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Impact of the wind forecast error on the French
balancing system

Vincent Lavier and Maria Giralt-Devant

Abstract—The aim of this paper is to quantify the possible
increase of the balance system’s cost due to thendiforecast
error in a system with large amounts of wind powerWe created
a model of the wind forecast error and of the balacing system
offers to simulate these costs.

Index Terms— balancing, forecast error, merit order, wind
power.

. INTRODUCTION

t is the European Union’s ambition to increase ihet of

renewable energy sources in the electricity pradoatix.
In the last years, wind power growth has been esptal,
reaching up to unprecedented levels. The instaldgzhcity in
Europe was 5 GW in 1995, and is now 74 GW. In Featize
current installed capacity is only 2.5 GW, but theals are
ambitious: 13.5 GW in 2010 and 17 GW in 2015.

This promising technology has some characteristiieg
impact the system operation, both in positive aedative
ways. In particular, wind is a non-controllable isle power
source. This raises new questions about the irtiegraf large
amounts of wind energy in the existing system. aine of this
paper is to analyze particular aspect of this iratégn: the
impact of the forecast error on the balancing syste

The Transmission System Operator (TSO) is resptn&ib

balancing mechanism works. Part IV assesses thacimpf

wind forecast error on a balancing mechanism from a

theoretical point of view. Lastly, Part V studidgtFrench
system in detail allowing us to form conclusiontbe studied
impact.

Il. CHARACTERISTICS OF WIND UNCERTAINTIES AND THEIR
FINANCIAL IMPACT

Production from wind turbines is proportional te tbube of
the wind speed [1]. Unfortunately, wind speed \&adger time
on a scale of minutes, hours and days, and is diffteult to
accurately predict.

Therefore, an uncertainty exists on the predictédrwind
production. This difference between planned pradacand
actual production is thewind forecast error. This error
depends on three factors.

The first factor is the method used to predict thied
production. Forecast methods are constantly impgand
becoming more complex. Nevertheless, for
prediction (the next four hours or less), simplgrapches
such as the persistence method brings a good agcurhe
persistence method simply consists of assumingthigatvind
production for the next hour is equal to the prduturcof the
current hour. Fig. 1 shows that at these time escathe
persistence method gives results similar to thostioed
using much more complex methods. Our study focaagson

maintaining the system balance between productiod aerrors seen from less than two hours ahead soithegles

consumption in its area.

In most countries, a ntark@ersistence method was used in this paper.

mechanism based on a merit order system is used tdrhe second factor is the number of wind turbinesvbich

compensate for the imbalances. Because the imgaestnd
forecast error is proportional to the installed dvoapacity, the
total system imbalance will rise with the integoatiof large
amounts of wind power. This will lead to an increas the
balancing costs. In the French system, these carssat
present supported by the historical producer, E®& De
France, EDF. EDF buys the wind power at a feeghiiff tand
adds this production to its own balance perimeter.

The aim of this paper is to quantify the possibleréase of

the prediction is made, and their geographical tipwsi The
forecast for a large amount of wind farms locatedra large
territory will have a more reliable output than omimd farm
considered individually. Farms distributed in aioegwill not
see the same wind speed, thus their forecast ewilirbe
uncorrelated. According to [2], the mean forecagtnror for
eight wind farms is roughly 12% of the installeghaeity when
viewed from one day ahead whereas the mean fonegastor
for one single wind farm is roughly 30% when viewfeom

the balancing cost. Part Il briefly sums up the mmaione day ahead.

characteristics of wind uncertainties. Part |l cfdzes how a
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The third factor, and most relevant to this artitdehow far
ahead the wind production is anticipated. For examihe
mean forecasting error for eight wind turbinesasghly 12%
of the installed capacity when viewed from one dhgad but

V. Lavier and M. Giralt-Devant are with Electricitee France Research only 3.5% when viewed from one hour ahead. (Fip. 1
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Fig. 1. Wind Forecast Error as a function of metiiody,
number of wind farms and forecast horizon [2]

Even when anticipated from just one hour ahead, t

uncertainty could have an impact on the systemniala
Therefore, additional balancing capacity could dmuired.

Ill. B ALANCING MECHANISM

Most UCTE countries have developed in the receatsya
day-ahead electricity market and in most casesn&aday
market as well. Nonetheless, the real time baladreteveen
production and consumption is the responsibility tog
Transmission System Operator (TSO).

The system position is sometimes referred as bking
(positive imbalance) ashort (negative imbalance).

B. Bid selection

When an imbalance occurs, the first step is thectieh of
bids in real time by the TSO to deal with it. Twgpés of
offers are submitted to the TSQ@pward offers, where a
Balancing Service Provider (BSP) offers to sellrgpdo the
TSO and are therefore used in casesnedative system
imbalances, anddownward offers where a Balancing Service
Provider offers to buy some energy and is used wihere is a
positive system imbalance. An upward offer submitted to the
TSO consists of three things: how much energy t&® Bs
willing to sell, at what price it is willing to delt, and its
technical constraints. Similarly, a downward oftemsists of
how much energy the BSP is willing to buy, at whate, and
what its constraints are. A single BSP can offahhgward

he

and downward offers at the same time.

The TSO then selects the most interesting offer@ntially
(lowest priced first when buying energy, highestexa first
when selling energy) taking into account the tecaini
constraints of the BSPs. In this study, the mogpoirtant
technical constraint to take into account is hovckiy a BSP
can deliver his offer once it is selected. If adarcer is willing
to sell energy at a low price but needs eight Houwstart the
unit, the offer cannot be used for an imbalancergd in two
hours time.

The accepted upward offers are paid as bid by ®@ 1o

This is usually done using a market-based balancifge BSp while an accepted downward offer is paithidsby

mechanism. The actual implementation differs frome o
country to another, but this mechanism can alway®rioken

down into two basic steps. The first step occursei time

and is a permanent tenure used by the TSO to bsglbthe

energy it needs. It is described in section IlITBe second
step is the “imbalance settlement”. It happensr|dietween

two days and two years after a given imbalancecangists of

passing the various costs implied by the first stephose who
created the imbalance. It is described in sectio@ |

A. Definition of an imbalance

Every day, all producers must tell the TSO theanpled
production for every half-hour of the next day.réal time, it
is possible that the actual production does notcimahe
planned production due to the loss of a productioit or
errors on the load level. If a producer producesenthan
planned, then he haspasitive imbalance: too much energy is
injected in the system. If he produces less thanm#d, he has

the BSP to the TSO.

C. Thelmbalance Settlement

Once the system imbalance has been resolved, thadstep
of the balancing mechanism is to pass the costhefet
operations on those who did not respect their pmogrThis
step is fundamental as it discourages actors tp aal the
balancing mechanism.

1) The Balance Responsible Party

In most UCTE countries, the producers are not tirec
responsible for their imbalances towards the TS A
intermediary level exists which is called thBalance
Responsible Party (BRP). Each actor must be attached to one
and only one BRP. He is a purely financial playeatthas
contracts with producers and consumers to be reggerfor
their imbalances towards the TSO. The BRP bené&fits a

a negative imbalance: not enough energy is injected into thesmoothing effect: the more actors are attachetstpdarimeter

system. For the TSO, thsystem imbalance is the sum of all
the producers’ imbalances and is the amount ofggntitat
must be adjusted.

the more likely the small imbalances will be smaattout. In
our example, the two producers have a 15 MW imlzalah
they are attached to the same BRP but a total d¥1@b of

For example, if one actor produces 105 MW while hignbalance if they are attached to two different BRPhe cost

planned production was 100 MW and another prod@es

of imbalances is paid by the BRP which then pagses the

MW while his planned production was 100 MW then the@ctors attached to its balancing perimeter.

system has a negative imbalance of 15 MW.



2) Imbalance calculation and charges

During the Imbalance settlement, BRPs that werathegy
imbalanced will pay for the energy the TSO haduppsy for
them. The BRPs that were positively imbalanced wetleive
money for their excess energy. It should be noted this
excess energy will most likely be bought by the T&@ low
price, making it a loss for the BRP. These finahnsdtlements
are also impacted by the total system positioa.BRP is long
while the system is short, he is somehow helpirgsystem,
and therefore will not be penalized as much as B BRat was
short. In a two-price system, the long BRP will fm&id the
spot price, while the BRP with a negative imbalamniehave
to pay the average price of upward regulation plyznalty.
(Fig. 2, left column). This penalty compensates Ti&0O for

the cases where he looses some money in the haganci

process due to the simultaneous activation of ugward
downward regulation. The same logic applies whenstfstem
is long (Fig. 2, right column)

To avoid the temptation for a producer to be vduht
unbalanced in the hope that his excess energypaitiought at
a high price or his lacking energy sold to him dowa price,
balancing mechanisms often use the day-ahead spdtem
price as a cap/ceiling.

SYSTEM IMBALANCE
NEGATIVE (short) POSITIVE (long)
I imjections = T off-takes T injections = T off-takes
TS0 requests more generation TS0 requests less generation
NEV=0 NEV=0
NEGATIVE (short)
8 + AP.*(1+ penalty.) +Ppa.
5 Tnjections = off-takes
8 < g

g POSITIVE (long)

= -Pra - AP4/(1+ penaltys)

L Injections = off-takes

AP, =average price of wpward regulation; AF,= average price of d 1 regulation; NEV = nat regulation volume;

Poy = day-ahead power exchange price

Fig. 2. Imbalance Settlement in a Two-Price Sysim|[

IV. THEORETICAL IMPACT

With the increase of wind energy, the wind forecaisbr
brings an additional
uncertainty has to be balanced and represents dalkancing
cost.

The wind forecast error has two effects on the riitey
mechanism: one on required energy volumes and opeice.

A. Impact on Balancing needs

The wind forecast error
repartition [4], meaning thawon average and over a long
enough period of time,
compensate.

However on an hourly basis, wind power introducesea

source of uncertainty. Thiswne

source of possible imbalance, leading to an inerezsthe
amount of required energy for balancing the system.
Fortunately, wind error predictions are not coreda to
consumption or generation forecast errors [4][Sherefore,
these individual fluctuations are smoothed out, mres the
needs in balancing energy does not increase as amithe
wind forecast error. This is illustrated in Fig. Bie wind
forecast error can increase the system imbalarige 3FA) as

it can reduce it (Fig. 3-B). Nonetheless, this ketalsituations
where bigger imbalances must be dealt with.

A B

500 MW 500 MW

300 MW

- 300 MW

v v

[] System Imbalance
w/o wind

Il Wwind Imbalance [ Total System Imbalance

Fig. 3. Wind and System Imbalance

B. Impact on Prices

As balancing volumes increase, the TSO needs to use
balancing offers that are further away in the meuitler.
Therefore, the average cost of balancing for one MW
increases.

Because the price versus quantity offer curvesmgi the
additional cost introduced by wind forecast erronew it
aggravates a given imbalance (Fig. 4 top left) iggér than
the economy made when the wind error compensatesatime
imbalance (Fig. 4 top right).

Therefore, although the wind forecast error is sytnital
and centered, the total cost of the balancing nrestmawill
increase (Fig. 4 bottom).

follows a centered Gaussian

positive and negative errors
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Fig. 4. Theoretical financial impact of the winddoast
error

V. MODELING OF THEFRENCH CASE

Simulations were made on the French balancing nmésina
in order to quantify the expected increase in kakancosts.

Although this type of study has been made for othe

European countries [5][6], the results cannot diyelse used
for France as they depend on the number of wingbmsgthe
cost of other units, and the legal framework of gectric
system.

Several studies use probabilistic methodologieshbioimg
the variability of wind and the load to quantifyetincrease in
reserve requirement [5] [7].

Kleinschmidt [8] estimates this cost using timeiesrof
wind forecast error without taking into account #tatistical
compensation between both imbalances.

In this study we combined both methodologies, caoinkia
normal distribution for the wind imbalance with #mseries of
system imbalance.

The only other study on this subject [9] does rs# public
data so the results cannot be duplicated.

150 MW in excess in the system. The positive imhedanever
exceeds 3000 MW while the negative imbalance never
exceeds 2500 MW.

From the actual system imbalance and the simulaiad
imbalance, we can tell what the total system imiadafor
each half hour of 2007 would have been like if @éa wind
park was installed in France, taking into accobatgmoothing
effect. The results for a two-hour ahead predictian be seen
in Fig. . With 10 GW of installed capacity in wiqbwer, the
values of the extreme imbalances are not moditied,they
tend to appear more frequently. (Fig. 5, light grey

With 20 GW of installed capacity, we now see the
appearance of imbalances of 3500 MW in both dioesti(Fig.
5, heavy grey)

With 30 GW, the single most extreme imbalance coide
up to 5500 MW.(Fig. 5, black)

We observe that as the installed wind capacityeases,
two effects occur: small imbalances happen lesgufrstly,
and extreme imbalances tend to appear. Becaus@rite
curve of balancing offers is not linear but convieis possible
that this second consequence is the most likelpdease the
total balancing cost.

Distribution of System Imbalance
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Fig. 5. Evolution of balancing volume needs witktailed
wind power

We evaluate here the cost of wind forecast error on

balancing using only public data.

A. Impact on balancing needs

To study the impact on volumes, we used half hotinhe
series of the French system imbalance for the 2887 [10]
and we simulated wind forecast error for a givemdwi
generation capacity, using the persistence approabbse
data were randomly generated to follow a symmednid
centered Gaussian curve whose dispersion is the fenecast
error viewed from two hours ahead.

Fig. 5, shows the actual distribution of the Fremsgistem
imbalance for the year 2007 (in white). On averdgete are

B. Impact on Prices

To study the financial impact, data on balancinfgrsfwere
necessary. Unfortunately, the offer curves for tfrench
balancing mechanism are not public. The only ablalata
are the average price of activated offers and tiee pf the
most expensive activated offer for each half hdDffers
beyond the last accepted one are not published.

We made the assumption that the offer curve iswio
parts: a first part where the energy is boughtotat at the day-
ahead market price and a linear section in ordesirtaulate
offers beyond the most expensive known one. (Fig. 6

It is more likely that the offer curve is not limdaut convex:



suboptimal offers tend to be more and more expersécause
they imply less frequently used production units.

Price of upwards offer
b Cu

Bd A

o — |

Energy of downwards offer

Bu

Energy of upwards offer

Price of downwards offer

Fig. 6. Model of downward offers and off-peak upgvaffers
curve using public data

Fortunately the French TSO, RTE, gives for each aay
aggregated curve for all upward offers whether tinyre
selected or not, for the peak hours of the day.[M/f
analyzed the 639 available curves of the year 20@@rning
and evening peaks in all seasons except for sumvhere

there are no evening demand peaks) and were abileg u

linear regressions, to successfully correlate thaswes to
three publicly available data: the day-ahead mapkiee, the
system margin and the load.

The modeling of a daily peak hour offer curve canseen
in Fig. 7. Our model consists of three straighe$inThe first
section always represents offers for energy solthatday-
ahead spot price of the concerned period [12]. T@ans that
the balancing offers always comply with economit@aory
and are sold above market price. The volume ofggneffered
at the day-ahead spot price is roughly constaotutiitout the
year. This volume and the spot price allow us tsigm point
A correctly.

At the other end of the curve, point C represehés last
offer made. In the French system rules, all capdhbét is not
running must be offered on the Balancing Mechani$ime
total volume of upward offers is therefore the sgstmargin,
minus the energy assigned for the primary and skogn
reserves. The system margin is a public data, timaapy
reserve is roughly constant and the secondarywves®Epends
mostly on the anticipated load, which is also alipubata,
allowing us to know the volume of submitted offécsthe
balancing mechanism. We observed that these cuaives/s
showed an inflection point, noted B here. We fowud that
the volume of the offers beyond that point was tamts(Fig.
7, Ly and that their price always followed the sameveur

of 2007, using only the day-ahead market pricethadsystem
margin.

Price 4
(EMWh) c

P,a=P Spot

Pa=rct

Pc =f{marge)
Energy (Mwh)

Fig. 7. Model of a peak upward offers curve usingljc
data

Using the simulated imbalance volumes for a givendw
park and the offer curves both for peak hours andff-peak
hours, we evaluated the yearly additional costiofiviorecast
error.

These simulations were made considering both ahivo-
and a one-hour ahead prediction to match the dwalatf the
gate closure in France. The results can be se&igird and
are detailed in the following section.

VI.

We ran our simulations taking into account the 26@stem
imbalances without any additional wind capacityvadidate
our model. We found an estimated annual cost ofMiE1
while in reality the balancing cost was 187M€. Timdicates
that our model for the offers is relatively acceratt tends to
slightly underestimate the cost of balancing. Thimost likely
due to our linear approximation of block offersgF8: linear
approximation in light grey, real price in black)

RESULTS

Price + Systemn Imbalance

o i i :
] 000 2000 3000

>
4000

Power (MW)

Fig. 8. Cost underestimation of our model

The difference between the price of B and A was als

constant, (Fig. 7, ). Therefore, the position of point B can

be deducted from the position of point C and A.
Finally, the price C is deducted from the price \Bamother
parameter (Fig. 7, &) which is constant over a season.
This allows us to simulate an offer curve for amalp hour

We then ran our model with installed wind capadfy5
GW and 10 GW considering both a two-hour and alume-
ahead prediction.

For both wind park sizes, making predictions onarho



ahead of real time divides by two the total costwihd
imbalance. It is therefore highly beneficial for ldrece
responsible parties to communicate to the TSO #test
production prediction. But the legal framework bétsystem
must allow for such short notice notification. Inahkce, it is
possible to redeclare the production programme kwars
before real time. The rules are evolving, and aloma delay
between gates can be expected in the near future.

imbalances could cost up to 2€/MWh. Although quiteall,
this cost should be considered when assessingrtfficapility
of a new wind project.
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ahead, the total additional cost of balancing &% Wind park
is roughly 12 million euros. If we consider thate thwind
turbines run at nominal capacity an equivalent 9@ hours
per year, the average additional balancing cost liflle less
than one euro per MWh of wind-energy.

For 10 GW of installed capacity, which is targeted
happen in France in 2010, the total yearly balanciost for
the system is of 50 M€. Compared to the 187 M€ wdtktout
wind, these specific balancing costs can no longer
neglected.

The forward prices for the year 2010 are alreadynnand
could have been used as an indicator of what tlyeallaad
market prices will be at this date. We decided $e market
prices from 2007 to stay consistent with our analys the

system imbalance. In doing so, we also made thdiditnp [5]
in wind capacity had no

assumption that an increase
measurable impact on the spot market prices.

Beyond 10 GW of installed capacity, we consider oufl

results to be much less accurate: 20 GW of instaliénd
power capacity in France will not occur before 2@t will
most likely have a measurable impact on markeepric

Additional balancing cost of one MWh of wind power

4 one hour ahead -
+ two hours ahead

Cost (€/Mwh)

Installed wind capacity (GW)

Fig. 9. Additional balancing cost of one MWh of dipower
by installed wind capacity

Although it is fairly reasonable to consider thedfic cost
of balancing wind power negligible today, where ihstalled
capacity is only 2.5 GW, these costs will rapidhcriease
beyond that point and should be taken into accoumn
evaluating the impact of wind energy in power systeThis
will likely raise the question of whether thesetsashould be
passed on the wind producers or paid by all acitorthe
system.

If these costs were to be paid by the wind prodicére

REFERENCES

[1] T. Akermann , “Wind Power In Power Systems”,apter 1 “An
Introduction — characteristics of wind power getiergl, Wiley, 2005,

pp 32.
[2] J.L. Angarita-Marquez, et al., “Analysis of and farm’s revenue in the
British and Spanish markets”, in Energy Policy

doi:10.1016/j.enpol.2007.03.031, 2007, pp 4.
Available : www.sciencedirect.com

[3] K.U. Leuven, Tractebel “Study of the interactsoand dependencies of
balancing markets, intraday trade and automatieaitivated reserves”,
2009, pp 52.

Available:
http://ec.europa.eu/energy/gas_electricity/studeegklectricity/2009_b
alancing_markets.pdf

4] H. Holttinen, “Hourly Wind Power Variation in dtdic Countries”, in

Wind Energy, ISSN 1095-4244, Vol. 8, N° 2, 2005 , pp 197-218.

H. Holttinen, “Estimating the impacts of windower on power

systems—summary of IEA Wind collaboration”, Bnvironmental

Research Letters 3 025001 doi:10.1088/1748-9326/3/2/025001, April-

June 2008.

E. Kiener, “Analysis of Balancing Markets”, Ekeic Power Systems

Lab, Master’'s Degree Project, August 2006, unphblis

Available:

http://www.ee.kth.se/php/modules/publications/rép@006/XR-EE-

ES_2006_011.pdf

[7] H. Hotllinen , “Power System requirements foind& Power”, Edited by
T. Ackerman in “Wind Power in Power Systems”, Wijl&oyal Institute
of technology, Sweden, 2005, pp 156-160.

[8] C. Kleinschmidt, “The value of wind power froamarket perspective”,
Proceedings of the sixth International WorkshopLange Integration
Wind Power and Transmission Networks for Offshoren&WFarms,
Delft, 2006.

[9] F. Maupas, “Analyse de I'impact économique td#éh éolien sur la

gestion de I'équilibre d'un systeme électrique”,3isein Economical

Science, GRJM, July 2008.

Available : http://www.grjm.net/documents/Documentitre_RV.pdf

RTE, “Volume journalier d’énergie ajustée Q7.

Available : www.rte-france.com

[11] RTE, “Courbe journaliére puissance/prix " 020
Available :www.rte-france.com

[12] Powernext “Données de marché” .

Available :www.powernext.fr

(10]

BIOGRAPHIES

Vincent Lavier received his Engineer's Degree from the Institut
d’'Informatique d’Entreprise, France, in 2005, hiosPMaster Degree
Specialized in Energy Engineering and Managemem fthe Ecole des
Mines de Paris, France, in 2006. He is currentigsearcher at EDF R&D in
the Economic and Technical Analysis of Energy Syst®epartment.

Maria Giralt-Devant received her Electrical Engineer's Degree from the
Ecole Supérieure d’Electricité, France, in 2007y Rest-Master Degree
Specialized in Energy Engineering and Managemenn fthe Ecole des
Mines de Paris, France, in 2008. She is curremtlgragineer at EDF R&D in
the Economic and Technical Analysis of Energy Syst®epartment.



