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Balance regulation handles the provision of reguigpower
Abstract-- Integration of regulating power markets of different needed to resolve system imbalances by marketepattithe
balancing regions has a potential to reduce the dssof balancing palance providers. In a regulating power marketarze
within multinational power markets by exchange of egulating providers submit regulating power bids with a dertaid
power between the§e regions. Qurrently, most reguiag power volume and bid price that are activated in merieorby the
markets are operating on a national level so thatxehange of . .
regulating power between regions is minimal. This @per TSO when needed for system imbalance resolutionstMo
investigates the potentials for reduction of totabalancing costs by countries have nowadays a national balance manageme
creation of multinational regulating power markets studying the mechanism and also regulating power market, ancefire
case study of Northern Europe; the Netherlands, theNordic there is not much exchange of balancing servicasdas
region and Germany. An optimization model is builtto analyze balancing regions. During recent years, there lmen many

the effects on total balancing costs — the costs igaby a discussions at the international level regardirgjlifation of
multinational TSO to the providers of regulating paver. Based on 9 g

the numerical results, total balancing costs can deease by 100 Cross-border balancing exchanges and creation tegriated

million Euros per year when enough interconnectiorcapacity is Mmultinational balancing markets in order to useabeing

allocated to balancing trade. Furthermore, total anount of resources in a more regionally efficient way.

activated regulating power is reduced due to supptive power European Regulators Group for Electricity and Gas-

exchange. Finally, the use of the uniform pricing mchanism leads ERGEG provides guidelines of good practice for tieity

to frequent congestion of interconnection lines du¢o balancing balanci kets int fi hich ist licy-

trade. On average, regulation power prices stay whin the same alancing markets in (?gra 1on w 'C, con3|§ s ofegatpo '?y

range. related recommendations on design of integrateadnialg
markets with special emphasis on improvement ofaifmmnal

Index Terms— Frequency control, international trade, security of the system, efficient allocation of sseborder

optimization methods, power system security. capacities, and market efficiency and competitibh nion
of the Electricity Industry-EURELECTRIC advocates a
. INTRODUCTION sequential approach in order to achieve integratfdntra-day

ALANCING is a (near) real-time power system operati and balancing markets across borders [2]. The tepentions
function conducted by the Transmission System Qperathe need for establishment of national and crosddydiintra-
(TSO) that handles the balancing of electricity m@ypand day” markets, and in parallel, introduction of metrbased
demand in a power system. The market-based balaptecurement mechanisms for reserve and balancinvgerpo
management mechanism (Balancing Market) in a powwith sufficient harmonization of the key issues thiese
system is a set of institutional arrangements dpdrhy the markets in order to allow, as a further step, thess-border
TSO that creates market-based balancing of theersystt optimization of balancing markets [2].
generally consists of three main elements: balanceEuropean Transmission System Operators-ETSO focuses
responsibility, imbalance settlement, and balaregulation. on facilitation of cross-border tertiary controlngees and
The first two make sure that there are market @artianalyzes the consequences of the steps in integrafi the
responsible for balancing their schedules (balaasponsible corresponding markets considering four different deis
parties) and that they will have incentives to miigie their (related to different levels of cooperation/intdgna) [3].
imbalance, by charging a financial penalty to ampalance. Although the report mentions that it is extremeifficult, if
not impossible, to quantify these effects, it redngs main
This work is funded by the Next Generation Infrastures Foundation as .Cha”enges_. n . markets . mt?gratlon to pe product
a part of the international project “Balance Mammgat in Multinational INcOmpatibility, differences in price structure dadifferences
Power Markets”. in procurement mechanisms of system operators ftérelint
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supported by changes in existing legal, regulatorgl inter-
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TSO arrangements as far as necessary [4]. Bas@deoious the time frame of seconds to typically around 1Butes.
reports, EURELECTRIC analyzes the balancing marketsc) Tertiary Control Service refers to manual changes in
integration problem in more depth and focuses endisign dispatch and commitment of generating units. @grtcontrol
of markets for procurement of balancing servicas @oposes resources may directly be used to restore the balbatween
a design model for the capacity and energy markdts generation and consumption when secondary corstnehable

balancing services without any distinction betweltfifierent
services with different characteristics [5].
Beside the literature reviewed above, which coredrigh

level policy-related guidelines and recommendatioms
balancing markets integration
comprehensive  studies addressing various

institutional and economical challenges of inteigrat of

to maintain the balance (sufficient secondary reses not
available in case of large contingencies). Thevatitn time
of tertiary control services varies from severalnatés to
hours.

as a single problem, Regulating power is the balancing service related t
technicgdcondary control and can be activated automati¢iallcase

of AGC), or manually. Primary control service is inta

national balancing markets are missing. Since,ontrast to deployed for capacity purposes that is aimed auring
wholesale electricity markets, e.g. day-ahead ntsrkesecurity of the system and delivers only a margambunt of
balancing markets are not single markets with oimgles energy in real time, because the time length of dbevice
product to be traded in the market, the processtefiration is deployment is in the matter of seconds and it isclkiy
much more complicated and every element of balancireplaced by activation of other slower resourceshsas

markets needs to be studied and analyzed sepanateigre
details. This paper is focused on the markets focyrement
of regulating power (as the main service procucethdlance
the system) and investigates the economical valfie
integration of national regulating power marketse \Ahalyze
the potential reduction of balancing costs (a comembd of
system security costs) as the result of integrasegarate
regulating power markets at the national level ndeo to
create multinational integrated markets for promeet of
regulating power.

The structure of the paper is as follows: In sectiothe
issue of regulating power market integration iscdégd in
more detail. Section Il provides a description tfe
optimization model built and used to analyze tHeat$ of the
integration with. Section IV provides the modeluies and
finally, in Section V the conclusions are presented

Il. REGULATING POWER MARKET INTEGRATION

Regardless of differences in terminologies andnitéins
used in different systems, based on objectivebefttivation
of services and the general response speeds, itiaeetypes

regulating power (secondary control). On the othand,

tertiary control service is procured in order tolienee

congestions in the network, to replace other batanc
resources and in case of insufficient secondarytrabrio

recover system’'s frequency (severe contingencies) aa
balancing resource to balance the system. Thusindacy

control is the main type of balancing service aimad
resolving imbalances in the system and deliversifégnt

amounts of energy in real time. Balance providetsrst their

bids for regulating power (the product to be tradedthe

market) to the regulating power market and the esyst
operator, as the single buyer entity, buys the iredquamount
of regulating power based on the needs of the syételume

and direction of imbalance).

Upward regulating power is the regulating powervited
by increase of production or decrease of consumpind is
needed when the system imbalance is negativee@yttem is
‘short’. Downward regulating power is the regulgtipower
provided by the decrease of production or increase
consumption and is activated when the system imlelas
positive, or the system is ‘long’.

of services used to maintain balance between load a Activation of bids from the bid ladder (a virtualleme in

generation can be identified in all power syste@1:

which regulating power bids are ordered) in pricgeo means

a) Primary Control Service which is a local automatic that bids with the lowest bid price of upward regulg power

control that adjusts the active power generatiogenferating
units to quickly restore the balance between géioerand
consumption within the synchronous area, usingitterspeed
or turbine governors. In particular this controldissigned to
stabilize frequency after large generation or loathges, and
therefore it is indispensable for the stabilityttod system.

and the bids with the highest bid price of downweaaglulation
power are activated first. This is because progiddgrupward
regulation are paid by the TSO, while providersioivnward
regulation pay the TSO (unless the regulation prise
negative).

The “regulation price” is the price with which aetted

b) Secondary Control Service which restores the balancingr€gulating power is settled in a regulating powearket. In a

area’s frequency and interchanges with other ateatheir
target values following an imbalance, without imjyey the
primary control that is operated in the synchronsystem in
parallel but by a margin of seconds. While primapntrol
limits and stops frequency deviations, secondangrobbrings
the frequency back to its nominal value. Secondamtrol
makes use of a centralized generation control, fyiodi the
active power set points/adjustments of the germratets in

time period where only upward regulating power han
activated an upward regulation price can be deterchbased
on the pricing mechanism used (marginal or payids-the
same holds for downward regulation.

The value of regulating power market integration is
expected to lie mainly in the direction of balamrinosts
reduction. This cost reduction can be expectedusecaf the
exchange of regulating powdretween balancing regions,



since regulation resources will be used in a megionally
efficient way and the cheapest regulating powes lmdn be
selected on a multinational level. In addition, leexage of
supportive power can also reduce balancing cosigp@tive

power exchangés interregional power exchange that offsets

the regional imbalance of both the importing areldlporting
country, and which does not require any activatioh
regulating power bids. In other words, when oneareds long
and the other is short, the surplus power can ftothe region
with the power shortage, when enough
capacity is available. We will use the term “balagdrade” to
indicate the interregional exchange of both regujapower
and supportive power.

The case study to be analyzed is regulating povakeh
integration of three balancing regions within Nerth Europe
(the Netherlands, the Nordic region and Germanyg. Weve
considered in the model a fully integrated regatatpower
market, where only one entity (a multinational TSRys
access to all regulating bids in the system andddeowhich
bids are activated. At each time unit, the thregores have a
certain national imbalance, which must be resoluad
activation of regulating power. Our goal is to fitiee optimal
set of activated balancing power in each of thesasathat
minimizes the total balancing costs.

We formulated the problem of minimizing total balany
costs in the considered areas as an optimizatioblgm with
total balancing costs as the objective functiortallbalancing
costs is the sum of individual costs in each ardéchvis
calculated as the product of the activated reqdatiapacity
and regulation price.

The prices are calculated using uniform pricinge(liis
already used in the common Nordic regulation powvarket).
Uniform pricing is based on the following principle

« If there is no congestion or only one line congé'sta
uniform price is used for the whole system whicthis highest

M ODEL DESCRIPTION
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Fig. 1. lllustration of the modeled system

The modeled system consists of three balancingmegthe
Netherlands (area 1), Nordic region (area 2), amdntany
(area 3), and three interconnection lines; oneeivben each
pair of regions. Figure 1 illustrates the system.

Interconnection line 12 (from the Netherlands te Mordic
region) is the Nor-Ned cable, which has a capaeftyr00
MW. The capacity assumed for interconnection 2théssum
of two interconnection capacities between Germamy the
Nordic region: Germany-Sweden (600 MW) and Germany-
Eastern Denmark (600 MW). The capacity for Interamtion
13 is based on the capacity between the Netherlands
Germany available for power trade which is 2,600 MW

To include national imbalance volumes into the nhode
derived two imbalance volumes for areas 1 and 8 (msitive
and one negative for each area), and three imbaaoiames
for area 2 (one positive, one negative, and one)zdihese
volumes are based on real historical data on thivaded
secondary control capacity from year 280To obtain the
negative imbalance volume, we took the average hef
activated upward regulation. The percentage oftithes that
upward/downward regulation was activated is usedthas
probability of occurrence of the negative/positimebalance.
For the Nordic region, we found that during 20.68the time,

—

price among the national prices for activated upwathere was no regulation power activated at allifnbalance).

regulating power, and the lowest price among thiéonal
prices for activated downward regulation power.

* If two lines are congested, the system is splib itwo
price areas.

« If all three lines are congested, the system i# sptb
three price areas.

Several constraints have been applied to the b
model.

a) All countries must be balanced as a result of atitm of
regulating power.

Table | shows the national imbalance volumes ddriand
their corresponding probability of occurrence.

Based on the national imbalance volumes and prbtiedi
of occurrence shown in Table | we composed twelases
which incorporate all possible combinations of ol
imbalance volumes. The accompanying probability this
case is the product of the corresponding probadslitof
occurrence of each national imbalance. Therefonbalance
resolution is represented during a whole year thidse twelve
cases. See Table Il

b) The maximum interconnection capacity available for

balancing trade should not be violated.

¢) The activated capacity in a country is not unlichite
Control variables of this optimization problem asgulating
power activated in each area and the interconmedttamsfers
related to the trade of regulating power.

2 Data retrieved from the web sites of Nord Pool ywmordpool.org),
Statnett (www.statnett.org), TenneT (www.tenneforBWE (www.rwe-
transportnetzstrom.com), EnBW (www.enbw.com), \feet

L If one line is congested, all three areas arkcstilnected to one another (www.vattenfall.de), and E.On (www.eon-netz.comeh4ftes visited in June

with non-congested lines.

2008.



TABLE |

NATIONAL IMBALANCE VOLUMES AND THEIR PROBABILITY OF OCCURRENCE

National imbalance Probability of
volumes (MW) occurrence (%)
Netherlands (1) +90 ‘ -85 55.4| 44.6
Nordic region (2) +27c1 -385* 0 32.‘7 46‘7 206
Germany (3) +550 ‘ -570 59.7| 40.3
TABLE Il

THE TWELVE DIFFERENT CASES- NATIONAL IMBALANCE VOLUMES AND
PROBABILITY OF OCCURANCE

4| 5| 6| 7| 8 9 1 1 12
90| -85/ 90 | 90 -85/ 90 | 90
270|270|-385270f 0 | O| O| O
-570 550| 550|550 550|-570 550
0.070.09/0.15/0.1110.04{0.05/0.05/0.07

cases 1 2| 3
Netherlands -8% 90 | -85
-385/-385 270|-

-57p570-570 550
0.080.100.06/0.12

Nordic reg

Germany

Probability

IV. MODELRESULTS

The main objective of this analysis is to invedtgshe
effect of regulation power market integration ie tmentioned
countries on the total balancing cost of the rasglintegrated
system. The change of total balancing costs dependthe
possibility of transferring regulating power betwet¢hese
countries through interconnection lines. Thereftine,amount
of interconnection capacity available for balandirage plays
a decisive role in the economical value of the Itegy
integrated regulating power market.

Figure 2 shows total annual balancing costs (takimg
account the twelve different cases and their pritiieb of

4

As can be seen from the figure, total balancing ceduces
with a much higher rate in the beginning and ag@%o the
total cost is constant. It means that there is ghou
interconnection capacity for transferring balancipgwer
between the three areas and the minimum pointdahed, so
increasing the interconnection capacity availaloesdnot help
to reduce balancing costs.

The change of balancing costs in terms of intereotion
capacity available is totally different for differtecases. As an
example, in Figure 3 the balancing costs are repted for
cases 2 and 4, both in Euros per hour and in miliaros per
year. This last unit only serves to enable a cormmpamwith the
total annual balancing costs (shown in Figure R)isinot
realistic since we have represented one wholewihartwelve
cases (twelve set of imbalances) so it is not ptessio
calculate the annual cost with just one case. Bse @ the
balancing cost decreases after regulating powerkehar
integration, but this cost appears to rise agateraf.5% of
interconnection capacity made available for balagdrade.
This is caused by the uniform pricing mechanisme th
integration makes the exchange of supportive agdla&ng
power possible, but when there is no congestiom,utiform
marginal price will lead to higher regulating pscéhigher
total cost) than in case of congestion. This hapjatause of
the jump of prices in cheaper areas to the pricesxpensive
areas when there is no congestion (more intercdionecs
made available).

The analysis shows that using this pricing meclmnis
order to minimize the total balancing costs thdroizer tends

occurrence) as a function of percentage of the | tof§ congest some interconnection lines to have rdiffeprices
interconnection capacities between these countfies is in different areas and to avoid activating this cing
available for balancing trade. This can be theramenection Mechanism which leads to jump of prices in cheapeas. So
capacity not used in the day-ahead/intraday marketthe there might be some unnecessary congestion crégtee-
capacity allocated to balancing. One can see tmattotal routing balancing power as a result of the pricimgchanism.
annual balancing cost before regulating power marke For case 4, the costs reduction can be explained farge
integration is about 180 million Euros per yearrfesponding part by the exchange of supportive power. In thiseg there is
to no interconnection available), and drops dowlowel00 a total negative imbalance of -470MW in the Netheds and
million Euros per year when 10% of interconnecté@pacity the Nordic system, and a positive imbalance of ABB0In
is available for balancing. This means a balancawst Germany. If enough interconnection capacity is lawée,
reduction of about 80 million Euros per year. there will be a possibility of 470MW supportive pemw
exchange from Germany to the other two areas whiith
offset national imbalances and will lead to a mebalance of
+80MW which will be resolved by procuring 80MW of
downward regulation from the cheapest resourceshi
system. Finally, in both cases there is no comgestnymore
when 30% or more interconnection capacity is ablao
balancing trade, which means that the cost redugaiential
from balancing trade has been reached; the cose wlles not
change any further.

Figure 4 illustrates the activated regulating power
different areas for cases 4 and 10. Similar torizhg costs,
the actual capacities activated for production @jufating
power differ per case and per percentage of interection
capacity allocated to balancing trade. In Figureofe can see
an example of reduction of regulating power acibratas a
result of increasing exchange of supportive power.
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Fig. 2. Total annual balancing costs



Case 2 (NL:+90 MW, NO:-385 MW, DE:-570 MW) Case 4 (NL:-85 MW, NO:-385 MW, DE:+550 MW)
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Fig. 3. Total annual and hourly balancing costsfocase 2 and b) case 4

As can be deduced from Table Il there is a poteftia  The tables show that the total average activatgdlating
supportive power exchange of 470 MW in case 4, wiidhe power decreases after regulating power market ratieg due
largest for all cases. The available interconoectapacity to the exchange of supportive power. Furthermdre,tables
enables transfer of supportive power that offseasional and overall results show that Germany provides batbh less
imbalances with a low activation of regulating powetotal. upward and downward regulating power when thermase
The remaining +80MW of imbalance in Germany is hestb opportunity for balancing trade; its needed regugapower is
by activation of downward regulation power from th@nported from other areas. A second trend is ameasing
Netherlands. In case 10, on the other hand, thengiat for provision of downward regulation by the Nordic gifor
supportive power exchange is only 85 MW. Howevehigher percentages. Although the amount of Norgiward
considerable regulating power trade occurs alshigncase, as regulation power decreases from 10 to 20%, it resgain if
can be seen from the changing activated capaditi€$gure even more interconnection capacity is availablebflancing
4b. In this case, the main needed downward regglgtower trade. The Netherlands provides both more upward an
is exported from the Nordic region, and to a smadietent downward regulating power after the integration.
from the Netherlands, to Germany. This is becaushigh When comparing the average regulation prices frbm t
downward regulation prices in the Nordic regione@best tables it can be seen that while the upward reigulatrices in
resources for downward regulation) compared to @eym the Nordic region and Germany reduce, there isarease in
For 20% and 30% there is no congestion anymoreadirttie upward regulation price in the Netherlands, whigtbécause
German demand for downward regulating power isligethe of increase of the activated power. On the otherdhdor
other two regions. downward regulation, the prices in the Netherlandd the

In order to investigate the effect of integration the Nordic region decrease (less profit for the systgmerator)
activated regulating power and related regulatigees in the and the price in Germany has a relatively smalidase.
three balancing areas, it is needed to differentlagtween To conclude on the change of activated regulatiogyep
cases where upward and downward regulating powee hand regulation prices after integration, one cam that the
been activated. These cases differ per region. adtiwated amount of regulating power activated decreases oial,t
upward regulating power and upward regulation riéer because of supportive power. The results do showegcends
each area are shown in Table Ill and the activdtadinward for the individual countries with respect to capiasi and
regulating power and downward regulation pricessii®@vn in prices under increasing percentages of allocated

Table IV, both for three different percentages ahterconnection capacity, but with different masyirand
interconnection capacity allocated to balancindera continuity.

Case 4 (NL:-85MW, NO:-385MW, DE:+550M W) Case 10 (NL:-85 MW, NO:0 MW, DE:+550 MW)
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TABLE lll
UPWARD ACTIVATED CAPACITIES AND PRICES OF DIFFERENT AREAS FOR
THREE DIFFERENT INTERCONNECTION CAPACITIES AVAILABE (0%, 10%AND

20%)

Upward Capacity (MW) Price (€E/MWh)
regulation 0% 10% 20% 0% 10% 20%
Netherlands 85 199 181 414 61.8 58.4
Nordic region 385 276 203 49.9 40.4 34.3
Germany 570 234 180 80.1 66.4 64.5

TABLE IV

DOWNWARD ACTIVATED CAPACITIES AND PRICES OF DIFFERENT AREAS FOR
THREE DIFFERENT INTERCONNECTION CAPACITIES AVAILABE (0%, 10%AND

20%)

Downward Capacity (MW) Price (€/MWh)
regulation 0% 10% | 20% 0% 10%]  20%
Netherlands -90 -122 -114 23.5 15.4 17.4
Nordic region -270 -214 -374 37.7 41.2 31.0

Germany -550 -296 -228 12.2 13.9 14.4

Only for Germany, with the most expensive regulatio

resources and typically large amount of imbalandesan
generally be said that activated capacity is redueed
regulation prices change favorably from the TSOainp of
view when more balancing trade is possible.

Finally, we give an example to analyze the efféatraform
pricing mechanism in action. Figure 5 is focusedcase9;
Figure 5a shows regulation prices and Figure 5lwshehat
percentage of the total interconnection capacigilable for
balancing is actually used (for all the three iot&mection
lines). So 100% on the vertical
corresponding line is congested.

In case 9, region 1 and 3 are short and regions2zkeo
imbalance. When the interconnection capacity aluksldor
balancing is less than 10%, all the lines are cstegethat
leads to three different price areas. But whereastl 10% of
the interconnection capacity is allocated to batamdrade,
interconnection line 31 is not congested anymaading to
two price areas: the Nordic region and Germany-&itdhds.
So the regulation prices in the Netherlands andm@ey
converge at 10%. Lines 12 and 23 are still congesttil
20%. When at least 30% of interconnection capadsty
allocated to balancing trade, none of the linescamgested,
leading to one uniform price (convergence of alt¢s).

6

After all, as Figure 5a illustrates clearly, whehet
‘cheapest’ regions start with exporting regulatipgwer for
small percentages of allocated interconnection agpathe
regulation price of the importing country drops bilite
regulation price of the exporting country increasHserefore
integration of regulation power markets does natesearily
lead to lower prices in all of the three countries.

V. CONCLUSIONS

An optimization model is developed to investigate t
effect of regulating power markets integration floe Nordic,
Dutch and German balancing regions on the totedrwahg
costs. By analyzing the numerical results obtaifredh the
model the following conclusions can be made:

a) Most importantly, the total balancing costs (thenew
which the multinational TSO has to pay for the atibn of
regulating power in order to make system balanaeggreatly
reduced as a consequence of regulating power market
Integration. This reduction has two main reasorendfer of
supportive power and regulating power trade. Asetqd, the
reduction volume highly depends on the intercoriaact
capacities that are available for balancing tradejual costs
reduction lies around 80 million Euros for an adlbon of
10% of the interconnection capacity to balanciagiés.

b) Generally, the total amount of activated regulapogver
decreases. This is due to the exchange of suppagptiwer:
offsetting of national imbalances without the neéat
activation of regulating power.

axis means that the&) The amount of balancing trade increases for higher

percentages of allocated interconnection capasitych leads
to lower total balancing costs. The fact that ragjah prices
do not improve that much (due to the pricing medmajis
offset by the smaller need for regulating powere(da the
supportive power exchange).

d) On overall, national regulation prices do not neaeby
improve after integration (from a TSO perspectiviejices
may decrease in some areas and increase in othérich
means that some balance providers are better (ifgr®
worse), but the total balancing costs will reduezduse of
balancing trade. Therefore, the rules used to trdulise
balancing costs to the individual areas, playsugial role in
individual benefits of each area from regulatingypomarkets
integration.

90

80 .

70

-
§ 0
S 50 . ——N
g -
] . —-m-—No
g =

= -~ Del
] =
230 s
~ [ 4

S

0 10 20 30 40 50

% of total interconnection capacity available

120

80 —— Interco
NI-No
9
b3 6 — % -~ Intercof
= o No-De
X
-+ - A= Intercof
40 . De-NI
Ta-.
20 1 o
0 T T : :
0 10 20 30 40 50

% of total interconnection capacity available

Fig. 5. a) Regulation prices (case 9), and b) peages of available
interconnection capacity that is used (case9)



VI. REFERENCES

[1] European Regulators Group for Electricity and GRGEG, "ERGEG
Guidelines of good practice for electricity balamgi markets
integration”, 2006.

[2] Union of the Electricity Industry-EURELECTRIC, “T@asds European
intra-day and balancing markets- position papedQ&

[3] European Transmission System Operators-ETSO, “Kssuess in
facilitating cross-border trading of tertiary reses and energy
balancing”, 2006.

[4] European Transmission System Operators-ETSO,"Balarnagement
harmonization and integration”, 2007.

[5] Union of the Electricity Industry-EURELECTRIC, “Ta@xds market
integration of reserves & balancing markets-posipaper”, 2008.

[6] Y. Rebours, D. Kirschen, M. Trotignon, S. Rossigr@l survey of
frequency and voltage control ancillary services+t-Ha Technical
features”, IEEE Trans. Power Systems, vol. 22 350-357, 2007.

[7]1 Y. Rebours, D. Kirschen, M. Trotignon, S. Rossign®# survey of
frequency and voltage control ancillary services+-Ra Economic
features”, IEEE Trans. Power Systems, vol. 22 358-366, 2007.

VIl. BIOGRAPHIES

Alireza Abbasy (1981) received a BSc in Electrical Engineerin0@) and
an MSc in Electrical Power Systems (2007) from Bh@niversity of
Technology, Tehran, Iran. He is currently a PhDeagesher in faculty of
Technology, Policy and Management, Delft UniversityTechnology, Delft,
the Netherlands. His main research field of interissinstitutional and
economical design of ancillary services marketsawer systems.

Reinier van der Veen (1984) received an MSc degree in Systems
Engineering, Policy Analysis and Managementat tDeliniversity,
department Technology, Policy and Management, Bi72®le is working on

a PhD research on balancing market design at tleegi& Industry section

of this department.

Rudi Hakvoort (1966) holds a M.Sc. in Applied Physics and a PmD
Materials Science. Dr. Hakvoort is currently asateprofessor at the Faculty
of Technology, Policy and Management of Delft Umsity of Technology.
Since 2006, Dr. Hakvoort also serves as a conduftanenergy utilities
worldwide.



