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The Value of Balancing Capacity




Mechanisms for Com
AEnergyonly marketsthat rely on
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pricing

ATheenergymarketwithout price capsis the only source of revenue

ARiskyfor investors(-), politicallycontentious(-)

Alnstalledcapacityrequirements

AMember Statesdecideon atargetcapacityand TSO procuresthrough

annualauctions

A Saferfor Investors(+),capacitytargetis contestable/nontransparent (), does
not ensureflexibility (-), complexvariationsamongMemberSates (-)

ACapacitypayments

A Energypricesare uplifted by capacitypayment
AlInstalledcapacitymayerr significantly(-)

AEnergyonly marketswith a scarcitypricingfunction



Revenue Streams in Electricity Markets
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Balancing Capacity

AFrequencycontainmentreserve(FCR):
Immediateresponseo change irfrequency

AAutomaticfrequencyrestorationreserve

(@aFRIR reactionin a few seconds, full
responsan 7 minutes

AManualfrequencyrestorationreserve
(MFRR availablewithin 15 minutes

AReplacementeserve

ACommitmentof balancingcapacityinduces

opportunity costbecausat displaces
energysales
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Value of Balancing Capacity (in Real Time)

AConsider a sfystem with imbalances distributed according to a normal distribution
with mean of 0 MW and standard deviation of 10 MW

A Consider a market with two BSP offers:
ABSPA: 10 MW @ 20 €/ MWh
ABSPB: 10 MW @ 50 €/ MWh

A Suppose that the system experiences an imbalance of 15 MW:
A Pricetaking TSO demand for 15 MW

AAt that level of stress, what is the value of additional capacity to the system?
A With 5 MW left in the system, the probability of losing load [Od w & & &  God)]

o ®bP
A At this level reserves prevenibad shedding 30.9% of thime
Alf VOLL = 1, 00 0 anéaddManaM W tthrea nvsallautee soft o 1, 00

309 €/ MWh
AThe balancing energy price in this e:



Implicit and Explicit Auctioning of
Balancing Capacity




Multi-Product Auctions

AScarcity pricing based on operating
reserve demand curves relies on
the notion of auctioning energy
and balancing capacity
simultaneously inreal time

Aldentical concept to dagphead ce
optimized allocation of balancing

CapaCIty (a_rtICIe 40 Of_ EBGL)’ but A multiproduct charity auction. Buyers place
rather applled toreal time bids for multiple productsimultaneously

When the gate of the auction closes, the
auctioneer determines a price for each
product, and allocates each of them to the

winning bidder.
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Some Notation

AU : Quantity of energy bipMWh]

AU : Price of energy bid) € / MWh ]

AU'Y : Quantity ofBSP offer / TSO demaf@MW-h]

AU'Y : Price oBSP offer / TSO demar@ €1W-h]

Ac: Fraction of accepted energy offé€

A : Fractionof acceptedbalancing capacity offéf

A: Energy pr i ce@roduf dudtivvideoptimizatiomu | t i
A_'Y: Balancing capacity prige € / MWh

A:Energy pri eceergfoflyaWthm] i n



Explicit Auctioning of Real-Time Balancing
Ca p a C | ty Energy welfare

GO®E |0 d0 én| [0Y d0Y gaY

A Consider an application of EBGL article 40 on

co-optimizationto the illustrative example O p

A BSP energy bids (MW @0 € / MWh ) : Y
ABSPA: 10 MW @ 20 €/ MWh Linking of bids | @ —=—®Y p
ABSPB: 10 MW @ 50 €/ MWh v

A TSO energy bidé (MW @0 € / MWh ) : .
A Pricetaking for 15 MW Od U gn ™

A BSP balancing capacity bids:
ABSPA: 10 MW @ 0 €/ MWh : g e
ABSPB: 10 MW @ 0 €/ MWh LG oY gy

A TSO balancing capacity demand:
Al O_ MW @M\MO o €/ This is arexplicit multi-product auctionfor energy

A Balancing energy price 359 €/ MWh and balancing capacity, appligdreal time

A Balancing capacity pricy: 309 €/ MWh
The equilibrium price for balancing capaaiylects

the value of balancing capacity the system



Implicit Auctioning of Real-Time Balancing
Capacity

How it works

AOur proposal, inspired by US @ Run the energpnly balancing
designs, auctions the uetion( oM )
balancing capacitynplicitly Gdw 0 g go

AMotivation: seamless (to the o P

extent possible) integration

. . . Jd 0 go m
with EU design, while (d 0 ¢
maintaining the intended Compute the same scarcity
benefits of scarcity pricing © adder as the one that would

have resulted from explicit

based on ORDC

auctioning_ ¥ 309 €/ MWh

Correct the balancing price by
@ accounting for linking of bids:

= +_" 50 + 309 = 3!



How To Execute Step 27

Choosing Operating Reserve Demand Curves

A It depends on how the TSO values reliability, but it
IS always based on the amountleftover
balancing capacityn real time

A Inelastic operating reserve demand curve: o
10 MW @ 309 €/ MWh =
> Mat he matiocrmal/ | Y 1pfTt 2 300
MW, _ 'Y Ttotherwise VI o 5

= 200

g

2 150

~ 100
50

A Operating reserve demand curve based on LOLF
1 MW @ 460. 1 €/ MWh, 1 N
-~ Mathemati©@b b0y, ¢0 0 0¥

0

Leftover

Based on LOLP and VOLL

8 10 12
balancing capacity R (MW)

14

16



Some Remarks

A The market clearing condition for energy can be rewritten equivalently as
Od 0 g0 6'YD04d

This suggests a unique energy price for BSPs and BRPs (since a unique product is traded, nriimelgmeady)

A 1t is implicitly assumed that BSPs bid a zero cost for balancing capacity, since in the basic model there are no
explicit / norropportunity costs for balancing capacity

A The implementatjon of the redlme market for reserve can be implemented in the context of balancing
platforms by applying the adder as indicated in the figure

Connecting TSO IZI n Connecting TSO y
—— -y =" C e
Selected Bids (= = ) ¢( O~a W (.L)),Q 0 ¢ r] W W
B CEO 0 b o)

Algorithm +
cMOL

““““““““ / 1. Balancing price adjustment
: . 2. Imbalance settlement adjustment
A 3. Market for BC imbalances

APIN ZUZZ




Loss of Load Probability

AUncertaintys- in real time due to:
Ademandforecasterrors
Aimport uncertainty
Aunscheduledbutagesof generators
AD O O(¥) 01 é3w 'Y isthe
probabllitythat reaktime

uncertaintyexceedgeserve
capacityY

_________________

Reserve Error



Scarcity Price Adders Based on VOLL and LOLP

APriceadder. _Y w0 0 O_ €0 0 0¥, where_is the marginal
cost of the marginal producel is the available balancing capacity

AMore frequent, lower amplitude price spikes
APricespikes camccurwhile relyingon marginakostbidding

AThrough arbitrage, scarcity adders bgwmkpagate to forward (day /
week / monthahead) balancing capacity auctions

AScarcity pricing can eexist with capacity mechanisms, however
precedence matters: important to give the energgly market design
a chance to function properlrst



Price Stabilization Effect of ORDCs

Price of balancing capacity in example 3.3b Price of energy for EOM and EOM+ORDC in
25 example 3.3b
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A Balancing capacity prices (left) lift energy prices with them (right), thereby producing a more

dependable cash flow for flexible resources

A Whereas EOM lorgun equilibrium prices can support optimal shaerm dispatch, not all
competitive shortterm prices can support optimal lorgrm capacity mix. ORDC largely
corrects this issue.
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SCED ORDC On-Line Price Adder ($/MWHh)

lllustration from Texas: July 30, 2015
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ORDC Reserve Adder vs. RT Energy Price
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Texas in 2019
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The Missing EU Market for Real-
Time Balancing Capacity




BRPs and BSPs

ABalancing responsible parties (BRAsiceinelasticbuyers or sellers
of realtime energy

ABalancing service providers (BSAsice-elasticbuyers or sellers of
realtime energy

ABSPs commit to bidding at least DA reserve capacity to RT balancing markets
AEach BSP must be attributed to at least one BRP portfolio (EBGL)

ABRPs and BSPs face a different price forthew energy:
ABRPsimbalance price
ABSPsbalancing price
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Translating First Principles to the EU Design

A ORDC essentially sets a RT price for
reserve

A In_equilibrium, ener%?{| and reserve Day-ahead market Real-time market
prices follow each other in lock step

Sowhat does it mean to introduce
ORDC adders to the EU matkéive
do not have a RT market for balancing
capacity?

A Adders to the imbalance price
(BRPs)?

A Addersto the balancing price (also
BSPs)?

A What about RT balancirggpacity?

Missing
market
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The CREG Scarcity Pricing Studies



The Belgian Scarcity Pricing Studies

A First study (2015[1]: How would electricity prices change if we introduce ORDIBe Belgian markét
A Finding it could enable the majority of combined cycle gas turbines, which are currently operating at a fessyter their
investment costs
A Second study (20142]: How does scarcity pricing depend on
A strategic reserve
A valueof lostload
A restorationof nuclearcapacity
A day-ahead(instead of montkahead)clearing of reserves

A Thirdstudy (2017)[3, 4]: canwe take a UShspired design and plug it into the existing European m&rket
A Finding essential role ofealtime market for reserve capacifgr backpropagation of adders to forward reserve markets

A Fourthstudy QOl%)IL7, 8, 11]: cros$order effects, calibration of the ORDC, and interplay of scarcity pricing
with BRPs and BSPs

A Finding limiting scarcity adder to imbalance price will not induce bpakpagation of reserve value to dajnead market

A Fifth study (2020)[14, 15]: support questions of market players on market design proposal [3], analyze
material i%gcarciz)[/ pricin]g pu%ﬁc cgnsultaticm Belgian TpSC}/ ELIA gn prop 3] y

A Finding quantitative methodology for calibration of ORDC, analysis of dvosger interactions, and ability of ORDC te co
exist with CRM
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Thank You

For more information

papavasiliou@mail.ntua.gr
https://ap-rg.eu/
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