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1. Introduction

With renewable energy use currently growing world-

wide, fewer fossil fuel resources are being used and 

conventional thermal power generation is declin-

ing due to its environmental impact. Today’s power 

grid operation is relying less on conventional power 

sources previously used as control reserve for main-

taining the balance of supply and demand. Alternative 

control reserve is needed as a result. In the liberalized 

European and US power markets, control reserve is 

procured through power trading markets, and the 

use of highly responsive storage batteries suitable for 

control reserve is growing as a major power source. 

Growing use of storage batteries is also expected in 

Japan, where a domestic supply and demand balancing 

market is due to open gradually through electricity 

system reforms beginning in 2021(1).

Hitachi Power Solutions Co., Ltd. has an extensive 

track record of providing large-scale power storage 

systems for applications such as buff ering the out-

put variation of wind power generation equipment. 

Drawing on this expertise, the company has been 

involved in a demonstration project since April 2017 

in the northwest German state of Lower Saxony to 

promote the technical refi nement of a power storage 

system for control reserve applications(2).
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2. Balancing Markets and 
Regulatory Trends

2. 1
Germany’s Balancing Market and Regulations
A balancing market was set up in Germany in 2006, 

and the scheme has frequently been changed since. 

Th ere are a number of control reserve product cat-

egories. In order from high responsiveness required to 

low responsiveness required, these categories are pri-

mary, secondary, and tertiary control reserve. Table 1 

shows the requirements for each control reserve cat-

egory. Storage batteries are suited to power sources 

for the primary control reserve category that demands 

high responsiveness. Germany has regulations for the 

operation of storage batteries used as primary con-

trol reserve. Of particular importance are the regu-

lations on storage battery capacity (MWh). Th ese 

regulations mandate that equipment have a capacity 

enabling continuous supply of the certifi ed output 

(MW) for at least the specifi ed amount of time. Until 

June 2019, capacity enabling continuous supply for 

at least 30 minutes was required. Deregulation later 

changed this provision to 15 minutes in July 2019. 

Th e creation of regulations for storage battery opera-

tion has increased the share of storage batteries in the 

balancing market. Th e demand for total primary con-

trol reserve was about 600 MW in November 2019, 

and the storage battery capacity certifi ed for market 

participation had reached about 380 MW(3).

Germany is also deregulating its control reserve 

trading period. Until June 2019, one week increments 

were used as the contract period for each primary 

control reserve trade. Th is period was shortened to 

one day increments in July 2019, letting suppliers 

sign contracts for just the possible days and enabling 

more fl exible operation of owned power sources. Th e 

country is planning to shorten the control reserve 

trading period again in July 2020, when the incre-

ment will be reduced to 4 hours. Similar moves to 

shorten contract periods are being implemented for 

secondary and other control reserve categories, and 

for wholesale power trading. Th ey demonstrate the 

European region’s goal of reducing power costs by 

improving power trading.

2. 2
Balancing Market and Regulations to Start in 
2021 in Japan
While the demonstration project covered by this 

article took place in Germany, trends in Japan are 

described here for reference. Balancing power supply 

and demand was previously the responsibility of the 

former general power providers in Japan. Th e coun-

try is now seeking to reform its electricity systems 

by pursuing a policy of separating power generation 

from power transmission. Control reserve is procured 

by annual public off erings under this policy. Further 

improvements will be made in the future, and a 

gradual switch from procurement by public off erings 

to procurement by balancing market is planned to 

start in 2021. Th e balancing market product catego-

ries are currently being reviewed through discussions 

led by the Ministry of Economy, Trade and Industry 

(METI). Th ey will be updated starting from the next 

public off ering, and multiple product categories clas-

sifi ed by responsiveness and objective are expected. 

Item
Primary control reserve 

(FCR)
Secondary control reserve 

(aFRR)
Tertiary control reserve 

(mFRR)
GF control equivalent LFC LFC/EDC

Local control (frequency control) Yes − −

Remote control − Yes (online) Yes (online)

Operation response time Within 15 to 30 seconds Within 5 minutes Within 15 minutes

Continuous operation time At least 15 minutes 4 hours 4 hours

Contract period (day of bid) 1 day (2 days in advance) 4 hours (previous day) 4 hours (previous day)

Minimum bid amount 1 MW 1 MW 1 MW

Product category Positive/negative Positive/negative Positive/negative

FCR: frequency containment reserve   aFRR: automatic frequency restoration reserve   mFRR: manual frequency restoration reserve 
GF: governor-free   LFC: load frequency control   EDC: economic load dispatching control

Table 1 — Germany’s Control reserve Category Requirements
Germany classifies control reserve into three product types according to the responsiveness required of each.
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Table 2 shows the product categories and require-

ments currently released. What should be noted is 

that, as in Germany, control reserve is classifi ed by pri-

mary, secondary, and tertiary categories and there are 

numerous similarities in requirements. Th ese similari-

ties mean that the results demonstrated in Germany 

should also be applicable to Japan. But diff erences 

are also expected to arise. For example, the 5-minute 

continuous time period for primary control reserve is 

shorter than the German requirement, and the opera-

tion response time of 10 seconds is more demanding.

3. Demonstration Overview

3. 1
Demonstration System Configuration
In response to the conditions above, Hitachi Power 

Solutions has taken part in a demonstration project 

in the German state of Lower Saxony to examine the 

important control reserve role played by a power stor-

age system in a power grid incorporating renewable 

energy on a mass scale. Lower Saxony-based power 

provider EWE Netz GmbH puts the region’s share 

of power generation from renewables at over 80% of 

the region’s demand. So, even by German standards, 

the region could be considered a leader in renewable 

energy power sources.

Figure 1 shows the overall confi guration of the 

demonstration system. To reduce system installation 

costs, the demonstration uses a hybrid system of 

high-output lithium-ion batteries (LiBs) made by 

Hitachi Chemical Company, Ltd. and high-capacity 

sodium-sulfur batteries (NAS*1 batteries) made by 

NGK Insulators, Ltd. Th e primary control reserve 

requires enough capacity (MWh) to enable contin-

uous supply over the contract period, with output 

(MW) set to match the grid frequency and support 

for temporarily high surges. Although their benefi ts 

may vary according to regulations, hybrid power stor-

age systems off ering the benefi ts of high output and 

large capacity may be suited for use as power sources 

for primary control reserve.

Th e charging and discharging of both storage bat-

tery types is controlled by a power grid information 

and battery control system developed by Hitachi 

Power Solutions. Th e power grid information and bat-

tery control system enables power trading in the bal-

ancing market and wholesale power market through a 

virtual power plant (VPP) control system and power 

trading system provided by German demonstration 

partner EWE Group Pty Ltd. Th e demonstration 

system is categorized as an EWE Group VPP, and 

the demonstrated operation has verifi ed its ability to 

function as one power source within a VPP. Power 

grid reactive power control and power generation con-

trol during grid congestion are also handled using 

commands from a grid management system of the 

power distribution provider.

Item
Primary control reserve 

(FCR)
Secondary control 
reserve 1 (S-FRR)

Secondary control 
reserve 2 (FRR)

Tertiary control reserve 
1 (RR)

Tertiary control reserve 
2 (RR-FIT)

GF control equivalent LFC EDC EDC −

Local control 
(frequency control) Yes − − − −

Remote control − Yes (online) Yes (online) Yes (online) Yes (online)

Operation response 
time Within 10 seconds Within 5 minutes Within 5 minutes Within 15 minutes Within 45 minutes

Continuous operation 
time At least 5 minutes At least 30 minutes At least 30 minutes 3 hours 3 hours

Contract period 
(day of bid)

1 week 
(previous week)

1 week 
(previous week)

1 week 
(previous week)

1 week 
(previous week)

1 day 
(previous day)

Minimum bid amount
5 MW 

(1 MW when monitored 
off line)

5 MW 5 MW 5 MW
Dedicated line: 5 MW

Simple command 
system: 1 MW

Product category Positive/negative Positive/negative Positive/negative Positive/negative Positive/negative

Planned date of 
market opening 2024 2024 2024 2022 2021

Source: Adapted from materials created by an OCCTO balancing market study subcommittee.
S-FRR: synchronized frequency restoration reserve   FRR: frequency restoration reserve   RR: replacement reserve   RR-FIT: replacement reserve for feed-in tariff 
OCCTO: Organization for Cross-regional Coordination of Transmission Operators, Japan

Table 2 — Japan’s Planned Control reserve Requirements
Japan will classify control reserve into five product categories according to the required responsiveness and objective of each.

*1 NAS is a registered trademark of NGK Insulators, Ltd.
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3. 2
Operation Functions
Th e demonstration system has multiple operation 

functions. Specifi cally:

(1) Primary control reserve supply

(2) Secondary control reserve supply

(3) Reduction of imbalances in balancing groups

(4) Arbitrage operation*2

While there is currently no trading market, reactive 

power supply designed to improve the power factor of 

the local power grid can be provided while using func-

tions (1) to (4) above. Primary control reserve supply 

is currently the most profi table of these operation 

functions, so it will be given bidding priority. When 

bids for primary control reserve are not successful, 

revenue can be provided by switching to other opera-

tion functions.

Among the functions above, the next section pres-

ents operation results for primary control reserve sup-

ply. To improve profi tability, Hitachi has also worked 

on simultaneous operation of the primary control 

reserve function and the arbitrage function. Th ese 

results are also presented.

4. Demonstration Conditions

4. 1
Primary Control reserve Supply
After undergoing primary control reserve certifi ca-

tion testing by a power transmission provider, the 

demonstration system received an operation permit 

in October 2018. It has continued to operate for 

over a year since then, making actual bids in the 

market. Th e demonstration project is the only proj-

ect in Germany involving primary control reserve 

supply using a hybrid power storage system of LiB 

and NAS batteries. It was able to obtain operation 

permission by holding repeated discussions with 

the transmission provider in advance to explain the 

demonstrated system’s control particulars and sup-

ply reliability.

Balancing market
Wholesale power market

Power trading system
VPP control system

Power grid information and 
battery control system Demonstrated 

system
Connection

VPP

Varel substation
(demonstration site)

110 kV

20 kV

Power transmission 
provider

Power distribution provider 
grid management system

(EWE Group)

Storage battery capacity

7.5 MW/2.5 MWh

4 MW/20 MWh

LiB

LiB

PCS

NAS batteries
NAS batteries

Wind power 
generation

Biomass 
power 

generation

(EWE Group)

Figure 1 — Configuration Overview of Demonstration System
The demonstration system is a hybrid system of lithium-ion batteries and sodium-sulfur batteries, with Hitachi Power Solutions’ power grid information 
and battery control system used for operation management of both battery types. Power trading is made possible by connection to a power trading 
system and VPP control system.

PCS: power conditioning system   VPP: virtual power plant   LiB: lithium-ion battery

*2 Operation designed to gain a profi t margin by discharging the storage batteries when the 

wholesale power market trading price is high, and charging them when low. Th e trading 

volume is set and traded by the EWE Group’s system.
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Figure 2 shows the demonstration system’s opera-

tion results. Th e required output values for primary 

control reserve tended to decrease (charging) when 

the grid frequency was higher than the reference 

value (50 Hz), and tended to increase (discharging) 

when the grid frequency was below the reference value. 

Th e output values also varied in proportion to the 

deviation from the reference value. Th e demonstrated 

system provided operation that satisfi ed regulations 

related to areas such as output precision and response 

speed. Th e issue of whether the system could always 

allocate remaining storage battery capacity to con-

tinue supplying power for a contract period spanning 

days or weeks was also a very important point for 

operation. Th e system addressed this issue by pro-

viding continuous supply using remaining capacity 

balancing methods such as procuring power from the 

wholesale power market and power balancing func-

tions between LiB and NAS batteries. Hitachi Power 

Solutions’ power grid information and battery control 

system has played an important role in these output/

remaining capacity control methods.

4. 2
Simultaneous Operation of Primary Control 
reserve Supply and Arbitrage
Germany’s control reserve regulations permit power 

supply from primary control reserve supply and 

from wholesale power trading to overlap simultane-

ously. When excess storage battery capacity remains, 

the demonstration project takes advantage of these 

regulations to improve profi tability by performing 

arbitrage in the wholesale power market while simul-

taneously supplying primary control reserve. Figure 3 

shows the operation results. Th is operation has sup-

plied a primary control reserve of 7 MW, and added 

arbitrage output of up to 1 MW. Th e arbitrage output 

is calculated based on the power trading system’s price 

forecasts. Th e values are changed every 15 minutes, 

which is the minimum trading period of the wholesale 

power market.

Since simultaneous operation results in higher 

output than when operating from only the primary 

control reserve, managing the remaining storage bat-

tery capacity is more diffi  cult. But the power grid 
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Figure 2 — Demonstrated Operation Results for Primary Control reserve Contract of Up to 7 MW
Shown here are a graph of the correlation between frequency and output for a primary control reserve contract of up to 7 MW (top-right), a state in which 
output is delayed by several seconds relative to frequency (bottom-right), and a state enabling the remaining storage battery capacity (SOC) to be kept 
continually safe during continuous one-week operation (bottom-left ).

SOC: state of charge
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information and battery control system used in the 

demonstration project has enabled continuous long-

term supply while keeping the remaining capacity 

constant.

5. Approach and Outlook for 
Future Demonstrations

In addition to the functions described in the previous 

section, the demonstration project received an opera-

tion permit for secondary control reserve and started 

demonstration operation in November 2019. Power 

source composition materials(3) covering the control 

reserve that had been announced by November 2019 

indicate that there has been no prior example of a 

power storage system with a secondary control reserve 

operation permit in Germany, so the demonstrated 

system may be the fi rst use of its kind in the country. 

As mentioned in Section 2.1, the capacity regulations 

for primary control reserve were updated in July 2019, 

and the demonstration project already has an opera-

tion permit under the new regulations. Operation 

under the new regulations is planned for the rest of 

the demonstration period.

Hitachi Power Solutions is planning to draw on 

its track record of fl exibly controlling storage bat-

teries in these cutting-edge markets in conformance 

with multiple operation modes. It is aiming to release 

power storage systems in Germany as well as Japan 

and several other countries that are planning to set 

up balancing markets.

6. Conclusions

Germany’s power system structure is undergoing 

reform. Th e demonstration project has encountered 

and responded to several changes in operation regula-

tions over the demonstration period. In addition to 

requiring technical responses, these changes altered 

the market environment and lowered future long-

term business transparency. Since the situation may be 

similar in other countries and regions, it will require 

technologies and strategies that enable changing 
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Figure 3 — Demonstrated Operation Results for Simultaneous Operation of Primary Control reserve and Arbitrage
The required outputs for primary control reserve and arbitrage are added together and supplied from a power storage system (right), for a primary control 
reserve contract of up to 7 MW and an arbitrage amount of up to 1 MW. A safe SOC was continually maintained over one week of continuous operation 
(bottom left ).
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worldwide trends to be monitored and predicted, and 

can fl exibly and rapidly handle the changes. Hitachi 

Power Solutions will continue working to monitor 

power market trends and develop technologies, seek-

ing to grow its energy solutions business areas such 

as the storage battery project covered in this article.
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