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BECOMING RESPECTABL

in 1999--are loday almost level with those of fossil fuels and have long since
beaten huclear. Further wind price reductions are highly likely, while
increases in gas and oil prices are projected across the board

IN SERIOUS CIRCLES #aestms?
The wind industry has delivered impressive reductions in cost along with
serious increases in productivity over the past 20 years. Wind generation

prices—tracked by WINDPOWER MONTHLY in & series of annual articles starting ‘tg ARED

Two-lhousand-and-three: looks
a3 if il will go down in history
as Lhe year in which wind en-
ergy hecame economicully re-
spectable. In past months it hes appeared with increasing
frequency as a resource option in the energy pluns of gav.
emmcnts, utilities and investment banks—a significant step
up from its more cautious categorisation us 8 rising star
with patential,

A new wealth of data on wind energy costs has ac
companied its entry into the ranks of the respectable, Even
the tradition-bound Intemational Energy Agency includes
1 positive analysis of wind power in its report on Kenew-
ables for Power Gencration—Status and Prospect, pointing
out that wind's cost # near enough to being fully competi-
ive with traditions! generation technologics ta be forcing
solicy makers Lo sit up and take notive.

There are two reasons for wind energy's new found
itatus, Firsl, with installed wind plant capacity now ex-
seeding 37 GW worldwide—and capacity doubling every
Iree years—~the database on performance and eost is be-
soming incrensingly robust. As a result, energy profession-
Us are more inclined to view wind as less of a one-off won-
ler. Second, clectricity markets aru becoming increasingly
Jervous ebout the future price of ges, the most popular
md chenpest generation resourec in recent times.

Even if wind prices, aguinst all projections, failed o
‘ontinue their downward progress, the generation cost
rom gas could well be higher than that from wind by
*010. The uncertainty accompanying the rise in gas prices
§ alsa pushing up the level of risk-ond rick addy cost. Un-
‘erlainty can be overcome by negotiating long term con-
rocts, but the premium needed to fix gas prices withia
onlracts over A ten year period is around $6/MWh, ac-
onding to two recent reparts from the respected
-awrence Berkley Lsboralory In the United States.

There were no marked changes in 2002-03 in the
arious parameters from which the cost of wind power Is

DAVID MILBEORROW
Windpower Monthly
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derived. Overall, the cust of installing a complete wind
plant continued to hover a kittle above last year's targets—
$1000/kW for onshore umd $1500/kW for offshore. The
slowing of the downwird (rend in wind's installed costs,
however, is mure u reflection of the dollsr’s fall relative to
Buropean curreniciey, than lack of progress by the wind in-
dustry, A cheap dallar has the effect of muking European
technology—and mast wind turbiney un: made and -
stalled in Europe—appear more expensive,

A similar standstill in the full in installed costs for
thermal plant is for several more fundumental reasons, in-
cluding higher insurance cosls, more sningent utility cun-
nection requivements—and tighter limits on emissions. The
nel cffect is to leave the compelitive position of wind luday
in much the same place as it was last year—cheaper than
nuclear, frequently on a pur with coal, and Imocking on
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Facts from the real world j
Installed 003t of sample wind plant this year
LocATan RO OF TOTAL ST (081

UNTSAW  HW gamnowst S/
Onshore
Canadn, Magrath 2(x1500 30  Cs48 1104
Spain, Cavillancs/Bucy  15xi500/ 42 €40 1142

23x850
Spain, Fonseprana 1665x660 8.8 €685 950 i
Tutnlgia, Sidi Daoud GEO/ASOY/ . A.H €78 886 '
N.Irelend, Altahullion éaoggand 26 €18 1170 f g
Tenas, Deserd Sky 1071500 180 sS4 1090 ‘
Offshore |
Deamark, Middlegrunden 20x2000 40 €50 1250 ° -
Uenmark, Homs Rev 80x2000 160 €288 1993
Denmark, Nysied 72x23 166 €245 1771
UK, North Huyle 30x2 60 €74 2121
UK, Kentish Flats 30:276 2.5 D 1100 1844
Swaden ¥éire Slengrund  5x2000 10 Sex 120 1150
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the door of gas or, in the U3, competing with gos (boy). Fu-
lure prospects still have wind sleadily edging its way down
thg prica seale faster than its compelitors.

The aversge turnover per megawalt of turbines sold
by Danish mspufacturers is virtuelly unchanged between
2002 and 2003, after allowing for inJution, and stands at
Just over DKK 6 million/MW ($1000/%W). But while an
indicator of (he trend in wind power's cost, the figure ine
cludes both lgrge und small arders, as wel| as spares and
sarvielng contracls, 50 it is not a precise measure for estab-
lishing the installed cost of & typical wind plant today.

A more reﬂtcliwmuasumistnmnddefthecostafa
rango of larger wind stations (table provioys page), since it
is these that arg in increasingly close competition with the
conventional shtirees of electricity gencrutivn. There are
wide variations, from $886/kW in Tunisiu lo $1194/kW
in Canada, but the aversge installed prive fue onshore
wind farms remains gt Just over $§1000/kW. For ofishare
wind. the increased installation activily Uhis yeur provides
an extended range of installed prices for the first time, In
sheltered walers, prices start ap low ag §1150/kW, with
the upper end of (he runge ata little aver $2000/kW, with
the costs of grid connection often accounting for 4 signifi-
cant (10-15%) pruportion of the total cost.

PUBLIC OR PRIVATE

Institutional factors are responsible for the spread of val-
ues for wind's installed ensts and the even wider spreud of
gunerition costs. In Denmark, wiilities almost inverigbly
ust public sector test discount rates and depreciation peri-
ods, typically 6% and 20 to 25 years, respectively. In

B

The impact of financing parameters

Wind's private sector di s a capital intensive technulngy
) PURLIC 708 PAATE SECTOR
Projoct discount rate G4 1164
Depredaton 15-20 years 18 years
Commenty 20 year life used far lowest 1296 disrnil eute uscd For nudlear high

price estimutes in runge
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Britain and the Uniteq States, however, then: ure no fixed
¢rileriy and project developers are at the mercy of fi-
nenciers opevating in u Wugh commercial warld.

In the private seclor, the gverall interest rale on a
wind plant loan is in praciice Uependent on the relative
praportions of debi and eyuily and the appropriate inter-
€St rates. A weighted averugr, uppropriate for the project
us w whole, tends to be arpund 11%, alhough higher and
lower values are found. Depreciation periads siso vary,
bul are generally in the region of 12 to 15 years.

“Tuking into aceaunt all the possible options is iImprc-
Leal wod generation cost caleulations are more sensibly
caleuluted using two alternative erileria for public and pri-
vatte seelor projects (table). The public sector criteria—6Y%
project discount rate and 15.20 year depreciation—are
consistent with those being used by the International En-
ergy Ageney (IEA). Az well ns taking account of financing
parameters, appropriate values for capital cost, loud factor,
thermal cfficlency and operation and mainlenynce are
alsa taken into secount to arrive ot gencration costs,

The cflect of moving all the generntion sources from
Public to privale sector financial aiteria is drumalic, All
the prices move up, but the impact on capital inlensive
generation sources, such as wind and nuclear, which cogi &
Iot to build bui not much to run, is far more pronounced.
Moving Iram public to private sector typically pushes the
price of gas fired generation up by around
from $33/MWh 16 $38/MWh), but the corresponding in-
crease in the price of ofshore wind is five tinles preater at
$25/MWnh (trom 349 to $74/MWh), Whie a study by
Danish utility Encegi £2 suggests the prices of offshare
wind and gos may be rougbly equal, these are based on
public sector # good wind site and a high gas
price. It could not be repeated ynder private sector terms,

Unshore wind and gas are neek and neck under pub-
lie sector exiteria, coming in at Just under $32/MWh at
the low end of the price rauge. The wider spreud of prices
for wind compared with gas reflects the wider spread of
wiind's capital cost estimates (Fig 1).

Under private sector criteria, wind at $47/MWb un-
dercuts coul at the low end of the scale, which comes in at
around $50/MWh, Wind is comfartably below nuelgar st
53-87/MWh, by around $5/MWh. But private sector

Looking for least cost gensralion
Wind was the cheapest of them al, barving gas, in 2003

Near torm casts compared

Nuclear
PRIVATE sECTOR

B minimum
= Bange

) 7] 0 8 100
Ganerallen eont {S/Mwh) L

Competing renewables )

Ganaranion cest {5/Wh)
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jas-generation is cheaper than wind power. The price of
135, both in Europe and Americy, has fallen back from the
1igh levels observed in 2000-01. With fuel purchases of
sus now costing around $13/MWh, gas-fired gencration
once sguin becomes the cheapest option within & price
range of §34-$44/MWh. Iligher gas prices are encoin-
terud in some regions,

THE OTHER RENEWABLES

n its report, (he TEA indudes both a high and a
aw range of cosls fur u yerles of renewable cner-
iy technologies (fig 2). AL first sight, wind in the
ow range at $30-$50/MWh seems to face slilf
>ompetition Irom small hydre and biomass puw-
x, which starl at $20/MWh. Geothermal wisu
tarie at $20/MWh, although it upper low~runge
‘ost of $50/MWh is an a par- with wind,

Patential for small hydro, however, i re-
trictec by & very limited resource. Geothermal
‘esources ar¢ more widespread, but the amount
f energry (hol can he produced at a rock bottom
wces is extremely limited—few pluees have
teamn issuing from the earth, Biomass is only
herper than wind for generation plant built
vhere the resource is available on sile, such as
orestry residue in Scandinavia or bagesse in
varmer climates.

Encrgy crops are another polentinl renew-
bie cnergy source, but their econnmic potendal
ontiaues to be uncertain. Energy ctop econam-
s are linked with thase of ferming and farming
ubsidies, while the development of commercial
igh-efficiency geperating plent is proceeding
101e slowly than expceted. 'The UK government
as a starting price lar energy crops of $80/MWh.

The IEA ignures wave energy, currently the subject
f increasing research activity in the UK and vlsewhere,
robably breause its commercial costs are unknown. ‘The
"ave enery cominunity suggasis that a neur-lerm genern-
on cost arpet is around $80/MWh.

FUTURE PRICES —ONSHORE

voking forward to 2010, few anulysts expect dramatic
1engces in generating costs from the thermal sources. The
ig imponderable is the price of gas. Estimares for gas rise
ith each successive edition of the US Department of En-
®'s Annual Outlook Gas lired gencration, however, at
$9/MWh in 2010, will remain cheaper than ecoal at
33/MWh, even though coul prices are set to decline, ac-
nding to the Department of Energy (DOE), Nuclear
mies in at around $65/MWh.

To beat a target of $49/MWh, installed costs of wind
1 & moderately windy unshore site need to be arotund
300/kW. Some plent are being built today at below that
ice, but not Wl Taking a conservative estimute of
L100/kW fer current wind plant costs, an 18% reduction
» 2010 seems to be well within the bounds of feasibility.
ve independent analyses have suggested that the reduc-
n in costs per doubling of werldwide wind cupacity,
sed on a lewrning curve rutio, lies between 120
«d18%, Even il the currcat rate of global wind plant in-
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sialiution (a duubling of capacity every three yonrs) is not
muintained, capacity is likely to increass by & factor of at
Teast four hy 2010, Accepting the pessimistic 12% end of
learning cwve veductions, s fourfold increase In capacity
will lead to wind plant costs coming down by around 24%
by 2010. As this is significanlly higher than the target of
18%, that also leaves room lor passimisn in the rate of
growth.

Accepting a 24% mic of decline in wind power eosts

Comparing the price of wind power
Prices of eleciricity from thermal plant and
wind plant at differing wind speeds

e
G .

Differential costs: Wind energy generation prices are
enitically dependent on the wind speed at the site of the plant and
price estimates above are given for a range of wind speeds from
5.5 metres per second to 10 m/s. The installed cost of @ wind
plans also differs from site to site und from technology to
lechnology. A yypicat price per kilowall of generation for a wind
plant station built on land is $1000/W. Qffchore, a typical
price is §1600/RW,

For a land bosed wind furm, prices of the electricity
generated fall from $115/MWh on a low wind speed site of 5.5
m/s, to S54/MWh at 8 m/s, and $35/MWi at 10 m/s.
Offshore prices are just under 60% higher than these levals,
veflecting the higher installed costs,

and using data for gas prices drawn from the US Depart-
ment of Energy, the crossover point with gas cames
argund 2008 for a wind plant using today’s typical in-
slalled cost of $1000/kW on a site with winds blawing at
& heglthy 8 m/s (figure next page). With a more rapid
dogline in wind costs, or at sites with bigher wind speeds,
or wilh lower intevest rates, the crossover date may be sig-
nificantly earlier. The crossuver point wilh coal comes
much earlier—around 2005, In lucations with good wind
regimes, wind is already cheaper than coal.

"The IEA report enables 2010 price projections to he
made by another route. IEA duta reveal Lthat wind twbine
prices fell by about 16% each lime the average size of
wind turbines doubled, to reach about $800/kW for 750
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The crossover peints
Floning ikely trends of future generation casts
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Significant offshore cost ben-
efits arc Jikely to come from (he
much larger sizes of offshore wind
farin now in plunning~with a
40% cost reduclivn on the cards
for 2012, with energy yields up
by 20% as construction moves
further offshore  (WinDPowEKk
MoniHLy, Apri] 2003). Meantime,
an apalysis hy the University of
Utrecht in the Netherlands sug-
gests that generatiun costs for oft-
shore wind might fall by sround
250 by 2010.

NO CHALIENGE

Drawing the various gencration
cost estimates together, it is hard
lo see wind on good sites being
challenged come 2010, The most

THE OTHER FACTORS

kW machines. Given (hut 1500-2000 kW inachines are
already standuny ilcrmy and that larger sizes are coming
onto the maskel, unuther 16% reduction by 2010 scems a
very modest targer.

FUTURE PRICES—OFFSHORE

Oifshore, a2 $49/MWh cast larget is tougher. Offshore
wind turbines are typically 10-15% more expensive than
their onshore counterpmts and foundations, installation
and grid connection are usually signiGeantly more expen-
sive. Onshore, "balance of plant” cosis lypicslly add 25-
50% 1o machine costs, but offshore the additional costs
can almos( duuble the turbine costs, bringinyr the total to
$1800-2100/kW,

Should the tions on shore feed electricity inlo Jo-

n%:;p:ﬂ;:: ﬂga:?b?yw thermal cal diskibution networdks rather than
Technical Consultany  SOUrces be  the main transmission system. Nurmer-
required to  qus Studies are in progress 10 put a

pay for at least some of their external
costs—such as those of pollution and
pratecting oil supplies—wind in com-
paison will start to look cheap, Fur-
ther vestrictions in Europe on the out-
put of emissions from generation
Plant, coupled with a cap and trade
system for control of carbon emis-
sions, are on the way, Although the
premiums on electr]“cily cost from car-
bon trading will be smal, they will
probably be enough ta till the bajance
firmly in favour of wind,

Another factar to be tken jnto

anoomn. is that many wind jnstalla-

Price on the added value to an clee-
tricity network of local generation—
and wind puwer should end up being
financially rewarded for its contribu-
tion to limiting the transmission losses
that customers otherwise pay for:

Last, s the penetration of wind
Ppower into cleetricily systems increas-
es, fluctuating wind output st some
point will start adding extra costs to
the far bigger oversll bill for keeping
power supply and consumer denyand
in balance. Though wind's contribu
tion to that bill will oply be small, it
will have ta bear its costs,

optimistic projection for oushore
wind for 2010 ($20/MWh) cumes from the LEA, but uses
public sector financing fssumptions, Using the same in-
stalled cost ($700/kW) and a slightly less optimistic capac-
ity factor, brings the figure Lo Just under $40/MWh in the
private sector.

Although the American DOE suggests $49/MWh to
be appropriate for gastived gencrulion, if the price of the
fuel does not rise as expected, then $40/MWh may be a
more appropriate figure~the same as anticipated for wind,
Olshore wind is likely to cost in the range $60-80/MWh,
unless the development of large scale wind farms gels un-
derwny withi the next six years After 2010, the
prospects for both onshore and offshore wind become ine
creasingly brigher.

Wind is alrcady competing with coal, it is cheaper
than nudear, and cheaper Lo exploit atlarge scale than any
of the other renewable energy sources. In some regions it
can be competilive with gas-fired generation today. By
2010t is likely Io be v seriouy competitor to gas, This pro-
jection is based on a conservative view of how steeply the
curve for wind plant costs will fall-and on kind assump-
tians on behalf of gns gencration that its fuel prices will not
rise as the very latest projections suggest.

Data sowrces: Data on genceration costs used Jor Lhis article
(imain story) come from a wide variesy of sources, including
the International Enesgy Agency, the United States Depart.
ment of Energy, the UK Department of Trade and Industry, a
recent analysis by Energi E2 of Denmark, and an analysis by
the Deuische Bank. Other data are drawn from conference
publications for the thermal and renewable enengy Seciors.
Private information gathered in personal conversations with
members of the power generation industry, including wind
enerators, forms a major part of the assessment, The appli-
tation of internal knowledge to assessment of specific project
costy i vital for ironing out data snconsistencies which would
otherwise contribute to a skewed picture of the comparative
sty of power generation. Prices are exprevsed in dollary
since much of the data originated in the United States, which
way one of the mast active markets for wind Pplant develop-
ment oner the past yjeay.
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THE REAL COST OF
INTEGRATING WIND

Integration of wind into power systems is as much an economic as a technical

challenge. A clear understanding of how much reserve generation is needed

to maintain system security is a vital part of that exercisc. Competitive
markets, with their focus on cost, are leading the way in discovering how
little reserve it takes and thus how cheap wind integration can be, The real
cost, however, is being inflated by poor market struclures everywhere

DAVID MILBORROW = gaad seast dbon: otet
Windpower Monthly KT g ot of vind
Technical Consultany ~ POWer into the power systems of

— loday is :hfz it can. be dong
LYN HaRRiSON  Without pusting security of sup-

- v~ Ply at risk~and without costing

an arm and a leg. Mounting evidence in support of these

facts is flowing in from markets where wind meets up to

20% of consumer demand for electricity and from de-

taled siudies of the issue on both sides of the Atlantic.

Wind's tendency to blow (or not) at will and thus the in-

ability of wind plant aperators to precisely schedule genar-

ation is proving to be neither & techaical nor economis
barrier to getting large proportions of our cleetricity from
this freely available natural resoucee.

The bad news about wind integration is that the on-
going enengy market revalution is obsauring the good
news. The: struggle to increase efficiency and bring down
cusls by opplying market economies to the business of
eleclricity supply is still in its infancy. The new competitive
warkels, particularly the very new *halancing markets,”
ure fraught with shuctural envors that work against the aim
of increasing the overall efficicucy (reducing the cost) of
power systems, Hundreds of smendments to market regu-
lations are being made, but wind, forced i the main part
to abide by rules designed for thermal genevators, is a par-
ticular victim of the process. lts calls for better rules tend
to get lost among the clsrmouring of the fossil fue] and pu-
clear giants.

NO FAYOURS NEEDED

Fortunately, the criterin for effident integration of wind
energy are the sume as those for efficient operstion uof
power systems in geacral. The key to efficiency js rules
and regulations thal recognise and support the inherent
benefits of the hugo and tightly integrated systems (bat to-
day serve the Westem world. Within these systems, fluclu-

ating input from wind power plant is nn greater and no
more ditlicult to cope with technically than Auctuating de-
mand from consumers (WiNDPOWRR MONTHLY, July 2001).

By their nature, integrated systems absorb all the
variations in demand from all sectors—domestic, commer
cial and industrial, The bigyer the system, the more Tikely
a trough in demand from one sector can even out & spike
from another. So while the demand of an individus! eane
Bumer can vary wildly, across a large system the maximum
demand is typically about one and a half times (he year-
round sversge demand. An individual wind station’s out-
Put. just like an individual consumer’s consumption, will
fluctuate, But this does not imply the need to match each

Wind and gas: 7he cost of reserve power reguircments for
both wind and gas, here pictured together in California, miust be
included in any comparison of electricity productivn costs
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STRAINS ON THE SYSTEM.

Loglewonld indieatn

DAVID MILBORROW that ﬁlh'odllr:i'ng o
Windpower Monihly A

Technical Consultant fluctuating supply of

—~~. power to an elechic-
ity network slrepdy burdemed by Buctuating
consumer demend would put sn intolerable
strain on system stability. The evidence from
western Denmark, howewver, #s that wind pow-
er impases only modest extra strains on utility
opemtlons,

Wind's impaet on a power gystem can be
assessed by examining demand swings from all
consumers, first by pretending there is o wind
in western Denmark and then by netting off
the wind outpyt. During this exercise, wind is
treated as "egative demand” The

schedule 26,000 MW of generation. If it has
10,000 MW of wind capacity on its system,
gencmting 5000 MW, the best estimage of
wind generation one hour shead will also be
5000 MW. That leaves 4 need to schedule
20,000 MW of conventional generation, One
of those units might krip during the hour and so
that estimate also hus error bands. The Fenera-
tion dearly will not be morw, but might be defi-
dlent by, say 400 MW with a probability of

b —

1%, or by 600 MW with & probability of 0.1 94,

As for wind, dala Fom Denmark, Ger-
raany and Britein all suggest the uncertainty
margin on the estimate of generation (5000
MW) one hour ahead is plus ar minus 300

largest power swings (750 MW and Demand changes in western Denmark

above) do occur more frequently with Impacts of 20% wind on the system

wind included, but the aumbers are <

small—0.18% (16 howrs a year) of the | ™) :

time with wind, and 0.05% in its ah- ] ¥ Wind as negative

sence (fig). Informarion of this kind is » apoog Semiont :

essential for estimating the additional Bgd  ©Consumer demand

spinning reserves needed for wind sn B I R

they can cover expected fluctuations, I I ; ?ll!l'aq s
Operating utility networks is all s il L

fhout managing probability and risk, 01 m -

Grenter probwhility of power swings L E . R

means more unegrtginty rnd the need &

for more roserves tn eover the uncer i

tainty. Margins for uncertyinty do not, o MH:WNT; oo

however, pile up on top of one ancther, SOUNCE: RLTRA

Instead, the statistical Iaws of probabili-

ty come into play. Litle effect: Hour-tn-fiour dermand changes and those
A system operator managing anet-  apparent to the 4ystem Operator when the ougput from the

wark the size of that run by the Califor-  10ind plang, looked at e nuygative demand, is subsracted

nia ISO might have a forecast demund

for one hour ahead of, gay, 25,000 MW, plus
or minus 300 MW. That is tha “centra] esti-
mate” of the error. It might be plus 600 MW.
but with 2 lower probability. (All uncertainty
margins include a range of estimates, each with
its own probability). The operator will gin) (o

MW-the “standard crror” The wind output
might be minus 1700 MW, but with & very low
probability. Based on these numbers and prob-
ability laws, the exna uneertainty due 10 wing,
used to determine spinning regerve, does not
call for 300 MW, but for about 60-80 MY,

@004
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nored and wind is regarded as o major
headache, The transmission Gystem op-
trator in the [rish Republic has asked the
“lectricity regulator to set a 700 MW
limit on wind power (1% of total gencer-
ation capacity) until concerns over oper-
aling difficulties are resalved (page 29).
In Spain, the system operator sayR 17%
wind is the limit (WiNDPOWER Monrhiy,
December 2003), while in Germany the
experts oo saying that huge reserves
will be needed to cover future wind ex-
pansion (page 45). Meanwhile, western
Denmark is eoping just fine with 21% of
its electricity from wind pawer, but the
market sbructure inflicts costs that he-
devil the systam operntar (page 41).

In none of these cotmtrics which la.
bel wind power as problematic or expen-
sive to integrate have technical issucs
been identified that would inhibit satis.
factory operation of a network with up
1o 20% of its generation coming from
wind power. Indeed, electricity networks
can assimilate far more than 20 of
wind power without de-stabilising mod-
ermn power sysiems and at reasonable
cost—the cost curve per unit of wind en-
ergy rises gradually and st a elower rate
than the increased wind penetration.

AGGREGATION

Applying markst econnmics 1o 4 com-
modity which cannot be stoved calls for
nwholenewseto[rules.h:plnccor
warchouse logistics, rule-mokers should
be worldng on how to nggregate as much
generation and demand as pessible for
only increases the probability that sup-
ply will balance demand, it also increas-
es the precision with which a transmis-
sion system operator can predict a match
between the two, although sume uncer-
tainty vften remains,

Much grester uncertainty for the
stability of any network is the threat of a
sudden loss of output from ene of its

wind plant with an cquivilent level of conventional gener-
ating capacity. The variativns ure absorbed in the whole.

This theory is being proved in practice and by ntility
studies. In Britain, the Nationul Grid Company has recent-
ly looked at the implieations of operating its power system
in England and Wales with wind energy meeting up to
20% of demnnd for elecricity, It sees no technical or eco-
nomic barriers that moke wind & problem at that level
Several recent American studies have coine to the same
conclusion. Relying on wind power for 20% of generation
will cost a mere $5/MWh, ut most.

So much for the gom! news, In regions where under-
standing of the issues iy stil in its infancy, or where the
rules explicilly work ugwinst efliciency, these facts are ig-

power stations, This can accotmt for anything up to 10%
of total generation. Changes of this kind are unlikely ever
to be assoclated with wind cnergy, dut to its distribution
over a wide geographie aren. Wind variations can be treat-
e in the sune way as those of consumer demand. A sud-
den sunge in demand al the end of an uaexpectedly popu-
lar lelovision progrun is e kind of daily fluctuation that
systens are sel up U cope with.

To cater lor chunges in the balance between supply
and demand, syslem operulors conlact for various types
of regulating reserve (box page 38). These are power
plants that apcrate at less than fall output, so that power
can be Increased if there is & shorisge of peneration, Con-
versely, if there i3 w surplus of generation, the output of
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ome plant ean be reduced. System operaturs must pay TR v —
‘enerators for Lhis provision, since plant not npcrating ot Assessing reserves for wind 1
vl capacily is less efficlent 5o costs mure Lo run. The failure of balancing markets 10 arrive ar true ¢ostg

When it comes to wind power, aggregation means
lealing with all the wind production i a utlity aren, not
he oulput from individual plant. The power output firom a INTEGRATED APPROACH
ingle wind farm fuctustes significantly with several Demnand
agged peaks and troughs in the production curve, but the Yhermal plant
rower output from severnl wind lurms Huctugtes less; the
vider the geograpbic spread, the lower the fluctuations, In Error withou! wind
he case of western Denmurk, the Nuctuations from the en- Wind
re 2360 MW of wind ure: less severe than those from a

ingle wind farm by & factor of about three. Total error
BALANCING MARKET APFROACH

Wind errar o |

0 i 1 3 ]
Typital ertors % of averoge demond; d-hour lead time}

THE REAL COSTS

Jata from western Denmark, Fom Germany, and from o
srand new study just completed in New York state all sug-
‘est that the average hourly autput from distributed wind
nergy wil wrely, if ever, change in the next hour by more
3an 20% of the tated capacity of the wind

Penclties: The uncertuinty associuted with 10% of demand

wpu g W ofwin M‘rwm&yﬂndbﬁrhmmnnmu&mmmymﬂ
10re: than 2000 MW laoked at tn isolation, But the upproach of the new balancing
1e UK network,

marketa is to penalise individual sehoduling errors
18nd T operator copes with several times & du
nd demand varintions can be far maller systems  pacity is needed for cach megawait of wind capacity is a
learly cxpericnee Tower demand swings, but can enpe  Tundamental first step in establishing (emd controlling)
ith similar praportions of wind. enst. Surprisingly, many utilities with wind on their sys-
As the amouxt of wind energy on a network increnss tems, including operators in Denmark, Cermany and
%, S0 does the uncertainty in matching supply and de  Spain, claim not to know the volume of the extra reserve
iand. To cover that uncertainty, more regulating reserve  they use for wind. Others, however, have examined the
wst be made available—and paid for, But it is only the  implications of increasing wind capacity, providing data :
3t of the extra reserve (het determines the cost of inte- which enables the cost of reserves to he astahlished and
ating an intermittent resource, not the costs associated from there the cost per unit of wi :
ith a system's entire: imbalance (fig 1). And if wind gener Data from the US Nationg! Renewnhle Fnergy Labo-
ors are sllowed Lo adjust their production schedules atory reveals that only modest cxlra reserves are required
ose to the time of delivery, o5 is the cace in some Ameri- (Bg 2). With wind cupacity cqual o 5% of peak demand,
' states and in Brtain, (ar less uncertainty is introduced /the extra reserve capeeity is eround 3% of the wind capac-
anks to modern wind forecasting techniques. ity; with 10% wind capacity the extra reserve needs are
Determining how much extra regulating reserve ca-  |around 5% of the wind capacity, and with 20% wind, just
— T ——

LT

- i & = — s
Not as much nor as costly as mmoniy believed i
Asmmgﬁefqrdnfcdmmmmﬁesymmddwmmdﬂuamwu—mdmmﬂ !
Extra back-up needs for wind 2 Extra costs of intermittency .
l;?wmmmwwm .
1 e ,t
B b e e—— ————— e :
8.
1 . 2 - e — e s —
2 1 - .18 US BPA Maximum
Nug Minlmum
" ¥ T 1] P % "o H 0 W ) B
Wind espacity/peok damand %) Wind smugy peasirafion (%)
The growing cofsensus of system operutors is that wind adds only The coste of intermittent supply. the resulls of studies by the indusivy in :
modastly 1o the general noed fur reserues io balance supply and demand both the United States ond the United Kingdom i
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undet 10% of extra resegve is needed. Other stdies haye
clded even lower cstimates,
The cost of reserve capacity in Americs, Britain and

elsewherw differs, but not vastly s0. There is a reasonable against its principal campetitor, gas (WINDPOWER MonTH-
degree of consistency between estimatey of the overall ex- 1y, Janugry 2004), Anather school of thought argues that
tra cosls of intermittency from several snurces (fig 3), in-  wind is desirable from an environmenta] standpoint—and
duding two analyses of the UK system, an analysis for the  that since the additional costs of integration are relatively
Borueville Power Administration in the US Northwest, small they should be borne by the eleclricity consumer
and one for utility PacifiCorp, also in the Northwest, with  without mare &do, Whether this arpument will stand the
an installed eapacity of 8000 MW, The studies report that  test of ime as wind's growth raises the requirements for
5% wind cnergy (as a proportion of total electricity Pro-  reserves remains to be seen.

duction) is likely to sttact an additional eost of between The aim of the new markets for wrading electricity,
$L5/MWh and $2.6/Mwh, using {0 $2.8-4.3/MWh  sside from the quest for greater efficiency, ig that they
with 10% wind, and $3.4-5.1/MWh with 209% wind. At should rake aceaunt of all the cosis assoclated with all pen-
the high end of the scale, the: difference between two estl-  ¢ration. No market structure has achieved that ng yet Most
mates for the British networlk is probably just a question of  have unintentionglly created fictitious Power sysiem cosis,
timing. The lower estimates were made at o laler date and  parti with wind pewsz, e

the prices [or reserve had fallen in the interim, y departures from wind pmduc%
hours in advance are treated as

DEBITING THE COST

The exact way in which the aciual cost of intermittency is

Introduced to the systery. New trading
to be debited to wind plant operators has received little at- i

itain also follow this approach, a

Balancing market punishment 4 inty of wind furecasts dramatically, Gate closurre is
TAe dire effects of longer gata rinsure in the UK

Eflective pavelty far wind (S/MWh) ' traded at “balancing marker prices and Lhe
10 r o3 operator takes conlrol, __/
— e

BALANCING BUNGLES

The intention of these markets is to make generalurs and
retuilers producc accurate generation and demam] yehid-
ules—and stick 10 them—by inflicting finanal punishment
iflheydomtﬁutasisoﬁenﬂmmwwilhmwbsu
f & % gk % 3 wgu.l;tion, hﬂﬁ:ﬁﬁ: sid;:ll;fectl huve cmerged.
irst en the tendency lor suppliers to schednle
Wiy bl and by s S/ their own regulating reserve in order l.uplfnhmft their expo-
muewtheﬁskofwlaﬂemdnnpmﬁdahlepuimonbal-
Better: Gate closure~the lust chance for genevators 1o scheduls ancing markels, rather than rely on the System operator
Mmmmmmbmrh&mumﬂlmﬁm for reserves, The unnecessary exira reserves that result
bwab{gdﬁ&mthymdsﬂlpnwﬁrmw pushmmmdm-lxmtﬁoﬁdeemissinnsup—lhnughﬂley
Ppatver; effective penalties ars down tg around 4/ MWh, or less Incidentally make assimilation of wind easier.

A second undesiresble effect has been to inflict “vire
T i j tual” cost punishment un individual players for deviadlons
e TY . ; frum scheduled production, a cost that is not incurzed on

TH R EE PES O F R ES ERVES Lhe: system because individual deviations are absorbed in
, the whule, Since the oulput from wind plaut is fiable to
Sk MILBORROwW eguleting  “Spinning ieserve.” as the mame jm- chunge after generation schechules have been settled, they

"\ Winidpéwer Mon reserve” ac  plies, is operationsl, b at less than cannul yvoid getting punished: deficits must be made good

Technical Conaultany =~ tually com- Rl output. "Stending reserve” is not al the “system buy" price and uny surpluses sold at the

prises sov-  penersting, but ready to do so, (lower) “system sell® price. Wind energy loses out, despite

eral types of generation plant “Fre. The requirements for each type the fact that wind plant tend to over-generate as much as
quency response” plant ael automati-  of reserve depend on the uncertainly they under-generate after gate closure.

cally; incressing or decreasing output  marpins in scheduled production g The casl of intermittency under this type of market

in responsc to changes in tystem fro-  cstimaated demend at various titnc- mechanism is independent of the volume of wind energy.
quency. A fall in frequency means de-  scales, The way the requiremenls for It has little to do with real cosis Lo the system, but & lot to
mand axceeds supply, so more pawer  reserves are clvulyted is based an do with the difference between (he “buy” and “sell” prices,
is needed. A rise in frequency indi-  statistical principles (see box page 36: and the gate closure time. Provided the difference be-

cates supply is exceeding demand.  Strmins onthe System), tween the “buy" and “sell” prices is small, the penalties will
L ; be small, but as this difference increases, the penaltics in-
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crnase. Purthermore, the longer the gap between gate clo-
sure and delivery, the farther wind power output is likely
to be from its schednled output (fig 4),

Although these penalties are lower if several wind
farms aggregalc their augut, they may still be significantly
higher than the casts actually incurred by a system opers-
tor aggregaling all generation and demand.

WAYS FORWARD

Qae salution to this difficulty has been to allow wind gon.
crators to pay penalties based on their avernge imbalances
ovet, say, 2 month, This reduces them sigaificantly. In
Britgin, wind generators are tending lo seeure agreements

MANITOBA WILDLANDS

that allow their output to he consolidaed with other gen-
eration—although wilh the shoriening of gate closure and
reductions in ¢ dilference between sell and buy. penal-
tics have dropped significantly (page 46)

The problem of the new market shuctures effectively
undcrmining attempts to operate efficient electricity sys-
Iems vemaing, however. Market forces are spawning & new
breed af "eonsalidator,” businesses that aim to make & Liv-
ing from taking a share of the financial benefits of efficien-
y impravements they introduce by bringing together as
much demand and generation as possible, Pechaps that
will he the route to higher efficiency—and also one that en-
ables wind to take its rightful place in the generntion mix,
with intermittency penalties that are fair.

doo7

AN AMERICAN
LESSON IN
POSITIVE
. PRAGMATISM

A consistent policy across the US for
how wind generation is integrated
into utility systems, and how balgne-
. ing markeis treat wind TCSOUTCES,
tloes nol exist. A commendable attempt by the Federal ine
ergy Regulatory Commission (FERC) to introduce a Stan.
dand Market Design (SMD) for the entire LS power indus-
fiy was stopped in its tracks last year when strong
opposition killed the FERC’s proposal. Policies for integra-
tion of wind, however, sre being inboduved, though in
piecemeal fashion at regionsl levels.

The SMD, a market-Iricndly plun for open aceess lo
transmission and retail cumpetition, would have adopted a
California-like method of intugruting wind power genern-
ton into power grids by wmoving the ensrgy imbalance
penalties from intermitlent resources and averaging imbal-
ances over & month, It also required the use of wind ener
gy forecastiog to case the assimilation of wind on the pow-
er system.

Without such a singular policy, the owners of trans-
mission Jines scross the US are left with a variety of rules—
mostly their swn—for integrating wind Many are now
struggling to understand the fnapact wind generators have
on their system.

MIKE O'BRYANT
Windpower Monthly
Us4

SIZE MATTERS

While most US system operators agree that intermittent
“esources place some burden on the power system, they
10 not glways agree what penetration of wind is neede|
xcfore impacts are significant. Jim Caldwell of the Ameri-

can Wind Energy Association (AWEA) says & system will
not begin to feel a significant presence of wind until it is
dose to supplying 20% of demand, unless the system is
small, inflexible and weskly Jinked to surrounding trans.
mission control areas, Up to that 20% mark, says Caldwell,
Teserve requirements for wind should not be much differ-
ent than for other resources on the system.

The Northwest Power Pool (NWPP) agrees. It recently
estimated its reserve requirement for the 620 MW of
wind in its region at 5% of (he wind capacity. The pool op~
erated by NWPP, a loase grouping of generating utilities
serving & huge grea covering the US Northwest and the
Canadian provinces of British Columbia and Alberts, has a
winter peek of about 50,000 MW. It assesses other re-
sources making up the bulk of its capadity, including hydro
and thermal generators, as needing reserves in the runge
of 8-7% of thedr load.

Conclusions about the cost of intermittent resources
on a system, however, range widely depending on the pe-
rameters, from a negligible impact on the California gys-
tem to estimates of $5.50/MWh—$2.50 [or incremental
reserves and §3 for imbalance costs—at a 2006 peactya-
tion for wind power for PacifiCorp in the Northwest. Othor
studies fall between these twu marks;

* The impact of adding 2000 MW to the WeELincrgies
9000 MW Midwest system is $2-$3/MWh.

* The Utility Wind Interest Group (UWIG) determines the
impact of an existing 280 MW of wind generation on Xeel
Energy's 7200 MW system in Minnesota is $1.85/MWh,
which includes intra-hour load-following rescrves, intra-
hour load-following energy and rgulution reserves,

* Consultant Eric Flirst arives sl 4 eost ol $1.47 Lo
$2.27/MWh for the sume (hree componenls when adding
1000 MW of wind to Bunneville Power Adminishation's
14,000 MW system,

= A first phase study completed in January for the New
York Independent System Operator and New Yark State
Energy Reseurch and Development authority found that a
10% penetrution of wind generation hos kitde impact on
New Yoric's 33,000 MW system.

These studics have fed UWIG to conclude that the
higher (be penctration of wind an a system, the higher the
¢osls, that wind capacity does not need to be matched by
reserves of an cqual volume of disparchable power ax
sume syslem opcrators assert, and that the cast of reserves
"is significanily lcss when the combined variations in load

The imperative for
establishing how
much it costs to
integrate wind into
the power systems
of today has been
much greater in the
market economy of
the United States
than in mainland
Europe. The
emerging consensus
in America is that
wind's fluctuating
supply adds very
litile cost—so little
that in some cases
it is being ignored
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Wind and the wires: Califonia has decided to pratect
wind from unfais punishament at the hads of the market because
it reengnises that wind variations cause minimal exva rnst

and wind plant eutput are considered, as opposed o ean-
sidering Ure variations in wind plunt eutput slone” UWIG
also concudes il wind fonscasting would miligule some
of thess cosls.

CARROTS AND STICKS

Without nationwide rules like SMD to govern halancing
markets, there is a wide variety of carrot-and-stick finan-
cial incentives and penalties acrass the US for encouraging
geperators to do their best ta mateh output with likely de-
mand—and for dealing with wind in particular. In its treat-
ment of wind. the Electric Reliability Council of Texas (ER-
COT), which oversees 85% of transmission iu the state,
simply excludes the existing 1305 MW of wind generators
from its current balancing market. This is because the
state's renewsbles portfolio standanrd requirement of up
2000 MW of wind capacity by 2008 requires ERCOT to
get the renewable generation on the system, which peaks
at 60,000 MW regardless of the impacts,

LERCOT's Ken Donohoo says the hggest problem
with integmling wind into its network is transmission bot-
Uenecks, not wind's impact on reserve requirements, Ile
suspeets, huwever, that wind generation does have an im-
pact un (he systern antl suys ERCOT is completing model-
ling thut will lvok at how the grid will be able to integrate
the full 2000 MW of wind inta its

In the Pucific Northwest, BPA's Steve Enyeart says his
ugency hus removed generation imbalance penalties that

MANITOBA WILDLANDS
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amounterl ta s much as $0.10/kWh for wind (WiNnprow-
ER MoNTRLY, September 2002) and now charges the same
fees to all generators, regardless of fuel source. If @ wind
facility, or any other generator, delivers less than what it
scheduled (within 2 MW or 10%), then it will pay 110% of
the cost of market power to make up the gilference. Con-
versely, if it delivers more power, it will receive 90% of
market price for the exira electricity. Because BEA allows
fieacrators Lo set their schedules one day ahead, however,
and (o true up that schedule 20 minutes before the actual
hour, it his u system that is “near real time," says AWEA's
Caldwell. The closer o resl time that the market for bal-
ancing supply and demand is allowed to operate, the more
likely thal wind generutors will supply the system with
what it has been told to expect.

MARKET SOLUTIONS

With all Narthwest wind project now using wind forceast-
ing, scheduling gecuracy 9 on the rse (WiNorawsn
MonTiiry, Decomber 2003). While that pdds the enst of o
farecasting service and the: eost of an automated schedul-
ing system to the final cost of wind gencration, it saves
more on imbalance charges and outs the amount of re-
Eerves neoessary.

“If you don’t know what you ean provide 24 hours
ghead, then you would need more reserve,” says Michael
Brower of TrueWind Solutions. The company is a US
leader in wind energy forecasting, providing forecasting
services for over 1500 MW of wind generation, or about
30% of the total US wind capacity. “To the extent you can
reduce uncertainty through forecasting, then you ean
make scheduling more optimal,"” says Brawer,

In California, the independent system operator re-
qQuires & central wind forecasting serviee, which is provid-
ed by TrueWind. Even with thyl servier, the Californiu
buluncing market dues nol ruguire un innmedisbe Lsing up
vl u resvurce's balincing account [nstend, it ullpws wind
projects W tue up (heir secounts by everaging imbulunces
over s munth, an approsch which avoils Qw ceonamic ine
equiticy of penslising wind for under-prxluction ne diy
and gver-production the next It is a gond solution for an
imperfcet market, says Caldwell.

But he prefers real-time halancing on the spot market,
as opemted hy PIM Intcreonnection (the Pennsylvanias
New Jersey-Maryland Independent System Operator that
touches an seven states). Here each generator, regardless
of type, schedules its production 24 houre ahead, but it
can true up 20 minutes ahead. Any imbalance that re-
mains at the time of delivery {s dealt with on the spot mar-
ket at spot market prices. The PJM approach avoids the re-
quirement of most systerus for precise advance delivery
schedules. “It soit of naturally allows wind into the system
at the right cost,” saya Caldwell. The PJM comes closest in
the US to a thearetically perfect solutivn to pricing wind
imbalance, he adds.

Because the FERC's SMD pruposal is so disliked by
state governments and the US energy indugtry, it is unlike-
ly it will be included in a 2004 United States enewgy bill, if
there is a bill at all this year. The SMD would establish na-
tionwide deregulation of eleciricity markels, something
states are hesitant to embrace afler the shocldng failure of
California’s deregulation experiment. For its part, the ener-
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gy industry dislikes having to join regional transmissior; or-
ganisations and perhaps giving up enntrol over transmis-
&ion assets.

Without any sign of the SMD) coming into being, (he
wind industry is scrambling for ather ways to ensure wind
gets equal’ treatment by Hansmisson organisations,
AWEA, says Caldwell, is becling up its regiong! eflorts to
get fuir ransmission tarifTy for wind generators. Wind nds
vocales are seeing some gains in the strategy. Californin,
the FIM Interconnection and to some extent RPA area al-
ready taking steps to take account of wind in their market
rules. As other regional Lransmission organisstions, such as

MANITOBA WILDLANDS

i Y P V]

the Midwest 15O, get on their [iel, the industry will be
there on the ground floor to ensure the rules do not pre-
vent wind from being able In compete in the market.
AWEA and other wind advacates are also going hack
1o RERC to ask for a technical conference aimed al expos-
ing integration issues for wind Yesources and then reeam.
mending a “best pruclices® document that would guide
utilides under FERC's jurisdiction to deal fairly wilh wind
power, Caldwell favours guidance in preference (o foree at
ﬂ:hmunﬂcwamsthatmattempttodmnmnndmzy
rules for integrating wind generation would likely end up
being so walered down it would not be worth Lhe trouble.

@oog
@oo8/020
1,1'."' 1 u, -..:1«;3». A

INTEGRATED
IN PRACTICE
BUT NOT
IN THEORY

Western Denmark has long been an
industry benchmark when, it comes
to integrating large proportions of
wind energy into a modemn power
system. Wind penctration last year—the proportion of eloc-
tricity supplied by wind puwer—was 21% says Cltra, the
transmission system uperatar (TSO) for Denmark’s main
peninsula of Jutlund und the big island of Funen. Yet while
Elira manages the kechaleal job of providing its enstomers
with secure supplies of elechicity without so much as a
whif of a blackoul, come wind or no wind, the structure of
the market for baluncing supply end demund places an ex-
traordinary financial burden on the TSO fur Uoiug its job—
a cust that gels passed on io consumers.

In the current market design, wind's added costs
amount to tens of millians of Danish kroner every year for
buying regulating power in the reul-linye imbalance power
market While Elva tends to put the main blame for this
on poor wind forecasting (WiNDrOwiR Muwinwy, Decem-
ber 2003), industry obhservers and wind power producers
point to balancing market fuilings and to inadequate inter-
connections to Denmark’s ncighbours.

The main culprit for the exdva cost placed on wind
Seems to be the requirement that all generation be sched-
uled on the Nordie clectricity exchange, NordPool, way
ahead of when it is needed. "Gate closure” is at noon for
the following day, requiring generation to be accuralely
projected fully 12-36 hours ahead of time. For wind gen-
eration, accurate predictions of output a day uhead js al-
most impossible (WINDIOWER MoNTHLY, December
2003),

The early gute closure means that any deviations
from scheduled production tneur costs for Eltra. Eilher it

JACK JACKSON
Windpower Monthly
Special features

——t b

has to affinad generadon it has already bought, because
demand is Jess than scheduled or gencnition is more than
scheduled, or it has to buy power (o make up a deficit, be-

" causc ol greater demand or less generation than sched-

uled. Under the rules of supply and demand, Eltra will
nearly always end up selling exeess power at a loss and
buying power at a premium to make 1ip 2 deficit

PRIORITY POWER

The situadon in Denmark is cxeecrbated by the existence
of a large number of distribuled, communally owned,
combined heat and power (CHP) plant run mainly nn nat-
ural gas, Elira is requircd to buy all eleciricity from thase
facilitles and from ull subsidised wind plant as “priority
power," whether il. needs it or not (fig 2). Op u cold, windy
day, CHP work overtiine to meet demend for heat, with
Eltra forced to buy the accompanying ¢lectricity—even
though plenty of pawer is being delivered by the 2360
MW of wind plant on its system. Eltra's system is relatively

Not an isolated system
West Denmark's transmission links to dts neighbours
O
NORWAY 7 SWEDEN .7

With wind
somelimes
suppliying all the
western Denmark,
balancing supply
and demand is
proving a costly
exercise, says
fransmission
system Eltra. But
that cost seems to
be a function of a
market structured
Jor convenience
mither than

efficiency. Another
approach could

greatly reduce those

costs
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Further readingt

An edliclo oxamining in
detail how fuchations in
wind output impact o
powar systom, Fading
Fears About Fluctuations,
was pyblished in the July
2001 issve of Winorowe
Mont. It is avgilable s
u POF dogument kom the
Windlnsight sachion of qur
web sile;

wwwiwindpowermonthly.com

Qu4 BfUD
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The land of distributed wind:

small, with maximum and mininum loads of 3800 MW
and 1150 MW. During 2003, about 40% of electricity
was from wind and local theavily subsidised) yas-fired
CHP, with the rameainder mainly from coal.

The designation of “priority powar® wnvaks havoe un
market prices, directly alfecting the ono in five wind tur-
bines which, because of their sge, no longer reecive subsi-
dies and must sell their output on the open market. Recent
Nordic power market resesrch has found that a more Aexi-
ble market design would eu( regulation coss (for all gener-
alion) by up to 70% and increase net income by up 10 8%,
though Eltra is seoptical.

A DAY AHEAD

Market players in Eltra's aren sell power thvough NoalPuul
or trade bilaterally with German TSO E.on Netz, or among
themsclves, “Cate closure” for G.on Netz is 2:30 pm fur
the following 24 hour perind, starting at midnight For b
lateral trade among theaselves, bids must beinby 3 pm,

On average, in its duy-ahcw! prediction for wind pro-
duction, Eltra misses the murk 30-35% of the time. In
2002, the need ta buy or sell puwer un the real-time im-
balance: power due to misculculutions of expected wind
production, cost Eltra DKR 675 million, or DKK
19.4/MWh (52.61/MWh) of wing puwer consumption,
accurding Lo the TSO.

Wind power is responsiblc for myst physical system
lmbmlunce 70-B0% of the time, according to Elmra. For the

With turbines well sproad ow,
varying output from individual usits is absorbed into the big picture

remaining time, wind power counters any imbal-
ance in the rest of the aystom.

The rigid market design means Eltra cannot
put to use unscheduled windfalls of (cleen) pow-
er from wind plant without a fnavcial penalty—
not unless they coincide with the need to caver
other unexpected imbalances. Eltrg's Paul
Mortensen points to the evening of April 11,
2003 as a typical occurrence (g 1). An unex-
preled 400 MW of wind hit the System for more
than six hours, Since normal production had al-
ready been scheduled from other (largely dirty)
saurces the day before, most of the clean energy
surplus wes sent to Norway and Sweden as mgu-
lating power, replacing equally clean hydro, he
Says. In west Denmark the six-hour imbalance
cost  consumers hetween DEKK 140,000-
170,000 (€18,800-22,800).

"It 17 the prices on the regulating powe:
market and the capacity in the grid that decide
what gets regulated up or down—not the type of
generating source used,” explains Mortensen. A
transmission bollleneck prevented all the over.
spill power on April 11 going to Norway. That is
often the case, he suys, requiring Eltra to regu-
late within ity own region, bartering with suppli-
ers, or 1o use the Germun interconnection. The
only way that a 400 MW windfall could have
saved the same amount of Togsil uel production
without a finaneial penally is il un exact wind
power forecast had heen made the day befare
production, says Mortensen. This would have al-
lowed the correct amount to he traded on the
market and thereby replace bids from coal.

RESERVE FOR AlL

Elira does not know precisely how mch reserve power il
needs to have on standby due to deviations it scheduled
wind production. Bltra’s Gitte Agersbeek says there are too
many moving verighles—including market price and sys-
tem imbalances~ 1y pet un exact figure, Eltra can say, how-
ever, that the uverge deviation feum, jis day-ahead wind
power forecasis is 170-200 MW. Occusional peals of un-
expected surplus or missing production esn be as high as
800 MW or mone. “You cannol buy fur worst case scenar-
ios—that's too much veserve ty have for y Jiide system like
ours,” Mortensen says. “It's a balancing of how big a risk
tire you willing to take in cases when big deviations do ve-
cur. Do you reckon you have the capacitics on neighbour-
ing systems?"

Eltra's average error in scheduling electricity de-
mund—when estimated by noon the day before—is around
2-3%, or 40-50 MW, In January, Eltra awarded a contract
for reserve power to the one large power producer in west-
¢rn Denmark, Elsam, This was the first time Eltra's manual
end sutomatic reserve contract covered only three
months—an attempt st reducing costs, Previously, the con-
truels have stretched for more than a year and included
the surumer months, when variations in loads and wind
outpul are less,

For a total price of DKK 91.6 million (€12.3 million),
Elsam is lo supply three months of manual regulating re-
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serve (370 MW upward and 300 MW downward), (hree
munths of automatic regululing reserve (100 MW up and
dawn) and a year of upward regulating reserve/emer-
gency start-up units for 37.5 MW, Added to thiy is the en-
¢igy paymeit for using the automatic reserves: DKK
400/MWh for upward regulation and DKK 75/MWh for
downward regulativn. The cost of manus) regulation re-
serve is dictated by the regulating power markeL. In 2002,
the average use nf upward regulation cost DKK 219/MWh
and the averuge downward regulalion was DKK
150/MWh.

POTENTIAL SAVINGS

According to new caleulations that build oo a paper fiom
2002 by Hanaele Holtrinen of VTT, the State Techuical
Research Cenlre of Finland, & more Aexible market would
allows bids for wind power to be updsted faur imes daily,
instead of the day ahead (box), Predictions of six to 12
hows shead would reduce Eltra's regulation costs 30%
and incease its net income by 4%, “There is no technical
barrier in making the electricity murket more flexible—
that is, shortening the time betwecn [he dearing of the
markel and the delivery,” says Holttinca.

While regulation costs would Fall, Eltra's senjor mar-
ket ceonomist, Henning Parbn, says nn increase in transac-
tion costs to market players makes this aption undesirahle,
“The clectricity market will be reserved to players that can
aflord 24-hour working posilinns,” Parba says. “Of course,
there is a trade off between tansaction costs and balance
costs, but I am pretty sure: that the definition of one point
in time where the bulk ol electricity trade is cleared (i.c., nt
noon every day] is the main reason for the success of the
Nordic market modcl with 2 laxge number of markot play-

MANITOBA WILDLANDS

cr. This gives another quality: price Lrangparency.”

Parbo stresses that changing pate closure time cannot
be done in isolation. “The electricity markets in Europe
are linked. You cannot change a significant design parame-
ter in one country without alfecting market conditions in
the surrounding areas,” he says.

MARKET INTERFERENCE

While wind power makes up a heavy portion of gencra-
tion in Lltrw's aree—211 of total consumption in 2003—
decentralised CHP plant produce even more; in 2003,
they gencrated 3144 of consumption. While four out of
every five megawaits of wind is priority power, meaning
market playcrs are required to buy all production from
these muchines, every MW of local CHP is prioritised. In
tertos of income, the non-priority wind turbines sufler,

“Heat demand decides how much the local CHI® pro-
duce,” suys Per Lauritsen, director of DV-Energi, which
acts on hehalf of the wind turbine oumers who now trade
their power on the open market. Their combined capacity
in Eltr’s area fs about 150 MW, “If jt's & cold, windy day,
you can get a situation where the local CHP are producing
too much electricity."

IL, in its day ahead forecasts, Fltru unlicipates more
power coming onto the grid than it can export, NordPool
sels the price to zero for players in Eltr’s area. Parbo says
(hat during the last year Eltra hed 100 hours with zero
prices, plus meny more hours with spol prices close to zero
clue to the overflow problems.

W supply in specific hours sLil) exceeds demand, Nord-
Foal "shortens the sales bid” in order to balance it sched-
ules, informing every seller thar they have sold less than
their bid, regardless vl the price of the bid. Thus, sellers

o1l
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A small  clectricity

JACK JACKSON H in
Vl"jﬂdpoww Manthly Fmd;ng roarket d ;f:
| Special features 1 Sweden an

a price near the spot price, or sell production
to cover your underproduction near spot
price. This is the idea, to avoid the high (or

ANOTHER BALANCING MARKET OPTION

on Elbas, purtinlly for the same reasons it is
against-working under a sharter pule closure
(main story). "Rt the crucial question will be

land could improve
the gitation for Danish wind power produc-
crs who are otherwise forved to schedule
iheir production on the Nordic power ex-
change a dsy ahead of delivery—a time span
that makes accurate prediciions of wind gen-
eration difficult to achieve. Called Elbas, it is
a market where trade wloges one hour before
delivery. As Hannele Holttinen, of the Tech-
nical Research Centre of Finland, points out,
if Denmark's transmission system operator
(TS0) Eltra used this market it would reduce
its expenditurc in the big regulating market.
Just.one hour before delivery, Elbas al-
lows market players to check the likely devi-
ation of their production/consumption from
the spot bid made th; duy before. *As there
are a lot of sclors, you raay well find soie-
one wanting L buy your extea production at

too low) prices on the regulating market.”
says Holttinen,

INCREASING INCOME

Elbas ensbles wind producers to forecast
production one to two hours ahead of deljv-
ery. Using 2001 data, Holttinen says Eibas
rould reduce Eitra’s regulation costs by 70%
and increse its net income by 7%, assuming
that wind power docs not influence the E)-
bas price and the Swedish price level applies
in Denmerk. A well working after [spo(]
sules market would help both wind power
producers end the system operator in reduc-
ing the emount and cost of wind power pro-
duction ot the regulating markel,” she statcs.
[itre’s Henning Parbo says the TSO ig
notimmediately interested in pursuing trade

the price level in such a market” he says.
“Will'the prices be dose to the spot prices or
dose o the regulating prices? Aad, indeed, if
the vegulating market prices without an in-
tra-day-market in place are elready close to
the spot prices, there seems t0 be no eco-
nomie room for an intre-day-market. To me,
this is the case in Sweden and Finland, and
the moderate turnover in Klbas seems 1o
support my view.”

Parbo concedes, however, that regulat-
ing prices in Denmack are quite “expensive®
compaved with the other Nordic countries,
“This may speak in fevour of experimenting
with an intra-day-market,” he states. Parba
stresses that Eltra is not against a concep
whon many more players enter the e i
ty market—particularly if German market -
playcis could be induded. :
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Dealing with wind
Western Dennark learning how

Devfﬁlinn fram scheduled power
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On the evening of April 11, Eltva had to offfoad nearly
400 MW of production when tkcwﬁddgﬁadtﬁefm
from ths previous day. The TS0 had already scheduled

generation from umewm#audbﬂwmamﬁ.
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dor moys than a decade Elira hax complained that the
mandate on it to buy all "priority power® results fn
overspills of production on which it makes a logs *

are only able to get rid of, suy, 90% of their production on
the NordPoal wholesale market, while the remaining 10%
must be sent to the regulating market. Parbo recalls a
shortening of BOO MW as maxium during 2003,

“We've gone from a market support system to a liber-
alised market, but not al) the players are on the market at
the same time," says Lauritsen. “They haven't taken the
bull stride in Uberalisation. We can’t chooge the price, We
produce when the wind blows, We want sl murket players
to play by same rules *

POUTICAL HELP

Help is on the way. Parbo explains that a law proposs] is
currently being discussed to *depriaritise™ loeal CIIP and
make it part of the open market, "CH on the clectrieity
market will mean that the plant owners ean enter the spat
market, the regulation market and the reserve market,
which Eltra will be pleased about, impraving competition
in these markels," says Parbo, The proposal is scheduled to
be hendled in parliament in the spring,

This is music to the ears of DV-Enesyi. “Our hope is v
f£et more suppliers i the market, so it's not just Elsurg,”
seys Nils DuPont of the company, referdng o e main,

MANITOBA WILDLANDS @o12
011/020

nearmonopaly power cuompany in Clirs's avea, “This will
Inake it cheaper and easier 10 use the resl market and not
the balancing market.*

NordPool will introduce negative prices in March as
smother way to help the overflow problem. Potentially, this
could mean that wind producers on the free market will be
Forced to pay for the surplus power they generate when
the price dips under zero. Ideally, howcver, the price will
never go negative because it will ehcournge fossil fue)-
fired plant to shut off production at zero Ppricus, instead of
keeping it running like they do today. “[he argument is
Lhen that it would move a lot of production to the real mar
ket and away from the balancing mavkst. It's sheer eca-
nomics,” says DuPont.

INTERCONNECTIONS

Another main urea where wind power producers criticise
the eurrent markct are the botlenecks an the ‘lines in and
out of Fltra's wreu. Eltra activates regulating power where
itis the chespest, provided the transmission capadity is ad-
equate. And this is the crux of the matter.

“There's not cnough space on the system for the nor-
mal market when it i really blowing," says Lauritsen, “The
biggest problem in the current balancing market are the
cahle connections to Norway, Sweden and Cermany. They
are not optimal. Strongrer interconnections would make it
easier to balance the Danish market with hytdro—the
fastest and cheapest standly reserve”

Lauritsen points out that balancing market costs of
western Danish wind producers are double thoge of wing
producers on Zealand, the big island of eastern Denmark
which is not linked to the rest of Demnark, including El-
tra’s region, Part of the reason for the huge price difference
{s that western Denmark has 80% of the country's wind
turbines. “But Zesland also has s good connection with
Sweclen, which helps to level things out,” says Lauritsen.

A myjor power outage on Zesland and southern Swe-
den last summer has brought discussion of connecting the
two Danish markels by cable to the forefront once again,
There ix also talk about beltering the connections from El-
tra to Norway, Sweden and, particularly, to Cermany,

Eltra is caroful around the issuc. Tt 2003 System Re-
part statcs: “Financially speaking, the optimum cepacily is
ochieved if a ccrtain congestion cffect is maintained. The
socio-ceonamic advgntsges of en cxpansion will Lypically
excced the financial benefits 1o the company. The in-
creased transit capacity can improve camings for the pow-
er generators, as congestion will no longer force thom to
leave capacity unutilised. However, the power gencrators
may also in some situations benefit from congestion as
they often trigger a higher electricity price, Consumers will
typically have to pay a lower price when (he international
interconmections allow for lhe cheapest electricity to be
supplied.”

Correclion: Elira did not suve Fael costs on 400 MW ol icrmal
penerativn o April 11, 2003, us stited in o cuplion (0 a series of
[igures, "Achivving u moich un Elbrgs systen” in the December is-
sue of WiNorowsR MoNTHLY. Only sume of the generstion the
wind power replaced was thermul power. The remalning power
Wwas sent 1o Norway und Sweden, whero it replaced Liydro power,
24 the article ubove cxplains,
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SHOCKING CLAIMS ON
RESERVE REQUIREMENTS

Surprisingly, the country operating
the most wind power plant has yet
to agree on hard and fast rules for
S5 calculeting the volume of reserve
gencradon needed to cover the extra incartainty intro-
duced by wind fluctuations. Germany, with 14.2 GW of
wind power, has also only just started consideration of
how to assess the actual cost ol the ressrves and how bal-
ancing markets should be structured {o veflect that cost,

Studies of how to inlegrate wind have been initiated,
however, and there is political recognition that the efficien-
¢y of what are now four halancing market zones needs to
be improved, Debate on amendments to the German re-
newable energy law (WINDFOWER MONTHLY, December
2003) includes discussions on improvements that will not
only benefit wind energy hut other market players as well.

The two power systam operators with networks bor-
dering Germany's North Sea and Baltic Sea cosstlines,
E.on Netz and Vattenfall, take the bulk of the country’s
wind power, which meets about 4% of national demand
for electricity. The huge E.on network runs fram north to
south through the centre of the country and Vamenfall's
VE Transmission system covers (he whole of eastem Gexv
many. With expectations that wind capacity on their net-
works, particularly offshore, will more than double within
seven years, they are both pressing for political action to
pave the way for them $o get & grip on how their systerns
will cope. E.on predicts it will need to eater for 12,800
MW of wind generation, 6000 MW of that ofshure, by
2011. By the same ycar, Vattenfall is getting ready to oper-
ate 8850 MW, including 3250 MW offshare,

At those volumes and presuming the offshare stations
get built, the demand met by wind genemtion could ap-
proach, and for Vattenfall exceed, 20% an their individual
systems. In practice, the cffective penetration will not be as
high smce the production feeds into the whole of Ger
mauy's integrated national network, which is also conncet-
ed with jls ncighbours. The challenge now is to develop
market rules thel recoguise that fact and do not unfairly
punish wind by lusding it with a fictional cost.

SARA KNIGHT
Windpower Monthly
Germany

QUT ON A LiMB

Experts (rom the two utilities, wuridng with mure experls
from research institutes RWTII in Aachen and FGH in
Mannheim, agree that wind's demands vn spinsing re-
serve today (in Germany, reserves called up willin 15
minutes) are minimal and place “no restrictions” on wind
cnergy. But as wind penetration increnses, Eon and Vat-
tenfall say reserves must increase loo.

By 2016, claims the expert group, wind's demand on
spinning reserve will be four or five times greater than to-
day. On E.on's northern network it will peale at 8 GW, they

believe, or a huge 50% of the wind capacity in the region.
A 50% rustrve is five to ten times the leve) that syslom op-
erators in Americe or Britain are expecting tv provide (ar
ticle page 35). It is apparently based on purely duy-shead
forecasting of wind output and a claim that stundan] errar
in thut forecasting is a high (2.5% (WiNnPowen Moy,
December 2003).

The group uses the same calculation basis for the VE
Transmission area, concluding that maximum demand for
spinning reserve will be 4 GW, again 50% of the wind ca-
pacity. In both cases, average spinning reserve over the
year will be about half those levels, they say. This is still
suhstantially more than experience with wind operation
indicates, including their own expericnee with 4% wind
henetration, and more than international studies maintain,

Not swrprisingly, the expert group qutestions whether
its caleulations of the “extremely high reserve requirement
of about 10 GW™ can be cuvered hy Gernan resources
alone. Spinning reserve: in the whole of Germany today
lies at just over 8 GW. The graup concedes, however, that
irs analysis looks et the northem part of Eon's networlk
and the VE Transmissions network in isolation, rather
than at the sum of all four German high voltage tramsmis-
slon systeras.

The group also expresses its calculations in terms of
energy used by the reserve, On Eon's northern network,
Lhe axperts claim the need for electvicity reserve will rise
Irom about 1.5 TWh in 2001 to around 6.5 TWh a year
in 201G and for VE Transmission from aboul 1 TWh 10
3.5 TWhin 2011, '

NO WORD ON COSTS

The actunl cost of the reserve power is an issue the expert
group avoids. Its only comment is on market prices for
spinning rescrve, which “are by no means stable and there-
fore difficult to estimate for the coming years." Network
operntors are not required lo use the country's four sepa-
rate markets for regulating wind pawer, which is barely
traded an them,

As it is, both E.on und VE Transmission procure at
least some of the needed reserve for wind energy internul-
ly rather than on the medket after conducting their owa
wind forecasting and scheduling (WINDPOWER MoNTInY,
December 2003), As a result, the actual costs of reserve
are hidden away from external examination. E.on buys re-
serves for up to 60% of its wind eapacity from sister coin-
pany E.on Energie, which it says costs far less than buying
the standard market produes, used to cover some of the re-
maining 40% of ils needs.

Vattenfall's truding Jivisin markets wind power on
the EEX Leipzig electricily exchange based on day-ahead
forecasts, It corrects deviglions from {he forecast on the
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Transmission
System experts in
Germuny charged
with studying wind
integration are
claiming that the
couniry’s wind
power plant need
reseyves equal to
half their installed
capacity. This is up
to ten times more
than needed in
other countries and
even defies the
experis’ own
observations of
wind's current
demand on
spinning reserve
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delivery day with power bought intemally amd/or calls on
spinning reserve procured the previous day to tron out dis-
crepancies between projected and actual supply and dc-
mand. including wind [uctuations.

Federul economics minister Wolfizang Clement seems
to have been mude wwure of the dark urces of wind inte-
gration cnsls. At a Handelshlait/Faminmm eonference in
Berlin last monll he statnd that combining Germany's four
balsneing markets into one “in connection with wind ener
£y" was part of disaussions en amendments t the renew-
able energy law. ‘The intention 1s tn increase market liquid-
ity with the aim of reducing prices. Liquidity is highly con-

MANITOBA WILDLANDS
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strained by distribution of baluncing services over four
scparate markets,

A now study, Energy and Econormic Planning for Net.
work Integrulion of Wind Eneigy in Germany on Land
uad Offshore to 2020, co-ordinated by Genuan energy
agency Dena, is due for publication by the summer: Repre-
sentatives from a crss-section of wind and electricity com-
panies, research instititions, Iohhy organisations and the
federal econamics ministry aim by then tn have answers to
the key issues of wind energy expansion, Dena, assumes
that wind capacity will grow from 14 GW in 2003 to 24.5
GW in 2010.

e o A DIRE START
By T THAT GOT
rnammames. GRADUALLLY
poale et BETTER

with seltling wind's

deviations from

% B W The introduction of new cl::ccrleri:y
Doy ooy it Sentemens 0T o

———————— in the renewebles and combined
heat and power (CHP) industies i the months after
NETA came into foree in Mareh 2001. The problem for
rencwables revolved around the halancing mechanism at
the heart of NETA that penalises generators when their
output does not maich their offer exactly. In particular, this
hit small and intermitient generators like wind farms,

Output fram renewnble generators fell by around
25% and revenues fell by over 33%. Volatility in the pow-
er market (o those eardy days with a high spread of prices
meant that generators had to pay a high “system buy
price" to make up shortfalls, while they received only a
low “system sell price” for excess power. For months, some
small generators could not find an electricity supplier will-
ing to buy their power and incur the imbalance charges.

After that low point things could only get better. Two
particular modifications to the rules governing the balanc-
ing mechanism—the balancing and sefilement code
(BSC)~improved matters for small guneraturs. Reducing
the period to gate closure, the time between nolilying wn
offer of power and its later dispatch, from 3.5 hours shead
to just one hour ahead, and reducing the spread of system
buy and sell prices have both combined to lower exposure
of intermittent generation to imbalance charges,

Welcome though these modifications were, their ef
foct on renewables pales when compared with that of the
UK renewables obligation (RO), introduced in April 2002,
which transtormed the market for wind power, The RO ru-
quires elactricity suppliers, known elsewhere as retsilers,

to supply & percentage of their power from renewahles,
starting at 3% {n 2002-03, rising to 15.4% in 2015/16.
Where once suppliers were reluctant to conpract for wind
power, they now vie to buy up wind geperstion, since the
imbalance costs of wind are more than oulweighed by the
income gained through sales of the associaled rencwables
obligation certificates (ROCs) and Climate Change Levy
exemption certificates (LECs), Nearly ell renewable elece
tricity is sold directly to suppliers who add it o their ener
gy portiolios, where the effect of any imbalances from ine
dividual projects fs reduced through aggregation.

But while the RO cushions renewables from the ef-
fects of NETA, its problems have not gona away. “We still
have a syslem which inherently works against smaller, in-
termilient end green generaton,” says Syed Abmed from
the Combined Heat and Power Associntion (CHPA), He
points to the demise of large genovator and supplier TXU
as proof that no ane is immune from the triple whammy of
lower wholesale prices for power, imbalance custs, and
loss of benefits for embedded geperation in loday's clec-
tricity market. “The big guys have been sulTering, and
smaller players have been suffering disproportionately
raore,” he says. “The only people who are building new ca-
pacity are wind developers because they have the RO.”

FIGHTING FOR A SAY

Thete is still room for improvement of NETA, says
Ahmed, but changes will only come about if one of the sig-
natories to the BSC—who erc mostly large players—pro-
poses a maodification. This iz then considered by the BSC
panel and energy regulutor Ofgem. A number of proposed
modifications lo belp ymull genecators have been rejected.
“The problem is (hat NETA is a hig boys' playing Beld," he
says. “We huve a very dilficult time engaging our members
in the NETA process bueuuse: it is all so complex.”

Frum Ofgem, Buus Moselle claims the modificstions
alrcady introduced have helped smaller intermitient gen-
erators. But if the balancing rules are still unfaidy penulis
ing them, Ofgem will consider further changes to the BSC,
he says. “The aim is to have cost reflective charges and if
we could see anything to make them more cost reflective,
we would congider it.” He poinls out, however, that inl:e
miltent sourccs such as wind can Jessen their expusure to
imbalance charges by pooling their ouipul in & portlolio of
generation, although he cancedes that few renewable gea-
eraiors have so far opted to use consolidation services,
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