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Balance Responsibility and Imbalance
Settlement in Northern Europe — An Evaluation

Reinier A. C. van der Veen and Rudi A. Hakvoort

Abstract— In liberalized power markets, balance responsibity
and imbalance settlement are two closely related exhents that
constitute the heart of a balancing market (whichs actually an
institutional arrangement establishing market-basedbalancing).
This paper aims to compare balance responsibilityrad imbalance
settlement in the Nordic region, Germany, and the Btherlands.
For this purpose, an overview is given of existingesign variables
and variable values in Northern Europe. Furthermore the effects
of different variables and values on four identifiel performance
indicators have been rated with the support of a assal diagram
of the balancing system. We conclude that differentdesign
variables create large differences in balancing met
performance in Northern Europe, with the Program Time Unit,
the scope of balance responsibility and the main ibalance
pricing mechanism having the largest impact.

Index Terms—balancing market, balance
imbalance settlement, balancing market design

responsibility,

I. INTRODUCTION

M

AINTAINING the continuous balance between electricityjifferences
production and consumption is a system operatiek tagymmarizes the findings and offers recommendatitms

two balancing market elements are closely reladed, form
the heart of a balancing market.

In this paper, we compare balance responsibilitg an
imbalance settlement in the Nordic region (Norw@weden,
Finland and Denmark), Germany, and the Netherlantd&h
we will refer to as 'Northern Europe'. Our main lgeato
explore the content and relevance of balancing etat&sign.
The evaluation of present differences in balanspassibility
and imbalance settlement in Northern Europe wiédskight
on this.

First, Section Il presents the main balance respiitg and
imbalance settlement design variables. Then, Sectlb
provides an overview of the present values of thes@bles
among the North-European regions. SubsequentlytjdBely/
presents a causal diagram of the balancing systgnth
identifies the basic system variables and causatioaships in
the balancing market. From this, four performanudicators
for balance responsibility and imbalance settlemeang
derived. In Section V, the effect of different \abie values on
these performance indicators are rated, which esalie
evaluation of the different design variables andpoésent
in Northern Europe. Finally, Section VI

of the Transmission System Operator (TSO) of a pow§ther research.

system. We define a 'balancing market' as an urnistital

arrangement that establishes market-based balanding

balancing market consists of three main elemerttesé& are
balance responsibility, balance regulation, and ailaatce
settlement, where balance regulation concernsritngion of
balancing resources by market parties, and ther dthe

elements concern making market parties responsibie
balancing.

Balance responsibility holds that
Responsible Parties (BRPs) are obliged to submierargy
program on the day before the day of delivery. he
imbalance settlement process, the BRPs are pedaliith an
imbalance price for deviation from this energy peog, which
gives them an incentive to balance their portfolibus, these
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II. DESIGN VARIABLES

From an extensive literature study on balancingketar we
have identified fourteen main design variables faixbalance
responsibility and six for imbalance settlemented3é design
variables are listed in Table 1, and are explalvedw.

so-called Balance

The first balance responsibility variable that istually

+ omnipresent in balancing markets is ffigram Time Unit

(PTU). The PTU is the time unit for which energy progsam
are submitted on the day ahead by the BRPs to &@ dnd
the unit for which bids of regulation power aretsenthe TSO
(which is outside the scope of this paper).

The scope of balance responsibility indicates to what extent
the market is made responsible for balancing bynohef the
nature and role of Balance Responsible Partieheénpower
system.

Looking at the process of notification, two impatta
deadlines for BRPs are discernable. The first is dghte
closure time (GTC) for the first energy program, i.e. the
deadline for the submission of a first energy paogrby the
BRP to the TSO. This deadline falls generally oag defore
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the actual day of delivery, the ‘preparation dayid applies to
all PTUs for the day of delivery. It enables theO'® check
the day ahead system balance.

The second deadline is tlgate closure time (GTC) for the

The determination of the imbalance price based hmn t
regulation power market price essentially meansaasfer of
the balancing costs to the Balance ResponsibléeBaifhe
main imbalance pricing mechanism is directly dependent on

final energy program, the time at which programs becomethe regulation pricing mechanism, i.e. the mechanised to

binding and unchangeable. After the final GTC, th80
becomes responsible for balancing. Usually, itassible for
BRPs to submit altered energy programs after st GTC,
for example when they have concluded new trangactar
better consumption forecasts become available. fiine
energy program will be used for imbalance settldmen

In correspondence with the different power marketfions
of production, consumption and trade there cant eiiferent
types of balance responsibility for different fuoas. In other
words, there can exist differertypes of balances in a
balancing market. If not, there is a ‘total baldnaecluding
production, consumption, and trade.

A last balance responsibility variable is concerméith the
guestion whether or not it is allowed for BRPs &véd energy
programs without a net imbalance of zero, or irepthiords, to
have anopen portfolio position instead of aclosed portfolio
position. If a closed position is obligatory, energy progsa
with a net imbalance will be rejected by the TSO.

TABLE |
DESIGN VARIABLES FOR BALANCE RESPONSIBILITY& IMBALANCE SETTLEMENT

Balancing market elements Balancing market vargble

Balance responsibility Program Time Unit (PTU)
Scope of balance responsibility
GTC first energy program
GTC final energy program
Types of balances
Closed/open portfolio position
Frequency of settlement
Main imbalance pricing mechanism
Regulation states
Single/dual pricing
One/two-price settlement
Alternative imbalance pricing

Imbalance settlement

In the imbalance settlement process, the deviatibthe
actual net energy exchange from the planned netggne
exchange is settled between the TSO and BRPs byswdan
imbalance price. This price is usually based ondearing
price in the regulation power market, and diffeer PTU.
BRPs with a negative imbalance normally pay theailahce
price to the TSO whereas BRPs with a positive iued
receive the imbalance price from the SEor each MWh of
deviation, a BRP must pay the relevant imbalancieepr
(expressed in €/ MWh).

The sooner imbalances are settled, the quicker BREs
faced with the financial consequences of imbalanddse

determine the regulation power market prices. largnal
pricing’ is used for pricing regulation power, timbalance
price can be equaled to this marginal regulatiowgyoprice.
However, if ‘pay-as-bid pricing’ is used, in gerletlae main
imbalance pricing mechanism applied is ‘averageimgi, i.e.
the weighted average of the bid prices of the atgiy bids
becomes the imbalance price.

The remaining imbalance settlement variables aée ho
do with the determination of the imbalance prides most
important aspect of imbalance settlemeRégulation states
represent specific states of the system imbalaocea fPTU,
which influences the determination of the imbalaquee.
Often, the regulation state for a PTU is just theain
direction’ of balance regulation: the directiontbé net system
imbalance, which is positive when more upward ratjoth
was needed during a PTU to restore the system @ambalthan
downward regulation, and vice versa. Then, the lariuze
price will be based on the price of regulation pouve the
main direction.

The application ofsingle pricing for imbalance pricing is
very much related to the use of the ‘main directiohthe
system imbalance. According to [1], single pricisgapplied
when either the price for upward regulationtbe price for
downward regulation from the regulation power markeised
for imbalance pricing for all PTUs. Whedual pricing is
applied, both regulation prices can be used foralance
pricing in the same PTU, depending on the reguiattate
(see the explanation for the Netherlands in Sedtlpn

The variable ofone/two-price settlement makes imbalance
pricing even more difficult. With two-price settlemt, BRPs
with an imbalance in the same direction as thennaiection’
of the system imbalance are faced with the dayimearket
price as the imbalance price. So, if the main dioecis
upward (positive), BRPs with a positive imbalaneeeive the
spot market price

Finally, there may exist special rules for imbakaericing
under specific, security-endangering circumstands. will
call thisalternative imbalance pricing.

Based on a literature study,
responsibility and settlement for the different thelEuropean
regions has been established. See Table Il. Thégrdes
variables explained in the former section have bmattined

OVERVIEW FORNORTHERNEUROPE

a survey of balance

variablefrequency of settlement indicates how often the actual for the different regions. For the Nordic regiomth the
payment process is executed, in which the imbalpagenents former values and the new values as from Januag0@9 are

between each BRP and the TSO are netted over tive enlisted, as this gives more information about pdssitesigns.
payment period. We will here elaborate on the variable values tleaiuire

explanation.
! This can be seen as the selling of ‘balancing powieen a BRP has a

positive imbalance and the buying of ‘balancing powwhen he has a
negative imbalance, as put forward by [3].

2 |If the regulation state is positive, the systems vighort’ and upward
regulation was needed (on a net basis).
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TABLE Il
OVERVIEW OF BALANCE RESPONSIBILITY AND IMBALANCE SHTLEMENT IN NORTHERNEUROPE

Harmonization
Nordic region

Balancing market variables Norway Sweden Finland  nriderk Germany Netherlands
as from January
1%, 2009

Balance responsibility

Program Time Unit (PTU) 60 minutes 15 minutes 15 minutes

Scope of balance responsibility entire entire entire most of outsourcing of entire market;

market market market wind imb. settlement;  full or trade
power by renewable energy accreditation
TSO by TSO
GTC for first energy program 19:00 D-1 16:00 D-1  16:30D-1  15:00 D-1 14:30 D-1 13:00 D-1
/ W-12
GTC for final energy program on agree- one 20 one hour 45 minutes 45 minutes one hour before
ment / minute minutes before before before / 16:00
afterward  before before D+1°

Types of balances total consump- total consumpt- production, total total
tion, pro- ion, pro- consumption
duction, duction, (incl. trade)
planned trade

Closed/open portfolio position not open / not closed closed closed

applicable closed® applicable

Imbalance settlement

Frequency of settlement weekly bi- monthly monthly monthly weekly
monthly

Main imbalance pricing mechanism  marginal average marginal

Regulation states main direction main direction variation-based

Single/dual pricing single single dual

One/two-price settlement one two two two two (pradiu one one

one (consum.)

Alternative imbalance pricing none during  during none violation of incentive
shortage shortage imbalance component
situations  situations settlement criteria

afor production / trade
bfor inter-area / intra-area energy exchanges
“before 2009 / as from 2009
The Nordic region Germany

Since 2002, a common regulating power market exidise
Nordic balancing region [2], which consists of Namw
Sweden, Finland and Denmark. Balance responsibéitg
imbalance settlement were however rather diffeaembng the
Nordic countries. For this reason, Nordel proposeghe first
harmonisation steps for several balancing markanehts in
2007, which became effective on Januafy2009. These
include a final gate closure time of 45 minuteobefthe PTU
of delivery, a production balance to which two-pric
settlement is applied, and a consumption balanoguging
trade) to which one-price settlement is applied [3]

Regarding regulation states, the Nordic region malee of
the ‘main direction’. This is related to the useswfgle pricing:
the imbalance price for a PTU is the regulation @owmarket
price in the same direction as the ‘main directiaf’ the
system imbalance [2], [4].

Sweden and Finland use alternative imbalance griain
shortage situations, which are PTUs in which fastiva
disturbance reserve or other special reservescneaid for
balancing purposes [4]. Norway and Denmark do renteh
special imbalance pricing rules in shortage situreti

In contrast with the Nordic region, balance regalain the
German balancing region has mainly taken placedénshe
four different balancing areas, each operated lseparate
TSO. However, common tenders for the reservation
balancing reserves appear to have been instaltzhttg [5],
among which a common tender for minute reserves
December 12006 [6].

The scope of balancing responsibility in Germangiudes
two peculiar features. First, it is possible foBRP to transfer
the responsibility for imbalance settlement to AroBRP [7].
This feature is probably related to the use of estprading
(see below). Second, TSO are obliged to take upnbal
responsibility energy following the Renewable Ernetgw,
which includes wind power and solar power. This wene
imbalance costs for renewable electricity productiare
socialized [8].

The GTCfor the final energy program is stated to be 45
minutes before the PTU of delivery, but if the miaog merely
contains intra-area exchanges the GTC is at 16®0ayafter
delivery instead [8]. This enables so-called ‘estpading’,
i.e. the trading of individual imbalances betweeRF3 in
order to mutually reduce these imbalances. Ex-p@sting
thus reduces the imbalance costs for BRPs. Bec#use
different areas should be balanced and the inga-ar

of

on
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exchanges should be controlled, this is not alloerdarea-
surpassing energy programs.

Finally, alternative imbalance pricing is used ierany
when ‘the TSO notices a wrong usage of regulatiogqy’,
measured by the violation of several imbalanceleseént
criteria. These include a frequent significant itabae,
striking shortage at times of a high power exchgmiee and
vice versa, clear and one-sided financial optinoratof
imbalance cash balances, and no equalized quahteulyload
balances for BRPs. According to the conceptual miBaa
Agreement from 2006, the TSO penalizes the BRPtHer
relevant PTUs by not giving any compensation fosifpae
imbalances and charging the double power excharige for
negative imbalances [7].

The Netherlands

The Netherlands forms a single balancing region tang
has its own, uniform balancing market rules.
A complex definition of regulation statés applied in the

Netherlands. According to the Dutch System Code th

regulation state for a PTU is 0 if neither upwaod downward
regulation is called; it is +1 if only upward regtibn is called,
and it is -1 if only downward regulation is callddowever, if
both upward and downward regulation are -called,
regulation state is, depending on the sequencebafnce
delta’s’ (which represents the minute-by-minute uatt
regulation volume), either -1, +1 or +2 [9], [10].

In the Netherlands, dual pricings applied. When the
regulation state is +2, the imbalance price for atieg
imbalances (BRP shortages) is based on the upwgrdation
price and the imbalance price for positive imbaten¢BRP
surpluses) is based on the downward regulatiore j1i0].

Finally, a special kind of alternative imbalancecimg is
applied in the Netherlands: the ‘incentive compdnédrhis is
an additive financial component that is included thme
imbalance price at times of a reduced system pedgoce
level. This performance level is based on two dateclated to
the amount and size of inadvertent exchanges witiero
countries and is checked weekly. If the performalesel is
not met, the incentive component becomes largaditg to
higher incentives for BRPs to be in balance. Themmnent is
reduced if the performance level is achieved, lannot be
lower than zero [9].

It is interesting that almost all of the designiahles lack a
uniform value in Northern Europe. The only exceptise the
portfolio position, which is a closed position idl ¢hree
regions. This suggests that there is no cleat \mdge’ for the
design variables of balance responsibility and ienfiee
settlement. In the next sections, we therefore mitlvide an
evaluation of the different variable values.

V. SYSTEM VARIABLES AND PERFORMANCE INDICATORS

The balancing market incentivizes market partiesfetel
responsible for, and contribute to, the balanciry ttee
electricity system. Fundamentally, this is estdigds by the
balancing market rules giving market parties finahc

incentives to do so. In order to evaluate the ¢dfexf the
design variables, we need a set of performanceriejtand
knowledge about the balancing market mechanismth B
provided by the causal diagram of the ‘balancingtey’ in
Fig. 1.

Preparation for a specific PTU starts with the sision of
energy programs. The more accurate these progthengwer
the net system imbalance will be, which means teas
regulating power needs to be procured. This reguléslower
‘regulation price’ (regulation power market pricepnd
therewith a lower imbalance price emerges for thatJ.
Together with the lower BRP imbalance volumes, thil
lead to lower imbalance costs for BRPs, which atdesl after
real-time. The imbalance costs form an indicatidn tlee
financial risks BRPs are faced with for future PTUmswver
costs stimulate BRPs to diminish deviations fromergg

+
i Ac;:ﬁ(r:r\cy & Net system + r’;"iﬁ:{;d o | Regulation
v imbalance i 9 9 - price
programs power
+
- +
+
. BRP Amount of - Offered el
imbalance internal »| regulating X
) price
volumes balancing power
+
the | t oy
Program .
adaptation & + | Financial risk | = .Stablmy i ? Imbalance
— - -t imbalance & * costs for
intraday for BRPs 5
price BRPs
trade
gyt ]

Fig. 1. Causal diagram of the balancing systeroluding the fou
identified performance indicators for balance respongibilgnc
imbalance settlement (grey). A '+' means a positaesal relationshi
The presence of several feedback loops makes thigamic systel
with mutually interdependent performance indicators

programs. This could be done by adaptation of gnerg

programs before final gate closure time, improyingdictions
and increasing intraday trade, but also by increpghe
amount of internal balancing. Internal balancingaal-time
regulation by BRPs to reduce individual imbalandm
increase of internal balancing will also reduce éineount of
offered regulating power (balancing bids), as BREsp the
remaining, unused production capacity for themsglirestead
of offering it on the regulation power market. Té$tability of
the imbalance price actually represents the dyrmrnofcthe
imbalance price, and thus does not really involveaasal
relation.

From this representation of the balancing systere, w

identify four performance indicators for the evdioa of
design variables for balance responsibility and alabce
settlement. These are the accuracy of energy pregrBRP
imbalance volumes, the imbalance price, and thieilgyaof
the imbalance price.

The accuracy of energy programs is important for the TSO
to ‘assess the expected network security and sybtdance
situation and prepare for the required actions].[Ii1 the end,
the TSO is responsible for balancing the systerd, iarall
BRPs would stick to their energy program, this wonbt be a
difficult task.
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BRP imbalance volumes are important for the BRPs, as
deviations from energy programs are settled withridevant
imbalance price. Whereas for the TSO the accuraty o V. EFFECTS ON PERFORMANCE
programs at gate closure time is important, BREsSraerested
in the final imbalance volumes, which are possitifferent.
This different actor perspective justifies the usibn of this
variable as a second performance indicator.

Thirdly, theimbalance price level determines the price paid
per MWh of individual imbalance. The imbalance pris the
main financial incentive in the balancing marketarket

It may be easily observed that the balance respitibsi
design variables affect the accuracy of energy namog and
thereby the BRP imbalance volumes, and that thelmnice
settlement design variables influence the imbalgése and
thus also the stability of the imbalance price. drder to
evaluate the differences in balance responsibilagpd
: : . X imbalance settlement in Northern Europe, we hatedréhe
parties base their market strategies on the exgpéctealance effects of the existing variable values on the genfince

price level, taking into account the financial rifkimbalance. indicators, by comparing different values with eather. See
Finally, the stability of imbalance price provides a tgpje .

performance indicator as well. If the imbalancegriloes not
fluctuate much on a PTU-to-PTU basis, the stabitifythe
imbalance price can be said to be high. An unstafik@lance
price creates more uncertainty for BRPs, and tbesef
increases the financial risk for market parties.

An increase of the Program Time Unit from 15 masuto
60 minutes has a very large positive effect onateuracy of
energy programs, and thus also on the BRP imbalance
volumes: the accuracy increases, because instanisne
imbalances can be more easily evened out by BRRs. T
imbalance price level is reduced as a result, afhomore
weakly, due to the stabilizing effect of the feecldoops.
However, the much larger PTU greatly reduces flaiitun of
the imbalance price.

The effect of shifting balance responsibility feanewable
energy to the TSO has been rated as very largalfdour
performance indicators. This is related to the darg
contribution of wind energy to the system imbalaniethe

Two important conclusions can be drawn from theaesgs
analysis above. First, there are several negatieélfack loops
in the balancing system, according to the causagrdm.
These negative loops may lead to some stabilizatiothe
values of the system variables, although the sgithaature
of the net system imbalance will lead to quite edtable
fluctuation of the system variables on a PTU-to-Ph&sis.

This also holds for the performance indicators. TSO takes responsibility, the wind power is ‘remtviom

Secondly, we can see that one should not Striv@m®v o pajancing market. The accuracy increases, dmd t
maximizing/minimizing the values of the performance paiance price goes down

indicators, but to ‘optimal’, balanced values. THislds
especially for the imbalance price and the priedifity. This
is highly related to the quality of the incentives BRPs,
which is high when they reflect the balancing neswus costs.

A final design variable with a very large effecaismfound to
be the main imbalance pricing mechanism. If maigimiing
is applied instead of average pricing, the imbagmices will

TABLE Ill
RATING OF THE EFFECTS OF BALANCE RESPONSIBILITY ANDMBALANCE SETTLEMENT VALUES ON PERFORMANCE
Balancing market variables Reference Rated value Effect_on_ performance Magnitude of
value indicators effect
Performance indicators2® A \Y P S
Program Time Unit (PTU) 15 minutes 60 minutes ++ - - ++ very large
Scope of balance responsibility Entire market Reisevenergy TSO ++ -- -- ++ very large
Qutsourcing imbalance settlem. 0 0 0 0
Full/trade accreditation 0 0 0 0
GTC for first energy program 13:00 D-1 19:00 D-1 + - 0 0 small
W-1 for trade 0 0 0 0
GTC for final energy program 45 min. before 60 nfiafore - + + 0 large
16:00 D+1 - - + -
Types of balances Total Production + consumption -+ 0 0 small
Closed/open portfolio position Closed Open - 0 0 0 small
Frequency of settlement Weekly Bi-monthly 0 0 0 0 erpsmall
Monthly 0 0 0 0
Main imbalance pricing mechanism Average Marginal + + - ++ - very large
Regulation states Main direction  Variation-based + - + - large
Single/dual pricing Single Dual + - + - large
One/two-price settlement One-price Two-price setéet + - + - large
Two-price (p) & one-price (c) + - + -
Alternative imbalance pricing None Activation spaieserves 0/- o/+ 0/- 0o/+ small
Violation of settlement criteria + - - +
Incentive componeht 0/+ 0/- 0/+ 0/-

#A= accuracy of energy programs; V = BRP imbalandemes; P = Imbalance price level; S = Stabilitjnabalance price

Prating of the (objective) effect of variable vaduen the performance indicators: ++ = very positffect, + = positive effect, 0 = insignificantffet, - =
negative effect, -- = very negative effect

‘the impact of this variable value depends on tagifency of application of the alternative imbalapieing: insignificant / significant
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go up, which drives BRPs to reduce program deviatio
Imbalance price stability decreases, because offyiagpthe
marginal regulation price as the imbalance prichiclv will
show more fluctuation than the average accepted bid

Subsequently, there are four design variables lhat a
large effect. Firstly, a small change in the fir@QTC can
already have a large impact, because most imbalamoeur
unexpectedly, and a later GTC gives BRPs more ftime
reduce individual imbalance. If the final GTC ideafreal-
time, BRPs can trade off imbalances with each otiwvhich
reduces BRP imbalance volumes, but also ex anigramyc of
energy programs, from the perspective of the TSO.

The other three design variables with a large effelate to
imbalance settlement and are interrelated. The nelefi
regulation states determine the potential for amgaict of
single/dual pricing and one-two price settlemenérigtion-
based regulation states, dual pricing and two-ps&tement
all lead to improved accuracy, because of the targentives
given to BRPs through the higher imbalance pricEse
resulting internal balancing and the more compdidgpricing
mechanisms will lead to lower price stability.

The remaining design variables are estimated tp loawe a
small effect. The effect of the frequency of setémt is
mainly psychological, as it does only influence thements of
settlement, not the total imbalance costs. The ainpez
alternative imbalance pricing largely depends enfthquency
of occurrence of activation of special reservesglation of
criteria, or activation of the incentive component.

TABLE IV
BALANCING MARKET PERFORMANCE AMONGNORTH-EUROPEAN REGIONS
P(_erfqrmance Nor_dlc Germany Netherlands
indicator region
Accuracy of Very high Moderately low  Moderately low

energy programs

BRP imbalance Very low Moderately Moderately
volumes high high
Imbalance price Moderately  Very low Very high
level low

Stability of Moderately  Very high Very low
imbalance price  high

Comparing the existing variable values for balanc]

responsibility and imbalance settlement among tharthiN

European regions with the rated effects in Tablewk can

draw some conclusions on the expected differenaes
balancing market performance for these regions.

Adding up all effects of existing variable valués the
North-European regions using Table |ll,
indication of differences in performance of
responsibility and imbalance settlement in TableA¥ can be
seen, the conducted evaluation indicates that treiblregion
shows a relatively high accuracy of energy programs low

BRP imbalance volumes. Germany has a relatively loif!

imbalance price level and high imbalance price ibtab
whereas the Netherlands has a relatively high iamzad price
level and low imbalance price stability. This susfgethat the
Nordic TSO has a relatively easy job in maintairting system

we obtain a
balancé’]

balance, whereas BRPs in the Netherlands are fadgd
relatively high financial risks.

VI.

The overview of balance responsibility and imbaéanc
settlement in Northern Europe has shown that trist many
different rules among countries for these two baitagn market
elements. An evaluation of the effects of the desigriables
on four performance indicators has revealed thaseh
different rules can be expected to result in ladifierences in
balancing market performance.

The most influential design variables are foundoéothe
Program Time Unit, the scope of balance respoiisiband
the main imbalance pricing mechanism. Viewing tleéfects
and the existing variable values in Northern Eurape expect
the Nordic region to have a relatively high accyratenergy
programs, Germany to have relatively low imbalapcees,
and the Netherlands to have relatively high imbadaprices.
These can be used as hypotheses for the compaoison
balancing market performance among different (North
European) balancing regions, using real balangmstem data.

Furthermore, the evaluation has provided proof thud
relevance of balancing market design. Althoughltakancing
system forms a complex whole of variables and
interrelationships, conscious design of balanciragkets has
the potential to improve balancing market perforogan

In further research, we plan to add a quantitadivalysis of
balancing system data in order to analyze balanoiagket
dynamics and performance. This would contributethe
creation of a solid theoretical basis on balancmgrket
design, which will support the design process ofafiging
markets for improved performance.

CONCLUSIONS
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