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IntroductionIntroduction
The problem was to assess the national cost of South The problem was to assess the national cost of South 

Africa achieving a target of 15% of electricity generated Africa achieving a target of 15% of electricity generated 
from renewable sources by 2020, in the following from renewable sources by 2020, in the following 
context:context:

●● Most South African electricity is generated from coal Most South African electricity is generated from coal (93.3% from (93.3% from 
coal, and 1.4% from renewables in 2009), but potential for coal, and 1.4% from renewables in 2009), but potential for 
renewables is high (solar and wind, and possibly wave).renewables is high (solar and wind, and possibly wave).

●● South AfricaSouth Africa’’s electricity is the cheapest in the worlds electricity is the cheapest in the world (EIA, based on (EIA, based on 
available data), because of a) cheap coal, b) overcapacity in thavailable data), because of a) cheap coal, b) overcapacity in the e 
1980s (no new powerplants 1980s (no new powerplants –– electricity price is below longelectricity price is below long--run run 
marginal cost).marginal cost).

●● South Africa has relatively high per capita GHG emissions for a South Africa has relatively high per capita GHG emissions for a 
developing countrydeveloping country, and our President recently committed the , and our President recently committed the 
country to an emissions path that will peak in the 2020s and thecountry to an emissions path that will peak in the 2020s and then n 
decline substantially by 2050. decline substantially by 2050. South AfricaSouth Africa’’s recentlys recently--completed completed 
LongLong--Term Emissions Scenarios indicated that the power sector Term Emissions Scenarios indicated that the power sector 
should be a critical focus for mitigationshould be a critical focus for mitigation..
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The South African electricity systemThe South African electricity system
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The South African electricity systemThe South African electricity system
Installed capacity by Installed capacity by 

energy typeenergy type
Electricity sent out by Electricity sent out by 

energy typeenergy type
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What a 15% by 2020 target meansWhat a 15% by 2020 target means
●● Current electricity demand is around Current electricity demand is around 250,000 GWh250,000 GWh. . 

Projected electricity demand in 2020 is around Projected electricity demand in 2020 is around 375 000 375 000 
GWh GWh -- 115% of this is 5% of this is 56 000 GWh56 000 GWh

●● Production of this amount of electricity would require:Production of this amount of electricity would require:

�� Slightly more than two of South AfricaSlightly more than two of South Africa’’s current coal s current coal 
plants, ORplants, OR

�� 116116 100MW solar thermal plants (55% availability), 100MW solar thermal plants (55% availability), 
OROR

�� 213213 100MW wind farms (30% availability)100MW wind farms (30% availability)

●● Additional system requirements would vary (to meet Additional system requirements would vary (to meet 
peak demand reliably)peak demand reliably)
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How much will it cost?How much will it cost?

Five different cost indicators:Five different cost indicators:
1.1. Levellised plant costsLevellised plant costs

2.2. Total system costs, used to assess the cost of Total system costs, used to assess the cost of 
mitigation (discounted incremental system mitigation (discounted incremental system 
costs/emissions reductions)costs/emissions reductions)

3.3. Comparative investment requirements per yearComparative investment requirements per year

4.4. Total annual electricity production costs Total annual electricity production costs ––
calculated using annualised capital costscalculated using annualised capital costs

5.5. Annual average cost of producing electricity Annual average cost of producing electricity –– an an 
indicator of the effect on the electricity price, and indicator of the effect on the electricity price, and 
calculated from (4)calculated from (4)

The last indicator was also used to calculate the The last indicator was also used to calculate the 
impact of carbon financing (e.g. the CDM)impact of carbon financing (e.g. the CDM)
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Modelling ApproachModelling Approach
1.1. Technologies Technologies –– focus on focus on windwind and and solarsolar technologies technologies –– largelarge--

scale commercialised technologies with wellscale commercialised technologies with well--known resource known resource 
bases in South Africa.bases in South Africa.

2.2. We assumed We assumed technology learning technology learning takes place.takes place.

3.3. We compared the cost of electricity from individual power plantsWe compared the cost of electricity from individual power plants
using using Levellised Electricity CostsLevellised Electricity Costs..

4.4. Comparing the costs of alternative electricity systems:Comparing the costs of alternative electricity systems:

�� We used a bottomWe used a bottom--up, partial equilibrium up, partial equilibrium MARKAL model of MARKAL model of 
the South African energy systemthe South African energy system (originally developed for (originally developed for 
South AfricaSouth Africa’’s Longs Long--Term Mitigation Scenarios) to model the Term Mitigation Scenarios) to model the 
electricity system, which allowed us to model supply options, electricity system, which allowed us to model supply options, 
as well the impact of demandas well the impact of demand--side options.side options.

�� We then applied a We then applied a reliability checkreliability check, to check that all the cases , to check that all the cases 
we modelled had adequate and comparable reliability (due to we modelled had adequate and comparable reliability (due to 
low resolution of MARKAL load curve, and the potentially high low resolution of MARKAL load curve, and the potentially high 
incidence of wind), and adjusted the MARKAL runs incidence of wind), and adjusted the MARKAL runs 
accordingly. accordingly. 
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Scenarios modelledScenarios modelled

Reference Case Reference Case –– ‘‘business as usualbusiness as usual’’ –– assume current plans for new assume current plans for new 
two new coal plants, and thereafter the leasttwo new coal plants, and thereafter the least--cost optioncost option

Renewables CasesRenewables Cases::

1.1. Lower wind resource assumptions Lower wind resource assumptions –– model chooses leastmodel chooses least--cost way cost way 
of meeting targetof meeting target

2.2. Higher wind resource assumptions Higher wind resource assumptions –– model chooses leastmodel chooses least--cost way cost way 
of meeting targetof meeting target

3.3. Higher wind resource assumptions Higher wind resource assumptions –– target split between wind and target split between wind and 
solarsolar

Nuclear Case Nuclear Case modelled for comparison modelled for comparison –– capacity after planned units capacity after planned units 
is nuclearis nuclear

All the above also modelled with an energy efficiency programme All the above also modelled with an energy efficiency programme ((1A1A
to to 3A3A))
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Assumptions and DataAssumptions and Data
●● Technology learning Technology learning –– learning rates based on a model developed for the learning rates based on a model developed for the 

LTMS, and updated from recent literature.LTMS, and updated from recent literature.

●● Economic growth and structure Economic growth and structure –– economic growth rates based on economic growth rates based on 
South African government projections South African government projections –– quite optimistic, and do not take quite optimistic, and do not take 
current crisis into account, although impact on South African eccurrent crisis into account, although impact on South African economy has onomy has 
been less severe than in other countries. Economic structure assbeen less severe than in other countries. Economic structure assumed to umed to 
shift gradually towards service sectors, with decline in key secshift gradually towards service sectors, with decline in key sectors (e.g. tors (e.g. 
gold mining).gold mining).

●● Discount rate Discount rate –– a a realreal discount rate of 7.5%, lower than 10% standard but discount rate of 7.5%, lower than 10% standard but 
comparable with Eskomcomparable with Eskom’’s planning assumption s planning assumption -- with South African with South African 
inflation this equates to a nominal rate of 15inflation this equates to a nominal rate of 15--18%.18%.

●● Plant costs Plant costs –– sourced primarily from IEA ETP, as well as from other sourced primarily from IEA ETP, as well as from other 
sources including US DOE EIA NEMS costs and local integrated ressources including US DOE EIA NEMS costs and local integrated resource ource 
planning cost assumptions planning cost assumptions –– high degree of uncertainty for nuclear, solar.high degree of uncertainty for nuclear, solar.

●● Fuel costs Fuel costs –– most important fuel price is coal, based on local industry most important fuel price is coal, based on local industry 
estimates estimates –– local coal prices largely delinked from international prices. Glocal coal prices largely delinked from international prices. Gas as 
and oil/liquid fuels prices based on international projections (and oil/liquid fuels prices based on international projections (gas is gas is 
imported, price is regulated and linked to international gas priimported, price is regulated and linked to international gas prices; liquid ces; liquid 
fuels prices are regulated and based on an import parity price ffuels prices are regulated and based on an import parity price formula).ormula).
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Load characteristics of the South African electricity systemLoad characteristics of the South African electricity system

●● Load is very Load is very ‘‘peakypeaky’’

●● With ample coal supplies there is no shortage of energyWith ample coal supplies there is no shortage of energy

●● SA system is CAPACITY constrainedSA system is CAPACITY constrained
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Reliability testing methodReliability testing method
●● Model used: MARKAL with 6 time slicesModel used: MARKAL with 6 time slices

�� Peak not captured by load curvePeak not captured by load curve

�� No probabilistic reliability evaluation in placeNo probabilistic reliability evaluation in place

●● Model Model ‘‘compensationscompensations’’

�� ‘‘Model reserve marginModel reserve margin’’ set so that capacity built = set so that capacity built = ‘‘true peaktrue peak’’ + + 
‘‘true reservetrue reserve’’ (set initially to 15%)(set initially to 15%)

�� ‘‘True peakTrue peak’’ calculated by applying scaling factor to calculated by applying scaling factor to ‘‘model model 
peakpeak’’

�� Probabilistic reliability evaluation done offProbabilistic reliability evaluation done off--line using line using 
simulations (only in the peak hour) with:simulations (only in the peak hour) with:

•• build plan from model results,build plan from model results,

•• ‘‘true peaktrue peak’’

•• plant forced outage rates plant forced outage rates 

•• unit sizesunit sizes

�� LOLP used as measure to then iteratively adjust LOLP used as measure to then iteratively adjust ‘‘model model 
reservereserve’’ (in MARKAL) before re(in MARKAL) before re--runningrunning
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Model Reserve and True ReserveModel Reserve and True Reserve
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Wind component (1/2)Wind component (1/2)

●● In the estimation of LOLP (MC simulations), thermal units are eiIn the estimation of LOLP (MC simulations), thermal units are either ther 
ON or OFF, using forced outage rate (FOR). ON or OFF, using forced outage rate (FOR). 

●● For the wind component of the system, power output in the peak For the wind component of the system, power output in the peak 
time is sampled from a pdf constructed using a Meteorological time is sampled from a pdf constructed using a Meteorological 
mesoscale model (MM5).mesoscale model (MM5).

●● The MM5 model generates a timeThe MM5 model generates a time--series for wind speed and series for wind speed and 
direction for heights 60m, 80m and 100m, at a hourly temporal direction for heights 60m, 80m and 100m, at a hourly temporal 
resolution, 18km spatial resolution.resolution, 18km spatial resolution.

●● The expected power production of a standard Vestas V80 2MW The expected power production of a standard Vestas V80 2MW 
wind turbine at each 18x18km grid cell is combined with the wind turbine at each 18x18km grid cell is combined with the 
availability of road and transmission infrastructure.availability of road and transmission infrastructure.

●● The pdf is constructed from a wind power output for cells close The pdf is constructed from a wind power output for cells close to to 
infrastructure, and with at least a 25% annual availability, in infrastructure, and with at least a 25% annual availability, in the the 
peaking hour of the winter months, in a carefully selected peaking hour of the winter months, in a carefully selected ““averageaverage””
year (62 points).year (62 points).
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Wind component (2/2)Wind component (2/2)
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Some scenario resultsSome scenario results
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Levellised Costs of Electricity PlantsLevellised Costs of Electricity Plants
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‘‘ Business as UsualBusiness as Usual’’
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Case 1 Case 1 –– low wind assumptionslow wind assumptions
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Case 2 Case 2 –– higher wind assumptionshigher wind assumptions
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Case 3 Case 3 –– higher wind with solarhigher wind with solar



21 ERC

Case 3A Case 3A –– Case 3 with energy efficiencyCase 3 with energy efficiency
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GHG emissions savingsGHG emissions savings

GHG emissions 
saved (Mt CO2-

eq)

% reduction 
from 

reference 
case

% reduction 
in electricity 

sector 
emissions

% of savings 
occurring 

from 2015 to 
2020

% reduction 
in electricity 
emissions in 

2020

Case 1 161 1.7% 3.9% 100% 14%

Case 2 169 1.8% 4.1% 100% 15%

Case 3 162 1.8% 3.9% 100% 14%

Case 1A 400 4.3% 9.6% 79% 22%

Case 2A 407 4.4% 9.8% 79% 23%

Case 3A 403 4.4% 9.7% 79% 23%

efficiency alone 248 2.7% 6.0% 66% 9%
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Mitigation costs Mitigation costs –– using total system costsusing total system costs

Rands per ton 
of CO2-eq

Incremental 
costs as a % of 

GDP

Case 1 R141 0.10%

Case 2 R101 0.08%

Case 3 R104 0.08%

Case 1A -R32 -0.05%

Case 2A -R37 -0.07%

Case 3A -R39 -0.07%

Efficiency alone -R123 -0.14%
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Investment requirements relative to reference caseInvestment requirements relative to reference case

Without Without 
efficiencyefficiency

With efficiencyWith efficiency
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Impact of energy efficiency on investment requirementsImpact of energy efficiency on investment requirements
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Average annual cost of producing electricity relative to Average annual cost of producing electricity relative to 
reference case reference case –– proxy for electricity priceproxy for electricity price

Without Without 
efficiencyefficiency

With efficiencyWith efficiency
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Average annual cost of producing electricityAverage annual cost of producing electricity
with a carbon price of 20 Euro / tonwith a carbon price of 20 Euro / ton

Without Without 
efficiencyefficiency

With efficiencyWith efficiency

Impact on nuclear programme would depend on carbon Impact on nuclear programme would depend on carbon 
regime (nuclear is currently disallowed under the CDM)regime (nuclear is currently disallowed under the CDM)
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CoCo--benefitsbenefits

●● Total reduction in nonTotal reduction in non--GHG emissions (Carbon GHG emissions (Carbon 
Monoxide, NMVOCs, SOx, NOx) of between 2% and Monoxide, NMVOCs, SOx, NOx) of between 2% and 
5% from 20065% from 2006--2020.2020.

●● Regional development benefitsRegional development benefits

●● Job creationJob creation

●● Potential for new industries particularly for solar thermal Potential for new industries particularly for solar thermal 
–– economyeconomy--wide impacts modelled for LTMS study wide impacts modelled for LTMS study 
(CGE model) indicate local content is critical in (CGE model) indicate local content is critical in 
economic cost/benefit.economic cost/benefit.

●● Energy security / diversification of supplyEnergy security / diversification of supply

●● CoCo--benefit of energy efficiency = no blackouts in 2012benefit of energy efficiency = no blackouts in 2012
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Policy lessons and conclusionsPolicy lessons and conclusions

●● Cost of electricity will not be significantly affected, but Cost of electricity will not be significantly affected, but 
investment requirements are a very significant investment requirements are a very significant 
challenge.challenge.

●● Impact of investment requirements will depend on ability Impact of investment requirements will depend on ability 
to develop to develop ‘‘partner programmespartner programmes’’, specifically a) an , specifically a) an 
energy efficiency programme, which will lower cost, and energy efficiency programme, which will lower cost, and 
b) an industrial development strategy, which will help b) an industrial development strategy, which will help 
South Africa capture the development benefits of the South Africa capture the development benefits of the 
programme programme –– significant opportunities for solar thermal.significant opportunities for solar thermal.

●● Carbon finance will make a significant difference to the Carbon finance will make a significant difference to the 
viability/attractiveness of the programme viability/attractiveness of the programme –– price level is price level is 
important.important.

●● Significant institutional challenges.Significant institutional challenges.
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