
Task 4 – Needs Assessment for Energy Storage Systems 
  Fourth version 
    

 

 

 

 

 

European Union / Instrument for Pre-
Accession Assistance 

Energy Sector Program – Phase 2 

Project 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IPA 2012 

Consulting services for analysis of 
the energy storage systems 

 
 

 

 

Task 4 – Needs Assessment for 
Energy Storage Systems Report 

Final Version 
 

June 2019 

 
 

This project is co-financed by the European 

Union and the Republic of Turkey. 

 



CS-01.d Consulting services for analysis of the energy storage systems Needs Assessment for Energy Storage Systems 
  Final version 

EDF – June 2019 2 CIST-DER-CMT-18-0283 

 

 

 

 

 

 

 

This project is co-financed by the European Union and the Republic of Turkey 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Team composition: 
Claire MUNET, Fabien BRICAULT, Bertrand FOCHER, François DUSSAUD, Xavier ÉPIARD – EDF 

 
 

Copyright of this report belongs to the Ministry of Energy and Natural Resources. Therefore you should not, without 

prior written consent, refer to or use this document for any other purpose, disclose or refer to them in any prospectus 

or other document, or make them available or communicate them to any other party, other than the parties allowed 

in3 advance. No other party is entitled to rely on this document for any purpose whatsoever and thus no liability to 

any other party who is shown or gains access to this document is accepted. The content of this publication is the 

sole responsibility of the consultant and can in no way be taken to reflect the views of European Union or MENR. 

  

Consulting services for analysis 
of the energy storage systems 

 

 

 

Task 4 – Needs Assessment for 
Energy Storage Systems Report 

Final version 

 

June 2019 



CS-01.d Consulting services for analysis of the energy storage systems Needs Assessment for Energy Storage Systems 
  Final version 

EDF – June 2019 3 CIST-DER-CMT-18-0283 

 

 

Contents 

1. EXECUTIVE SUMMARY ........................................................................................................................ 6 

2. DETAILED SUMMARY .......................................................................................................................... 9 

2.1. BATTERIES HAVE NO POTENTIAL FOR ARBITRAGE FOR THE NEXT DECADE IN TURKEY .......................... 9 

2.2. RES SMOOTHING FOR PLANTS CONNECTED TO THE TRANSMISSION GRID IS NOT RELEVANT TO DEVELOP

 10 

2.3. PRIMARY RESERVE IS THE MOST RELEVANT SERVICE TO DELIVER IN TURKEY ................................... 10 

2.4. RECOMMENDATIONS FOR THE OPTIMAL DEPLOYMENT OF EES SYSTEMS TO PROVIDE PRIMARY RESERVE

 12 

2.4.1. REGULAR FCR TENDERS AND STABILITY MEASURES ................................................................ 12 

2.4.2. ALTERNATIVE: TEİAŞ COULD OWN AND OPERATE BATTERIES ITSELF ........................................ 14 

2.5. SECONDARY RESERVE AND FAST PRIMARY RESERVE HAVE NO POTENTIAL ON THE SHORT RUN ......... 14 

2.6. CONSEQUENCES FOR THE NEXT TASKS OF THIS IPA PROJECT ........................................................ 15 

3. SOURCES ........................................................................................................................................ 16 

 

 

 

List of Figures 

Figure 1: Cost of battery storage evolution ............................................................................................. 6 
Figure 2 Average Day ahead prices in Turkey 2015-2018 ...................................................................... 9 
Figure 3: Forecasted values of FCR market prices ............................................................................... 11 
Figure 4: Forecasted capacity of BESS projects providing FCR ........................................................... 11 
Figure 5: Battery volumes with regular tenders ............................................................................... 13 
Figure 6: FCR prices with regular tenders ........................................................................................ 13 
 

List of Tables 

Table 1: Arguments about who should own and operate batteries ....................................................... 14 

 
  



CS-01.d Consulting services for analysis of the energy storage systems Needs Assessment for Energy Storage Systems 
  Final version 

EDF – June 2019 4 CIST-DER-CMT-18-0283 

 

Table of Versions 

 

 

 

 

  

Version Version Date Comment Copy Submitted 

A.0 December 13, 2018 
Creation of the 

document. 

Electronic Copy 

A.1 January 23, 2019 
Integration of the 

comments 

Electronic Copy 

A.2 March 29, 2019 

Integration of new 

results on RES 

smoothing and EMRA 

legislation 

Electronic Copy 

A.3 April 16, 2019 

Adapting 

recommendations to 

the new Turkish 

legislation 

Electronic Copy 

A.final June 19, 2019 

Final version, 

integrating the MENR 

and TEIAŞ decision. 

Electronic Copy 



CS-01.d Consulting services for analysis of the energy storage systems Needs Assessment for Energy Storage Systems 
  Final version 

EDF – June 2019 5 CIST-DER-CMT-18-0283 

 

Abbreviations 

BESS Battery Energy Storage 

CAES Compressed Air Energy Storage 

CAPEX Capital expenditures 

CCPP Combined Cycle Power Plant 

CIST EDF Power System and Transmission Engineering Center  

DSO Distribution System Operators 

EC European Commission 

EDF Electricité De France 

EE Energy Efficiency 

EES Electrical Energy Storage 

ELDER Elektrik Dağıtım Hizmetleri Derneği (Association of Distribution System Operators) 

EMRA Energy Market Regulatory Authority 

EMS Energy Management System 

ENEDIS French DSO 

ENTSO-E European Network of Transmission System Operators for Electricity 

EPRI Electric Power Research Institute 

EU European Union 

FAT Factory Acceptance Test 

GDEA General Directorate of Energy Affairs 

GDFRIP General Directorate of Foreign Relations & International Projects 

GW Giga Watt 

HVAC Heating, Ventilation and Air-Conditioning 

IPA The Instrument for Pre-Accession Assistance  

IPP Independent Power Producer 

IRR Internal Return Rate 

LCOS Levelized Cost Of Storage 

LNG Liquefied Natural Gas 

MENR Ministry of Energy and Natural Resources 

MW Mega Watt 

MWh Mega Watt Hour 

NPV Net Present Value 

OPEX Operating expenditures 

PHS Pumped Hydro Storage 

PJM American Regional Transmission Organization  

PRAG Procedures and practical guide 

PFC Primary Frequency Control 

RES Renewable Energy Sources 

RTE Réseau de Transport d’Electricité (French TSO) 

SAT Site Acceptance Test 

SFC Secondary Frequency Control 

SMP System Marginal Price 

SOC State Of Charge 

TEDAŞ Türkiye Elektrik Dağıtım A.Ş. 

TEİAŞ Turkish Electricity Transmission Company 

TOR Terms Of Reference 

TRY Turkish Lira 

TSO Transmission System Operator 

TSR Technical Specification Report 

UK United Kingdom 

USD United States Dollar 

WACC Weighted Average Cost of Capital 

WB World Bank 



CS-01.d Consulting services for analysis of the energy storage systems Needs Assessment for Energy Storage Systems 
  Final version 

EDF – June 2019 6 CIST-DER-CMT-18-0283 

 

1. Executive summary 
Energy storage is an extraordinary field of worldwide innovation and development. One of its main 

drivers is the growing need of flexibility in power systems due to the intensive and steady development 

of intermittent renewable energies. Indeed, in addition to interconnector development and demand-side 

management, energy storage is a relevant alternative to ensure a secure and economical operation of 

power systems. 

Among the many existing storage technologies today, batteries have the fastest development. Indeed, 

as shown in Figure 1 below their costs have dramatically decreased during the past 10 years and this 

is expected to continue. As a consequence, many commercial projects are emerging all around the 

world. 

 

Figure 1: Cost of battery storage evolution 

Still, even if a battery and a converter can technically provide almost any service (primary and secondary 

frequency reserve, energy shifting, peak shaving …) techno economic analyses have to be realized to 

assess whether they are creating value for the system or not. Battery projects also have to be compared 

to other alternatives levers to be sure to propose the best optimal solution for the system. 

Roadmap and recommendations 

To ease the reading, we here propose a synthesis of the consultant results and recommendations 

Service 
Economic 
potential 

Recommended market 
design 

Comments 

Congestion 
management 

0 MW - 

For the next decade at least, 
there are other alternatives to 
batteries that are more efficient 
to deal with congestion, like: 

 Redispatch 

 Grid reinforcement 

 Synchronous 
condenser 

Frequency 
containment 

reserve 
50 MW 2020 

Revenues should be 
provided through the 

current FCR market and 

Due to the cannibalization 
effect, it is likely that not all the 
economic potential will be 
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(primary 
reserve) 100 MW 2025 

150 MW in 2030 

without special design like 
guaranteed revenues. 

To avoid market 
distortion, we recommend 

that only the private 
sector installs batteries 

and not the TSO (in 
accordance with the 
European legislation) 

installed. It is however the best 
global solution. 

Fast primary 
reserve (<1s) 

0 MW - 

As Turkey is synchronously 
interconnected with continental 
Europe, the power system will 
not lack inertia before at least 
15 years, even with a high 
share of intermittent 
renewables in the country. 

Secondary 
reserve 

0 MW - 

Compared to FCR, battery 
sizing leads to CAPEX and 
OPEX four times higher, with 
annual revenues only slightly 
higher. 

Arbitrage 0 MW 

Current market design: 
Private sector owning and 

operating, using day 
ahead market, intraday 

market... 

For the next decade at least, 
there is no potential for battery 
delivering arbitrage. However, 
there is no reason to forbid it if 
some private investor wants to 
develop this service. 

RES 
smoothing 

0 MW  
It is unlikely that some projects 
will emerge without subsidies. 

Even if the cost of battery systems has dropped on the past few years, there is no economic potential 
for batteries for most of the services in Turkey for the next years. However, there is no reason to 
oppose if some private investors wish to develop such systems in Turkey. The consultant 
recommendation is that Turkey keeps on defining a regulation for storage (connection rules, 
certification/qualification, market design adaptations) following the technical recommendations 
formulated in this project so that the power system can benefit from battery storage if the future reveals 
different assumptions from these taken in this project (any new disrupting technology, for example). As 
the services batteries could technical provide are already organized with markets, we recommend that 
the TSO should not own and operate battery so that no market distortion is created. These 
recommendations are consistent with the European practices about whom a benchmark was provided 
earlier in this project (Task 3). 
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The report recommends that only the private sector can own and operate batteries, but in line with 
TEİAŞ’s request to implement task 5 and 6 according to the scenario in which TEİAŞ owns & operates 
a battery for FCR and in line with World Bank’s suggestion to include the case of a tender for to procure 
FCR from a battery, it is concluded that task 5 and 6 will implemented taking into account both cases 
(i.e. own & operate and procurement of service from a third party through a tender). Task 6 report and 
the final report (where relevant) will include the results of both cases as well as a comparison.). 

MAIN CONCLUSION 

THE ONLY SERVICE THAT COULD BE PROFITABLE FOR THE TURKISH 
POWER SYSTEM FOR THE COMING YEARS IS PRIMARY RESERVE. TO 
AVOID MARKET DISTORTION, WE RECOMMEND THAT ONLY THE 
PRIVATE SECTOR CAN OWN AND OPERATE BATTERIES FOR THIS 
SERVICE.  
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2. Detailed summary 

2.1. Batteries have no potential for arbitrage for the 
next decade in Turkey 

Arbitrage is charging energy when market prices are low and discharging when prices are high. The 

shape of the demand is not the criteria to look at to justify this service. To calculate the incomes of this 

service, we developed a tool that makes decision like a trader: it will maximize the value of the battery 

faced to the day ahead prices. To do so, basically, the battery will charge when prices are low and 

discharge when prices are high. 

On the cost part, we estimate the annuities of the project for a range of battery duration from 1 hour to 

9 hours to cover all possible values with a discount rate of 10%. The maximum lifetime of the system is 

15 years and can decrease depending of the number of cycles per year. 

The current Turkish price spread, that is the main indicator to assess arbitrage profitability, is around 30 

€/MWh, which can only cover 12 % of the annuities of a battery system. 

 

Figure 2 Average Day ahead prices in Turkey 2015-2018 

With the current price characteristics, the annuities of the battery system should be divided by 8 to make 

a project profitable. 

 With the current price structure, it is not cost efficient to deliver only arbitrage with a 

battery in Turkey 

The conditions of profitability in the future, even taking into account that the cost of storage is divided by 

2 are really unlikely to occur: it would require market prices around 0 several hours per day, each day 

of the year and at the same time peak prices above 100 $/MWh during the same time interval. Even in 

this case, it may be more cost efficient to build pumped hydro storage, if possible. 

When storage is developing to provide arbitrage, the price spread then reduces and all the units 

providing arbitrage, including the battery will lose value: this is a cannibalization effect. The consequence 

is that even if important spreads occur in the future, they will reduce as soon as storage develops, which 

will limit the optimal volume to install in Turkey. 

 Even if important spreads were reached in the future, the cannibalization effect would 

highly limit the relevant volume to develop. 

 It is unlikely that a profitable business emerges for arbitrage in the next decade, even 

with a high renewable integration 
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 These conclusions are available if the battery provides only one service: arbitrage. 

Service stacking may improve the profitability. The main message is that arbitrage will 

not be the main service of a profitable battery system project. 

 

2.2. RES smoothing for plants connected to the 
transmission grid is not relevant to develop 

RES smoothing is the term generally used when a battery is adapting the profile of solar or wind 

generation, for example, to fit with the needs of a power system. If this service makes sense for a small 

power system in which the relative size of one solar plant is important, it is impossible to establish the 

interest of RES smoothing in a big interconnected network such as Turkey on the day ahead market. 

The service provided is very similar to arbitrage, taking energy on some hours to shift it and deliver it 

later. However, this is necessarily less efficient than a battery optimized on the market with the global 

marginal costs or market prices of the system. 

Even if day ahead value is low, it could be relevant to assess other values in intraday or in the balancing 

market to completely assess the interest of RES smoothing. 

 On the day ahead market, as RES smoothing is less efficient than arbitrage, its value will 

not be enough to establish the profitability of batteries in Turkey for this kind of service. 

However, it could be relevant to assess complementary values such as intraday or 

balancing values. 

 Imposing to install batteries to big PV plant could help in attributing the cost for storage 

directly to the incremental RES. 

Two sizing methods were proposed for two different services: 

 The sizing the battery to provide a rectangle profile is very dependent on the quality of 

the PV forecast and in the 8 MW Kumlimanı Solar Plant would be between 5.1MW/23MWh 

and 6.9MW/44MWh. 

The constant rectangle shape assessed leads to battery which sizing and costs are big, it is impossible 

that these systems could be even close to profitability. We therefore considered another way of 

smoothing that may be more relevant for Turkey: smoothing the PV generation inside the hour. 

 A battery to smooth 10 minutes variations to an hourly value leads to lower sizing (1.8 

MW/0.5 MWh). Even if the cost of this service is lower, its real economic value should be 

assessed. 

2.3. Primary reserve is the most relevant service to 
deliver in Turkey 

Most of the first commercial battery projects in the world are providing primary reserve. Turkey will make 
no exception. Some technical recommendations were made in this project in the previous tasks. The 
most important for the assessment of battery potential are: 

- Battery should be asked to provide FCR at their maximum capacity during 15 minutes in case 
of an alert state in the Transmission Grid. 

- Continuous recharging strategy should be allowed for batteries, with dead bands around 50 Hz. 

More recommendations are formulated in this report. 

Assuming these rules, battery storage could lead to a significant decrease of the cost of FCR. 

To estimate the future price of FCR and optimal volume of batteries to provide FCR, we assumed a pure 
and perfect competition. The simulations realized represent the fact that as the cost of storage will 
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decrease, it will be possible to provide FCR with lower costs. The optimal volume of batteries is the one 
that will make the prices decrease until they reach the annuities of a project.  

 
Figure 3: Forecasted values of FCR market prices 

As the marginal prices of FCR are the annuities of a battery system, they will decrease with the cost of 

storage. Consequently, the optimal volume of batteries to be deployed in Turkey will increase at the 

same speed: 

 
Figure 4: Forecasted capacity of BESS projects providing FCR 

In these conditions: 

 Battery storage can lead a to a value creation for the system. TEİAŞ will be the main 
beneficiary: 10 million Turkish lira saved each year for each 1€/h/MW decrease in the FCR 
prices. The main counterpart of this value will be important value losses for the 
conventional units. 

The fact that the technology costs are decreasing will allow cheaper projects to enter the game on a 
regular basis on the next 15 years. This will lead to a cannibalization effect and a decrease of the primary 
reserve market prices. This way, the first incomers will never be profitable, but the second ones neither… 
If actors act on a rational basis, they may be risk averse and not invest. 
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 This is a real paradox: battery could create value for the system, but it is possible that 
no commercial battery project emerges because of the fact that it is almost certain that 
it will not be profitable. 

The issue is difficult to predict: 

 If actors act on a purely rationale basis, they won’t invest and this will result in a loss of 
value for the system. 

 If actors invest even if it is not profitable, there will be a loss of value for the system due 
to an overcapacity. The TSO will decrease its costs of primary reserve procurement, but 
all the providers will not get the real value of the service they are providing. 

Other risks may discourage investors: 

 Even if not perfect, clear rules about batteries connection to the grid and market design 
have to be set and maintain through time to give confidence to investors. 

 The exchange rate risk may be considered as an important risk for investors. 

 Revenues coming only from the market with a well-known cannibalization effect may 
dissuade banks to give funds for battery projects. 

Battery projects won’t develop without any financial or regulatory support. In the context of this project, 
we’ve formulated recommendations for regulation and market design. The key idea is to provide stability 
to investors while ensuring value creation for the system. The solution we propose is to organize regular 
tenders of 50 MW each 4 years on the next decade with a guaranteed price for some years. 

After these recommendations were formulated, EMRA, the Turkish regulator, published a draft 
legislation were guaranteed revenues are not allowed. This is consistent with the choices made in 
Germany and France, since it guaranteed revenues would be unfair for the conventional units already 
providing FCR. We therefore adapted our recommendations and now propose that only the 
private sector installs batteries and not the TSO (in accordance with the European legislation). 

2.4. Recommendations for the optimal deployment of 
EES systems to provide primary reserve 

2.4.1. Regular FCR tenders and stability measures 

The objective of the regulation will be: 

- To maximize the value creation for the system 

- To give conditions to investors to create projects that are profitable. 

- To decrease the cost of FCR procurement for TEİAŞ 

These objectives could have been reached this way: 

Regular tenders with a guaranteed revenue 

We proposed that TEİAŞ emits tenders at a relevant frequency corresponding to a significant decrease 
in the costs of storage. All projects would have the guarantee to receive revenues for 10 or 15 years 
corresponding to their bid in the auction. Of course, to ensure these tenders would lead to a value 
creation, a cap could be set for the auction to a price corresponding to an average of the recent market 
prices (around 13 €/MW/h for the first tender). 

50 MW could be called in 2019, 2023 and 2028 to get as close as possible to the pure and perfect 
competition estimation of the BESS needs: 
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Figure 5: Battery volumes with regular tenders 

This will consequently lead to a decrease of the market prices of FCR. 

 

Figure 6: FCR prices with regular tenders 

To mitigate the exchange rate risk, some adequate financial clauses are also proposed in this report: 

- TEİAŞ could provide FCR revenues in USD or euros 

- TEİAŞ could provide FCR revenues in Turkish Lira up to a reasonable exchange rate 

As EMRA forbid to provide guaranteed revenues, this proposal of regulation is not relevant 

anymore.  
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2.4.2. Alternative: TEİAŞ could own and operate batteries 
itself 

It’s been reminded in the Task 2 literature review that most countries in the world forbid TSOs to own 
and operate batteries to provide ancillary services, as in the European Union. Pros and cons are 
provided in this report that are summarized in the table below: 

 
Table 1: Arguments about who should own and operate batteries 

In accordance with the European legislation, we recommend that the TSO should not own and operate 

batteries in order to avoid market distortions. 

 Therefore, we recommend that only the private sector installs batteries and not the TSO 

(in accordance with the European legislation). 

 

2.5. Secondary reserve and fast primary reserve have 
no potential on the short run 

Today, secondary reserve provides the same revenues as primary reserve, but it requires four times 
more storage. It is then obvious that:  

 Secondary reserve will not be profitable with batteries in Turkey. 

As demonstrated in Task 3, there will be no lack of inertia in Continental Europe before 2035 and 
therefore not in Turkey neither. Even if the fast reaction time of battery may seem interesting: 

 Fast FCR is not a relevant product to develop in Turkey 

 

  

Batteries for FCR TEİAŞ owns and operate
Private sector owns and 

operate

For the system
Generates more value for 

the system

TEİAŞ 
Provides some more cash 

for the TSO

Private sector
No value provided to the 

private sector

Investors can propose 
more value with service 

stacking and cost 
optimization

Market design

Some regulated and 
deregulated assets 

contributes to the same 
FCR market
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2.6. Consequences for the next Tasks of this IPA 
project 

As this project has not identified a service that could be profitable to be provided by batteries owned and 
operated by the TSO in Turkey, EDF proposed to cancel Task 5 and 6. Several extension proposals 
were discussed with all the stakeholders and could have replace Tasks 5 and 6. 

The report recommends that only the private sector can own and operate batteries, but in line with 
TEİAŞ’s request to implement task 5 and 6 according to the scenario in which TEİAŞ owns & operates 
a battery for FCR and in line with World Bank’s suggestion to include the case of a tender for to procure 
FCR from a battery, it is concluded that task 5 and 6 will implemented taking into account both cases 
(i.e. own & operate and procurement of service from a third party through a tender). Task 6 report and 
the final report (where relevant) will include the results of both cases as well as a comparison.). 
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