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Special Report

BALANCING POWER
FROM WIND TURBINES
Malte Jansen, Dominik Jost

Introduction

An equitable balancing power provision with all types of

During the course of the energy transition in Germany, more

EDODQFLQJVHUYLFHVZLWKĠXFWXDWLQJIHHGLQRIUHQHZDEOHHQHUJ\

than 25% of electricity consumed is now provided from

would be unparalleled in Europe. Thus far there have been few

renew-able energies. This energy comes primarily from wind

regulations in Europe which open up access to individual system

turbine and photovoltaic installations. It is therefore becoming

VHUYLFHPDUNHWVIRUĠXFWXDWLQJIHHGLQRIUHQHZDEOHHQHUJLHV,Q

increasingly necessary that renewable energies are also invol-

Denmark, wind turbines are already providing balancing energy,

ved in the provision of system services. The reform of the REA

but access to the reserve power market remains protected. In

(Renewable Energy Act) has meant since the start of 2012 that

Ireland, wind turbines provide primary spinning reserve by

renewables are able to participate in the market. This explicitly

DFFHSWLQJHQHUJ\ORVVHV&KDQJLQJPDUNHWFRQGLWLRQVWREHQHğW

includes participation in the markets for the provision of system

fairer competitive conditions for all players represents a new

services. Within this context, balancing power is already being

challenge for operators, wind turbine and virtual power plant

provided successfully by biogas and hydroelectric power plants

manufacturers, and direct sellers. Many technical innovations

(exceeding 1 GW in total). Wind turbines have yet to contri-

have already resulted from this situation and are still being antici-

bute any balancing power however. This is mainly because the

pated. Such an integration of renewables not only does justice to

formalities for the balancing service market are not rendering

the pioneering role of Germany, it also substantially strengthens

participation possible.

the competitiveness of companies in the international context.

Since 2014, all renewables together provide more energy

This issue after all is about continuing the energy transition in its

WKDQDQ\RWKHUSRZHUJHQHUDWLRQWHFKQRORJ\>@5HQHZDEOHV YHU\QDWXUH3DUWRIWKLVLVWKHJUDGXDOĠH[LELOLVDWLRQRILQVWDOODtherefore represent the greatest pillar of German energy supply.

tions and the reduction of “must-run” power plants. Must-run

The resultant responsibility for reliable operation of the energy

generation, only on the grid to render system services, can be

supply system can only be perceived up to a point given the

UHGXFHGVLJQLğFDQWO\ZLWKWKHJUHDWHVWSRVVLEOHSURYLVLRQRIED-

H[FOXVLRQRIĠXFWXDWLQJUHQHZDEOHHQHUJ\'HVSLWHWKHVHFLUFXP-

ODQFLQJSRZHUIURPUHQHZDEOHHQHUJ\7KHDQDO\VHVLQ>@DUULYH

stances, the industry is aware of the problem and is proactively

at the conclusion that the must-run generation of thermic power

seeking solutions. For example, European energy supply com-

plants is up to 13.5 GW for the provision of balancing services.

pany Trianel announced in 2014 it would be addressing this

$FFRUGLQJWRDQRWKHUH[SHUWŁVUHSRUW>@WKLVPXVWUXQJHQHUD-

LVVXH LQ  7KH ğQGLQJV IURP WKH UHVHDUFK SURMHFW KHDGHG tion is between 8 and 25 GW. A capacity in the energy system
E\)UDXQKRIHU,:(6DUHğQDOO\EHLQJLPSOHPHQWHGLQSUDFWLFH

which cannot be addressed constantly with renewable energy
is therefore a reason to regulate renewable energy installations

Challenge of the electricity market design

HVSHFLDOO\IRUKLJKIHHGLQOHYHOVIURPWKHĠXFWXDWLQJIHHGLQRI

Minor adaptations to currently applicable market conditions

renewables). Paramount in the provision of balancing services

DUH EHLQJ GLVFXVVHG WR IDFLOLWDWH SDUWLFLSDWLRQ RI ĠXFWXDWLQJ from renewables is the fact that there is a high requirement for
feed-in of renewable energy. This is attributable not least to the

balancing energy when feed-in levels are high, something which

Green Paper / White Paper process of the federal ministry for

in addition could increase must-run load.

economic affairs and Energy (BMWi). In the adaptation of market
regulations, the needs of volatile generators must be addressed
adequately without at the same time restricting the opportunities
of existing market players.
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Balancing energy from wind turbines R&D project

7KH SXUSRVH RI FDOFXODWLQJ D UHOLDELOLW\ ğJXUH LV WR IDFLOLWDWH

,Q RUGHU WR HQDEOH WKH LQWHJUDWLRQ RI ĠXFWXDWLQJ UHQHZDEOHV TXDQWLğFDWLRQRIXQFHUWDLQW\LQDELGDQGWKHUHE\WRJXDUDQWHH
into the energy supply system, the Fraunhofer Institute for

that the spinning reserve actually held in reserve is below the

Wind Energy and Energy System Technology IWES carried out

quantity offered in only 0.01% of cases. Probabilistic forecasts

the “Balancing power from wind turbines” project. The project

are a potential tool for determining the reliability of bids from

was run in collaboration with wind turbine manufacturer Ener-

wind farms and manageable installations. These forecasts

con, wind farm operator Energiequelle and transmission system

return a wind farm or wind farm pool capacity which is attained

operators (TSOs) Amprion und TenneT. The goal of the project

RUH[FHHGHGZLWKDVSHFLğFSUREDELOLW\

was to develop and test a concept with which wind turbines
can provide balancing power cost-effectively. The project was

6KRZQLQğJXUHDUHWKHUHVXOWVRIDSUREDELOLVWLFIRUHFDVWIRU

FRPSOHWHGLQ>@

GLIIHUHQW VFHQDULRV 7KH UHOLDELOLW\ ğJXUH LV  IRU WKH
entire German wind farm pool. The nominal capacity is normal-

The process developed in this project shows the degrees of

ized to 1. The orange line shows the result of the probabilistic

freedom and restrictions with which wind turbines can parti-

day-ahead forecast - as balancing power which can be offered.

cipate in the balancing power market. The focus is placed on

The blue line is for the 1-hour intraday forecast. The red line

ELG SUHSDUDWLRQ DQG WULDOLQJ RI D QHZ YHULğFDWLRQ PHWKRG IRU is the actual feed-in level. Infringements of balancing power
rendering balancing power. At the end, the technical feasibility

bids by the day-ahead forecast would always be detected by an

RIWKHQHZO\GHYHORSHGYHULğFDWLRQPHWKRGZDVGHPRQVWUDWHG intraday forecast. This increases forecast reliability even further.
LQDğHOGWHVW
The use of probabilistic forecasts opens up new areas of busi7KHğQGLQJVVKRZWKDWLWLVSRVVLEOHWRRIIHUGD\DKHDGVSLQQLQJ ness for direct sellers and forecast providers. The provision of
reserve reliably with wind turbines. The technical realization of

balancing services is just one aspect. The expectation is that

WKHYHULğFDWLRQPHWKRGUHTXLUHVIXUWKHUUHVHDUFK7KHğHOGWHVW information gained can also be used for issues of portfolio
as part of the “Spinning reserve from wind turbines” project

assessment, meaning the advancement of renewable energy

showed that both ICT environments and installations themselves

system integration.

are essentially capable of meeting the requirements. The obstacles pertaining to installation connectivity and activation could

9HULğFDWLRQPHWKRG

be overcome in the project. This process is likely to be structured

A key issue in the provision of balancing power is the mechanism

PRUHHIğFLHQWO\ZLWKFRPPHUFLDOL]DWLRQ

to verify the feed-in of balancing power when it is required. The
current method, used by biogas installations and other spinning

Probabilistic forecasts create reliability

reserve providers, can only be deployed with restrictions for

The participation of wind power in the balancing services mar-

wind turbines. The call-off of negative tertiary control power is

ket requires that wind turbines offer spinning reserve with the

used below to explain the problem.

same reliability as existing suppliers. In Germany, a reliability
of 100% is required from participants in this spinning reserve

For manageable installations, the schedule registration is used

market. This stipulation cannot be met by any technical system

IRUYHULğFDWLRQRIVSLQQLQJUHVHUYHUHQGHULQJ7KHDVVXPSWLRQ

KRZHYHU $ UHOLDELOLW\ ğJXUH RI DW OHDVW  IRU UHQGHULQJ is that the schedule is attained reliably. The call-off of spinning
spinning reserve can be derived from empirical values available

UHVHUYH LV YHULğHG E\ FRPSDULQJ WKH DFWXDO IHHGLQ ZLWK WKH

from the TSOs.

SODQQHG IHHGLQ IURP WKH VFKHGXOH 9HULğFDWLRQ LV DFKLHYHG LI
the difference corresponds to the spinning reserve requested.
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Keeping to the schedule is a problem for wind turbines. Although



  

  
   
   

wind turbines have systematically reduced their balance com    

pensation errors since the introduction of direct selling, it cannot
be assumed that individual wind farms keep a constant value
over 15 minutes. This is regarded as problematic, especially at
times of strong wind gradients.
For a wind turbine to reliably keep to a schedule, it must be
curtailed. The degree of curtailment determines the reliability
RIWKHVFKHGXOHYDOXH7KHSULQFLSOHRIYHULğFDWLRQZLWKWKHVFKHdule is shown in Figure 2. The forecast normally used for direct
marketing is shown in dark green. However, a wind farm keeps

Figure 1: Probabilistic 1-hour forecast the 30 GW wind farm pool in

EDODQFLQJHQHUJ\LQUHVHUYHLQWKHğUVWTXDUWHURIDQKRXUDQG 2012.
so is regulated to the reliable schedule value of the probabilistic
forecast (in blue). The energy shortage quantities are factored
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into the bids for the spinning reserve market as opportunity
uneconomical. Furthermore, the regulated energy must be
replaced by fossil fuel plants. When a curtailment is carried
out, the turbine power is reduced by an amount equaling the

 "#

costs. This can quickly make the provision of spinning reserve

$ $  

balancing power bid to a value below the schedule which is
already curtailed. The level of the curtailed energy in provision
is strongly dependent on the forecast quality.
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7KHUH LV DQ DOWHUQDWLYH PHWKRG IRU YHULğFDWLRQ RI EDODQFLQJ )LJXUH9HULğFDWLRQRIUHQGHULQJQHJDWLYHWHUWLDU\FRQWUROFDSDFLW\
power without the need for curtailment. During provision, the

XVLQJWKHŃ6FKHGXOHńYHULğFDWLRQPHWKRG

wind farm is operated as in normal direct selling. During the
call-off, the wind farm is operated with differential capacity up
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to the maximum possible feed-in level. The maximum possible
feed-in level is the power which would have been fed in if the
ations would only regulate energy in the event of a call-off.
The determination of possible feed-in level currently represents

$ $  

 "#

ZLQGIDUPZDVQRWUHJXODWHG:LWKWKLVYHULğFDWLRQWKHLQVWDOO

a technical challenge however, and it is being addressed by
researchers and turbine manufacturers. Shown in the same
ZD\LQ)LJXUHLVWKHYHULğFDWLRQPHFKDQLVPXVLQJWKHSRVVLEOH
feed-in level.
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)LJXUH9HULğFDWLRQRIUHQGHULQJQHJDWLYHWHUWLDU\FRQWUROFDSDFLW\
XVLQJWKHŃ3RVVLEOHIHHGLQOHYHOńYHULğFDWLRQPHWKRG
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Business case for balancing service provision
  *$ +

Prices on the balancing power market could change if the
framework conditions for participation of wind turbines are adopted such that a business model for wind turbines results. This
means balancing power costs in the system fall without reliability
being impacted. The reduction of costs for provision and calloff of balancing power arise through the participation of wind
farms on the balancing services market. Expensive suppliers are
ousted from the merit order list.
Figure 4: Savings effects and potential additional revenues for wind

The economic effects of participation were addressed in the

farm operators through participation by German wind farm pool

“Spinning reserve from wind turbines” project using simulations

in negative tertiary control market in line with “Potential feed-in

IRUD*:ZLQGIDUPSRRO>@7KHOHYHOVRIZLQGIDUPELGV


level” method for different product lengths and reliabilities of bid

are determined in each case using probabilistic forecasts. The

for 2010

level of savings for the system and potential additional revenues
for suppliers depend on the framework conditions in question
SDUWLFXODUO\RQWKHLVVXHRIWKHYHULğFDWLRQPHFKDQLVP
Figure 4 shows the savings effects for participation of the German wind farm pool on the market for negative tertiary control
in line with the “Potential feed-in level” method for 2012.
Savings effects anticipated are shown as continuous lines.
Potential additional revenues for the wind farm operators from
WKHDQWLFLSDWHGSURğWVGXHWRSDUWLFLSDWLRQRIZLQGWXUELQHVLQ
the balancing power market are shown as dashed lines. In a
comparison, the “Potential feed-in level” method is proven to
be economically superior.
A savings potential of €13 million would have resulted for
JLYHQDUHOLDELOLW\ğJXUHRIDQGSURGXFWOHQJWK
RIbKRXU6DYLQJVZRXOGEHřPLOOLRQDQGřPLOOLRQIRUD
product length of 4 hours and 24 hours respectively. The
potential additional revenues in 2012 are €22 million (1 hour),
€19 million (4 hours) and €9 million (24 hours). This means the
EHQHğWVGHWHUPLQHGIRUDVWKHWRWDOVDYLQJVDQGSRWHQWLDO
addition revenues was €31 million, given a realistic assumption
of a balancing power block with a length of 4 hours.
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Summary
7KHJURZLQJVKDUHRIĠXFWXDWLQJUHQHZDEOHVZLWKLQWKHHQHUJ\
system is increasing pressure on decision-makers to transfer
PRUHV\VWHPUHVSRQVLELOLW\WRUHQHZDEOHHQHUJ\7KHUHPLWğUVW
of all is compensation of very short-term system imbalances.
Within this context, it has been possible for wind turbines to
prove their capability of performing in a system-supporting
PDQQHU ,Q RUGHU WR HQVXUH ĠXFWXDWLQJ UHQHZDEOHV DUH DOVR
capable operatively it is essential to set the course correctly. Not
least, the adaptation of market conditions by the Green Paper
process of the federal ministry for economic affairs and energy
is being addressed on a political level. The dynamics in technological innovations resulting from this change are directly linked
to Germany‘s pioneering role in energy system transformation.
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