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Mitigation Action Plafs & Scenarios

Overview

B Background on South Africa and policy/uncertainty landscape
B Description of modelling framework
B Nuclear case study

B Future work
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‘Background

B Electricityin SouthAfrica

«  90%generationfrom coal
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« largeemitter of greenhousegasesparticularlyCQ (x 80% of total)
«  Improvingaccessnsteadof increasingcapacity- constrainedsupply
« Lowrealprice- risingby about 300 over last5 years

B Consideratiorof energypolicy. IntegratedResourcd’lan/IntegratedeEnergyPlan
a environmentalsustainability

« depletinglow costcoalreserves

a  costcompetitivealternatives

B Importantelementof growth strategyl'hgrowth, employmentand welfare
«  Priceimpact
a  Investment

«  Other. e.g. ability to localise(how doesthis fit in with other policies)




Policy Options

Commitment to a Nuclear
Program

CQ Price/taxlevel

Commitment to support a Gas
Infrastructure program

Commitment to support
Renewable Program

Open economy to electricity
Imports from the region
(generated from hydro/gas)

PS

Policy Options and Uncertainty
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Uncertainty

Cost of Nuclear (R/kW) and risk of
delays andoverruns

Economic growth (and demand for
electricity)

CQ Price/tax level
Global energy commodity prices

Availability and cost of shale and
other gas resource (still under
exploration)

Future cost reductions on RE

Whether regional projects
materialise
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Economywide Models

Need tool that can measurethe macro and sociceconomicimpacts of Energy
Policy
Availabletools:

«  Detailedbottom-up energysectormodels
«  Economianodels

But existingmodelsapproachesare inadequate
«  Economidviodel (CGRype): over-simplificationof the energysystem
«  Optimization EnergySystemModels: no/little economyand energysystemfeed-back

We choosethe linkediterative approachover full integration
«  Fullinter-temporalintegrationconstrainghe levelof detail
o Stakeholders like to see detail they can relate to

PS




Electricity Sector Model: SAT
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U Intertemporal bottom-up partial equilibrium optimisation model of South! F NJ& O
energysector(EnergyResearciCentre)

i

SATIMel: SouthAfricanTIMESModel - ElectricitySector

U Optimisationproblem

U Minimize the sum of all discountedcostsover the planning horizon subjectto constraints
and systemparameters

U Costgncludecapitalcosts,operatingcostsandtaxes(e.g. CQ tax)

U Constraintselectricitydemand,resourcelimits, reservemargin,policytargets

U SystemParametersload curves,existingstockof power plants,new power plant options, fuel
priceandavailability

U Other. discountrate, taxes,etc.

U SATIMel

U SATIMCalibratedand parameterisedin line with recent Integrated ResourcePlanningReport
(update2013

U 20time-slicesannualperiodsto 2040
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Generalequilibriummodel of SouthAfricaneconomy(SAGBJNUWIDER)

a  Recursivalynamiccountry-leveleconomywide model

«  eSAGHEdetailedelectricitysector
i Comprehensiveepresentation

o 62industries

a 49 products

o 9factorsof production

«  l4representativehouseholds

a  Energytreated asanintermediateinput (Leontief)

a  Simplifiedenergysavinginvestmentbehaviour,which allow sectorsof productionto reduce
energyintensityin responseo increasingenergypricesconstrainedby the rate of investment
in the sector

o  Upward sloping labor supply curves for leskicatedworkers
u atdzidge OflFe&é¢ OF LA GactumllafidR Sy R23Sy 2dza O LA G
i Fixed current account with flexible real exchamgte

i Savingsglriven investment




Iterative coupled runs
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A Electricity demand - A Electricity production mix by—tee
A Electricity price
A Power plant construction expenditure schedule

Emulating the Planning (IRP) process
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Nuclear Case Study

g Initial work done for the IAEA
B South Africa has a clear commitment to nuclear power

B Risk of cost and delay
Overnight costs range between US$ 5800 and US$7000 per kW
HickleyPoint currently estimated around US$8000 per kW
Lead time between 7 and 12 years (although there are outliers)

B Availability of renewable energy, gas and regional imports
REIPPPP coming in under budget and ahead of schedule
Shale gas potential in SA and gas fields in the region
Hydropower developments

@ What are some of the socieconomic implications of nuclear power?
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@ Base remains heavilgliant on coal

B 3 Nuclear scenarios
Optimistic case: overnight cost of US$5800
Higher cost: overnight cost US$7000
Nuclear delays: simulated delay of 5 years (lead time 12 years)

B Renewable target of 50% renewables by 2040

Electricity Supply Breakdown for Scenarios

600
< — — m Imported P
= 500 B Electricity supply around 500 to
< w00 I “ Diesel 530 TWhin 2040
2 ] i EGas Some demand response from
75 300 CGE
2 IMIFI M1 F1 -
S 200 & Wind D] Ilrg(;))/ose a reserve margin of
o 0
: . AREREBRERERERR _
I I I I I I I I I I I I I I Hydro B Dispatch model needed to
0 account for the transmission
201020302040201020302040201020302040201020302040201020302049 ™ Nuclear cost for nuclear versus
Optimistic | Nuclear Higher Nuclear Delays Renewable | ™ 0@ renewables
Nuclear




Annual Electricity Investment Cost (after interest on

debt payments)
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Average Electricity Price Projection

= 150 Base Case
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B The totalinvestment cosbf the base case is just over R1 trillion for the period @40

Nuclear scenarios:
Optimistic costs R2 trillion
Higher cost R2,25 trillion
Delays actually the least because of 180 TWh of nuclear supply opposed to 245 TWh

Therenewable target scenario totals at R1,4 trillion, substantially less than the nuclear scenarios
attributed to the high reliance on gas generation options.

B Electricity price
Lowest under the base case at 72 cents/kWh; Highest under nuclear delays at 98 cents/kWh in 204
Theunder-supply of electricity is driving up the price
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Basecaseemissions from the electricity sector more than double from
429 Mt of CQin 2010 to 856 Mt of£Q in 2040.

Nuclear scenarios reduce emissions by around 30 2040.
Slightly less for theenewable energy targetcenario (625 Mt in 2040)

Largershare of coafired generation in the 2040 capacyix

Room for more

Total Cg Emissions to 2040

S
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Jobs and Welfare
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B Tradeoff between high | Deviation from Base
. d . Initial Average annual per capita consumption growth rate, 2010-2040
Investment cost and economic (%)
2 . 2010 Base Optimistic Nuclear Nuclear Renewable
grOWth (SaV|ng'@r|Ven Case Nuclear Higher Cost Delays Target
i nvestm e nt) All R27 391,98 1,49 -0,13 -0,16 -0,15 -0,10
Poor R9 288,06 1,50 -0,13 -0,16 -0,15 -0,10
(0-50)
= Even burden on households Non-poor  R45 498,23 1,49 -0,13 0,16 -0,15 -0,10
: (50-100)
Expected more of a pricgffect Middle R27 233,88 1,43 -0,13 -0,16 -0,15 -0,10
- . (50-90)
> Elec_trlglty employment increase(- Ri18602.01 | 153 013 T — /10
by similar amounts for nuclear so-100)
and renewables (18000 and
17000)
Jobs Total number of new jobs created, 2010-2040 (1000s)
B NUCIear de|ay5 = decreased 2010 Base Optimistic ~ Nuclear Higher Nuclear Renewable
investment demand for electricity Case | Nuclear " Cost Delays Target
. “ABOUR 12 369 7470 7135 7057 7100 7209
and increased employment Jnskilled labour 5731 | 4377 | 4041 3963 4006 4116
Primary 1942 1448 1336 1310 1326 1368
Middle 3789 2929 2706 2653 2 680 2748
zlectricity sector 37 29 47 45 42 46
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Conclusions

B The higher cost scenario increased total investment demand by about
US$25n

B Nuclear delays caused an escalated electricity price
Burden experienced by both households dinths

B Employment increased by the same margin for the electricity sector in the
renewables case as well as the nuclear case

The indirect job loss was substantially lower for renewables
Around 100 000 more jobs were created

B All scenarios take South Africa closer to its Copenhagen pledge

There is more room for reductions in the renewable energy scenario
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B Unbundling the household price effect
B Further work orlabourmarkets
B The issue of financing has to be addressed
How will this be financed? Pressure on fiseu®
B Implications of electricity supply shortages
Quantifying therisk
B Expansion of the transmission network for nuclear versus renewables
B Decommissioning of nuclear power
Costs and process

B Nuclear waste

Sites, process and cost
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D] Giventhe savinggiriven investment closure we know Deviation of average annual GDP from the Base
that an increase in the investment allocated to the Case B
25 c 0 g 2010 | Basecase | Optimistic ~ Nuclear — Nuclear with  Renewable
electricity sector will have a slightly contractionary effe ﬁuc,ea, Higher  Delays Target
on the rest of the economy. Cost
AGRICULTURE N 3.35 -0.02 -0.02 -0.01 0.01
D] Overallannual GDP growth remains at around 3% for i INDUSTRY 3077 | 342 -0.08 -0.13 -0.12 -0.01
scenarios, with the renewable target scenario having t_Mning 883 | 368 042 048 041 020
, o Manufacturing 1683 |  2.81 0.10 -0.13 013 -0.06
least contractionary effect on the economy (3,1% annt ¢, rocessing 318 | 269 0.06 0.05 0.05 0.03
GDP growth compared to the 3,14% in the base case Textlesandclothing | 061 | 3.7 -0.08 -0.08 -0.06 -0.04
. . Wood and paper 1.59 3.03 -0.08 -0.09 -0.08 -0.04
B Thenuclear higher cost scenario has the largest effect yroducts and printing
on GDP Petroleum products 1.15 237 -0.09 -0.12 -0.11 -0.06
. Chemicals 2.82 2.74 -0.12 -0.18 -0.18 -0.09
B The effect of nuclear investment on sectoral growth te  ysnmetaiminerais | 066 | 348 008 0,08 007 0,02
an interesting story by changing the structure of the Metals 295 | 234 -0.20 -0.36 -0.35 -0.16
Machinery 150 | 3.0 -0.04 -0.05 -0.04 -0.01
economy. :
V{_ehlcles and transport | 1.42 3.22 -0.08 -0.08 -0.07 -0.05
D] Theimpact on the mining sector is the most equipment
, Other manufacturing | 096 | 3.0 -0.08 -0.09 -0.08 -0.04
pronounced,Themove away from codired generation ., industry 5111 3.0 0,58 0.53 0.48 0.52
is shown by the mining sector shinking slightly, in Electricity 181 | 289 1.76 167 149 156
eeleien (o e hese Water distribution 059 | 310 0.16 -0.20 0.18 -0.10
Construction 270 | 315 0.15 -0.18 0417 -0.11
B Metals, water distribution and construction are also  services 6612 | 313 0.10 -0.12 0.11 -0.05
bear a higher burden due to the investment in nuclear Tradeand hotels o) e i St il Lt
Transport and 8.73 3.18 -0.12 -0.14 -0.12 -0.06
power. communication
. . L Financial servi 1105 | 342 -0.07 -0.09 -0.08 -0.01
B Thispicture could change if there were a localisation = oroe serices
) . . Business services 10.08 3.25 -0.12 -0.15 -0.14 -0.08
plan modelled along with the investment in nuclear  goemmentsenices | 1752 | 292 009 010 009 008
power. However, until the details of the localisation pla_Other services 828 | 305 011 -0.13 0.12 -0.06

are know, we are unable to simulate it




B Two sets of scenarios tested at three &0Oncentration levels:
650, 550 and 450 ppm

Nuclear Overnigh€Cost ($/kW) 5800 7000
Lead time (years) 7 12

RE costeductions Optimistic Pessimistic
Domestic Natural Gas yes no
New Hydro Imports from the yes no

region
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GDP Loss Relative to Reference
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B 4 Cases:

Case

1. Worst case for Nucleag
no early programf(ee)

2. Bestcasefor Nuclearg
no early programf(ee)

3. Worst case folNuclearg
imposed early program
(forced)

4. Bestcase for Nucleag
imposed early program
(forced)

Green Barley Cases

Nuclear
Cost/Lead
Time

High

(pessimistic)

Low
(optimistic)

High

(pessimistic)

Low
(optimistic)

RE Costs

DomesticGas

RegionaHydro

Lo Yes Yes
(optimistic)

High No No

' T !

(pessimistic)

Low Yes Yes
(optimistic)

High No No )

(pesgimistic)
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Outstanding Issues and other Cu
and Future Work

B Improve integration:
I/o coefficients ineSAGbetter aligned to SATIM
SATIM to take account of changes in Capital and Labour costs
B Linking the full sectomodel: to improve energy consumption behaviour
of sectors other than electricity
B More comprehensive analysis of uncertainty via Exjadiditation, Monte
Carlo and Stochastic Programming

B Other considerations: Water constraints, spatial aspects of demand and
resource, nordispatchabilityof RE techs
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‘Overview of S

Warehouse

Consumption linkages |
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Factory  production linkages ~ Supermarket




