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1. INTRODUCTION 

 
A technical visit focusing on Battery Storage Technologies and Applications in 

Germany, which was attended by 40 people, was organized on January 7–10, 2018 by the 
Electricity Producers Association (EUD), with the participation of senior executives from the 
Ministry of Energy and Natural Resources (MENR), the General Directorate of Renewable 
Energy (YEGM), the Turkish Electricity Transmission Corporation (TEİAŞ) and sectoral 
representatives. Related companies and battery storage facilities were visited in three 
different cities, Berlin, Schwerin and Essen, and various presentations related to the 
mentioned technologies and implemented legislation were attended. There were also 
opportunities for discussions with the participants from different segments of the market.  

 
With the extraordinary momentum seen in renewable energy investments around the 

world, topics such as electricity supply-demand balance, the efficient use of energy resources, 
and rendering intermittent energy generation to continuous generation have increased the 
level of interest shown in energy storage technologies. For example, in order to keep the 
frequency stable in an interconnected grid, excess energy is stored whenever there is supply 
surplus, and the balance between supply and demand is ensured by using the stored energy 
as the need arises. If the energy generated parallel to the wind force in wind power plants is 
more than the energy required by the grid, the storage of excess energy for reuse is a good 
example of the efficient use of renewable energy sources. Another means of ensuring the 
continuity and stability of energy is through the fluctuating production of solar power plants 
(roof type, field type) based on the effect of cloud and shade, as these  work in parallel with 
energy storage technologies to feed the grid with fixed power. It is possible to increase the 
number of such examples. 

 
Interconnected grids are transformed into a decentralized structure when used in 

conjunction with energy storage methods, thus reducing the domino effect in the event of a 
grid failure. For example, during a power outage that affected all of Turkey on March 31, 
2015, many of the base load generating power plants were deactivated and their reactivation 
took time, causing enormous generation losses across the country. In such situations, 
frequency control could be made faster by using battery storage facilities, and power plants 
could be activated in a short time through a "black start" method, allowing the interconnected 
grid to be brought back into normal operation sooner. Furthermore, the effect of a failure 
occurring in one part of an interconnected system on any other section is reduced by means 
of storage, and the energy supply-demand balance is realized at the maximum level at each 
point. Generation companies that are already providing supply security and frequency 
services can provide more flexible, better quality and cheaper services by also adding battery 
storage systems synchronously to their existing conventional power plants. In addition to 
energy generation, energy storage is also very important for regional distribution. For 
example, as the number of rooftop solar power plants increases, so does the voltage 
frequency fluctuations in the distribution lines. However, if these power plants are used in 
conjunction with batteries, the consumption of energy would be easier in the place where it is 
generated, and accordingly, losses in the lines would be reduced, the continuity of the energy 
would be ensured, and, at the same time, maximum benefit would be obtained from the sun. 
Distribution companies have to make significant investments when providing electricity to a 
remote location. Instead, building renewable energy plants together with storage facilities to 
ensure continuous and uninterrupted clean energy to the public could be considered. 

 
The total capacity of energy storage projects around the world was around 193 GW in 

2017. Electrochemical projects (battery storage, capacitor storage) account for about 3.3 GW 
of this, followed by electromechanical projects (compressed air storage, flywheel storage) 
with 2.5 GW, pumped storage hydroelectric projects with 184 GW, thermal storage projects 
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with 3.6 GW, and hydrogen storage projects with 20 MW. In Turkey there are no large-scale 
storage projects in operation with the exception of UPS (uninterruptible power supply). That 
said, considering the 2023 targets in the field of renewable energy, it is essential that the 
infrastructure of storage-related legislation must be established and published soon. 
Furthermore, the battery system that will be necessary for the domestic national electric car 
project and its integration into the grid is a sub-title that must be considered in parallel with 
the storage of renewable energy.  

During the visit to Germany to investigate electricity storage, information was 
obtained about battery facilities and plants were visited. It was noted that battery facilities 
commonly provide Primary Frequency Control (PFC) services with no incentives, with the 
primary reason being the ability to start operating within milliseconds and to provide an 
uninterrupted service for the required duration. When the investment costs and the prices 
resulting from the PFC tender are taken as a basis, it is apparent that battery facilities are 
feasible under the conditions of Germany. Operating and maintenance costs are very low, and 
system warranties of up to 20 years are provided. Other than the PFC service, the general 
usage areas can be listed as UPS, Black Start (energizing conventional power plants to start 
operation), peak shaving (ensuring supply-demand balance by storing when generation is 
greater than consumption, and by supplying it to the grid when consumption is more) and 
ramping (compensating for interrupted generation from renewable energy power plants 
before they are supplied to the grid and providing energy to the grid in a stable manner). At 
the same time, it may be possible to integrate them into the main transformers of the base 
load power plants, facilitating the uninterrupted provision of frequency control services by 
the power plant through the battery facility. Investment, operational and maintenance cost 
would be minimal as a result of making use of the facilities of the power plant. At the same 
time, there would be no need to keep some base load power plants in reserve for frequency 
service, and the equipment life in the plant would be extended when operating at nominal 
power without power fluctuation. For example, the 15 MW lithium ion based battery facilities 
that are integrated separately into six different coal fired power plants owned by the STEAG 
GmbH Company that was visited in Germany fundamentally provide primary frequency 
control service.  

 
 According to the 2016 energy storage report of the "World Energy Council - WEC", 

storage costs are estimated to decrease by 70 percent by 2030. According to a statement 
made by the battery manufacturing company Samsung SDI, which made a presentation 
during our visit to Germany, the cost of lithium ion batteries has fallen from around 1000 USD 
per kW to its current price of 300 USD per kW. With the production of new generation 
batteries in the coming years, energy density in such batteries will increase further, and the 
cost will continue to decrease at a rapid pace. 
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2. MEETING NOTES 
 
Date: 01.08.2018 / 13:00 
Venue: Younicos GmbH - Berlin 
Subject: Company introduction and general information 
Participants: EUD Working Group and Younicos (Sales engineer Dr. Burak Türker)- 
Bridge Executive (Turkey Executive Polat Keleş) 
 

 Meeting Notes 
1 Younicos was founded in 2005 in Berlin, and has since installed around 200 MW battery 

storage plants (40 units), both within the country and abroad (excluding the newly signed 
contract for a 49.5 MW battery plant in the United Kingdom. It was mentioned that plants up to 
a maximum of 50 MW are allowed in the legislation). They do not manufacture batteries, but 
carry out turn-key and R&D projects.  They are conducting battery tests (aging-resistance, etc.), 
grid simulations and frequency control experiments in their own laboratories (in Berlin and 
Austin). For example, they determine the actual capacity of a battery or the characteristics of 
the battery to be used by simulating the technical specifications of the power plant or grid on 
which the battery plant would be installed. This way, they are able to respond correctly to the 
needs of the customer and the grid. They create tailor-made project designs by simulating the 
integration of the battery into power plants, and can even simulate the transmission lines. 
They make simulations and provide project services on such subjects as island mode, micro 
grids and black start. They have a 200 kW lithium ion battery and 1 MW NaS battery in their 
company. It is stated that lithium ion is the battery technology with the shortest response time. 
The response time of a NaS battery is higher than that of lithium ion technology, but they can 
serve longer than lithium ion technologies. The NaS battery may be used primarily for SFC 
(Secondary Frequency Control) services.  

2 Younicos GmbH has been acquired by the Glasgow-based Aggreko Company, rendering 
worldwide diesel generator rental services and providing various solutions. Now that their 
financial problems have been resolved, their worldwide recognition shall increase by means of 
Aggreko, and they claim that their workload shall increase in the coming years. 

3 They generally use Lithium ion battery technologies in their projects, and prefer the Samsung 
SDI and LG Chem brands, as the companies with the largest share in the battery market. 
Previously, they preferred Panasonic batteries, however these days they cannot compete in 
terms of price, and have stopped using Panasonic for this reason. The batteries used in the 
market are subjected to certain tests in their own laboratories (verification of technical 
specifications, determination of the lifetime [number of cycles] through aging tests, endurance 
tests, etc.) to assess whether or not to incorporate them into their projects. They stated that the 
lifetime of the lithium ion batteries that they tend to use is around 4000 cycles, and have 
increased this lifetime to approximately 7000 cycles through their own software using a 
method that is approved by Samsung SDI. For this reason, they are able to provide a 20-year 
battery warranty in their turn-key projects. It is expressed that the most important means of 



           

 Electricity Producers 
Association 

 

increasing the lifetime of a battery is to keep the charge rate between 10 and 90 percent, and to 
charge-discharge the battery according to its purpose of use.  

4 

 
 
Figure-1 Younicos turn-key product prices 
 
It was stated that the battery accounts for 50 percent of the entire cost of a project (like the 
cost of the panels in a Solar Power Plant [SPPs]). The remaining 50 percent is is accounted for 
by the inverter, container, cabling, transformer and software.  

5 They have built a 5 MW (5 MWh) capacity battery storage system on a turn-key basis for an 
electricity generation-distribution and natural gas distribution company called WEMAG AG. 
For a project in Schwerin that entered into operation in 2014, they have provided 25600 
lithium manganese oxide (belonging to lithium-ion class) battery cells, and the plant is now 
providing the desired PFC (Primary Frequency Control) service to the grid within milliseconds. 
The PFC service provided by a 5 MW facility is said to be equal to the service provided by 50 
MW wind turbines (10% rate). In any case, the aim of battery facilities is to avoid the operation 
of larger facilities in the provision of ancillary services. The maintenance and operating costs of 
the plant are almost zero, and it operates autonomously while providing PFC services, with no 
need for an operator. The time from the signing of contract until the commencement of 
commercial operation is approximately 1 year. It is said that the efficiency of the entire system, 
including the transformer, is around 84 percent. 

6 Electricity distribution companies like WEMAG AG have adopted the battery technology due to 
the commercial profitability of using it as a balancing element in the grid. The average price of 
PFC for 2014 has been accepted as €3500/MW/Week, as shown in the following graph, and 
accordingly a simple calculation has been done for the return period. When the calculation is 
done by accepting one year as 50 weeks (2 weeks of stoppage is assumed for maintenance), the 
return period for 1 MW is found to be 7 years under the worst conditions.  
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Figure-2 Annual average prices of the German PFC market 
 
As follows: 
 
€3500/MW/Week x 1 MW x 50 Weeks x 7 Years = €1,225,000 (Investment cost of 1 MW 
battery under most expensive conditions-2014). They mentioned that arbitrage through the 
storage method (storing cheap energy at night and selling it during peak times) was not 
profitable in Turkey. They had tried it had found it infeasible.  Storage costs are decreasing 
each year.  

7 They competed with Tesla in a 100 MW-electricity storage tender in Australia, but lost, as Tesla 
was able to offer a more competitive price, being also a battery manufacturer. However, it was 
mentioned that this project was sure to make a loss at the offered price, and that Tesla’s main 
goal was company prestige.   

8 Energy storage facilities were mentioned as an ancillary service unit for the first time in the 
recent ancillary services regulation in Turkey, and now new legislation explaining the technical 
specifications of storage facilities in terms of compliance with the grid and how they should 
work in ancillary services is awaited. 

9 It is stated that no immediate or future problems exist related to lithium resources. Lithium 
production is most common in Argentina and Chile in the South American region, while the 
significant lithium resources in Bolivia are yet to be introduced to the market. 

10 It was mentioned that according to a 15-year projection, the number of conventional power 
plants will decrease considerably, while the number of renewable energy power plants will 
increase, and ancillary services will be provided by storage facilities. Legislation in this regard 
has recently been issued in France and Switzerland by making additions to the grid code, and 
such legislation already exists in Germany and the United Kingdom. In the United Kingdom, 
ancillary services are also provided at the distribution level. Electric vehicles and roof-top PV 
storage units can be collected under a single portfolio through aggregators, making it possible 
to participate in tenders. Previously, the minimum power required to participate in the 
provision of PFC in the United Kingdom was 10 MW, but this has now been decreased to 1 MW. 
In this regard, a revolution is being experienced throughout Europe on this subject.  

11 PFC reserves by countries is given in Figure-3: 
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Figure 3- PFC capacities by countries 
 
 

 
 
 
Date: 01.09.2018 / 09:00 
Venue: Wemag AG 10 MW Battery Facility Office - Schwerin 
Subject: Company introduction (Wemag AG and Samsung SDI) and visit to Wemag AG 
10 MW battery storage facility 
Participants: EUD Working Group, Wemag AG (Jost Broichmann- Senior Consultant) 
 -Samsung SDI 
 

 Meeting Notes 
1 Wemag AG was founded in 1990 in Schwerin in East Germany. It is a producer and distributor 

of electricity, with responsibility for the northern part of Germany, and is also involved in 
natural gas distribution. There is plenty of vacant land and population density is low in this 
region. The company’s renewable energy portfolio, which was 1111 MW in 2014, increased to 
around 1400 MW in 2017, and it is believed that this figure will reach 2000 MW in 2020. The 
company believes battery technologies rather than conventional power plants will dominate in 
the future in providing energy stability. They have taken the decision to make energy storage 
investments, given the number of renewable energy investments in northern Germany, where 
there have been many more than other regions, and the ratio of the generated renewable 
energy to consumption had exceeded 115 percent by 2014, and reached around 150 percent in 
2017. This led them to invest in the construction of a 5 MW/5 MWh battery facility, built on 
turn-key basis by Younicos GmbH (the first MW-level battery facility to be established in 
Europe), and commercial operation has started in 2014. This idea was first suggested in 
September 2012, construction started in September 2013 and the building finished in 
December 2013. Testing of the system began in mid-2014. Talking about the design in general, 
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each set of batteries are connected to dry type transformers with 2 low voltage windings via 
inverters and converted from 480 V to 20 kV. Afterwards, they are converted to 110 kV by an 
oil type transformer that the company owned and had connected to the grid. The system 
commenced commercial operation in September 2014, and in 2016 they completed the 2nd 
phase of the project (5 MW / 10 MWh) by their own means and commercially operationalized. 
Currently, the battery facility is working at 10 MW/15 MWh in the provision of PFC services. 
The investment cost for the first pilot plant of 5 MW/5 MWh was €6.7 million, of which €1.32 
million was met through incentives received from the Ministry of Economy. The return period 
(with 2014 figures) is said to be around 10 years (5 percent IRR). Currently, there is a 
significant decrease in the return period.  It has been mentioned that later, they shall be able to 
take on a producer position with their storage units and renewable energy power plants, and 
shall be close to a position in which the electricity supplied by them to the grid shall be more 
than the electricity they are receiving from the transmission line. Frequency services are 
planned to be provided by battery facilities, based on the fact that the costs are at feasible 
levels. For example, they have conducted a project study for the storage of 2200 MWh energy 
through an artificial lake with 90 MW pumped storage, although the project was abandoned as 
the return period exceeded 20 years and the investment costs were calculated to be €160 
million. 

2 Wemag AG business models: PFC service, UPS, Black Start (energizing the conventional power 
plant for starting the operation), Peak shaving (ensuring supply-demand balance by storing 
when generation is more than consumption and by supplying it to the grid when consumption 
is more), storage integration to renewable energy power plants, and Ramping (compensation 
of the interrupted generation of renewable energy power plants before they are supplied to the 
grid and providing energy to the grid in a stable manner). 

3 They have conducted studies on the use of bicycle batteries in homes that were previously kept 
idle for recycling purposes. Then they terminated the project since it was not attractive due to 
high maintenance costs. They have also conducted studies related to electric cars. They worked 
on converting any Fiat brand car into an electric car. But 2-3 years ago they sold the company 
dealing with this work and started manufacturing electric trucks and pick-ups. 

4 Since the financial situation of the people living in the regions they serve is weak, they have 
introduced a cooperative system for SPP investments for the purpose of encouraging the 
people. They have also enabled renting of roofs for SPP investment. Previously this was 
difficult due to absence of legislation on this subject, but now the current legislation provides 
both incentives and convenience in this regard. They were using automatic tap-changer 
transformers for intelligent grids. However, according to the TEDAŞ official, it is essential to 
make such transformer investments due to the fact that rooftop SPP investments will increase. 
Jost Broichmann said that it is possible to upgrade these conventional transformers. 

5 The company is providing PFC services from their existing battery facilities, and last summer 
they tested starting a natural gas electricity generation plant through a black start, which was 
successful. It was mentioned that for a 50 MWe/80 Mwm cogeneration power plant, it shall be 
sufficient for a battery of about 4 MW to provide this for about 15 minutes. It was needed to 
energize a 1 MW transformer and line, and to start 3MW turbines. Then the battery was 
charged and the power plant was operated in island mode together with the battery. All of this 
testing was carried out without affecting the grid. At the same time, since the market is very 
volatile, they have started energy exchanges using software through an arbitrage method. The 
facility also has the ability to make reactive power control.  It was a multi-purpose operating 
facility. Wemag AG carries out feasibility studies related to these fields of work. It was 
mentioned that the installation work is very simple, as there is no need for a turn-key delivery 
for system installations. They have already carried out installations of the other 5MW by 
themselves, again making use of the second-generation Samsung batteries.  

6 The company has recently made a battery application aimed at reducing energy costs in a 
hospital in Turkey, the name of which they did not want to reveal, the contract for which will 
be signed next week. The hospital shall use energy from the battery when energy is expensive 
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(between 17–22 hours), and from the grid when energy is cheap, making use of a peak shaving 
process in combination with UPS. It is a 4 MW/4 MWh capacity battery. Due to the fact that 
solar power plants may increase the voltage as they generate electricity during the daytime, it 
was proposed that it must be taken into consideration that the surplus may be balanced in the 
grid via batteries. 

7 They can use battery facilities to render both services, for example, by drawing or supplying 
power and providing PFC services at the same time. In Germany, the total power drawn from 
and supplied to the grid for PFC services are almost equal, i.e. there is a symmetrical 
distribution.  

8 How the PFC service is rendered was mentioned. The PFC service runs in the range of 50 hz+-
200 mhz. Unlike ours, there is a +-10 mhz dead band, which means there is no PFC service 
within that range. The number of operations of the batteries is fewer as a result of this dead 
band. It is stated that it is logical to carry out PFC and RPC services together in a storage 
system. For example, when using a 10 MWh PFC service in their own systems, the remaining 5 
MWh can be used for other purposes.  

9 Currently they are required to operate conventional power plants as a must-run for ancillary 
services, hence wind and solar power plants sometimes go out of service. For example, a 100 
MW power plant is used to provide a 5 MW PFC service, but as the number of battery storage 
facilities increases, they will provide ancillary services only at the storage facilities rather than 
at conventional facilities. This means that more solar and wind power plants shall be built, 
ensuring a more efficient use of renewable energy sources. It was mentioned that a 30-second 
power cut affected the grid in Italy, and the system, which is expected to recover within 30 
minutes, could only recover in 1 hour with a 210 MW-hydro facility with pumping storage. The 
200 MW facility remained out of service due to the late recovery, but if this service was 
provided through a battery facility, the system could recover within milliseconds. It was stated 
that the speed offered by battery technologies is much higher than that of other storage 
methods. 

10 For coal-fired power plants, the cost of maintaining PFC and SFC reserves is much lower with 
the batteries, which has led conventional power plant owners to invest in their own battery 
systems.  For example, a 90 MW (6x15 MW) battery system has been integrated into STEAG’s 
coal-fired power stations. The advantage of installing a battery system into a conventional 
power plants is related to the ease of making a connection to existing transformers, thus 
keeping maintenance-repair-operating costs to a minimum.  

11 A 10 MW/15 MWh-capacity facility was visited, with participation at a Samsung SDI 
presentation in the afternoon.  

12 Samsung SDI was established in 1970 for the production of Televisions. This business was 
transferred to Samsung electronics, and research, development and manufacturing of lithium 
ion batteries began in 2000. Although they were behind companies like Panasonic, Sanyo and 
Sony in terms of production, they became the market leader after 10 years in 2010. They 
started manufacturing batteries for electric vehicles in 2009. So far, they have 2.6 GWh of 
installations. Their annual revenue is 12.6 billion USD. They became the global market leader 
in 2014. Currently, their global market share is around 65 percent. It was mentioned that they 
shall double their battery production over the next 3 years. Their main production locations 
are in China, Korea and now in Hungary. Their 2020 production target is 25 GWh, and they 
plan to produce 120 GWh in 2025. They think that the market share of electric cars will 
increase the storage market ten fold by 2025. Prices per kWh have fallen from 1000 USD to 
around 300 USD in 2 years, and it is stated that there shall be a further decrease in costs 
leading up to 2025. A new battery facility has been established in Hungary, making use of state 
incentives, and it is planned to supply services throughout Europe. They will provide battery 
support to the automotive (BMW etc.) sector. Its 0.7 GWh production in 2017 is planned to be 
increased to 7 GWh by 2020. 

13 The batteries they produce are shaped according to their intended use.  For example, the 
batteries intended to be used for Peak Shaving and arbitrage purposes have very long charging 
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and discharging features. Batteries providing frequency services are capable of faster charging 
and discharging. They are also producing batteries for use at home and in institutions. Now 
they are at the stage of producing 3rd generation batteries. For example, while the capacity of a 
2nd generation battery used in a container is 4.8 MWh, a 3rd generation battery is designed 
with a 9 MWh capacity, but in the same type of container. The energy density of 4th generation 
batteries shall also be increased in this manner. 

14 The largest battery storage facility in California uses Samsung SDI batteries, and was built and 
activated within 6 months in 2016 with a capacity of 240 MWh.  They are planning to have a 10 
GWh battery storage facility in the United Kingdom by 2023. 

 
 
 
 
 
Date: 01.10.2018 / 09:00 
Venue: STEAG GmbH - Essen 
Subject: Company introduction (STEAG GmbH and Amprion) and visiting the 
Commerce department 
Participants: EUD Working Group, STEAG (Karl Resch-Sales Division Director, Stephan 
Riezler- Commodity Trading Director, Dr. Sırrı UYANIK- General Manager of İsken 
Sugözü Thermal Power Plant, Süleyman Girgin - Steag Turkey, General Manager of 
Energy Investments and Services, Michael Mühl - Battery Facility Project Manager), 
Amprion (Andreas Walczuch-Electrical and Electronics Engineer) 
 

 Meeting Notes 
1 Steag is an 80-year-old energy generation company that was founded in Germany and started 

out with coal-based facilities. Its energy portfolio includes seven coal-fired thermal power 
plants and one refined gas (ROG) power plant in Germany, and one coal-fired thermal power 
plant each in Columbia, Turkey and the Philippines. It has 5300 MW of installed power in 
Germany and 1950 MW abroad. Its total sales in 2016 amounted to €3,865 million and an 
EBITDA of €281 million. It employs 6,104 people worldwide and its investments in 2016 
amounted to €223 million. It has more than 200 renewable energy-based distribution and 
generation facilities. 

2 The incentives granted in Germany for the use of domestic coal (hard coal) shall be 
discontinued at the beginning of 2019, and as a result, domestic coal will no longer be 
profitable (1 ton of hard coal costs around €100 euro without incentives), and this shall 
accelerate the shift to imported coal, to be purchased mainly from the United States, Columbia 
and Russia. Lignite coal usage shall continue, however this shall not pose a problem for STEAG, 
since they have been importing coal for years now, and have been involved in the trade of hard 
coal within the scope of commodity trading. In addition to electricity generation, they also 
operate facilities providing district heating, and have started providing frequency services to 
the transmission system through battery facilities with a total installed power of 90 MW. 

3 Their investments in Turkey include the 60 MW Süloğlu WPP and 1210 MW Sugözü Thermal 
Power Plant, with all commercial activities, engineering services and project development 
services in the country provided by STEAG Turkey Energy Investments and Services Inc. 

4 In 2009 they launched an R&D project called “Lessy”, aimed at gaining technological know-how 
prior to the installation of 90 MW (6x15 MW) Battery Storage Facilities. The project, which was 
not started for commercial purposes, was launched with the purpose of understanding battery 
technologies, and then learning how to commercialize this business. They started developing 
business models, and have seen that lithium ion battery systems are perfect for the PFC 
market, being profitable even without the support of incentives. For the project, they have 
entered into dialogue with the transmission system operator in order to provide ancillary 
services (PFC) through batteries. Lessy was prequalified in April 2014, and at the same time, 
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the battery storage facility was prequalified for integration into the PFC reserve of Steag. They 
have announced a tender due to the fact that they are not producing batteries and found an 
EPC company. They have drawn upon the different units of STEAG for the operation and other 
elements of the project, and have signed an agreement with the Nidec and LG consortium. They 
started commercial operation at the end of 2016. 

5 They provide primary, secondary and tertiary frequency services in Germany. For the time 
being, the PFC market is the most attractive market for the use of batteries. The PFC service 
must be fast and automatic. According to legislation, the maximum load must be reached 
within 30 seconds and this service must be sustained for 30 minutes. 

6 It is possible to participate with a minimum 1 MW lot in the 1400 MW weekly tenders jointly 
organized by Germany, France, Switzerland, Austria, Belgium and the Netherlands, although 
100 percent availability is required. There is no tariff guarantee in Germany or in the 
neighboring countries, so PFC tenders are organized on a weekly basis, with average prices 
being €2,500-3,000 Euro/Week/MW. According to STEAG, the ideal PFC application is a 
battery storage system that includes lithium-ion technologies, as the response time is very 
short and the service can be provided in a stable manner throughout the desired period (30 
min). It can be a profitable investment even without subsidies; however, lithium-ion 
technologies are not very economical when used for longer than 30 minutes (SFC- for 
Tertiary). The charge-discharge cost is close to zero in battery storage systems. The main cost 
is seen as the investment cost. It is also mentioned that as the number of battery storage 
facilities increases in the future, competition in the PFC market will also increase, leading to a 
decrease in tender prices. However, high technology lithium ion batteries and the old type or 
conventional type battery facilities cannot compete in PFK tenders, because their technical 
specifications must be compatible. Accordingly, only new investments are likely to have an 
impact on costs. In Germany, for a company to provide PFC and SFC services, prequalification 
must first be granted by the system operator, i.e. checking the suitability of the technology to 
the ancillary services. If lacking this, the system cannot participate in tenders in these areas. 
The attractiveness of SFC in the market seems to be very limited. 

7 The total investment cost of a 90 MW Battery Plants is €100 million. A 10 percent IRR 
calculation has been made for 15 years. The selection of a 15-year period provides a generous 
comfort zone, as it is believed that the life of the investment shall exceed 15 years. They could 
make risk estimations for up to 15 years, but cannot foresee any period beyond that. 

8 STEAG's 6x15 MW lithium ion battery storage facilities, which are integrated into six different 
thermal power plants, are installed on a total area of 1500 m2. The project was started on 
11.09.2015, permissions were received on 03.04.2016 and the six battery facilities entered into 
commercial operation in December 2016. The project was completed within a total period of 
one year, including the three months for obtaining the permissions. A total of 10 battery 
containers of 1.5 MW containing five transformers have been used. There is one control 
container. Each 15 MW system has a capacity of 20 MWh, and they provide a total capacity of 
120 MWh. They meet the minimum requirements for 30-minute PFC service. Performance was 
above expectations in the first year after entering commercial operation. They can complete a 5 
MW up-regulation/down-regulation process in 5 seconds. The maximum deviation at 15000 
kW is only 12 kW. The PFC operates according to the 30-minute criterion and serves 
autonomously. The installation and operation of the battery plant, as an integral part of a 
thermal power plant, has provided them a significant advantage. For example, they use thermal 
plant personnel for installation, operation and maintenance services. At the same time, the 
existing switchyard and main transformer is used to connect the battery facility to the grid, 
which has provided additional profit in terms of cost. Battery storage facilities can be 
connected to high voltage transformers at 6-10-20 kV levels. The replacement and relocation of 
a battery facility is very easy due to the fact that the installation is made with containers. For 
example, when the profitability of the PFC market is substantially reduced or approaching 
zero, the containers may be integrated into markets where profitability is high. 

9 STEAG's Commerce department was visited.  This section deals with commodity trading and 
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management and in-power optimization of the power plants. They are also dealing with prop 
trading, but the main responsibility is based on energy trading.  The main purpose is to try to 
maximize the assets of coal-fired power plants. The purchase guarantee of İsken Sugözü 
Thermal Power Plant is ending after 2019. They are thinking of establishing an organization in 
Turkey for dealing with power plant management and trading.  

10 The following is given as an example of the operation of the commerce unit: Suppose that the 
power plant of STEAG in Germany has an electricity generation cost of around €40 per MWh in 
2019. Every year’s sale is already being made for the three-year period (2018-2019-2020) 
before making the physical sale of power on the German liquid market. A production cost of 
€40/MWh is projected for the following years. For example, this value is stated as €45 for 
2019 and so the energy in 2019 is sold at around €45, and hedging has been achieved by 
already obtaining a margin of 5 euros. They are trying to lower costs by selling power at high 
prices and buying it again at lower prices. These sales transactions are made on an annual, 
quarterly, monthly and daily basis, respectively. These are not spot transactions, and they are 
carried out in the OTC market. It was stated that the difference between the estimates and 
what actually happens, that is the deviation, is too much in this market. They stated that they 
employ two traders who deal with the power market: one focused on coal, fund exchanges and 
USD trading, and the other dealing with the CO2 market. They work during normal working 
hours, although working hours differ in the intra-day market.  

11 Explanations were made of how a cost of €40/MWh is arrived at. For example, hard coal 
purchased according to the API2 Rotterdam index is calculated as 85 USD per ton, and the 
actual price of the coal is determined with reference to this price. If the quality of the goal is 
very good, payments above this price are made, while lower prices are paid for poor quality 
coal. Coal contracts are concluded according to this index. This method is used for imported 
coal traded via the Netherlands. In the CO2 market, the cost is €7.8 per ton of carbon, and 
various fixed costs (coal transport, etc.) are also taken into account. The cost per MWh is 
determined after making these calculations. Thus, the energy for 2019 is sold at around €45 
and hedging has already taken place, obtaining a margin of €5. The transactions are carried out 
in parallel to each other. If there is a decrease in power prices for that year, they buy it at low 
prices and sell coal and CO2. A system involving such transactions is referred to as a "Clean 
Dark Spread", and is a system that measures profitability according to energy sales values, 
based on variable costs (coal-CO2). "Clean" represents the cost of carbon pollution, "Dark" 
represents the coal and "Spread" represents the difference between the value and the cost of 
power generation. 

12 After the completion of the day-ahead transactions, power plants are controlled by the 
operator managing the power plants through a 7-24 screen working in the same location. 
Information related to all power plants (Biogaz-SüloğluRES-Thermal etc.), including the 
battery storage facilities are presented on the large screen. They are participating in many 
tenders. For example, they are participating in the tender starting at 10 a.m. in Austria, and in a 
tender starting at 15:00, and they are participating in the largest tender in Germany. They are 
also participating in various other tenders, both large and small. The planning is coming from 
day-ahead to intra-day, and information is sent to load dispatch. All data is followed on the 
large screen. They have made an agreement with a company for wind forecasting, and are 
constantly receiving forecasted data from this company, aiming to minimize the imbalance. The 
battery facility works autonomously, but can be manually controlled by an operator if deemed 
necessary.  

13 An introduction was made for AMPRION GmbH, which is one of the four transmission system 
operators in Germany, and which is regionally responsible for the transmission lines in the 
west.  

14 Amprion was founded in 2009 and its grid serves around 27 million people.  It has the longest 
transmission lines in Germany, with a total length of around 11,000 km. There are electricity 
generation plants with a total capacity of 56 GW within the area of responsibility of Amprion, 
and of this, 17 GW is from WPP. Amprion has 1,200 employees. 



           

 Electricity Producers 
Association 

 

15 The company is responsible for the operation of 380/220 kV lines and also controls load 
balancing-ancillary services. They act as an observer in the other three transmission line 
regions. The interconnected system is one of the best synchronized systems of the world, and 
its effective area extends from Spain to Poland and to Turkey, and a power outage in Turkey 
may also effect that region. They are performing Wind-Solar and System Load Forecasting 
management, and are also carrying out the black start management of the power plants. 

16 Germany is expected to close its nuclear power plants by 2022, and is expected to see a 
substantial increase the number of renewable power plants. It is expected to reduce energy 
consumption by 20 percent, to reduce greenhouse gas emissions by 20 percent and to increase 
productivity by 20 percent within the scope of EU 20-20-20. The target is to obtain 35 percent 
of its energy generation requirements from WPP by 2020 (80% by 2050), to have a 40 percent 
reduction in greenhouse gas emissions by 2020 (80% by 2050) and to achieve a 20 percent 
reduction in primary energy consumption by 2020 (80% by 2050). 

17 There is one main load dispatch center and two regional load dispatch centers. Renewable 
energy power plants in Germany account for around 30 percent of the total, broken down as 
RES (12.3%), Biomass (7.9%), PV (5.9%) and hydroelectric (3.9%). The intensity in energy 
generation will move from the south to north as nuclear power plants will be shut down. 
Because the intensity of renewable energy generation will increase in the northern region. Off-
shore WPP investments shall increase significantly till 2035, and these investments are 
expected to occur mostly in the north due to the high wind speeds found there. Consumption, 
however, is highest in the south, and they are planning to carry the energy flow from the north 
to the south via HVDC lines. Total electricity generation, which was 605 billion kWh in 2010, 
increased to 649 billion kWh in 2016.  

18 The names of the PFC, SFC and Tertiary control mechanisms are as follows: Primary Frequency 
Reserve (Primary Containment Reserve-PCR), Secondary Frequency Reserve (Automatic 
Frequency Restoration Reserve-aFRR and Manuel Frequency Restoration Reserve-mFRR) and 
Tertiary Reserve (Replacement Reserve-RR). During an intervention to frequency PCR, aFRR, 
mFRR and RR are used respectively. The requirements for each service are indicated in Figure-
4. 

 
Figure-4 PFC and SFC technical requirements 

19  
The ancillary service capacities of the prequalified power plants are shown in Figure-5. The 
total PFC capacity of battery storage facilities is only about 150 MW. Each ancillary service is 
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subject to free market conditions and can be purchased and sold through tenders. All 
technologies compete in the same tender. The battery system founded in Germany also has an 
effect on Turkey. Thus, common market studies can be conducted in the future. 
 

 
Figure-5 Type of technologies and capacities prequalified for PFC and SFC in Germany. 

20 Previously, tenders were held for every six-month period, but decreased in time to monthly 
and then weekly periods. Now there is a possibility to organize tenders for four-hour periods. 
The tenders are organized at the company level. Amprion conducts ancillary service tests and 
certification procedures individually. Those that pass the prequalification tests can participate 
in tenders for five years, and the tests are repeated every five years. In Germany, 600 MW is 
supplied for PFC, 2,000 MW for aFRR + and - and 1,500 MW for mFRR + and -. (+) refers to the 
energy supplied to the grid, and - refers to the energy withdrawn from the grid. For example, + 
aFRR refers to the automatic realization of a secondary frequency service in the direction of 
supply to the grid. The total secondary frequency reserve in Turkey in the + and - directions is 
1,000 MW, and 25 percent of the PFC reserve (600 MW) is provided by battery facilities. The 
battery facilities, which are now deemed to have insufficient capacity, were planned to supply 
around 200 MW PFC service at the beginning of 2018. There is a condition that the power of 
the battery units providing ancillary services should be 25 percent greater than the power they 
supply for PFC services.  These conditions are decided according to the country in which the 
service is to be provided. For example, if a 10 MW PFC service is to be provided in Germany, 
the capacity of the battery must be 12.5 MW minimum and 10 MWh, and must be able to 
supply a PFC service for 30 minutes.   

21 Figure 6 shows how a PFC service is provided by a battery system. During PFC service, the 
average charge rate of the battery is kept at around 50 percent. 
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Figure 6- Management of battery charge rate in Lithium Ion battery facilities 

 

3. CONCLUSION 
 

In this period, when renewable energy investments are increasing in our country, the 
acceleration of the legislative studies by TEİAŞ and EPDK (Energy Market Regulation 
Authority) to guide investors towards starting electricity storage investments will also enable 
our country to become a pioneer in electricity storage projects. The diffusion of battery-based 
energy storage systems shall be possible based primarily on their usage in frequency 
services. In this area, electricity generation companies are ready to make investments easily 
without requiring incentives, as is the case of Germany. The aim must be to enact legislation 
that gradually paves the way for battery facilities in frequency services and to turn energy 
storage into a market in the medium term. At the same time, projects must be developed 
within the framework of university-industry cooperation to facilitate the production of 
domestic and national energy storage system elements. On this issue, there is a volume 
economy and synergy benefit to be gained related to Turkey’s electric car project. Energy 
storage systems will increase the quality and efficiency of the interconnected system, and 
shall also ensure the use of renewable energy sources with high efficiency. It must be taken 
into consideration that the country's economy will gain more value in the event of an increase 
in energy quality.  

 
As EUD, our expectation is that the relevant legislation revisions shall be made by 

TEİAŞ and EPDK to ensure that this new technology is brought to our country by way of a free 
market.  


