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This presentation was prepared as a power sector decarbonization background note to the Turkey Country Climate Development
Report. The note describes the Energy Planning Model assumptions and provides a detailed results overview. The power sector
decarbonization analysis was led by Xiaodong Wang (co-Task Team Leader), and the modeling analysis was undertaken by
Thomas Nikolakakis and Lauren Culver, with the support of the Energy and Extractives Global Knowledge unit at the World Bank.

Official Use

Deep decarbonization in the power sector is needed at least a decade earlier than the economywide net zero goal in coordination with electrification of end use sectors
Action in the power sector is urgent. Deep decarbonization in the power
sector is needed a decade earlier than the economy-wide net zero goal.
• Turkey should update its Nationally Determined Contribution with
sector-specific contributions to emissions reductions and intermediate
targets.
• Building on recent success, the government’s existing targets for
renewable energy and energy efficiency should be extended to 2040 with
greater ambition.

• New targets for coal phase down and a just transition for all will need to
be developed.
Action in the power sector is essential. The energy sector, including the
power, transport, building, and manufacturing sectors, is the single largest
contributor to GHG emissions in Turkey, accounting for 75% of the total
GHG emissions.
•

In the short-term, the power sector can be economically decarbonized
by retiring and repurposing coal and gas plants and replacing the energy
with renewable energy and battery storage.

•

The transport, buildings, and manufacturing sectors will begin to
decarbonize through greater electrification and eventually through
other interventions.

•

Decarbonizing the power sector has important implications for trade
competitiveness.

Source: CAIT, 2018 data
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Renewable energy is the cheapest option for new generation. New coal power plants are neither
needed nor the lowest cost, and coal transition will not compromise energy security in Turkey
Solar, wind, and hydro power capacities are set to grow from 50 GW today to 120 GW in
2040 in the LGT and to 155 GW to achieve deep decarbonization.

Additional capacity investments and
retirements for deep decarbonization

• Accelerating hydro power development for deep decarbonization will require more
project pipeline development. Pumped hydro development should also be pursued.
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• The 5GW planned Akkuyu nuclear plant provides useful zero carbon electricity.
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• By 2028, storage technologies will be needed alongside existing flexible generators.
Battery and pumped hydro storage would grow to 20 GW in 2040 based on economics
or to 30 GW to support deep decarbonization in 2040. To scale up to these levels of
energy storage work should begin on pilots and a regulatory framework now.
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• When costs for carbon capture are low and capture rates achieve 100%, gas with CCS
contributes to emissions reductions. Global technology advancements are needed to
lower costs.
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Energy security can be achieved through an accelerated pace of least-cost investments
in domestic renewable energy sources, to reduce reliance on imported energy
Turkey is set to exceed its existing targets for solar and wind as it continues to transition
to competitive auctions. To deeply decarbonize the scale and frequency of auctions will
need to increase to maintain 15% annual capacity growth.
•

A bankable well-organized competitive selection can attract cost competitive IPPs
and a low cost of capital. A proper risk allocation should consider risks to project
completion and macro economic risks such as foreign exchange risk.

•

Clarifying the medium-term auction targets will benefit Turkey’s local wind and solar
equipment manufacturers and installers.
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Grid integration of VRE will require energy storage, policies to remunerate flexibility and ancillary
services, and expansion and digitalization of transmission networks
The power sector must be transformed from baseload (46% of electricity from fossil
fuels) to a flexible power grid (56% of generation from VRE with 6% curtailment).
• The shift from a power system reliant on baseload power to one which integrates low
cost, domestic renewable energy will require investments in energy storage and
transmission and new policies and regulations to strengthen energy security.

Deep Decarbonization generation mix

• Power network modernization (e.g., smart grid, digitalization) and soft infrastructure
(e.g., grid codes, demand response regulation) can reduce curtailment. Revised
standards and grid codes should consider increased climate risks (e.g., wildfires, heat,
flooding).
• New market or policy mechanisms will be needed to remunerate providers of
flexibility and other ancillary services, especially those that will run only several hours
a year, so they are available to ensure security of supply.

• Harmonizing power sector’s regulatory framework with neighboring countries can
improve regional power trade and optimize the use of renewable energy resources
New investment in very low-carbon, flexible generators will be required to integrate
variable renewable energy.
• In the Deep Decarbonization scenario, 2 GW of flexible generators are installed by
2032 rising to 25 GW in 2040.* Based on the average cost of generation from these
OCGT-like plants ($200-$300/MWh), a single cycle, low utilization factor turbine
running on green hydrogen delivered at $2-$3/kg would be competitive. An additional
4 GW of PV and 20 GW of battery storage is alternative substitute.
• The Deep Decarbonization scenario fails to achieve the emissions reduction target
with available technologies beginning in 2038. Other technologies such as longduration battery storage, green hydrogen, and integrated demand side management
will ultimately be needed to eliminate emissions from the power sector costeffectively.
•

As 2030 approaches, additional high-resolution modeling will be needed to refine
technology and market solutions to affordably achieve high penetration of variable
renewable energy and flexible, zero carbon generation.

* The modeling did not consider power plants that run on
green hydrogen or other innovative technologies with low
emissions and low utilization factors to integrate variable
renewable energy. After 2032, the OCGT/gas generation in
the above graph is more correctly interpreted as a low
emission, flexible generator. The average cost of these
generators is $230/MWh in 2032 falling to $200/MWh in
2040 without a carbon price and $245/MWh in 2032 rising
to $360/MWh in 2040 including the shadow cost of carbon
resulting in the model.
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By 2040, 6 GW of coal power plants will retire at the end of their life, all coal plants would need to
retire to achieve net zero. Early planning for a just transition for all is essential.
Beginning in 2025, 19 GW of coal capacity must be retired by 2040; 13 GW of this
retirement is driven by emission reductions.

• Coal plants with superior efficiency and flexibility will operate through the 2030s.
Retrofitting to increase operational flexibility and enhance VRE integration
should be explored. Repurposing coal plants can reduce stranded costs.
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• Early retirements create an estimated 4 US$ billion (discounted) of stranded
costs.* 65% of coal capacity will have foregone revenue of 3%-34% ($98$455/GW). The government should begin developing a compensation strategy
and evaluating salvage opportunities.

Efficiency and age of coal plants at retirement

5
0
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• No new coal power plants are needed through 2030 as new renewable energy is
cheaper.

low efficiency

• Cenal (1320 MW) and Zetes 3 (1400 MW) coal fired power plants are potential
candidates for retrofits with carbon capture (> 300 MW, efficiencies > 35%, and
<20 years old at time of retrofit).

• Planning for a just transition for all affected plant and mine workers and
communities should begin now, well in advance of retirements.
•

The impact of the coal industry phase down should be mitigated through a
regulatory framework for just transition which clarifies compensation and
reskilling guidelines.

30-39 yrs

medium efficiency

40 or more
years

high efficiency

Fuel source of retired coal plants
14

GW

Most domestic lignite plants are retired between 2025 and 2029 with immediate
implications for national lignite mining.

20-29 years

7
0

2025-2029

2030-2035
Year plant retires
Domestic

* The economic value of stranded costs were calculated using the marginal price value delivered by thermal plants to the system.
This calculation does not include the value of benefits of early retirement, for example, improved aid quality and health outcomes.

2035-2040

Imported
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Reaching net zero in the power sector would require an additional investment of $26 billion in
generation and transmission, but the system NPV costs increase only 3%

• Annual private sector investment in power generation averages US$5 billion a year
in the LGT scenario, rising to US$7 billion a year to achieve deep decarbonization.
• Annual public investment in transmission and distribution to support deep
decarbonization is an estimated US$1 billion - US$2 billion a year.
Though investment costs increase dramatically, the additional economic cost and
the cost to consumers to deeply decarbonize is modest.
• The increase in annual system cost is primarily driven by increasing demand. The
increase in economic cost for deep decarbonization is less than 3 percent.

• The shift to more upfront capital expenditure away from fuel costs is driven by the
transition to clean energy. Sound risk mitigation and allocation is essential to
achieve low-cost financing and in turn low-cost electricity. Energy efficiency can
reduce the overall need for investment in generation and the grid.

Cumulative upfront investment cost (discounted), 2020-2040
100

US$billion

Deep decarbonization will require US$87 billion (discounted) upfront capital
investment in generation and US$13 billion (discounted) in network infrastructure.
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Annual system cost for deep decarbonization

• The average cost of generation is 17 percent higher for the deep decarbonization
compared to LGT, due to replacement of early retirement of existing coal power
plants with RE, but stays roughly equal to the current average cost of generation.
Strong tariff design will continue to be essential to maintain the financial viability
of the utility and keep consumer tariffs affordable.
* The LGT (least cost with current government targets) scenario in this analysis is the reference scenario. It is
a least-cost optimization that at minimum must achieve the government’s renewable energy and energy
efficiency targets (as of December 2021) extrapolated to 2040. The Deep Decarbonization scenario achieves
90% emissions reduction in 2040 relative to the LGT – achieving low emissions that could be offset by
national carbon sinks to achieve net zero.
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Electrifying buildings without major efforts in energy efficiency would double peak demand and
the investment in power generation
Buildings are 10% of Turkey’s emissions and building energy demand is growing
driven by more construction, larger building footprints, and growing demand
for air conditioning.

• Building retrofits which include energy efficiency and distributed PV are
essential to maintain affordable electricity for all consumers. Without major
efforts in energy efficiency rising demand for cooling and electric heat will
cause power generation investments to more than double, rising to US$15
billion a year.
Turkey should review the National Energy Efficiency Action Plan, adapt
implementation plans based on experience from 2017, and raise ambition.
•

•

Energy efficiency investments that cut demand growth in half could reduce
the investment needed to achieve deep decarbonization by 20% - avoiding*
US$ 1.3 billion of investment in generation capacity each year, roughly
aligned with the efficiency investments planned in the NEEAP.

Distributed PV has considerable potential to expand based on current netmetering and national equipment suppliers.
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• Today, space heating accounts for more than 50% of building energy use.
Heat pumps that run on clean electricity and district geothermal will promote
emissions reductions by displacing unabated coal and natural gas which
provide more than 50% of heating needs. As Turkey imports 99% of its gas
supply, any reduction improves energy security and reduces vulnerability to
price volatility.

Installed capacity to meet 2040 demand
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* The results estimate the avoided cost to the power sector from energy
efficiency investments. The analysis does not account for the cost of
making specific efficiency investments.
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Electric vehicles will increase power demand, and coordinated charging is the key
Transportation is 17% of Turkey’s emissions, of which road transport is
the vast majority creating an opportunity to reduce emissions, reduce oil
imports, and increase domestic manufacturing through electric mobility.
As Turkey imports 93% of its oil supply, greater electrification could
improve energy security as well as reduce emissions.

•

The transition towards e-mobility presents opportunities in domestic
component and vehicle manufacturing, possibly for export.

The transition to electric vehicles should be managed carefully. Without
incentives electric vehicle owners will plug-in their vehicles after work
causing the cost of electricity to go up for all consumers.
• On a pathway to deep decarbonization in the transport sector, 45% of
cars and 59% of buses would be electric in 2040. This would add 3%
additional demand to the power sector by 2030 and 10% additional
demand by 2040.
• By 2040, these 6.5 million of electric vehicles could require an additional
10 GW on top of the system peak. As electricity costs are driven by the
system peak, if people charge their vehicles in the evening it will
exacerbate the evening peak and require many new investments.
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2040 electric vehicle load – Uncoordinated charging
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• By 2040, the demand from e-mobility requires system investments on
the order of 23 GW mainly in the form of wind and battery storage at a
cost of US$20 billion (not including the costs of charging infrastructure).

• Vehicle owners’ charging behaviors should be coordinated with policies
and incentives like peak and off-peak pricing, public charging stations,
and workplace charging infrastructure. Coordinated charging reduces
the investment needed by $US 3 billion by 2040 with greater savings in
the next decade.
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Decarbonizing industrial processes will require new technology innovation, and CBAM is a main
driver. Removing fossil fuel subsidies is an urgent action
The energy used in manufacturing creates 15% of Turkey’s emissions while a further 13% is created by industrial processes.
Decarbonizing industrial processes will require new technology innovations. Fortunately, many manufacturing processes can be
decarbonized through electrification.
• The climate policies of other countries, like the European Union’s Carbon Border Adjustment Mechanism (CBAM), could motivate
Turkey to accelerate electrification of industry coupled with cleaner electricity.
• With CBAM’s current proposed scope, there would be significant impacts on the cement, iron and steel, and aluminum industries. A
study by the European Bank for Reconstruction and Development found that Turkish industry could be paying extra charges of €777
million under CBAM if direct and indirect emissions are included (€399 million if only direct emissions are considered).
• Turkey’s grid emission factor today is 0.5 kgCO2e per kWh. As the power sector deeply decarbonizes the emission factor would drop
to 0.02 kgCO2e per kWh. The grid emissions factor is relevant for indirect emissions.
Energy market reforms and cost recovery are needed to ensure the financial sustainability of the sector. The long-term financial
viability of the energy sector is undermined when the revenues from supplying consumers do not cover the costs of the utility (e.g.,
fuel costs).
•

Eliminating implicit fuel subsidies created when the full fuel cost is not passed on to consumers will reduce the burden of
unrecoverable fuel costs and remove a distortion that is currently causing emissions to be higher than they would otherwise be.

•

Adequate protection for the most vulnerable consumers is increasingly important. As building and transport energy demand is
increasingly electrified, the cost of household energy will be concentrated in the electric bill.
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To deeply decarbonize, Turkey must develop a strategy to retire and repurpose fossil fuel plants
and to replace capacity and meet growing demand with clean electricity
Retire

Replace
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retired
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LGT

169

41

0.16

66

5

0.7

1,729

76

Deep Decarbonization

173

46

0.02

87

7

1.2

1,100
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Decarbonization pathway to achieve net zero in 2053 would require deep decarbonization of the
power sector by 2040, coupled with electrification of transport and buildings and energy efficiency
The Country Climate and Development Report for Turkey highlights the Resilient Net Zero Pathway (RNZP).
•

The RNZP assumes deep decarbonization of the power sector by 2040 in line with achieving the economy-wide net zero target of 2053: a 45
percent emission reduction in the power sector in 2030 and a 90 percent reduction by 2040 relative to LGT.

•

The RNZP assumes near term reductions in demand from buildings energy efficiency starting in 2022. After 2030, the scenario assumes higher
electricity demand from greater electrification in residential buildings and electrification in passenger and freight transport.

•

In addition to the LGT assumptions, RNZP limits wind capacity to 63GW in 2040 to facilitate comparison with other scenarios. The scenario also
assumes that low-cost carbon capture with sequestration for gas and coal-fired power plants are available after 2035, resulting in some
investment in gas with CCS. As in the Deep Decarbonization scenario, low-utilization rate, single cycle flexible generators are needed after 2030
which could be powered with natural gas, green hydrogen delivered at $2-$3/kg, or additional solar energy and energy storage.

Capacity in 2040

Generation in 2040
Pathway toward net
zero 2053 (RNZP)
2022-2030 2022-2040 2022-2030 2022-2040
Reference

Electricity demand
(TWh/yr) at end of period
Present value of total costs
($b)
Present value of generation
investments ($b)
Average cost of generation
($/MWh) at end of period
Marginal abatement cost
($/tCO2e) at end of period
Power sector emissions
(MtCO2e)
Power sector emissions
(MtCO2e) at end of period
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0
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ANNEX – Turkey: Power sector priorities
for deep decarbonization

Official Use

Decarbonizing Energy Pathways: Exploratory modeling to identify policy and investment
priorities for attention
• As part of Decarbonizing Energy Pathways (P175998), and in support of the Climate Change and Development Report (CCDR), this exploratory
decarbonization analysis was performed to identify the policy and investment priorities to deeply decarbonize the power sector in Turkey. The
methodology was shaped to provide results that would inform decision makers of the magnitude and urgency of action that is required to deeply
decarbonize on any time scale. The results are valuable to highlight critical policies and to understand the scale of investment to be financed. The
work should not be interpreted as a forecast, but as a projection of the scale and speed of necessary interventions. Additional, complementary
analyses will be required to plan specific investments.
• The Electricity Planning Model (EPM) - an in-house power system planning model that includes both capacity expansion and production cost
modeling- has been parameterized for more than 60 countries and has been used for many types of analyses. For CCDRs, the team has developed a
decarbonization methodology. EPM’s use for decarbonization modeling differs from conventional planning exercises like an integrated resource plan
or a utility investment plan. In decarbonization modeling the approaches may be different given the longer timeframe to at least 2040 and uncertain
outlook for technologies on this timeframe. This methodology uses standardized fuel and capex cost trajectories, standardized scenarios for
emissions reductions, and produces standardized results in terms of generation mix, investments, and shadow prices of carbon. Scenario analysis is
used to reflect different possible futures for technology and policy. Because of the nature of this exploratory approach, the results of the
optimization are not a prescription for a utility, but a description of what conditions lead to different results, for example differences in newly
installed capacity or stranded fossil fuel assets. The decarbonization modeling in EPM is a purely economic analysis that does not consider power
purchase agreements, fuel contracts, or subsidized input prices such as fuel price subsidies, for example, that might be binding in a more traditional
planning exercise.
• The LGT scenario in this analysis is a least-cost optimization that at minimum must achieve the government’s renewable energy and energy
efficiency targets (as of December 2021) extrapolated to 2040. The Deep Decarbonization scenario is based on the LGT and must achieve 45%
emissions reductions relative to the LGT in 2030 and 90% emissions reduction relative to the LGT in 2040. In this analysis, the Deep Decarbonization
scenario approximates net zero as it achieves 11 MtCO2e in 2040 which is less than the power sector’s proportional share of the carbon sink. Other
scenarios were analyzed to consider the impact of carbon emission reductions coupled with changes in available supply technologies and electricity
demand caused by energy efficiency, electric mobility, and electrification of building energy demand.
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Scenarios: Reaching deeply decarbonizing the power sector by 2040
Scenario Definitions

The lower than observed emissions are a results of modeling
higher fuel prices than those prevailing in the market.

The sharp decline in emissions is due to 1) renewable
energy generation in line with government targets, 2)
new nuclear generation, and 3) higher fuel prices than
those prevailing in the market.

• LGT (least cost with current government targets) - current energy efficiency and
renewable energy targets extrapolated to 2040
• 80% - relative to LGT, 40% emissions reduction by 2030 and 80% by 2040

In this region,
renewable energy
generation is largely
able to meet growing
demand preventing a
rise in emissions.

• 90% (Deep Decarbonization) - relative to LGT, 45% emissions reduction by 2030
and 90% by 2040 This scenario approximates net-zero by 2040 emissions
proportional to the power sector’s share of Turkey’s carbon sink
LGT

• 95% - relative to LGT, 47% emissions reduction by 2030 and 95% by
• 90% and EE- relative to 90%, demand growth reduced by half
• Electrification – relative to 90%, additional demand from buildings
• +EE- relative to 90%, additional demand from buildings but restrained by building
energy efficiency
• +DPV relative to 90%, additional demand from buildings but restrained by building
energy efficiency and with exogenously defined PV deployment
• Uncoordinated - relative to 90%, additional demand from electric mobility
• Coordinated - relative to 90%, additional demand from electric mobility in which
demand is shifted from the evening peak
• Resilient Net Zero Pathway (RNZP) – Relative to 90% the RNZP assumes near term
reductions in demand from buildings energy efficiency starting in 2022. After 2030,
the scenario assumes higher electricity demand from greater electrification in
residential buildings and electrification in passenger and freight transport

Comparison to Government Commitments

•
•
•

Turkey’s 2015 INDC forecasts 943 Mt CO2 from the energy
sector in 2030 declining to 738 Mt CO2 in 2030 with applied
measures, a 21% reduction.
In 2019, the power sector accounted for 130 Mt CO2 (33% of
energy sector emissions).
The LGT scenario results in 67Mt CO2 in 2030 from the
power sector. The 90% emissions reduction scenario achieves
37 Mt CO2 in 2030.
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Key metrics
Scenarios

LGT

80%

90%

95%

90% and EE

RNZP

PV of system cost ($b)

169

172

173

174

163

178

Total generation (TWh)

7277

7378

7401

7412

7007

7740

Capacity added (GW)

109

148

167

167

129

194

Investment ($b)

107

138

151

151

124

177

PV of investment ($b)

66

82

87

87

75

96

Emissions (Mt CO2e)

1729

1167

1100

1072

1097

1083

PV of climate backstop ($m)

0

0

283

931

0

255

PV of imported fuel cost ($b)

43

42

41

41

40

40

PV of total fuel cost ($b)

60

56

55

55

54

51

Coal retirements (GW)

6

19

19

19

19

19

Stranded costs ($b)

0

3.61

4.17

4.33

4.28

Not available

Generation (TWh)

437

451

458

458

398

544

Average Cost of Generation
($/MWh)

41

43

46

49

41

48

Final emissions (Mt CO2e)

76

15

11

11

8

10

VRE penetration (% generation)

42

56

56

60

57

59

Non-Fossil (% generation)

81

93

96

96

93

91

VRE Curtailment (% VRE
generation)

1

5

6

6

7

3

Shadow price of carbon

n/a

73

300

300

220

300

Cumulative 2020-2040

In 2040
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Key metrics
Electrification

+EE

+DPV

Uncoordinated

Coordinated

PV of system cost ($b)

276

186

191

181

179

Total generation (TWh)

11,365

7,858

8,051

7,726

7,719

Capacity added (GW)

379

197

223

192

186

Investment ($b)

317

172

187

170

167

PV of investment ($b)

176

98

108

96

94

Emissions (Mt CO2e)

1,172

1,104

1,066

1,103

1,101

PV of climate backstop ($m)

7,754

681

379

559

358

PV of imported fuel cost ($b)

59

43

43

43

42

PV of total fuel cost ($b)

73

57

56

56

56

Generation (TWh)

872

507

514

506

506

Average Cost of Generation ($/MWh)

57

49

50

48

46

Final emissions (Mt CO2e)

31

12

12

12

11

VRE penetration (% generation)

64

62

62

63

63

Non-Fossil (% generation)

83

88

88

88

89

VRE curtailment (% of VRE
generation)

9

7

7

7

6

300

300

300

300

300

Scenarios
Cumulative 2020-2040

In 2040

Shadow price of carbon
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Key Assumptions

Key assumptions
Net Demand increase (CAGR, 2020– 40)
Annual demand
Peak demand

3.4% up to 2030, 2.1% for 2031-2040
3.9% up to 2030, 2.1% for 2031-2040

Capital cost of candidate technologies

Reduction trajectory commonly used in
CCDR projects

Fuel price changes
(from 2020 levels)

Projected based on World Bank price
forecast for oil, gas and coal

Discount rate/WACC

6% applied to all costs

Official Use

Demand projections
480,000

100,000

Demand (GWh)

80,000
380,000

70,000

330,000

60,000
50,000

280,000

Peak Demand (MW)

90,000

430,000

40,000

230,000

30,000

Demand (GWh)

Demand EE (GWh)

Peak Demand (MW)

Peak Demand EE (MW)

Demand projections:
• Demand projections for the 2021-2030 period have been based on TEIAS. The projections account for the effect of COVID over the 2020-2022
period. Average growth over the 2021-2030 period is 3.4%
• Post 2030, demand projections were based on the Alternative scenario of the Turkey Energy Outlook developed by the Sabanci University.
Average growth over the 2031-2040 period is 2.1%
• In scenario 5, energy efficiency was modeled as a gradual reduction on demand growth (compared to rest of scenarios) which starts in 2027 and
reaches 1% by 2031. Demand growth remains constant at 1% post 2031.
Electrification and impacts of demand:
• Scenarios that focus on impacts of electrification of other sectors (transport and buildings) use specific methodologies to develop the profile of the
additional demand (from electrification). More details can be found on the methodology section of this presentation
• The additional demand from electrification is placed on top of conventional demand and EPM optimizes investments similarly as rest of scenarios

Representation of demand in the model
• Representation of demand in EPM is performed with the use of typical days that represent average, low and peak demand. The modeling approach
used in this project uses three typical days per quarter (12 days per year).
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System constraints and assumptions
•RE policy assumptions consider existing official 2030 INDC targets for 10GW of PV and 16GW wind. Considering that a) the PV
target is already achieved while wind is on track to be achieved way before 2030 and b) this project extends to 2040 , the WB team
has set 2040 targets for PV and Wind capacities that are more ambitious compared to existing policies. More specific in all scenarios
there is a target of 32GW of wind and 38GW of PV by 2040. This is modeled by imposing mandatory capacity additions on an annual
basis on top of existing capacity. Capacity additions are linear throughout the study horizon to reach the targets described above. The
model is allowed to add additional capacity on top of policy if it is economic for the system
•

System level capacity reserve is assumed to by 15%
• The capacity credit for wind and PV is calculated endogenously by EPM based on the given (input) generation profile and is
pretty low for both sources (less than 10%)
• The capacity credit for BESS is assumed to be 75%; for RoR is assumed to be 30%; for all firm technologies 100%

• We apply a limit on instantaneous non-synchronous generation to be up to 70% of total generation by 2040
• The operating reserve is set to be equal to the largest generator in the system plus 20% of VRE generation
•Economic penalties (for modelling purposes)
•Cost of VRE curtailment is set to 0 $/MWh
• VoLL is set to 2,000$/MWh (imposed if supply falls short of demand)
•Cost of climate backstop technology at 300$/ton of CO2 (imposed if CO2 emissions exceed annual cap)
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VRE and hydro profiles
• Solar and wind profiles are based on WB wind/solar atlas
•Solar, wind and RoR and modeled in EPM with the use of representative days similar as in the case of demand
•The average annual CF for Wind and PV is 30% and 19% respectively
•RoR profiles are based on actual historical generation. The average annual RoR capacity is 44%
•Hydro with storage is modeled like a zero-fuel cost generator and the use of a maximum capacity factor constraint. The capacity factor
constraint is set on quarterly basis and it was derived based on historical hydro operation from year 2019. The following maximum capacity
factor values have been used as inputs in EPM

RoR capacity factor corresponding to a typical day of average
demand

Quarterly max capacity factor for hydro with storage
45%
40%

100%

35%

80%

30%

60%

25%
20%

40%

15%

20%

10%

0%

5%
0%
Q1

Q2

Q3

Q4

Q1

Q2

Q3

Q4
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Existing, committed capacity and planned retirements
Existing capacity
•

Evolution of existing, committed capacity and planned
retirements

The list of existing power plants has been based on previous involvement with
TEIAS since 2017

Planned capacity

•

•
•

The list of planned capacity is also based on TEIAS. Planned capacity is
modelled as committed (forced) capacity, which is not subject to economic
optimization
Coal planned capacity has been considered as candidate in this project to
assess if the planned coal pipeline makes sense from an economic view

Imported Coal

Lignite

Asphaltite

Geothermal

Biomass

Gas CCGT

Gas OCGT

HFO

Hydro

Wind

PV

100.0
50.0
0.0
2020

The committed PV and Wind capacity shown in the table on the right is based
on the RE policy targets
Nuclear planned commitments in Akuyu are substantial capacity additions to
the system. The 4.8GW of nuclear capacity will have been commissioned by
2026
Plant name

Year of
commissioning

Capacity

AKKUYU_1

2023

1,200

AKKUYU_2

2024

1,200

AKKUYU_3

2025

1,200

AKKUYU_4

2026

1,200

Retirements

•

Coal

150.0

Capacity GW

•

Nuclear

Retirements in the table on the right represent the indicated end of life of the
power plant. It is the minimum (mandatory) retired capacity. However, more
capacity is allowed to retire if its economic for the system (stranded assets)

PV
Wind
Hydro
HFO
Gas OCGT
Gas CCGT
Biomass
Geotherm
al
Asphaltite
Lignite
Imported
Coal
Coal
Nuclear

2021

2022

2023

2024

2025

2030

2035

2040

Existing
capacity
(MW)
2020
12,323
8,882
29,889
477
1,393
25,615
715

2021
1,285
750
528
0
0
-428
0

2022
1,284
1,030
4
0
0
-42
0

2023
1,284
1,220
0
0
0
0
0

2024
1,284
1,183
0
0
0
-117
0

2025
1,284
1,183
0
0
-25
-35
0

1,236

0

0

0

0

0

0

0

-1,236

385
10,790

0
0

0
0

0
0

0
0

0
0

0
0

0
-950

0
-1,396

7,422

0

0

0

0

-227

0

0

0

358
0

0
0

0
0

0
1,200

0
1,200

0
1,200

0
1,200

Committed capacity minus planned retirements (MW)
2030 2035 2040
6,422 6,422 6,410
5,916 5,917 5,918
0
0
0
-89
-62
-135
0
-41
-224
-4,121 -5,277 -2,731
0
0
-715

0
-142
Official
0
0Use

Heat rates of existing plants
Heat rates of existing CCGTs
14

35

Heat rate (mmBTU/MWh)

Heat rate (mmBTU/MWh)

Heat rates of existing coal plants
30
25
20
15
10
5

12
10
8

6
4
2
0

0

Commercial operations year

Commercial operations year

•

Heat rates and other technical specs of existing generators are based on previous collaboration of the World Bank with TEIAS dated back in 2017.
Due to the critical impact of those parameters on results we kindly advice to revise those inputs

•

We use similar heat rates for all candidate plants based on information by TEIAS:
• Coal and lignite: 8.12-8.98 mmBTU/MWh
• CCGT: 6.4 mmBTU/MWh
• OCGT: 9.0 mmBTU/MWh

Official Use

Economic decommissioning
• The model accounts for economic decommissioning of thermal capacity. This is capacity that can decommission prior to the end of life
of assets if operation and maintenance costs for the assets are higher compared to the benefit the asset brings to the system (i.e
stranded assets)
• Economic decommissioning cannot take place prior to 2024; this constraint was set to account for planning time required to
decommission assets.
• Decommissioning of thermal capacity is limited to 4GW per year for the period 2024-2028. The magnitude of economic is
unconstrained from 2029 and on

•Minimum annual capacity factors have been added as constraints for the following types plants:
o Coal: 30%
o CCGT: 15%
o OCGT: 5%
o The above minimum capacity factor constraints aim to constraint the model from operating existing capacity at unrealistically low
capacity factor. EPM makes an economic choice to either operate existing capacity in economically sustainable way or to proceed
into early retirements.
Official Use

Candidate generators
• The capex of thermal, variable renewable energy technologies and of battery
storage is assumed to decrease in time, according to the figure on the right

•

PV and Wind candidate capacities are unconstrained except in RNZP where it
is constrained to 63GW of new installed capacity; the IEA states that wind
potential is limited to 48GW which is likely to change along with changes in
technology

• We have not a set upper limit on candidate gas capacity; while in reality the
gas capacity is limited our initial results indicated that the net capacity in the
system ( built capacity minus retirements) in all scenarios does not exceed
current levels of operation
•Hydro candidate capacity is limited to 12GW based on data from TEIAS; also the
Turkish Energy Outlook limits Hydro additions in their alternative scenario to 12
GW

Total candidate
capacity (MW)

Heat rate
(mmBTU/MWh)

CAPEX in 2020
(million USD/MW)

Lignite

32,427

8.6-8.98

1.75

Coal domestic

7,079

8.53-8.6

1.40

Coal Imported

4,052

8.12-8.6

1.40

Asphaltite

385

9.22

1.40

Geothermal

945

-

3.75

Gas CCGT
Gas OCGT
Hydro RoR

Unlimited
Unlimited
1,824

6.4
9
-

1.03
0.72
1.75

Hydro Storage

9,183

-

1.85

Oshore wind
Ofshore wind
PV
BESS

Unlimited
Unlimited
Unlimited
Unlimited

86% (Efficiency)

1.52
3.31
0.83
360 ($/MWh)

Capex trajectories (real % reductions with respect to 2020
values)
100.00%
90.00%
80.00%

•Based on a World Bank AF currently being prepared for a geothermal project in
Turkey the assumed emissions factor is 0.29kg/kWh.

• Geothermal candidate capacity potential is limited to 1GW based on data from
TEIAS

PV

70.00%

Onshore Wind

60.00%

Coal

50.00%

CCGT

40.00%

Battery

30.00%
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Fuel prices
• Fuel price projections were based on the general trends WB’s Commodity
Markets Outlook of October 2021, for benchmark fuels

• The analysis in this project is economic. Fuel prices are stripped of taxes
and subsidies

Fuel price projections in USD/mmBTU
1.Uranium

6.NationalCoal

7.ImportedCoal

8.Asphaltite

9.Lignite

14.Biomass

16.Gas

18.FuelOilEx

16.00

14.00

• Hard coal is priced at import parity (fuel costs are opportunity costs). The12.00
assumption for hard coal price was based on Australian coal and there
have been added CIF and internal transport costs
10.00

• 2020 gas prices are based on available historical data at the Netherlands
Title Transfer Facility and net-of-tax prices at the plant gate in Turkey

8.00

6.00

•

Lignite: An assumption for 2.59$/mmBTU in 2020 was made
4.00

•

Uranium: Assumption of 0.37$/mmBTU based on data for USA

2.00

-
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Electricity Trade
•

Turkey is electrically
interconnected to
neighboring countries, and
trades 3% of total
generation.

•

However, this modeling
exercise treats Turkey as an
electrical island with no
imports nor exports.

•

Electricity trade has the
potential to reduce the cost
of electricity supply by
trading renewable energy
resources across
geographies or taking
advantage of neighboring
countries’ resource mix.
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Carbon capture and storage (CCS)
• Starting in 2035, capacity additions of coal-fired steam turbines and gas-fired CCGTs with CCS are allowed.
• The technical and economic parameters for coal-fired steam turbines and gas-fired CCGTs with CCS are depicted below. These are
based on NREL’s Annual Technology Baseline 2021.
• An additional variable cost component of 20 USD/tCO2e will be added, to account for storage and transportation costs.

Assumption
Capex [USD million/kW]
Variable O&M [USD/MWh]
Fixed O&M [USD thousands/MW/y]
Heat rate [MMBtu/MWh]
Lifetime [y]
Unitary emissions [kgCO2e/MMBtu]

Coal-fired steam turbines with CCS
High-cost scenario
Low-cost scenario
5.1
4.5
14
13
122
109
10.8
9.7
30
30
9.2
9.2

Coal-fired steam turbines with CCS (90% capture)
High-cost scenario
Low-cost scenario
2.4
2.0
6
5
65
62
6.4
5.7
30
30
5.4
5.4

Official Use

ANNEX – METHODOLOGIES

Official Use

WB-EPM: Methodology
We use a least-cost planning and dispatch model to minimize the total system cost (including capital
and operating costs) over the period 2020–2040.
The World Bank Electricity Planning Model (EPM) is used, which is a multi-year mixed-integer
programming model for capacity and dispatch analysis.
The EPM also considers chronological load curves for representative days for each year, solar/wind
hourly profile for these days, spinning reserve requirements, and hydropower energy constraints.

Official Use

WB-EPM: Inputs and outputs

input

D
h

T
$
F

output

wind resource historical
hourly availability

optimal generation
investments

solar resource historical
hourly availability

capacity factor of
individual technologies

demand historical hourly
data & growth expectation
topology and thermal limits of
the transmission lines

fixed and variable cost of
generating technologies
flexibility options available
(such as hydropower, storage,
and demand-side management)

system CO2e emissions

•

The model will display the optimal
investment plan by simulating the
economic dispatch in the given period.

•

Other interesting indicators to explore
are utilization rates of plants and power
lines, energy trade between zones
(countries), and system-wide carbon
emissions.

CO2e

p

h

energy traded among
zones

WB-EPM is a least-cost optimization
model with inputs capturing renewable
resource availability, hourly demand
profile and forecast, and the technical
and cost parameters of infrastructure
including plants and power lines.

c.f.

electricity generation of
individual technologies

wholesale prices

•
MW
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Caveats for interpreting the results
Planning exercises based on mathematical modeling require trade-offs between accuracy and efforts to acquire data and perform analyses, including
the Vietnam model presented here. As such, the following caveats should be borne in mind in interpreting the results. On the supply side, the planning
exercise focuses on the electricity generation system. The representation of electricity transmission is simplified and fuel and equipment costs at the
power plant gate are exogenous.

• Electricity demand projections are provided only for two baseline cases, one without and the other with electrification of heat and transport. All
demand projections are exogenous to the model and entered as data inputs. Demand management, which may play a critical role in
decarbonization, is modeled in a limited and simplified way.
• A single set of assumptions is used in all scenarios for some input parameters with long-term uncertainties, such as equipment and fuel costs,
opportunity costs for cross-border exchanges, and long-term renewable resource availability.
• The number of scenarios of hourly generation considered in the database may not fully capture the statistical behavior of these variables and as a
result the short-term variability of some renewable generation technologies (and of demand) is not fully modelled. The costs and constraints for
scheduling and dispatching controllable power plants, including hydropower and thermal power plants, are also approximated. The representation
of the demand for and the supply of short-term operational flexibility is thus subject to approximations, and these may affect results such as the
schedule of retirements of thermal power plants.
• Carbon capture is not yet modeled. In its place, a generic backstop technology, modeled by considering a constant value of US$300/tCO2e, is used
as a simplification.
• The study horizon ends in 2040 and developments beyond 2040 are assumed not to affect decisions (unless modeled as exogenous constraints).
• Neither economic benefits of repurposing assets after retirement nor economic costs incurred upon retirement (such as costs of decommissioning
or impacts on employment) are modeled.
• Due to the use of a fully linear model, it is not possible to model phenomena such as the lumpiness in capacity additions or retirements.
The model is based on an economic, rather than financial, analysis. The model excludes taxes and subsidies, uses a discount rate of 6% for all costs, and
values inputs at opportunity costs.
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Methodology: Stranded Assets
•An issue of major interest in decarbonization pathways is creation of stranded assets. Coal capacity (especially older plants) either
operates with reduced capacity factor or retires earlier than its operational lifetime as a result of imposing CO2 targets

•Two parameters have been developed to assess stranded assets:
•Economically retired capacity (MW): Indicates stranded capacity (timing and magnitude of early retirement)
•Present value of generators loss in markup($/MW): Indicates the present value of reduction (loss) on coal generation markup. It is
based on a comparison on coal generators markup in decarbonization scenarios compared to the baseline scenario.

Economically retired capacity. Estimation is based on the following steps:
1. The active (not-retired) capacity of coal and gas plants is reported on an annual basis for the Government Policies (GP) and the
four decarbonization scenarios (80%, 90%, 95%, 90% with EE)
2. The difference on active capacity between the GP indicates early economic retirement

Official Use

Methodology: Stranded Assets
Present value of loss of coal generator markup: The estimation of this parameter is based on the following steps 1 to 7 which are
performed for each of decarbonization scenarios 2 to 5.
1. Calculation of zonal marginal price ($/MWh). EPM estimates the marginal cost of supplying the next MWh of demand which is
used as an approximation of the zonal marginal price. It is an assumption for idealistic operation of the system which misses to
account of gaming effects (bidding of generators in real world conditions)
2. Calculation of variable cost of generation per generator ($/MWh). EPM reports the variable cost of generation based on the
least cost dispatch. Variable costs include cost of fuel, VOM and CO2 costs (based on the system level marginal cost of CO2
abatement)
3. Calculation of the annual generation markup per generator ($). It is assumed to be equal to the difference of zonal marginal
price minus variable cost of generation
4. Estimation of the annual loss of markup per generator for decarbonization scenarios ($). It is the reduction of markup for each
generator compared to the markup compared to the baseline scenario. Only generators that experience markup loss will be
accounted in subsequent steps
5. Calculation of the present value of total markup loss per generator over the 2020-2040 period ($)
6. Summing of markup loss of all generators from step 5 to estimate the system level present value of markup loss ($)
7. Division of the value from step 6 by the total capacity that got stranded to estimate the present value of system level markup
loss in $/MW
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Methodology: Estimation of EV load

•

The key challenge of this type of analysis is to estimate the hourly EV load
considering a) coordinated and b) uncoordinated charging of EVs.

•

Estimation of EV load required the following type of data:
1. Projections of EV growth: It is based on the Turkey Transport Model 2060
of the WB transport team; the focus has been on the carbon neutrality
scenario where passenger and EV market penetration rate reaches 100% by
2060. Five type of EVs are expected capture a measurable size in market
share namely cars, 2-wheelers, buses, vans and heavy-duty cars
2.

3.
4.

Charging behavior: The EV load profile depends on the time of the day EVs
get plugged-in. In global literature EVs analysis is often based on “Plug-in
probability profiles”. Such profiles show the probability an EV is plugged-in
at time t of typical day. Such profiles have been obtained from international
studies and are representative of the use of an EV. Examples of charging
profile are: residential, work, taxi, Bus, commercial etc
Typical mileage travelled and fuel efficiency (kWh per 100km) per type of
EV: Based on data from transport team
Tech specs of typical charging technology (slow (AC), fast (AC), rapid (DC)).
It determines the duration of charging. Based on data from transport team

*The analysis focuses on generation and demand side of the system. T&D investments have not been part
of the assessment

Plug-in Probability Profile: 4-Wheeler (Car) Uncoordinated Charging
Probability EV will be pluged in at time t

The analysis has also focused on estimating the impacts of electrification of
transport on power sector investments*. Estimation of investments is based on
placing EV load on top of conventional electricity demand to run a sensitivity on
the 90% scenario

4-Wheeler (Car) 3.7 Slow

4-Wheeler (Car) 22.0 Fast

4-Wheeler (Car) 50.0 Rapid

12.0%
8.0%
4.0%
0.0%
Hour
Plug-in Probability Profile: 4-Wheeler (Car)-Coordinated Charging

Probability EV will be pluged in at time t

•

4-Wheeler (Car) 3.7 Slow

4-Wheeler (Car) 22.0 Fast

4-Wheeler (Car) 50.0 Rapid

12.0%

10.0%
8.0%
6.0%
4.0%
2.0%
0.0%
Hour
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Methodology: Estimation of EV load
Estimated EV load per type of vehicle 2040 – Uncoordinated Charging
CarsEV

CarsPHEV

2Wheelers

3WheelersEV

3WheelersPHEV

BusesPHEV

VANsEV

VANSPHEV

HGVsEV

HGVsPHEV

BusesEV

11,000
9,000

MW

7,000
5,000
3,000
1,000
-1,000

Estimated EV load per type of vehicle 2040- Coordinated Charging
11,000

9,000
7,000

MW

• The estimation of hourly EV load is based on internally built tools.
The analytical approach is based on the following steps:
1. Estimation of the daily EV load for different types of EVs based
on the fuel efficiency and projected mileage
2. Development of plug-in profiles for different types of EV use. It
is a complex part of the analysis that is based on information
related to the portion of total number of a specific type of EVs
under specific uses. For example, a car could have, taxi, private
or commercial use (Van). Uncoordinated plug-in probability
profiles are based on literature review. Coordinated profiles are
constructed based on the assumptions that users have
incentives to charge during off-peak hours
3. Conversion of plug-in probability profiles into hourly EV load
based on information from steps 1 and 2 above and use of techspecs for charging technologies. This step adds the charge
duration dimension. The charging profile of a specific EV starts
the time of plugging and lasts according to charging speed
4. Place EV-load on top of conventional load and optimize
investments for both coordinated and uncoordinated charging.
The differences on costs compared to the Baseline indicate the
cost of transport electrification. The savings of coordinated
(compared to uncoordinated) indicate the economic benefits of
providing incentives for plugging in when is most beneficial for
the system

5,000
3,000
1,000
-1,000
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Methodology for residential building analysis - Building Scenario Tool (BST)
Building Scenario Tool relies on building stock estimates (existing stock and projection to 2050) from Global Earthquake Model

Draws out different use-cases
Tracks building stock dimension

Building
Scenario
Tool
•

Electricity use

BST evaluates how different
policies related to energy
efficiency, electrification, and
adoption of on-site renewables
affect electricity demand from
the power system

Efficiency
improvements

BST evaluates the costs and
benefits of energy efficiency
improvements to consider the
costs and emissions tradeoffs of
different efficiency adoption
pathways

Use cases

Energy
consumption

BST captures energy efficiency improvements
and increased energy demand by allowing
energy consumption to increase or decrease
over time.
• The tool distinguishes between energy
consumption by fuel: electricity from the grid,
on-site renewables, and fossil fuels.

Source. Buildings Scenarios Summary Note
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Electricity use case in Turkey
Electricity use scenario for residential buildings reflect policies related to energy efficiency (EE) standards for new
buildings; the rate of electrification in new buildings; EE improvements in existing buildings; the rate of electrification in
retrofitted buildings
Overview of four building electricity scenarios in comparison

Energy consumption
(kWh/m2/year), new
buildings
Energy consumption (by
fuel), new buildings

Energy consumption
(kWh/m2/year), existing
buildings

Energy consumption (by
fuel), existing buildings

With Electrification,
Energy Efficiency, and
Distributed Solar PV
(+ DPV)

Baseline

With Electrification
(+Electrification)

With Electrification and
Energy Efficiency
(+ EE)

1.1% annual
increase

1.1% annual increase

reduced compared to
baseline

reduced compared to
baseline

as current

shift from fossil fuel to
grid electricity

shift from fossil fuel to
grid electricity

shift from grid electricity to
DPV

1.1% annual
increase

1.1% annual increase

reduced compared to
baseline

reduced compared to
baseline

as current

shift from fossil fuel to
grid electricity

shift from fossil fuel to
grid electricity

shift from grid electricity to
DPV

Source. Buildings Scenarios Summary Note
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Inputs from BST into EPM
• The energy demand in each scenario beyond the Baseline was added to EPM’s power sector
demand forecast.
• From the annual DPV generation resulting from BST, the annual capacity of PV was estimated
with a capacity factor of 18%. The annual capacity of PV was exogenously added to the +DPV
scenario.
Electricity demand of building electricity scenarios

Installed Capacity of Distributed PV
50

GW

TWh

600

300

25

0

0
2020

2030
Electrification

+EE

2040

2020

2030

+DPV

2040

+DPV
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