmission Grid.

Generation Options: Solar CSP

E.18.

E.19.

The Big Gas Scenario has no CSP allocation aneftbrer no Transmission impact. The
Moderate Decline and Weathering the Storm scenhage CSP generation allocated with
a storage capacity of either 6 hours or 9 houttselp meet the system peak. These CSP
plants are assumed to be large groupings of 100MWs spread across the Northern
Cape, Free State and North West in areas alreahtified as potential “Solar Parks”.
Some CSP has been allocated to a potential “Saled” Rrea in the Limpopo province.
The Moderate Decline Scenario has 4700MW allocbie@030 increasing to 10100MW
by 2050 while the Weathering the Storm Scenariy baks new CSP allocated after 2030,
reaching 5300MW by 2050.

Impact: The nature of CSP operation means that the lipfadf the output is controlled
and the transmission system can be designed teféraa smaller and more controlled
range of power flows than with other renewable gnereneration such as wind and PV.
As there is no significant load in the CSP “SolarkP areas additional transmission
infrastructure will be required to transport theveo to where it is required, particularly in
the Northern Cape. However this is in line with theposed transmission “Solar
Corridor” linking the Northern Cape to the North ®Veprovince. There is thus no
significant impact on the Transmission Grid desagimer than enabling the development of
this new power corridor.

Generation Options: Wind

E.20.

E.21.

The successful bidders from REBID Rounds 1 andd?the Eskom Sere site are allocated
with a lifespan of 20 years. New wind has beencalled on a spatial basis in five broad
areas around an identified Wind Atlas test mastwéier these values have been
reallocated to more likely “Wind Areas” previousigentified in transmission planning
studies and interactions with the Wind associat®AWEA. This will provide a more
appropriate spatial allocation of the wind generatfor Transmission Grid planning
considerations. The maximum wind allocation is acbd6GW by 2050 in the Moderate
Decline Scenario and 13GW in the Weathering thenSt®cenario with only 2280MW in
the Big Gas Scenario.

Impact: The total amount of wind allocated in the threersrios is in the order of or less
than the allocation in the IRP 2010. Thus they halve no significant change in impact on
the Transmission Grid design taking the IRP 201G dsase. The impact remains the
intermittence of the wind generation and therefibie range of power transfers that will
need to be accommodated. The higher the wind géoetae larger the range of potential
power flows related to that particular wind are&eTbiggest impact will be under the
Moderate Decline Scenario in the Eastern Cape aestéth Cape where combined with
high nuclear generation they will trigger additibtransmission infrastructure to evacuate
the excess power from these two provinces to taé tentres to the north and further up
the east coast.

Generation Options: Solar PV

E.22.

The Transmission Grid does not consider Solar P\a atemand source as it is not
available during the System Peak Demand in theiegeand is only considered as an
energy source. However with large amounts of PVeggion as proposed in the three
scenarios, they will have an impact on the Transimis Grid during the day when the
system is both highly loaded during the week agttly loaded over the weekends. The
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PV has been allocated around seven major centither éarge metros (Bloemfontein,
Cape Town, Durban, Johannesburg and Port Elizaloetgpod solar zones (De Aar and
Upington). Accordingly the PV allocation for thesentres has been spread into five
municipal areas around these centres. In the chdsbeometros the areas are on the
outskirts of the cities and in the case of thersetmes the areas are those identified as

potential areas for “Solar Parks”. The totals forde shown in Table 47.

Table 47 - PV generation for the three scenarios

PV Generation (MW) 2020 2030 2040 2050

Moderate Decline Scenario 1350 9940 18890 25000
Weathering the Storm Scenario 1070 7660 16610 24720
Big Gas Scenario 1140 6520 12460 19010

E.23.

E.24.

Impact: As already stated the main impact will be thealomtegration of the PV
generation into the local Transmission and Distrdyu networks rather than across the
main power corridors and care must be taken tomiga the creation of power flow
bottlenecks. A bigger impact will be if the larga@unts of PV are not distributed in these
seven assumed areas and instead are highly coseehin the Northern Cape and North
West province. This will result in more excess powet has to be evacuated and the
further loading of the proposed “Solar Corridoriween these two provinces to move the
power to the main load centres.

Solar PV is a generation option that can be usedtdate a large distributed generation
pattern which, if correctly sized and located withhe distribution networks relatively
close to large load centres, can reduce integratists in terms of less new infrastructure
(both distribution and transmission) and lower eyslosses. Again care must be taken to
avoid power flow bottlenecks within the distributicand transmission networks and
overstressing them during the daylight hours. Hawekere is a trade-off for the widely
distributed PV generation in that the Transmisgksid must also be designed to facilitate
large power transfer swings between the day andhtriipws to accommodate the
replacement generation for the evening peak. Tigetahe amount of PV installed the
more transmission infrastructure will be requirétie great advantage of PV is that it is
relatively portable and viable anywhere in the dounlt is recommended that new
policies and incentives for PV to avoid future cestipn on the Transmission Grid should
be given serious consideration.

Overview of the impact on Transmission Grid

E.25.

E.26.

The best way to appreciate the potential impat¢hefthree IRP 2010 update scenarios on
the development of the Transmission Grid is toiafgtmap the generation and compare
it to the spatial spread of the system demand. Base the above allocations and
assumptions of location of generation for the défe types of generation in the scenarios
the following sets of maps indicate the generatioeat maps” of the country. The first
map is for the anticipated 2020 spatial spreadthed the possible spatial spread by 2040
for the three scenarios under discussion and aensxin of the IRP 2010 baseline
scenario.

A recent transmission planning assessment studsidened what the requirements for the
2040 Transmission Grid would be, based on an exterts the IRP 2010 up to 2040. The
year 2040 thus gives a good impression of how pagiad spread of the generation will
differ between the scenarios and from the potet®iBl 2010 spatial spread. The year 2050
is very far in the future and many variables wilika it very difficult to give a reasonable
estimation of the spatial spread. However the 26gétial spread can be reasonably
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E.27.

E.28.

allocated and already gives a good indication effibtential changes and impact of the
generation if the scenario is extended to 2050.

Figures 45 through 49 each have two maps to inglita concentration of generation
across the country. The first map shows the irestaljeneration located within the
magisterial districts (referred to as a map ardajhe country. The second shows the
summation of the total installed generation witeath province with the figure indicating
the value on 2040 and a bar chart showing the eh&émgeach decade, i.e. 2020, 2030,
2040 and 2050. The darker the red shading of aaregor province, the more generation
of any type that is located within that area.

Figure 45 indicates the expected generation sgrga&2020 based on the IRP 2010 which
can be considered as a baseline and the seconthenppovincial totals by 2040 form the
extended IRP 2010. Figures 46, 47 and 48 are the &0 maps indicating the generation
allocation by 2040 for all three scenarios. As bartlearly seen there is a dramatic shift of
generation to the Cape provinces which will drivee theed for more transmission
infrastructure within the main power corridors t@euate the excess power to the north.
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Figure 45 — Map of the generation magisterial distr  ict spread by 2020 based on IRP 2010 and
the 2040 provincial spread based on the extended IR P 2010
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Figure 46 — Map of the generation spread by 2040 fo r the Moderate Decline Scenario
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Figure 47 — Map of the generation spread by 2040 fo r the Weathering the Storm Scenario
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Figure 48 — Map of the generation spread by 2040 fo r the Big Gas Scenario
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E.29. More insight can be gained by comparing the spajpméad of the demand across the
country against the generation spatial spread.ddyparing the expected demand within a
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E.30.

magisterial district or map area with the allocagederation to that area the overall power
deficit or excess (Demand Balance) of that arealmametermined. These can then be
summated within the provinces to determine the avddemand Balance of the nine

provinces. Note that an expected typical genergpitern of the installed generation at
time of system peak was used for all the Demandargal calculations. The resultant
values will indicate where future transmission poweridors are likely to be required to

move the excess power to the areas where thepoaser deficits.

The map in Figure 49 shows the spread of the deméthih the magisterial districts map
areas across the country for 2040 for the highevathel forecast for the Moderate Decline
and Weathering the Storm scenarios. The dark biegsandicate the major load centres
and these are not expected to change significamtgr the period to 2050 for any
generation scenario.

Figure 49 — Map of the spatial spread of electricit y demand by 2040 for the Moderate Decline
and Weathering the Storm scenarios

Legend
Load IRP2013

E.31. The maps shown in Figures 50 through 53 indicagentrerall Demand Balance values by

the relative shading of the provinces. Red indigagxcess power or generation and blue a
power deficit, the darker the shading the largenthlue. Figure 50 is the Demand Balance
map at time of system peak for the year 2040 baregh extension of the IRP 2010 up to
2040 (referred to as Scenario A) which was undertak a recent transmission planning
assessment study. This can be used as baseliremigace the impact of the three new
scenarios. Figures 51, 52 and 53 are the samengiavDemand Balance maps at time of
system peak for the year 2040 for the three soemnari
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Figure 50 — Map of the provincial demand balances by 2040 based on the extended IRP 2010
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Figure 51 — Map of the provincial demand balances b  y 2040 for the Moderate Decline Scenario
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Figure 52 — Map of the provincial demand balances by 2040 for the Weathering the Storm
Scenario
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Figure 53 — Map of the provincial demand balances by 2040 for the Big Gas Scenario
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E.34.
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The maps clearly show that for both the Moderatelibe and Big Gas scenarios there
will be a need for massive transmission infrastieectto evacuate the power out of the
Cape provinces. This further reinforces the need@dh the “Eastern Coastal Corridor”
running from the Eastern Cape into KwaZulu Natalvai as for a. “Solar Corridor” along
the Northern Cape into the North West Province. T@entral Corridor” capacity will
need to be steadily increased to cope with the pdvemsfers out of the Cape areas.
Despite these new power corridors major bottlenecksstill anticipated that will require
significant transmission infrastructure to reliedfort should be undertaken to either
identify alternative sites (nuclear) or transpootatof the resource itself (gas) to reduce the
transmission infrastructure requirements.

The Weathering the Storm Scenario has a bettermiatierms of new generation in both
the northern parts of the country (coal in Limpopod in the southern parts (gas and
renewables in the Cape provinces) combined withettisting capacity of the “Central
Corridor” of around 5GW. What is not clear from tBemand Balance map for the
evening peak is the potential need to evacuatee lamgounts of PV, wind and gas
generation that will be installed in the three Cppavinces as can be seen in the installed
generation map in Figure 48. The power flows duraylight hours with good wind
conditions will require power corridors to evacuptever rather than import power. Thus
the variance and size of the potential power teassétill indicate the need for the “Solar
Corridor” and the “Eastern Coastal Corridor” tramssion routes.

A recent transmission planning assessment studgidening what the requirements for
the 2040 Transmission Grid would be, based on &nsion of the IRP 2010 up to 2040
as well as two other generation scenarios, idedti&i number of main power corridors that
will be required to be developed for the future.e3é corridors have shown to be in
alignment with the needs of several other stakefisldoutside of Eskom through
interactions and discussions. They formed parthefihput for the SIP10 project of the
Department of Environmental Affairs to undertakeafigic Environmental Assessment
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projects for these transmission main power cordddhere are five corridors in total and
they are indicated in the map in Figure 54.

Figure 54 — Map of the SEA Power Corridors for the  future Transmission Grid
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E.35.

E.36.

E.37.

E.38.

The assessment of the three IRP 2010 update sognadicates that the identified five
Transmission Power Corridors will be required t@lde all three generation scenarios.
The main difference is the physical amount of tmaission infrastructure within these
corridors and their timing. The transmission impassessment has been based on the
reasonable spatial location of the future genematiding into account current knowledge
and information. Therefore there is still opporturtd consider better generation location
strategies in the longer term.

One generation strategy that can provide advantagésrms of reducing the network
integration costs and minimising system losses nsider a large distributed generation
network with more appropriately sized units. Theselld be smaller sized plants that can
be integrated into the distribution networks uiilgs their infrastructure and reducing the
loading of the Transmission Grid. Initially thisrche achieved with PV but later extended,
with the associated transport infrastructure, t® @ad even coal plants located near large
loads or major load centres.

The wide distribution of significant PV generatidoes have trade-off transmission risks
in terms of large day to night power transfer shtti accommodate the PV replacement
generation for the evening peak. Regarding the gag coal option, if it proves
uneconomical to transport then allowance will htvbe made for significant transmission
capital expenditure to accompany the integrationhef future generation in the general
areas assumed for this assessment report.

Whichever future generation scenario unfolds anérever the new generation will be
finally located, the five main Transmission Poweri@ors will play a major role in their
successful integration. Investment in and the dgraknt of these Power Corridors will
provide flexibility of implementation and fasterrotection schedules for all three of the
generation scenarios or a completely different $8€hario in the future.
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E.39. Serious consideration should be given to managiaglistribution of the future generation
to minimise the very skewed distribution in order gain the maximum transmission
capacity and flexibility to transport the power wiere it is needed for the minimum

transmission investment.
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APPENDIX F — ADEQUACY ASSESSMENT STUDY

Executive Summary

F.1. The IRP2010 Update has been tested for adequamystoe that the security of supply is not
compromised. The adequacy assessment models tlie Soigan electricity supply system
on an hourly basis for the period 2019 to 2028. fie¢hod to assess the system adequacy is
to model the Supply-Demand Balance, in other waindssystem’s (existing, committed and
new plant build in the IRP 2010 Update scenaritdjty to meet customer energy demand
within a set of adequacy metrics at the lowest iptisgost. The Supply-Demand Balance
results are compared to the Generation Adequacyiddet

F.2. This report summarizes the findings from testingé¢hof the IRP2010 Update scenarios for
adequacy, namely “Weathering the Storm”, “Modelagzline” and “Big Gas”. The most
significant input parameters for an adequacy typdysare the plant performance metrics,
the load forecast and the plant in commercial servi

F.3. The results for the Weathering The Storm scendrawshigh annual load factors (above
adequacy threshold of 50% per annum) of the experisase load stations in the last two
years of the study horizon, indicating that theraynbe a slight shortage of base load
capacity in these years.

F.4. The results for the Moderate Decline scenario shighr annual load factors of the expensive
base load stations as well as unserved energy dhevedequacy Metric thresholds in 2023,
2024 and 2028. This indicates that there may beta® of base load and peaking capacity
in these years.

F.5. The results for the Big Gas scenario show high ahtaad factors of the expensive base
load and OCGT stations as well as unserved endrgyeathe Adequacy Metric threshold in
2023, 2024, 2027 and 2028. This indicates thaethreay be shortage of base load, mid-merit
and peaking capacity in these years.

F.6. The aspects mentioned in the Conclusion must bednethen contemplating these
conclusions.

Introduction

F.7. The optimisation process in IRP2010 Update is basedninimisation of “Total Cost to
Customer” and obeying system and entity (for exang®nerator) constraints. The only
uncertainty addressed in this optimisation is tisgribution of unplanned outages, by means
of the equivalent load duration curve approach. e Titaditional adequacy metrics (like
reserve margin, unserved energy) are primarilyuname of this proceS$s

F.8. The intent of the IRP2010 Update Adequacy Assessrnigemot to address long-term
uncertainties (for example different long-term logdowths or substantial delays in
commercial operation dates of new plant). Thesd@be addressed as part of the main IRP
process. The IRP2010 Update Adequacy Assessmibiar aterrogates the adequacy of a
plan should that future (the supply and demandrmaedufor the plan) materialize. This
assessment is only done for certain plans and.years

® The quantum of unserved energy does play a role in the cost minimisation by virtue of the total cost of unserved energy being
included in the objective function.
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F.9. The Medium-term Outlook (MTO) risk assessment stsdhave been carried out for a
number of years The purpose of a MTO is the assessment of syatkmuacy for the next
five years. The MTO results inform management slens regarding existing fleet
performance and the implementation of additionabrsho medium-term measures to
improve system adequacy.

F.10.

The intent of the IRP2010 Update Adequacy Assessiargh the MTO is thus the same.
The adequacy criteria developed for the MTO hawentadjusted for use in the IRP 2010
Update Adequacy Assessment and are shown in T8blEhé power system is considered
adequate when it meets all these Generation Adgduatrics.

Table 48 — Adequacy Metrics
Adequacy Metric Threshold Detail
AM1: Unserved Energy <20 GWh The amount of energy in a year that could not be supplied
UE GWh (UE) per annum | due to system supply shortages.

AM2: Open-cycle Gas < 6% per The Gross Load Factor (GLF) of the combined OCGT plant

GLF (OCGT) Turbine (OCGT) Load annum in operation in a year.
Factor
AMS3: Expensive Base Load <50% per | The Gross Load Factor (GLF) of the combined expensive
Stations (EBLS) Load annum Base-load Stations (Majuba Dry and Majuba Wet) in a

GLF (EBLS) Factor year.

Adequacy Metrics

Capacity Adequacy

F.11.

F.12.

F.13.

The first two Adequacy Metrics — Unserved Energyl @CGT Load Factors - look
primarily at the capacity adequacy. Historicalyy the MTO, OCGT load factors were
included to give a financial sustainability indice The combined load factor of all the
OCGTs (including the new OCGTs) was used in the2(RP Update Adequacy
Assessment. Capacity inadequacy will be flaggedmvthe threshold of any one of these
Metrics is exceeded. The likelihood that the systéll be unable to meet the load during
a capacity type contingency is then unacceptalgh.hi

Capacity type contingencies are typically unexpettad increases (sudden or earlier than
expected cold weather) or co-incident unplanneldiriaiof a number of generating units.
These short duration type events (typically hoars)considered capacity contingencies.

When may the system be capacity inadequate? Wherr th just sufficient total plant
capacity to supply the load during high demand &aunder the expected supply and
demand situation. The plant then has insufficoapiacity reserve to cater for a capacity
type contingency should it occur. The capacityral will then result in unserved
energy for a few hours.

Energy Adequacy

F.14.

The third Adequacy Metric (the Gross Load FactoLR¥5of the combined expensive
Base-load Stations) looks primarily at the enerdgcmacy. Historically for the MTO,

Camden, Grootvlei and Komati were considered thgeesive Base-load Stations. The
IRP2010 Update uses Majuba (Wet and Dry) as theeiisipe Base-load Station (3 843
MW). Majuba comes to end-of-life in 2045 which lieyond the years tested for

" For example the MEDIUM TERM RISK MITIGATION PROJECT FOR ELECTRICITY IN SOUTH AFRICA (2010 TO 2016),
Appendix E, INTEGRATED RESOURCE PLAN FOR ELECTRICITY 2010-2030.
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adequacy. The use of CCGTs for this Adequacy Maginot supported as the time
required to increase fuel supply to the CCGTs wid unacceptably long. Energy
inadequacy will be flagged when these load factges too high, meaning the system
response to an energy type contingency may noadtaisable.

F.15. What is an energy type contingency? The occurreheesignificantly higher than forecast
load growth or the loss of a large source of suffady example the loss of Cahora Bassa)
for a prolonged period. These long duration typenés (weeks/months) are typically
considered an energy contingency.

F.16. When may the system be energy inadequate? Whemnithprst sufficient base-load plant
to supply the load on a continuous basis undeefpected supply and demand situation.
All base-load plant thus operates at high loadofactinder normal circumstances. The
base-load plant then has insufficient energy resand/or fuel to cater for an energy type
contingency should it occur. The energy shortfalll then require base-load type
generation from peaking plant (mostly OCGTs). Thigy not be financially sustainable
should it even be possible from a fuel supply pecipe. The probability of extended
rolling “blackouts” will then be unacceptably high.

Thresholds

F.17. The specific uncertainties considered when deteénmithe thresholds are:
» short-term demand forecast
 distribution of forced outages
» stochastic nature of Wind and Solar PV generation
» loss of a large generator for an extended period

F.18. The first two uncertainties are addressed inteynalthe model and pertain (mostly) to the
Capacity Adequacy Metrics (Unserved Energy and OQGad Factor). The thresholds
for these Capacity Adequacy Metrics are set atmmim total cost to the customer when
including the uncertainties.

F.19. The threshold for the Energy Adequacy Metric (Ld@actor of Expensive Base-load
Stations) is set by calculating the energy resapezled to cater for an energy event. The
event used in the analysis for the MTO was the tisthe Cahora Bassa supply for a
continuous period of three months. In the analigsevent does not occur simultaneous
with the uncertainties pertaining to the Capaciteguacy Metrics.

F.20. The IRP2010 Update Adequacy Assessment can at bdeesteen as a “first pass”
assessment. It must be stressed that should dogiacly assessment indicate inadequacies
it is not automatically indicated to adjust the IRRn. A full quantitative assessment
should then be performed to determine the plan yiedts the least total cost to the
customer given the uncertainties indicated.

Modelling Parameters
F.21. The modelling parameters assumed for the IRP201datdpAdequacy are summarized
below.

F.22. It is assumed the current demand-side provisiorinefantaneous Reservewill not
continue and the availability of Interruptible Lo&inergency resources will diminish.
The reserves were split in to Instantaneous, Réggland 10-minute. The Instantaneous
Reserve requirement was set at 600 MW until Newl@&rgolant (1 600 MW per unit) is
built and increased to 1 000 MW from this date. Ragulating Reserve is set at 600 MW
as per the present requirement and to cater foipek-within-the-peak”.
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F.23.

F.24.

F.25.

F.26.

F.27.

F.28.

F.29.

The fuel resources in the IRP2010 Update model war®ved and a Fuel Price was used
as input. To ensure thaerit order does not change and for faster model executian, th
Heat Rate Base and Heat Rate Increments were reinaovereplace with Heat Rate. The
merit order used is as follows:

* Renewable Plant

e Hydro Plant

+ Base-load Plant

* Five units of Coal_PFwWFGD_Gen (if needed)

e Mid-merit Plant (Co-gen, MTPPP, new CCGTSs)

* Majuba (Dry and Wet)

* 10-minute Reserve

* Demand Response

* Peaking Plant (OCGTSs)

* Acacia and Port Rex

* Instantaneous Reserve

* Unserved Energy

* Regulating Reserve

The existing coal-fired power stations have prattignitations on theimaximum load
factors. It is assumed this will also be the case for weal-fired plant. A conservative
maximum weekly load factor of 95% was includeddttbase-load coal-fired plant.

The commitment of units was included for all generators not cégatf two-shifting,
except for Majuba (dry and wet).

Minimum stable generationlevels were set at practical values for all theagators.

Capacity profiles were used for the existing nuclear generators kg and planned
outages for new nuclear generators were assumedcir once every 18 months (i.e.
assume refuelling regime is the same as Koeberg).

Realistic minimum and maximum weekly/monthly/annieald factors were assumed for
these generators:

* Emergency Resources
* For the Demand Response measure the maximum cafeativrs were assumed
as:
» Max Capacity Factor Day: 9%
» Max Capacity Factor Week: 6%
» Max Capacity Factor Year: 1.4%

The energy demand and the photovoltaic (PV) pofilere modelled stochastically. The
wind profile as an endogenous stochastic variatti®duces too much variability and it
was rather inputted directly using multiple prdfilgands).

IRP2010 Update Scenarios tested for Adequacy

F.30.

Three of the IRP2010 Update scenarios were testegiiequacy for the time horizon 2019
to 2029, namely “Weathering the Storm”, “Moderatecline” and “Big Gas”. The
scenario descriptions are detailed in Appendix D.

IRP2010 Update Assumptions

F.31.

Demand Forecast: The CSIR Green Shoots demandaétracsed in the Big Gas and
Moderate decline scenarios, as well as the Weathdhie Storm demand forecast, used in
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the Weathering the Storm scenario, are shown inr€ig5. The IRP2010 Moderate
forecast as well as the recorded actual demarisrsfor reference.

Figure 55 — IRP 2010 Update demand forecasts
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F.32.

Supply-side options: Table 1 (of the main repartidates the policy-adjusted plan and the
results of the Ministerial Determinations (in 204rid 2012) which identified the capacity
to be procured from independent power producerBg)JP In addition 800 MW of co-
generation capacity was added to that preferrédariRP plans. Of these determinations
the Renewable Bid Programme has already contréat@d MW of renewable capacity
and the contracts with the DoE OCGT peakers hawen Hnalised. The assumed
commercial operation dates for Eskom’s new buihpbre summarized in Table 49.

Table 49 — Eskom new build commissioning dates

Power Station 1* unit Commercial Operation Date
Medupi 1 February 2014
Kusile 1 January 2015
Ingula 1 August 2014
Sere 1 May 2014
F.33. Life Extension: beyond the return to service stations the coalifpower stations are all

expected to be decommissioned at the end of 50 pleat life. The IRP2010 Update
however considered refurbishment options for ttie &f these power stations to be
extended by another ten years, providing a mecimtisdefer new capital expenditure
and contain electricity price increases. The coelfpower stations which were chosen
for life extension in the IRP2010 Update scenarésted for adequacy are shown in Table
50.
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Table 50 — Coal-fired power stations which undergo life extension
Weathering The Storm Moderate Decline Big Gas
* Duvha + Duvha +  Duvha
* Kendal e Kendal ¢ Kendal
e Kriel e Kriel e Kriel
* Lethabo e Lethabo e Lethabo
*  Majuba (Wet & Dry) e Majuba (Wet & Dry) e Matimba
e Matimba e Matimba e Matla
* Matla e Matla e Tutuka
e Tutuka e Tutuka
F.34. Demand Side Options The IRP 2010 Update considered only the Eskonepi® for

F.35.

Results
F.36.

energy efficiency demand side management (EEDSMyass indicated in the MYPD3
application.

Plant Performance Since the 2008 electricity supply crisis Eskomsvable to meet
electricity demand through delaying maintenancehengeneration fleet. This has led to
the deterioration in performance of the aging flescerbating the current crisis but also
incurring a longer term impact on the effectivenesshe fleet to meet future demand.
The IRP 2010 assumed the fleet to have an averegiéalzlity of 86% but actual
performance, however, declined to less than 80% s€guently to avoid continued stress
on the fleet Eskom has proposed a new generatidntenance strategy that aims to
ensure the required maintenance is carried outegnidentified generators, regardless of
the demand-supply balance. The final objectivte iarrest the decline in performance and
return the average availability factor of the cuotrfieet to 80% over the next ten years.
The Eskom generation five-year maintenance plantercurrent fleet (the “80:10:10”
strategy) is used as the basis for the planned tem@ince and unplanned outage
probabilities in all scenarios. This maintenancbesitle for the Eskom’s existing fleet
includes additional interventions to comply witle thir quality requirements for existing
generation facilities. The Base Case also incltidesdditional outages required to retrofit
flue gas desulphurisation at each of the large-ficead generators (excluding the return to
service stations which will be decommissioned betw2020 and 2029).

Weathering the Storm: The results in Table 51 slmwgh annual load factors (above
adequacy threshold of 50% per annum) of the expersse load stations in the last two
years of the study horizon, indicating that theraynbe a slight shortage of base load
capacity in these years.

Table 51 — Results from Weathering the Storm adequa  cy test
Adequacy
Metric Threshold | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028
UE (GWh) <20GWh | 0.00 0.00 0.00 0.02 0.00 0.28 0.46 1.46 6.09 2.39
GLF (OCGT) % <6% 0.03 0.04 0.23 0.37 1.05 1.53 1.22 0.99 3.21 3.19
GLF (EBLS) % <50% 4.2 4.4 9.1 | 159 | 267 | 32.0 | 36.7 | 3622 | 50.9 | 52.2
F.37. Moderate Decline: The results in Table 52 show #Hiabdequacy metric thresholds for

unserved energy and OCGT load factors are violete2D23 and 2024. The annual load
factors of the expensive base load stations are adeve the adequacy threshold from
2023 to 2028. This indicates that there may be @atape of mid-merit and peaking

capacity in 2023 and 2024 and a shortage of baskfiom 2023 to 2028.
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Table 52 — Results from Moderate Decline adequacyt est

Adequacy

Metri Threshold | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028

etric

UE (GWh) <20GWh | 0.00 | 2.00 | 5.80 | 10.88 | 35.31 | 59.03 | 3.80 | 11.80 | 10.18 | 6.55
GLF (OCGT) % <6% 0.58 | 1.09 | 3.17 413 | 9.72 | 1048 | 2.40 | 2.92 | 553 | 6.97
GLF (EBLS) % <50 % 143 | 20.1 | 33.2 37.6 | 499 | 526 | 49.4 | 53.8 | 59.7 | 62.6

F.38. Big Gas: The results in Table 53 show that unsersedrgy is above the adequacy

threshold from 2022 to 2024. The annual combined>Dad factors are also above the
adequacy threshold in 2023 and 2024. The annuabio@t load factors of the expensive
base load stations are above the adequacy threfsboid2023 to 2028. This indicates that
there may be a shortage of mid-merit and peakinmpaty from 2022 to 2024 and a
shortage of base load from 2023 to 2028.

Table 53 — Results from Big Gas adequacy test
Adequacy
Metric Threshold | 2019 | 2020 | 2021 2022 2023 2024 | 2025 | 2026 | 2027 | 2028
UE (GWh) <20GWh | 0.07 | 1.42 8.22 2493 | 132.94 | 10845 | 1.11 | 12.59 | 5.23 | 4.34
GLF(OCGT)% | <6% 065 | 112 | 3.74 | 533 | 14.44 | 1367 | 2.01 | 259 | 2.32 | 2.03
GLF (EBLS) % <50% | 141 | 205 | 334 | 424 | 548 | 594 | 564 | 584 | 53.5 | 54.2
Conclusion

F.39. The results for the Weathering The Storm scendrmvshigh annual load factors (above
adequacy threshold of 50% per annum) of the experimse load stations in the last two
years of the study horizon, indicating that theraynbe a slight shortage of base load
capacity in these years.

F.40. The results for the Moderate Decline scenario stimat the annual amount of unserved
energy and the OCGT load factors are above theuadgghresholds in 2023 and 2024.
The annual load factors of the expensive base $tatibns are also above the adequacy
threshold from 2023 to 2028. This indicates thatéhmay be a shortage of mid-merit and
peaking capacity in 2023 and 2024 and a shortabas# load from 2023 to 2028.

F.41. The results for the Big Gas scenario show thatatireual unserved energy is above the
adequacy threshold from 2022 to 2024. The annuabeted OCGT load factors are also
above the adequacy threshold in 2023 and 2024amheal combined load factors of the
expensive base load stations are above the adetju@shold from 2023 to 2028. This
indicates that there may be a shortage of mid-naerit peaking capacity from 2022 to
2024 and a shortage of base load from 2023 to 2028.

F.42. The following aspects must be noted:

F.42.1.System adequacy is very sensitive. For examplanemease of some 150 MW in

base load capacity for the Big Gas Case will remthe inadequacies indicated in
2027/28.

F.42.2. The system is expanded by adding discrete gengratiits, some with a capacity of

up to 1 600 MW (Nuclear).

F.42.3. The system is expanded by minimising present vetsts over the planning horizon.

For example, the “tighter” system adequacy intaléé Cases in 2023/24 is mainly due
to low demand growth in the years immediately fwilog — the optimisation is
“waiting” for sustained growth to build more capsci
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F.42.4. The expansion optimisation is based on minimisioigltcost to customer over the
planning horizon. The thresholds for the Adequii®trics used in the analysis were
determined in 2010 for the system in 2010. Thasesholds might change due to the
changing plant mix, different plant costs and penfance and changes in load shapes.

F.43. Based on these considerations, it is stressedRIF2010 Update Adequacy Assessment
can at best be seen as a “first pass” assessméetinadequacies stated in the adequacy
assessment do not automatically indicate an adamdtio the IRP Plan is required. A full
gquantitative assessment should be performed tondieie the plan that yields the least
total cost to the customer given the uncertainties.
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