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Task 4 – EES modeling training

Objectives of the Project

To assist MENR and TEİAŞ to develop a vision of the future of battery storage in Turkey for some selected use cases.

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

• Analyze the different technologies of storage 

• Present the some relevant and current battery projects in the world 

• Technical concerns, regulation frameworks and incentive 

• To identify and discuss the potential of battery storage in Turkey:

• For two main services: congestion, primary and secondary reserve 

• Assess the potential in Turkey 

• Transfer knowledge and methods to MENR and TEİAŞ 

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

• Regulation 

• Economics 

• Technical aspects (type, size, location)

At the end of this project

MENR and TEİAŞ will have all the knowledge, information and skills to elaborate a battery storage roadmap for Turkey.

We have understood the importance 
for MENR and TEİAŞ of acquiring up-

to-date and relevant knowledge 
about batteries.

EDF thus presents in this project a 
specifically customized set of trainings



4

MENR TEİAŞ

Load Dispatch Department

Electricity 
Market 

Coordination

Ancillary 
Services

National 
Control 
Center

Southeast 
Anatolia 
Regional 
Control 
Center

West Mediter. 
Regional 
Control 
Center

Trachea 
Regional 
Control 
Center

Planning and Investment 
Managemet Dept.

Transmission 
Planning

Foreign 
Relations 
Division

R&D Dept.
Operation and 
Maintenance 
Department

1st 
Transmission 
Facilities and 

Operation 
Regional 

Directorate

EMRA

Energy 
Markets 

Regulatory 
Authority

ELDER

Association of  
DSOs

World 
Bank

Task 4 – EES modeling training

Stakeholders



5

Analysis of 
Storage 

Technologies

Analysis of 
the Turkish 

Transmission 
System in 
terms of 

Congestion 
Management

Training on 
Frequency 

Control and 
Ancillary 
Services

Needs 
Assessment 
for Energy 

Storage 
Systems 
Report

Market
Research

Feasibility 
Report

Technical 
Specifications

Task 4 – EES modeling training

A project in 7 tasks

This training



Agenda of the 
workshop



7

Task 4 – EES modeling training

EES modelling training

This is a 2 day training.

The objective of the training is to transfer

knowledge about how to model batteries in grid

and economic studies to assess their benefits.

The Consultant will present the results of the

studies and the associated methodologies:

Task 2

(congestion management)

Literature review

Potential assessment

Detailed methodology for grid study

Task 4

Primary reserve

Secondary reserve

Arbitrage

+

Grid code &

Organization recommendations

We will include some reminders beforehand (NPV, IRR…)

As per TEIAŞ request, the focus will be more on practices 

than results.

At the end of the training, the attendants will be able to:

- Understand the results of the Task 2 and 4 studies

- Model a battery in a static grid study

- Assess the potential of batteries to provide the main 

services
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Task 4 – EES modeling training

Summary of the results

Primary reserve is the most relevant service to provide

with batteries in Turkey.

Half of the demand could efficiently be provided with

batteries by 2030 (150 MW out of 275).

However, as the cost of batteries is continuously

decreasing, the cannibalization effect may dissuade

investors.

Regular tenders with guaranteed revenues is the design

proposed so that the Turkish Power System can catch the

value of storage for primary reserve while accommodate

the interests of the TSO and battery investors.

We demonstrate that other grid scale services have no

economic interest for Turkey:

• Arbitrage

• Fast primary reserve

• Secondary reserve

The value of RES smoothing has been studied for day

ahead value only. It could be completed with other intraday

or balancing values.
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Task 4 – EES modeling training

Day 1 – Agenda

First day

Time Topic Description

9.30 Introduction of the training

9.45 Potential assessment: Reminders (including practice) Some basics of potential assessment will be reminded:
What is a system approach? How to understand the
main financial indicators? How to estimate the cost of a
battery system?

11.15 Break

11.30 Congestion Management : Potential assessment/Results of
the project

Presentation of Task 2 report: What is the potential of
batteries in Turkey to solve congestion, and comparison
with redispatch and reinforcement on 3 situations
provided by TEİAŞ.

12.15

13.45 Congestion Management : Potential assessment/Practice,
transmission of tools and methods

Transfer knowledge: The tools and methods used in this
project will be provided to the participants.

15.15 Break

15.45 How to size a battery for FCR – Presentation and Practice As per TEİAŞ recent request, deepening + practice of
how to size a battery.

16.45 Quiz

17.00 End of the first day
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Task 4 – EES modeling training

Day 2 – Agenda

Second day

Time Topic Description

9.30 Introduction of the day Complementary discussions about the first day.

9.45 Arbitrage assessment: Results of the project Presentation of Task 4 report: What is the value of batteries
for arbitrage

10.05 Arbitrage: Practice, transmission of tools and methods Transfer knowledge: The tools and methods used in this
project will be provided to the participants.

11.00 Break

11.15 RES smoothing: Results of the project Presentation of Task 4 report: What is the value of batteries
for RES smoothing? How to size a battery to smooth RES?

12.00 Lunch break

13.30 Frequency control assessment: Results of the project Presentation of Task 4 report: What is the value of batteries
for frequency control in Turkey?

14.30 Frequency control assessment: Practice, transmission of tools
and methods

Transfer knowledge: The tools and methods used in this
project will be provided to the participants.

15.15 Break

15.30 Recommendations for the optimal deployment of battery
storage

Recommendations for technical and regulatory evolution.

16.30 Quiz

16.45 Satisfaction survey

17.00 End of the second day
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System value

What is the system value?

A project does not have the same value for all the stakeholders of a

country.

When a new project comes live, it brings a service or a product.

Some stakeholders will get benefit (the project’s company, the clients)

Some will loose money.

The system value is the intrinsic value a project brings to all the

stakeholders of a system

Clients

Taxi 
drivers
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System value

Why assessing the system value?

This value is independent

From a market design/rules

From taxes or subsidies

If this value is negative  there is no interest for the community

If this value is positive?
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System value

Value sharing

If there is a positive system value, the project is economically

interesting for the community.

But how this value will be shared among all the stakeholders?

Due to rules, market design, taxes... or lack of them, it is

possible that a project will not bring value to the company that

should be installing it. In this case, the project will not be created

and there will be a loss of value for the system.

 In this project, we assessed the system value of storage.

Example:

Developing interconnectors will provide value for the

system

- Stability, safety

- Exchanges  savings in procurement costs

By doing so, peak plants will get less revenues and may

be decommissioned, as their value for the safety of the

system is imperfectly reflected by the markets.

 In this case, peak plants have value for the system

but IPP will not get their share of it.

This is the reason why capacity markets emerged in the

world. The assessment of the system value in this case

is useful to decide evolutions of the legislation/market

design.



How to make 
investment 
decision?

Source : Pr. Rim AYADI, Décisions 
d’investissement, Université Lumière Lyon 2
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How to make investment decision?

Assessing costs and revenues: storage example

Converter Storage

BOP (civil 
engineering)

Grid 
connection

Engineering 
Risk premium

Maintenance
Discharge 

compensation

Taxes

Grid Upgrade 
deferral

Regulated 
remuneration

Energy market 
prices

Avoided 
investments

Fuel costs 
savings

C
A

P
EX

O
P

EX

Biggest cost in such projects.
Sizing significantly depends on 
the service to be delivered150 k$/MW 200 k$/MWh

30 % of the project

Costs Revenues
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How to make investment decision?

Cash flows’ value depend on time

To make the decision, the sum of the cash flows (revenues –

OPEX) has to be greater than the investment.

But time has an impact on the cash flows’ value:

Revenues have more value if they come now than if they come in

ten years.

The discount rate is the speed of this decrease.

It can be interpreted as the cost of borrowing money.

In practice, we will add other terms to the discount rate such as the risk aversion.

The final value used is 10%

𝐶𝐹𝑛,𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡𝑒𝑑 =
𝐶𝐹𝑛

1 + 𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡𝑅𝑎𝑡𝑒 𝑛

 Practice: sheet Discount Rate
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How to make investment decision?

Net Present Value

In a simple approach, we can consider that the project is

profitable if:

When we take actualization into account, the value

becomes: 𝑁𝑃𝑉 = −CAPEX +  

𝑛=0

𝑁=𝐿𝑖𝑓𝑒𝑠𝑝𝑎𝑛
𝐶𝐹𝑛

1 + 𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡𝑅𝑎𝑡𝑒 𝑛

𝐶𝐴𝑃𝐸𝑋 ≤  

𝑛=0

𝑁=𝐿𝑖𝑓𝑒𝑠𝑝𝑎𝑛

𝐶𝐹𝑛 =  

𝑛=0

𝑁=𝐿𝑖𝑓𝑒𝑠𝑝𝑎𝑛

(𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑠𝑛 − 𝑂𝑃𝐸𝑋𝑛)

 Practice: sheet Net Present Value
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How to make investment decision?

How to compare projects with different lifetime?

It is likely that a project with a longer lifetime brings more cash flows, but is it really more profitable than a shorter project?

The NPV is not adapted for this comparison.

The Internal Return Rate (IRR) is the discount rate for which the NPV is 0.

To choose between the 2 projects, we will select the one with the highest IRR.

 This can be useful to compare a PHS (50 years) and a battery (15 years).

Many other indicators exist that won’t be presented here.

 Practice: sheet IRR



11

How to make investment decision?

Can we make things faster?

Instead of considering explicitly the whole life duration of the

project, it is possible to run the calculation for one year only.

Instead of discounting the cash flows, we can discount the

CAPEX.

Annuities are the minimum amount of revenues necessary to

cover the costs of a project, taking into account the

actualization.

It is more relevant than the ratio
CAPEX
lifetime

𝐴𝑛𝑛𝑢𝑖𝑡𝑦 =
𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡𝑅𝑎𝑡𝑒 ∗ 𝐶𝐴𝑃𝐸𝑋

1 −
1

1 + 𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡𝑅𝑎𝑡𝑒

𝐿𝑖𝑓𝑒𝑠𝑝𝑎𝑛

 Practice: Annuities



How to estimate 
the cost of a 
battery system?
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How to estimate the cost of a battery system?

The FCR example: storage part

The storage volume 𝐸𝑎𝑔𝑒𝑖𝑛𝑔 has 2 purposes:

- Limiting the deterioration: Installing more energy so that the SoC

remains inside a limited range (for example [10% ; 90%]) most of

the time

- Taking into account the ageing: Installing 930 kWh now to be

sure to still have 700 kWh in 15 years

- An alternative strategy can be to partly replace storage capacity 
during the lifetime of the project

 The sizing of this energy largely depend on the strategy of the

EPC/manufacturer. Information are difficult to obtain about this

point.

In this project, we assume: 𝐸𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑=
𝐸𝑛𝑜𝑟𝑚𝑎𝑙+𝐸𝑎𝑙𝑒𝑟𝑡 𝑠𝑡𝑎𝑡𝑒

0,75

Energy for normal operation
(200 kWh)

Energy for alert state
(500 kWh)

Surplus to take into account 
the ageing
(230 kWh)

𝐸𝑛𝑜𝑟𝑚𝑎𝑙

𝐸𝑎𝑙𝑒𝑟𝑡 𝑠𝑡𝑎𝑡𝑒

𝐸𝑎𝑙𝑒𝑟𝑡 𝑠𝑡𝑎𝑡𝑒

𝐸𝑎𝑔𝑒𝑖𝑛𝑔

𝐸𝑎𝑔𝑒𝑖𝑛𝑔

 Practice: CostOfStorage
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How to estimate the cost of a battery system?

How did we calculated costs in this project?

𝐶𝐴𝑃𝐸𝑋 =
𝐸𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 ∗ 𝐶𝑜𝑠𝑡𝑂𝑓𝐸𝑛𝑒𝑟𝑔𝑦 + 𝑃𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 ∗ 𝐶𝑜𝑠𝑡𝑂𝑓𝑃𝑜𝑤𝑒𝑟

1 − 30%

The 30% factor includes EMS, Engineering, EPC costs… it comes from comparison between published investment and

raw estimation with costs of energy and power only.

𝑂𝑃𝐸𝑋 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 = 𝐶𝐴𝑃𝐸𝑋 ∗ 2% (without considering the recharging costs)

Type of CAPEX 2018

Battery Cells & Pack 200

Balance of system 150

FCR Capacity (MW) 20 100 275

Battery Cells & Pack (M€) 3.73 18.67 51.33

Balance of system (M€) 3.75 18.75 51.56

CAPEX Total (M€) 10.69 53.45 146.99
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How to estimate the cost of a battery system?

What are the costs used?

Many different forecasts exist. We chose to use

Bloomberg.

As the results of this project for the different services are

very contrasted, using another cost forecast would not

dramatically change the conclusions.

Type of CAPEX 2018 2025 2030 Unit

Battery Cells & Pack 200 100 80 k€/MWh

Balance of system 150 150 150 k€/MW
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How to estimate the cost of a battery system?

Reliability of the cost estimations

When a company announces it installed a battery system, it is rarely explicit on the “details”.

Is it the total installed energy? 𝐸𝑎𝑔𝑒𝑖𝑛𝑔 + 𝐸𝑛𝑜𝑟𝑚𝑎𝑙 + 𝐸𝑎𝑙𝑒𝑟𝑡 𝑠𝑡𝑎𝑡𝑒

Is it the useable energy? 𝐸𝑛𝑜𝑟𝑚𝑎𝑙 + 𝐸𝑎𝑙𝑒𝑟𝑡 𝑠𝑡𝑎𝑡𝑒

Many other shaded areas make difficult the precise estimation of the costs.

This is why there will be a Market Research on a concrete example in the Task 5 of this project.
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Introduction

The goal of task 2 is to assess the potential of battery storage to solve congestion problems in Turkey.

The literature review has given an overview of the current projects in the world regarding congestion management with 

battery. 

The detailed methodology has provided the necessary information to lead static simulations in order to determine the 

location of the battery and compute more precisely its characteristics.

The method used in this deliverable is to evaluate the best option between redispatch, the use of battery or 

reinforcement to manage congestion in Turkey, based on real historical situations. A tool has been developed in order to 

be able to conclude based on an economic approach.

Literature
review

Analysis of the 
Turkish System 

Detailed 
methodology

Scope of this reportScope of this 
presentation
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Introduction

The need of MENR and TEİAŞ is to develop a vision of storage in Turkey and be able to develop a roadmap. A 

macroscopic approach is adapted to provide the relevant level of precision.

We designed a simplified model for each of the 3 congestion situations provided: the aim is to reproduce the behavior of 

the battery to solve congestions. 

The objective is to evaluate the main characteristics of the battery and evaluate the costs, in order to be able then to 

compare this cost to other levers to manage congestion.

To this end, we assumed some factors. As we studied only 3 precise situations, we made some variations and 

extrapolated part of the results in order to determine above which number of situations in the year it would be 

economically efficient to use a battery for congestion management. 



Levers for 
congestion 
management
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Solutions to deal with congestions

- Solutions without investment:

- Network Topology modification : usually increase of losses

- Generation redispatch : increase of the system generation cost

- Solutions with investment (reinforcement):

 benefits : reduction of Unserved Energy, reduction of redispatch, reduction of losses

Technical-economic analysis : benefits > cost

- New line / cable / transformer

- For flow unbalance :

- If the flow unbalance is variable : need of dynamic adjustment : Phase shift transformer

- If the flow unbalance is rather constant : no need of dynamic adjustment : fix impedance

- Serial capacitance

- Serial reactor

- For voltage problem or reactive power transit : shunt capacitor bank, SVC

- Battery



6

Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Fast screening of the best solutions to deal with
congestions

Three levers considered:

- Redispatch

- Reinforcement

- Battery and redispatch if needed

The aim is to evaluate the most cost-efficient solution as all of them are technically feasible.

For the battery we consider battery can solve all the congestion or only part of the congestion.

If it solves only part of the congestion, then residual redispatch will be needed.

 Energy 
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Levers

We compare the cost of:

- Congestion: non-respect of the merit order

- Standard reinforcements of the transmission grid in Turkey

- Batteries dedicated to congestion management

 The solution is not exclusive: use of a battery + residual redispatch

The parameters that we need to evaluate are:

- Costs of investment

- Cost over the year

- Revenues

Then the covered annuities over the given situations and the covered annuities over the year if the congestion occurred 

every day is computed. This way we are able to compare the return on investment for each proposed solution.

3 
levers

Battery

RedispatchGrid
Reinforcement
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Data

Three congestion situations were transmitted to EDF in the data collection.

For each situation the data provided is:

- The causes of the contingency, 

- The measures that have been employed to avoid this congestion,

- The cost of congestion.

We also used the System Marginal Price in Turkey for the studied year 2017. This information has been downloaded from 

the Turkish transparency website: https://www.epias.com.tr/en/

https://www.epias.com.tr/en/
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Congestion profile

In order to know for each time step what is the amount of energy involved in the congested, we built the congestion profile.

The congestion occurred between 4 times and 20 times a year depending of the congestion studied: so for each 

congestion, we draw the congestion profile.

According the data provided by TEIAS, 

we choose one direction only: 

increase or decrease of energy

0.0

100.0

200.0

300.0

400.0

500.0

600.0

18:43 19:12 19:40 20:09 20:38 21:07 21:36 22:04 22:33 23:02 23:31 0:00 0:28

C
o

n
ge

st
io

n
 (

M
W

)

Time (min)

Congestion profile

Exemple of congestion profile



Situations 
studied
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Situation 1

The first congestion situations are located in West 

Region Anatolia. The congestions are due to a high 

production of Wind. During these congestions, a 400 

kV connection line between the west and east regions 

is overloaded. The wind generation is located in the 

west of Turkey: conventional power plants decrease 

their generation in the west while in the east, 

conventional power plants have to increase their 

generation in order to supply the demand in the east 

that cannot be fully satisfied by the energy from the 

west because there are congestions. 

3

1# West Region Anatolia Congestion ( Density Wind Production ) 

High Wind energy production 

Decrease Generation
(from Conventinal Plants)

Increase Generation
(from Conventinal Plants)
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Situation 2

Because of the irrigation in the region, there was 

voltage problems in the summer months. In 

addition, due to increased seasonal consumption, 

congestion sometimes occurred in 154 kV 

transmission lines.

4

2# Southeastern Anatolia Region Congestion ( Density Irrigation Consumption) 

Voltage problems region
Increase Generation
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Situation 3

In the spring months, the production of hydraulic 

power plants in eastern Black Sea region and eastern 

Anatolia region is very high, but the consumption of 

the region is low. 

This excess energy in the region is being tried to be 

transmitted to the North-West Anatolia and Thrace 

region where consumption is high. Due to intensive 

power transfer between regions, transmission lines 

between regions are overloaded and cause to 

congestion (at least one congestion due to 

maintenance).

5

3#  East Blacksea Region Congestion ( Density Hydraulic Production )

High generation based Hydruclic for spring session

High Power Consumption
Decrease Generation

(from Conventinal Plants)

Intensive power transfer



Redispatch
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Current congestion management: redispatch

Congestion Cost = (System Marginal Price – Price of the instruction) * Amount of the instruction

The total cost of redispatch for congestion management over the year has to be considered for only one direction of the 

instruction: Increase energy OR Decrease energy

As redispatch is the current congestion management in Turkey, it will be the reference lever.

DATE STARTING TIME FINISHING TIME
DIRECTION of 
INSTRUCTION

AMOUNT 
OF THE 

INSTRUCTI
ON (mw)

ENERGY 
INSTRUCTI
ON (MW)

INSTRUCTI
ON VALUE 

(TL)

PRICE OF 
THE 

INSTRUCTI
ON (TL)

CAUSE OF THE INSTRUCTION
Market 
clearing 

price

System 
marginal 

price

Direction 
of the 

System
COST

07/02/2017 01:00 07/02/2017 01:00 07/02/2017 01:59 Increase 132 132 35204,4 266,7 4-400 kV Transmission Line Overloading 203 203 Increase 8 433

07/02/2017 01:00 07/02/2017 01:00 07/02/2017 01:59 Increase 132 132 35207,04 266,72 4-400 kV Transmission Line Overloading 203 203 Increase 8 436

07/02/2017 01:00 07/02/2017 01:20 07/02/2017 01:59 Increase 40 26,667 6381,95 239,32 4-400 kV Transmission Line Overloading 203 203 Increase 974

07/02/2017 01:00 07/02/2017 01:35 07/02/2017 01:59 Decrease 15 6,25 0 0 4-400 kV Transmission Line Overloading 203 203 Increase 1 268

07/02/2017 01:00 07/02/2017 01:35 07/02/2017 01:59 Decrease 40 16,667 0 0 4-400 kV Transmission Line Overloading 203 203 Increase 3 380

07/02/2017 01:00 07/02/2017 01:35 07/02/2017 01:59 Decrease 15 6,25 0 0 4-400 kV Transmission Line Overloading 203 203 Increase 1 268

07/02/2017 01:00 07/02/2017 01:20 07/02/2017 01:59 Decrease 20 13,333 0 0 4-400 kV Transmission Line Overloading 203 203 Increase 2 704

07/02/2017 01:00 07/02/2017 01:20 07/02/2017 01:59 Decrease 60 40 0 0 4-400 kV Transmission Line Overloading 203 203 Increase 8 112

07/02/2017 01:00 07/02/2017 01:53 07/02/2017 01:59 Decrease 204 23,8 23,8 1 4-400 kV Transmission Line Overloading 203 203 Increase 4 803

07/02/2017 02:00 07/02/2017 02:00 07/02/2017 02:59 Increase 132 132 35204,4 266,7 4-400 kV Transmission Line Overloading 193 120 Decrease 19 364

07/02/2017 02:00 07/02/2017 02:00 07/02/2017 02:59 Increase 132 132 35207,04 266,72 4-400 kV Transmission Line Overloading 193 120 Decrease 19 367

07/02/2017 02:00 07/02/2017 02:00 07/02/2017 02:59 Increase 40 40 9131,6 228,29 4-400 kV Transmission Line Overloading 193 120 Decrease 4 332

07/02/2017 02:00 07/02/2017 02:00 07/02/2017 02:59 Increase 330 330 63845,1 193,47 4-400 kV Transmission Line Overloading 193 120 Decrease 24 245

Data provided by TEIAS



Battery
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Battery - Residual redispatch

The input data needed to estimate the cost of the congestions are:

- Time length of the instruction (minutes)

- Direction of the instruction (increasing or decreasing energy)

- Energy instruction (MW)

- Price of the instruction (TL)

- System marginal price (TL)

- Cost of the instruction (TL)
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Battery

Costs:

First part of the costs: battery investment cost

Calculation of the CAPEX and OPEX.

They depend on the capacity and energy of the battery.

Hypothesis taken:

- O&M (% CAPEX) : 2%/year
- Discount rate : 10%
- Battery Cells & Pack : 300 k€/MWh
- System interface : 150 k€/MW
- Lifetime of the battery: 12 years

Example:

Battery of 80 MW and 70 MWh:

CAPEX = (300 * 80 + 150 * 70) / ( 1- 30%)  / 1000

OPEX = CAPEX * 2%

Results in M€
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Battery

Second part of the costs: residual redispatch (if the battery capacity is lower than the maximum congestion)

The cost of residual redispatch at time t is given by:

𝐶𝑜𝑠𝑡 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑟𝑒𝑑𝑖𝑠𝑝𝑎𝑡𝑐ℎ𝑡 = 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑟𝑒𝑑𝑖𝑠𝑝𝑎𝑡𝑐ℎ𝑡 ∗ (𝑠𝑦𝑠𝑡𝑒𝑚 𝑚𝑎𝑟𝑔𝑖𝑛𝑎𝑙 𝑝𝑟𝑖𝑐𝑒𝑡 − 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛𝑡)

The input data needed to estimate the cost of the congestions are:

- Time length of the instruction (minutes)

- Direction of the instruction (increasing or decreasing energy)

- Energy instruction (MWh)

- Price of the instruction (TL)

- System marginal price (TL)

- Cost of the instruction (TL)
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Battery – Cost efficiency

In order to evaluate the cost efficiency of the use of the battery, some values have to be computed:

- Annuity (M€/year)

- Percentage of annuities covered (%)

- Annuities covered with 1 congestion per day (%) : computed in order to :

 evaluate the cost efficiency of the battery if they are very frequent

 be able to compare the different levers, with no biased

These value are computed over a year and have to be determined over the battery life. 



Reinforcement
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Reinforcement

Input

Data needed in order to compute the cost of the reinforcement:

- Cost of the line / km

- Distance between the two substations

- Voltage of the line
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Reinforcement

We compute:

- CAPEX and OPEX

- Annuity (M€/year)

- Percentage of annuities covered (%)

- with the recorded annual situation

- 1 congestion per day



Results
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Results - Situation 1
BATTERY

REINFORCEMENT

Between Aydin and Nazili : 45 km of 400 kV OHL : 40.5 MTL (8.1M€)

Selected Battery Rated Power (MW) 0 80 150 200 354 600
Energy (MWh) 0 610 1 106 1 420 1 889 1 952

Duration (h) 8 7 7 5 3
Residual redispatch (MWh) 4 662   2 687   1 479   979 63 0

Residual redispatch (kTL) 698  334   171   108 2.2 0

Residual redispatch (k€) 140 66.8 34.1 21.6 0.4 0

CAPEX (M€) - 279 506 652 885 965

OPEX (M€/year) - 5.57 10.1 13.0 17.7 19.3

Annuity (M€/year) 40.9 74.3 95.6 129.9 141.6
Annuity + OPEX (M€/year) - 46.5 84.4 108.7 147.6 161

Battery losses (MWh) 296   478   553   690   699   
Cost of Battery losses (kTL) (avg SMP) 45.6   73.5   85.0   106   108   

Cost of Battery losses (k€) (avg. SMP) 9.1 14.7 17.0 21.2 21.5

Percentage of annuity covered (%) 0.16% 0.12% 0.12% 0.09% 0.08%

% of annuity covered with 1 congestion 
per day (%)

14.2% 11.1% 9.6% 8.3% 7.6%
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Results - Situation 1
BATTERY

Energy is purchased at daily lowest SMP and sold at daily highest SMP

Selected Battery Rated Power (MW) 0 80 150 200 354 600

Energy (MWh) 0 610 1 106 1 420 1 889 1 952

Energy purchase (MWh) 1 975   3 183   3 683   4 599   4 662   
Energy purchase (kTL) 182   293   340   424   430   
Energy purchase (k€) 36   59   68   85   86   
Energy sale (MWh) 1 679   2 706   3 131   3 909   3 963   

Energy sale (kTL) 356   573   663   828   839   

Energy sale (k€) 71   115   133   166   168   

Percentage of annuities covered (%) 0.26% 0.22% 0.19% 0.17% 0.16%
Annuity covered with 1 congestion per 

day (%)
24.0% 19.8% 17.4% 15.4% 14.3%
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Results - Situation 2
BATTERY

REINFORCEMENT

450 km of 154 kV OHL : 171 MTL (34.2 M€) (residual dispatch of 40 k€)

450 km of 400 kV OHL : 405 MTL (81 M€)

Selected Battery Rated Power (MW) 0 80 150 200

Energy (MWh) 0 365 678 877
Duration (hour) 5 5 4

Residual redispatch (MWh) 7 944   5 332 3 473 2 441

Residual redispatch (kTL) 1 009 715 442 299
Residual redispatch (k€) 202 143 88.4 59.7

CAPEX (M€) - 174 323 419
OPEX (M€/year) - 3.5 6.5 8.4

Annuity (M€/year) 25.5 47.4 61.5

Annuity + OPEX (M€/year) - 29.0 53.8 69.8

Battery losses (MWh) 461   789   971   
Cost of Battery losses (kTL) 70.9   121.4   149.4   
Cost of Battery losses (k€) 14.2 24.3 29.9

Percentage of annuity covered (%) 0.17% 0.19% 0.18%
% of annuities covered with 1 congestion 

per day (%)
3.2% 3.4% 3.3%
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Results - Situation 2
BATTERY

Energy is purchased at the daily lowest SMP and sold at daily highest SMP

Selected Battery Rated Power (MW) 0 80 150 200

Energy (MWh) 0 365 678 877

Energy purchase (MWh) 3 072   5 260   6 474   

Energy purchase (kTL) 283   485   597   

Energy purchase (k€) 56.6   97.0   119.4   
Energy sales (MWh) 2 611   4 471   5 503   

Energy sale (kTL) 553   947   1 166   
Energy sale (k€) 110.6   189.4   233.1   

Percentage of annuities covered (%) 0.44% 0.43% 0.42%
Annuity covered with 1 congestion per day 

(%)
8.1% 7.9% 7.6%
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Results - Situation 3
BATTERY

REINFORCEMENT

600 km of 400 kV OHL : 540 MTL (108 M€)

Selected Battery Rated Power (MW) 0 80 150 200 600

Energy (MWh) 0 956 1 785 2 370 5 108
Duration (hour) 12 12 12 9

Residual redispatch (MWh) 13 936   10 056 7 147 5 682 21
Residual redispatch (TL) 1 735   1 682 1 242 1 017 4
Residual redispatch (k€) 347 336 248 203 1

CAPEX (M€) - 427 797 1 058 2 318
OPEX (M€/year) - 8.5 15.9 21.2 46.4

Annuity (M€/year) 62.6 117 155 340
CAPEX + OPEX (M€/year) - 71.2 133 177 387

Battery losses (MWh) 582   1 018   1 238   2 087   
Cost of Battery losses (kTL) 89.6   157   191   321   
Cost of Battery losses (k€) 17.9 31.3 38.1 64.2

Percentage of annuities covered (%) -0.01% 0.06% 0.07% 0.08%
Annuities covered with 1 congestion 

per day (%)
-0.4% 1.8% 2.1% 2.5%
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Results - Situation 3
BATTERY

Energy is purchased at the daily lowest SMP and sold at daily highest SMP

Selected Battery Rated Power (MW) 0 80 150 200 600
Energy (MWh) 0 956 1 785 2 370 5 108

Energy purchase (MWh) 3 880   6 789   8 254   13 915   

Energy purchase (kTL) 358   626   761   1 283   
Energy purchase (k€) 71.5   125   152   256   
Energy sales (MWh) 3 298   5 771   7 016   11 828   

Energy sale (kTL) 699   1 222   1 486   2 506   
Energy sale (k€) 139.7   244.5   297.3   501.1   

Percentage of annuities covered (%) 0.13% 0.19% 0.19% 0.17%
Annuity covered with 1 congestion 

per day (%)
3.8% 5.7% 5.7% 5.3%



Conclusion
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Comparison of the annuities

Situation 1 Situation 2 Situation 3

Redispatch

Redispatch (M€/year) 0.157 0.0025 0.346

Battery

Capacity (MW) 80 150 200 354 600 80 150 200 80 150 200 600

Covered annuity (%) 0.16 0.12 0.12 0.09 0.08 0.17 0.19 0.18 -0.01 0.06 0.07 0.08

Reinforcement

Covered annuity (%) 1.9 0.47 0.3
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Task 2 - Analysis of the Turkish Transmission System in terms of Congestion Management – Training

Conclusion

• The generation redispatch is the most profitable solution to handle congestion

• Batteries are not profitable for redispatch, even with 1 congestion a day and high benefit by purchasing energy at the 

daily lowest SMP and selling energy at the daily highest SMP

• Network reinforcement is less expensive than batteries, and the main benefit with network reinforcement is losses 

reduction



Thank you!
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How to size a battery for FCR? Deepening

Why a deepening?

This content comes from studies from EDF R&D

(Antoine ROSSÉ, Timothée HINCHLIFFE, Jasmina PIERRE, Kevin LASCAR, Marion STEWARD)

and was presented in the Energy Market 2018 conference.

The content of this session has already been presented in this project.

During recent discussions, TEIAŞ asked from some deepening on this important topic of the project.

We highlight here the role and responsibilities of the TSO and the different stakeholders
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How to size a battery for FCR? Deepening

The FCR example

Energy Purpose
Who decides the 

sizing
Sizing factors Typical size

𝐸𝑛𝑜𝑟𝑚𝑎𝑙

Energy for normal 
operation to be 

able to compensate 
frequency
deviations

The battery owner

TSO requirement: the 
system has to be able to 
provide FCR anytime in 

normal operation
Recharging strategy:

Continuous or scheduled
EMS: performance

200 to 400 kWh/MW

𝐸𝑎𝑙𝑒𝑟𝑡 𝑠𝑡𝑎𝑡𝑒
Energy for alert 

state
The TSO/regulator

Duration limited energy 
reservoir has to provide 
its maximum capacity in 

alert state

15 to 30 minutes


500 to 1,000 kWh/MW

𝐸𝑎𝑔𝑒𝑖𝑛𝑔
Surplus to take into 
account the ageing

The battery owner
Ageing characteristics of 
the battery technology

Very depending on the 
EPC/manufacturer

strategy
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How to size a battery for FCR? Deepening

The FCR example: storage part

The storage volume 𝐸𝑎𝑔𝑒𝑖𝑛𝑔 has 2 purposes:

- Limiting the deterioration: Installing more energy so that the SoC

remains inside a limited range (for example [10% ; 90%]) most of

the time

- Taking into account the ageing: Installing 930 kWh now to be

sure to still have 700 kWh in 15 years

- An alternative strategy can be to partly replace storage capacity 
during the lifetime of the project

 The sizing of this energy largely depends on the strategy of the

EPC/manufacturer. In a very competitive context, information are

difficult to gather about this point.

In this project, we assume: 𝐸𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑=
𝐸𝑛𝑜𝑟𝑚𝑎𝑙+𝐸𝑎𝑙𝑒𝑟𝑡 𝑠𝑡𝑎𝑡𝑒

0,75

Energy for normal operation
(200 kWh)

Energy for alert state
(500 kWh)

Surplus to take into account 
the ageing
(230 kWh)

𝐸𝑛𝑜𝑟𝑚𝑎𝑙

𝐸𝑎𝑙𝑒𝑟𝑡 𝑠𝑡𝑎𝑡𝑒

𝐸𝑎𝑙𝑒𝑟𝑡 𝑠𝑡𝑎𝑡𝑒

𝐸𝑎𝑔𝑒𝑖𝑛𝑔

𝐸𝑎𝑔𝑒𝑖𝑛𝑔



Energy for 
normal 
operation
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How to size a battery for FCR? Deepening

Sizing for normal operation

Any unit providing FCR has to be able to provide it anytime in normal operation.

Even if the frequency deviation average is close to zero, a battery suffer losses due the roundtrip efficiency.

 In average, it is necessary to charge the battery at all times

It is also important to be able to discharge the battery if the frequency deviations are negative during a long time.

This is the objective of the recharging strategy

 The role of the Energy Management System is to make the battery able to provide FCR anytime
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How to size a battery for FCR? Deepening

What will the EMS do?

FCR Frequency regulation power defined by:

Pbat = P0 -K*(F -F0)

Without the recharging term P0, state of charge would continuously decrease (or increase) following long-lasting frequency

deviations below (or above) 50 Hz.

- This would require an extremely large energy capacity to account for worst-case long-lasting frequency bias.

- Recharging term P0 allows to adjust the battery power to recharge or discharge when the frequency regulation term

causes state of charge to vary too much.

However, restrictions must be implemented to ensure that the recharging strategy does not counteract the initial

frequency regulation effect.

variable offset term used 
to control state of charge

frequency regulation term
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How to size a battery for FCR? Deepening

Continuous recharging strategy

P0

-K*(F -F0)
& Pbat = P0 -K*(F -F0)

State of Charge

Frequency

Even if there is an efficient
recharging strategy, there is
some need of storage for
normal operation 𝐸𝑛𝑜𝑟𝑚𝑎𝑙

The P0 has to be slower
than –K(F-F0) not to
counteract FCR effect.

For qualification, the TSO can require the owner to demonstrate its system would have been able 
to provide FCR on the last 3 years by simulation



Energy for alert 
state
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How to size a battery for FCR? Deepening

Alert state definition

Alert State is defined by frequency-based criteria. The system enters Alert State following:

- Frequency deviation of more than 50 mHz for 15 minutes, or

- Frequency deviation of more than 100 mHz for 5 minutes

- Frequency deviation is defined as the difference between the grid frequency and the nominal frequency (50 Hz in 
Europe).

Illustration (example):

15 or 30 min
5 or 15 

min

Normal operation
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How to size a battery for FCR? Deepening

Historical analysis of frequency incidents

Alert State occurrences due to frequency deviations:

- The graph below shows that Alert State occurrences are fairly rare.
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How to size a battery for FCR? Deepening

Historical analysis of frequency incidents

Duration of frequency deviations causing Alert State to be triggered

A battery with a 𝐸𝑎𝑙𝑒𝑟𝑡 𝑠𝑡𝑎𝑡𝑒
greater than 15 minutes 
would have been useless 
during these 5 recent years
 15 minutes is the 
recommended value for 
this project

Freq dev > 50mHz

Freq dev < -50mHz



Summary
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How to size a battery for FCR? Deepening

The FCR example

Energy Purpose
Who decides the 

sizing
Sizing factors Typical size

𝐸𝑛𝑜𝑟𝑚𝑎𝑙
Energy for normal 

operation
The battery owner

TSO requirement: the 
system has to be able to 
provide FCR anytime in 

normal operation
Recharging strategy:

Continuous or scheduled
EMS: performance

200 to 400 kWh/MW

𝐸𝑎𝑙𝑒𝑟𝑡 𝑠𝑡𝑎𝑡𝑒
Energy for alert 

state
The TSO/regulator

Duration limited energy 
reservoir has to provide 
its maximum capacity in 

alert state

15 to 30 minutes


500 to 1,000 kWh/MW

𝐸𝑎𝑔𝑒𝑖𝑛𝑔
Surplus to take into 
account the ageing

The battery owner
Ageing characteristics of 
the battery technology

Very depending on the 
EPC/manufacturer

strategy
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CS-01.d – Task 4 results – Arbitrage

When should the battery shift energy?
On the short run

It is economically efficient to use it during 1 hour to charge

and then 1 hour to generate only if we have:

𝜆𝑚𝑎𝑥𝑃 ≥
𝜆𝑚𝑖𝑛

𝜂
𝑃

Where λ is the marginal cost of the system and

ɳ is the efficiency of a storage system.

In our case (85%): 𝛌𝐦𝐚𝐱 ≥ 1.18 𝛌𝐦𝐢𝐧

These values have to respect chronology: it is mandatory to charge at λ𝑚𝑖𝑛 before generation earning λ𝑚𝑎𝑥.

 This only compensate the losses due to the roundtrip efficiency

 A greater difference (spread) between high and low prices are required to cover the CAPEX and OPEX
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CS-01.d – Task 4 results – Arbitrage

When should the battery shift energy?
On the long run

To compensate the roundtrip efficiency and the different costs:

 𝒅𝒂𝒚=𝟏
𝟑𝟔𝟓 𝝀𝒎𝒂𝒙 −

𝝀𝒎𝒊𝒏

𝜼
𝑷 ≥ 𝑩𝒂𝒕𝒕𝒆𝒓𝒚𝑨𝒏𝒏𝒖𝒊𝒕𝒚

These values have to respect chronology:

it is mandatory to charge at λ𝑚𝑖𝑛 before generation earning λ𝑚𝑎𝑥.

 An important spread is necessary to cover the CAPEX, OPEX and roundtrip losses of a battery.

 This is why even Pumped Hydro Storage is nowadays hardly profitable
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CS-01.d – Task 4 results – Arbitrage

How ageing is taken into account?
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Results
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CS-01.d – Task 4 results – Arbitrage

Current spreads in Turkey

Based on the real day ahead market prices, we’ve

calculated the current Turkish spreads.

The order of magnitude is 25 €/MWh for 4 hours.
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CS-01.d – Task 4 results – Arbitrage

Batteries have no potential for arbitrage today

Result:

With the current price structure, it is not cost efficient to

deliver arbitrage with a battery in Turkey

Method:

Revenues: Optimization processed on 2015-2018 Day

ahead market prices

Costs: Assessment of the annuities. Ageing depending on

the number of cycles/year
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CS-01.d – Task 4 results – Arbitrage

Batteries have no potential for arbitrage for the next 
decade 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 emerge for arbitrage in the

next decade, even with a high renewable integration



Summary
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CS-01.d – Task 4 results – Arbitrage

Main messages

The shape of the demand is not the criteria to look at to justify arbitrage, but the spread of the marginal costs or market 

prices of the system

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

(10% of the annuities covered)

A spread of 100 €/MWh several hours a day would be necessary to cover the annuities. 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 emerge for arbitrage in the next decade, even with a high renewable integration.

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.



Practice
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CS-01.d – Task 4 results – Arbitrage

Practice plan

1° We will present all the calculations and how were obtained the results

Simple manipulations

2° If one day the minimum day ahead price is 20 €/MWh, what is the price necessary to compensate the round trip?

3° Prepare a data file with prices on 1 week with prices of

- 40 €/MWh at all time

- 20 €/MWh at 6 am and 50 €/MWh at 6 pm (and try to inverse the values)

Complete data

3° Is a simple estimation of the value based on the spread accurate? Why?

4° What would be the lifetime necessary to make the service profitable with the current price structure?
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CS-01.d – Task 4 results – RES smoothing

RES Smoothing

Can be many things. Up to now, we’ve considered a battery is used to

shift the energy of a specific PV plant. With this assumption, RES

smoothing is necessarily less efficient than arbitrage.

The sum of individual optimization do not lead to 
collective optimum

50 MW / 200 MWh 50 MW / 200 MWh 80 MW / 300 MWh

Plant 1 Plant 2

As RES plants are not all located in the same place,

variations in generation won’t occur exactly at

the same time.

A common battery for several PV plants (and even

for the system) could be smaller and then cheaper.

Plant 1 Plant 2
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RES Smoothing

As it can deliver no significant additional value to the transmission

grid, batteries in Turkey for RES smoothing for plants connected to the

transmission grid have a zero economic potential.

This kind of service can be relevant in small grids

Or in some circumstances at the distribution scale.

After reviewing Task 4 reports, debates have highlighted other

values could be brought to the Turkish system.
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How to size the battery?

Depend on the services (and shape) that would be required by the

regulation. However a first estimation can be provided, through this

example
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The energy will depend on:
- The PV generated energy
- The required shape
- The forecast error (for example, if the 

plant has to provide a profile in day 
ahead and then has to respect it)
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Other values could be brought to the system

But all the existing plants are already able to provide these services. These services could be provided by a battery only if

more competitive or if Turkey were lacking of intraday or balancing flexibilities.

Bids on the hourly 
auction

• Based on imperfect prices 
& PV forecast

• Day-ahead fixing at 12AM

« Intraday trading »

• OTC orders

• Continuous trading until 
1h or 15’ before delivery

• Full time job!

« Balancing Services 
Provider »

• Offering balancing 
products for the grid

Imbalance costs

Additional revenues
for the battery not taken into account yet
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First intuitions

 Not obvious that these additional values would be enough to cover the 90% missing annuities.

Today in Turkey, hourly bids

and intraday stops 1 hour (30) before real time

 Less value than in countries like Germany with 15 minutes time steps and intraday 

going until 15 before real time.

Intraday 
trading

Balancing 
Services

Imbalance 
costs

1 hour battery is enough to FCR  low value contribution to a 4 hour battery or more

Imbalance  This could be estimated through the YEKDEM penalty

(but this is not rigorously a system value)
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Other interesting points in RES smoothing

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

RES (if any).

But all the existing plants are already able to provide these services. These services could be provided by a battery

only if more competitive or if Turkey is lacking of intraday or balancing flexibilities.

Some local synergies may be found by the EPCs between the PV plant and the battery (lowering the size of the PV

inverter by storing excess of solar energy)



Summary
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Main messages

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.

EDF may integrate this kind of values from an IPP point of view before the end of this project (cf. Steering committee).

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

RES.

A demonstration project could help all the stakeholders to gain experience on this kind of battery usage.

But all the existing plants are already able to provide these services. These services could be provided by a battery

only if more competitive or if Turkey is lacking of intraday or balancing flexibilities.
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Characteristics of the product

Full capacity liberated in 30 seconds

Able to provide FCR anytime in normal operation

Continuous recharging strategy allowed (200 kWh/1 MW)

Able to provide FCR during 15 minutes at its maximum capacity in case of alert state (500 kWh/1 MW)

Pay as cleared market

Total requirement of 275 MW in average
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Assessing primary reserve prices with batteries

Revenues:

Estimation of the pure and perfect prices curve of FCR

(corresponding to forecasted annuities of batteries)
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Assessing the potential volume of batteries

Competitors: Conventional units can provide FCR up to 275

MW with bids varying continuously from 0 to 13 €/MW/h

(current market price average)

In this framework, batteries will develop until the market price

reaches their annuities.

FCR participants shifting due to newcomers (cannibalization)
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Half of the demand could efficiently be provided with 
batteries by 2030.
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Batteries can create value providing primary reserve

Result

Batteries can create value providing FCR to the Turkish

power system
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Value creation

Batteries will reduce the global cost of procurement of primary reserve for the system

But how the value will be shared amongst the different stakeholders?

Market prices decrease and
the cost volume curve shape is changed

Value creation for the system (green area)
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Value sharing

Value will be transferred from the conventional power plants to the TSO.

Battery owners seem to get part of the value.

But what if another cheaper battery enters?

This is a real paradox: batteries 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.



8

CS-01.d – Task 4 results – Primary reserve

Possible behavior of the actors

Cannibalization + exchange rate risk, market exposure and access to loans
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. 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

Without specific regulation, there will be a loss of value for the system
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Objective of a primary reserve regulation

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

Several schemes are possible:

• Scheme A: Guarantees are given to investors with an adequate regulatory framework

• Scheme B: TEİAŞ owns and operate batteries to provide FCR
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We propose 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).

CS-01.d – Task 4 results – Primary reserve

Scheme A: Regular tenders with a guaranteed revenue
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Scheme A: Regular tenders with a guaranteed revenue

Several scenarios are possible:

• TEİAŞ could provide FCR revenues in USD or euros

This would be very safe for the investors but TEİAŞ would risk to

increase the cost of FCR procurement if the exchange rate

evolves.

• TEİAŞ could provide FCR revenues in Turkish Lira up to a

reasonable exchange rate

This way, a small increase in the exchange rate would be

absorbed by the investor, but extreme situations would be

guaranteed by TEİAŞ.
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Scheme B: The TSO owns and operates batteries to 
provide FCR



Location
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Optimal location of the battery

The costs of a battery system may be affected by

the location (construction, local synergies…).

The value of most of the services is not dependent

on the location of the battery in the grid.

 Except for services physically linked to the grid

(congestion management), the choice of the

location of the battery has to be made by the

owner.

Service
Affected by 
the location

Comment

FCR X Frequency is a global value in all 
the synchronous areaaFRR X

Arbitrage X
The value of generating and 

consuming is not dependent on 
where the asset is located

Congestion 
management

Yes
Task 2 presents how to choose the 

location of such a battery

RES smoothing
Case

specific
It depends on the services 

provided (cf. previous items)



Practice
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Practice plan

1° We will present all the calculations and how were obtained the results

2° What is the impact of the different cost scenarios on the optimal volumes of battery in Turkey?

3° What is the impact of the alert state energy on the optimal volume and prices (15/30minutes)?

4° From system approach to business plan

- What is the impact of cannibalization on the Business plan of the battery?

(what if the price would be constant on the next decade)

- Add typical values of taxes and VAT



Take away
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Main messages

Most of the commercial battery projects in the world are providing primary reserve. Turkey will make no exception.

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.

Paradox: it is possible that no commercial battery project emerges

Other risks may discourage investors and need to be mitigated:

- 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.


