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1. Executive summary 

1.1. Global presentation of the project 

This final report aims at globally presenting this project: its results, learnings and deliverables for all its 
10 tasks: 

 
Figure 1 The 10 tasks of this project 

This project was aiming at providing to TEIAŞ and MENR all the knowledge, information and skills to 
elaborate a battery storage roadmap for Turkey. This is why the main objectives of this project were: 

 To offer a large panorama of storage in the world, more specifically in Europe 

 To identify and discuss the potential of battery storage in Turkey 

 To draw some recommendations for the optimal deployment of batteries in Turkey 

To go further, an extension added some tasks to assist TEİAŞ in case it owns and operates a battery 
through an EPC contract with a prototype prefeasibility study. 

Acquiring up-to-date and relevant knowledge about batteries was of the upmost importance for MENR 
and TEİAŞ. The consultant then a specifically customized set of trainings and site visit. Also were 
published more than 650 pages of reports to present the results and methodologies as well as many 
benchmark and information. Also, all the software used to realize the studies of this project were 
transmitted to the stakeholders, with trainings and user guides. 

16 events were held: workshops, trainings, site visits, results presentation that were attended by up to 
60 experts from TEİAŞ, MENR, EMRA, the World Bank and ELDER, which corresponds to 500 days 
received by the stakeholders. The stakeholders could meet 16 different experts from the EDF team in 
Paris and Ankara. Satisfaction surveys were organized after the main events to ensure the adequacy of 
the proposal to the expectations of the stakeholders. According to these surveys, the trainings were all 
corresponding to the expectations (7.9/10 in average). 

This report presents for each tasks and deliverables the main findings and learnings. Here is a very brief 
summary of the main points: 
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1.2. A roadmap for battery storage in Turkey 

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 economic operation of 

power systems. 

In the introductive workshop of Task 1 was presented that among the many existing storage 

technologies today, batteries have the fastest development. Indeed, as shown in Figure 2 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 2 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. 

This is why were held studies to assess the potential of battery storage in Turkey, whose conclusions 

are the following: 

 Congestion management 

In Task 2 were assessed the 3 worst congestions in the Turkish transmission grid. Even with 1 

congestion a day and using assumptions in favor of batteries, only 15% of the annuities of such a project 

are covered by the revenues. 

 Reinforcing the grid is always a better option than batteries to deal with congestions, 

and redispatch is always the best option 

The cost of congestion management in Turkey was 16 M€ in 2018, which makes it economically not 

feasible to use batteries to alleviate congestion. But in case some assumptions taken in this project 

would dramatically change, a detailed methodology was developed to select the best optimal location 

as well as the optimal sizing of a battery system to deliver congestion management. On this basis was 

presented a CIGRE paper in Johannesburg in 2019 written by TEİAŞ and EDF. 
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 Frequency control 

Task 3 gave a global outlook about frequency control and ancillary services in the European Union. The 

regulation for batteries is very dependent on the local rules. The benchmark of ancillary practices in 

Europe is useful to understand why there are differences in the battery regulations in different countries. 

This way, by analogy were suggested some additional recommendations for battery deployment in 

Turkey. Three products were considered in the techno-economic analysis (Task 4): 

o  Fast frequency containment reserve 

The tender launched by National Grid in 2016 was really impressive by its extent (200 MW) and 
interesting as a fast primary reserve was amongst the world first. However, even if batteries can react 
within some milliseconds, they have a cost that has to be compared to the value for the system. Great 
Britain is connected to Ireland and continental Europe with HVDC connection, and is therefore an 
electrical island. And as renewables energies are developing fast, Great Britain can face lack of inertia. 

Continental Europe will not begin to face inertia problems before 2035, according to TSOs. This is why 
there is no plan to develop fast FCR in this area. As Turkey is synchronously connected to Continental 
Europe, even if the fast reaction time of battery may seem interesting: 

 Fast FCR is not a relevant product to develop in Turkey 

 

o Frequency containment reserve (FCR) 

A detailed method to size batteries for 

FCR was provided, taking into account the 

requirements for normal operation, alert 

state and ageing. 

With the assumption of pure and perfect 

competition was assessed the economic 

potential for batteries to be 50 MW in 2020, 

100 MW in 2025 and 150 MW in 2030. 

But as the size of a battery project is not 

negligible compared to the 275 MW FCR 

requirements, the assumptions of pure 

and perfect competition does not reflect 

the real investing environment and the 

cannibalization effect may dissuade 

investors. 

A tender with guaranteed revenues could solve this problem, but the EMRA draft legislation forbid it, as 

it would be unfair for existing plants providing FCR. A state-owned company like the TSO could own 

and operate by itself, but this would be a market distortion. This is the reason why this is also forbidden 

by the European legislation.  

 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 due to the cannibalization effect. 

Many recommendations were formulated for the regulatory framework in Task 1, 3 and 4: allowing 10 
mHz dead band, continuous recharging strategies to limit useless ageing of the batteries and a 15 
minute duration for the alert state, for example. 
  

Figure 3 Potential of batteries for FCR in Turkey 
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o Automatic Frequency Restoration Reserve 

Total secondary frequency reserve in Turkey is around 800 MW. We estimated that the size of the 
battery system that would be necessary to provide aFRR is 4 times greater than for FCR, but the market 
prices are equivalent. Therefore: 

 Secondary reserve will not be profitable with batteries in Turkey. 

 Arbitrage 

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 energy shifting, 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. The 

Turkish price spread, that is the main 

indicator to assess arbitrage profitability, 

is currently around 30 €/MWh, which 

can only cover 12 % of the annuities of 

a battery system. 

 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. And as for FCR the 
cannibalization effect, not taken into account in this study, would highly limit the arbitrage potential for 
batteries. 

 RES Smoothing 

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. 

 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. 

Different methods were proposed in Task 4 to size a battery to deliver such a service. 
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Regarding the capacity building, all the tools and method used for the potential assessment were 
transmitted in the Task 4 Electrical Energy Storage modelling training during 2 days. The Energy 
economics training provided of the Task 8 proposed 3 days of capacity building for 65 people, 
operational and executive levels, in order to master the main criteria used in investment decision in a 
techno-economic approach and understand the sources of value of an investment for the power system 
(generation and transmission).   
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Roadmap and recommendations 

Below is the synthesis of the consultant’s results and recommendations for the specific case of Turkey: 

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 
(primary 
reserve) 

50 MW 2020 

100 MW 2025 

150 MW in 2030 

Revenues should be 
provided through the 
current FCR market and 
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) 

Due to the cannibalization 
effect, it is likely that not all the 
economic potential will be 
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. 

Table 1 Roadmap and recommendations 
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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, 
for FCR for example. 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 in Task 3. 

After trainings providing global outlooks, benchmarks and studies assessing batteries potential, the 
project entered in mid-2019 in another phase. In two different market researches, EPC and private 
companies were solicited to collect real costs and technical characteristics, as well as identifying the 
actors willing to invest in Turkey. 

The market research (Task 5) confirmed the cost model used in this project and therefore the results of 
the potential assessment. Three EPC companies proposed turn-key solutions to provide Security of 
Supply for the island of Gökçeada and FCR from the Kumlimanı substation. 

Two offers were technically and financially 
acceptable, from which we could estimate that 
the LCOS of these systems are greater than 
100,000 €/MWh (Task 6). This has to be 
compared to the value of lost load that is 5,200 
€/MWh. 

 

 

By using the Net Present Value the conclusion is 
even more straightforward:  

 Providing Security of Supply and FCR in 
Kumlimanı leads to 1 to 6 million euros of 
economic losses in 10 years for the Turkish 
economy. 

 

Based on the results of the market research, we’ve also estimated in Task 6 the price a private investor 
could require to provide FCR with a battery located in Kumlimanı. We estimated that this price would be 
11.9 €/MW/h, which is lower than the current FCR market prices in Turkey (around 13 €/MWh). 

Another major output is that no private investors answered this research. After analysis, we concluded 
that investors may be more likely to answer to a binding tender than to a non-binding consultation, to 
spare development costs. However, in the case no investor would install a battery in Turkey in the next 
years, it could be considered by TEİAŞ to own and operate by itself. Our recommendation is that in that 
case, TEİAŞ would use the support of owner engineers and an EPC company. Even in that scheme, 
skills are required to steer such projects, and many capacity building was acquired through this project: 

Figure 5 Net present value for the different 
services and offers 

Figure 6 LCOS for the different services and 
offers 
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The Task 10 Battery Prototype prefeasibility study provided many elements to assist TEİAŞ in case it 
owns and operates a battery through an EPC contract so that TEİAŞ is prepared for the actual 
installation and commissioning period. 

Installation configuration 

After the site visit of the Kumlimanı substation, two 
zones of installation were identified and one was 
recommended. On this zone was proposed the 
adjacent configuration: 

Civil works requirements & Electrical configuration 

Requirements were proposed for all the main 
dimensions of a BESS project: BMS, EMS, SCADA, 
optimization of the footprint, cooling system, fire 
protection, and connection to the existing substation… 

Also the pre-dimensioning criteria’s and performances 
were detailed: characteristics of the storage system 
response, sizing bounds, voltage level, harmonics 
distortion, efficiency, noise disturbance... 

 

 

 

 

 

 

The Task 7 Technical specification training was based on the EDF experience in the UK, acquired with 
the 49 MW West Burton project. Some international standards to be respected were presented: for 
transport, installation as well as dismantling of a battery. The technical content of the main documents 
were discussed, like for the Minimal Functional Specifications document: performance, grid code 
requirements, specifications for the EMS, inverter, civil works… Also, 3 different ways to organize a 
tender were transmitted: Turn-key solutions, contract for boundary interfaces, contracts for boundary 
and internal interfaces. 

Finally, key criteria to select an EPC were proposed, like the minimum warranty period, the 
manufacturing capacity of the manufacturer etc. During all this training, the participants could benefit 
from the feedback of the EDF experience in the UK, taken from the West Burton battery project. 

This training, as well as all the workshops, trainings and discussions with experts with concrete 
experience, have provided to all the stakeholders a unique opportunity to develop autonomy to design 
and install a real battery energy storage system.  

As this system has to be integrated in the transmission grid respecting all the safety criteria, Task 9 
provided all skills to realize grid studies with DigSilent PowerFactory integrating batteries. 

Finally, challenges to come are identified and presented at the end of this report. The main one will 
probably be to follow the recommendations of this projects and make them evolve if necessary in the 
years to come. 
  

Figure 7 Installation Layout 
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