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Balancingvariableresidualload: the role of flexibility options

Traditionally,power systemdhavealwaysdealt with somedegreeof load variabilityand uncertainty Flexibilitywas
supplied as a by-product of energy The main concernof market designwas capacity adequacyrather than
flexibility®.
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1Foradetaileddiscussioron revenueand capacityadequacyissuessee
Newbery, D. (2015. Missing money and missing markets Reliability, capacity auctions and interconnectors Energy Policy 94, 401c410.
https:// doi.org/10.1016j.enpol201510.028
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Balancingvariableresidualload: the role of flexibility options

New flexibility options start getting commercial maturity and prove competitive on current markets for dealing with \gyiabili
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Capacityadequacyand systenmcapability. would availablecapacitybe responsiveenoug?
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Scarce capacity episodes Capacity adequacy issue (LOLE>security margin) supply
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More than semantics: is there a workable definition of flexibility?

1. EURELECTRID14): & h #n individual level flexibility is the modification of generation injection and/or
consumptionpatternsin reactionto an external signal (price signalor activation) in order to provide a service
within the energy system The parametersused to characterizeflexibility include the amount of power
modulation,the duration,the rate of change the responsdime, the location,etc.g

2. MIT Energyinitiative (2016 p235): oFlexibilityis just a conceptt it isnot really a service,and its value cannot
be decoupledfrom the electricity price by implementing a separate product To reflect the value of flexibility
for the power system,the granularity of electricity prices should be aligned with dispatchinstructionsand

reflectedin reserveproductdesigne

3. IEA(2017 pl4): &Flexibility is the ability of the power systemto deal with a higher degreeof uncertainty and
variability in the supply-demandbalance.
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More than semantics: is there a workable definition of flexibility?
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4. ENTOE (2017 to the CEERoONsultation

A technicaldimensionasthe aCapabilityto adapt power generationor consumption(MW) at a certain moment, over a specific
period of time (h), at a certain speed (MW per second),at a certain location or within a certain area, and thus to inject or
withdraw energy(MWh) in or from the transmission/distributiorsystem and the capability to useassetsto control network flows
within securelimits.€

A commercialdimensionasthe GAbility to conductcommercialtransactionsbetween market participants, TSOsand DSOghat
utilize the technicalcapabilities Thesecanbe usedfor portfolio managementof energyschedulegi.e. energybalancingby BRPS),
systembalancing(i.e. powerbalanceby TSO)or redispatchmeasuresandvoltagecontrol (TSOs&nd DSOs)Thetransactionscanbe
facilitated by explicitproductsthat specifyrequiredcapabilities e.g. leadtime to responselocation,power profilesé
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Capacityadequacyand flexibility : two sidesof the samecoin?
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: : : : \ LT reliability concerns :
Scarce capacity episodes Capacity adequacy issue (LOLE > security margin) Security

: . . o : ST reliability concerns
Extreme ramping eplsod (IRRE> security margin) of supply

2|RREInsufficientRampResourceExpectationSee
LannoyeE, Flynn,D., & Malley,M. O. (2012. Evaluatiorof PowerSystenFlexibility IEEHTransaction®n PowerSystems27. https:// doi.org/ 10.1109TPWRS20112177280
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Balancingvariableresidualload: the role of market design

Due to increasingvariability and uncertainty, flexibility concernscometo the floor and joins old-R I &sSuiesof
capacityadequacyTheaim of designingmarketsfor harnessinglexibility is becomingwidespread
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The coordination challenge @ IS AR

1. «What»is it?

Making the infrastructure available and operating it at leastcost for balancingload at every location. It implies
meeting energydemandwhile ensuringcapacity,stability and secureoperation of the system It sharesthe same
framethan that of the earlyR | éofh#arket designrestructuringbut it includesa new dimensioncomingfrom the

exacerbatedvariability and uncertainty of residualload.
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Improving the market and regulation design

10



The coordination challenge @ |51 5 EETEAY

ELECTRICITY MARKETS
Fondation Paris-Dauphine

2. « Why»isit relevant?Asalwaysford LIN2 A RAY 3 O2y adzYSNAR Y2NB | FTF2NRI 0
Ay @S a sw6BAARE sddstering productive and allocative efficiencidse. social welfare).

3. «How» to proceed? By rethinkingthe design otlectricitymarkets

/
/
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The focus dhistalk
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Px (EU " Target Model"), Integrated Pool (US "Stankfandet Design™)
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| Market platform ! Gencoor Market participants
' Product designtemporal and spatiadranularity duration and GCT, < (US/EV):
Auctlon design pricingschemeandsettlementrules Retailers generators prosumers
__________________________________________________________________________________________ aggregatorsVPP, BRRRnewables
Competitiog storage other DER

1) Grid and generation infrastructure
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3 Joskow, Paul L., and Richard Schmalensee. 1983. Markets for Power: An Analysis of Electrical Utility Deregulation. MIT Press Books. Vol. 1.

The MIT Press. https://ideas.repec.org/b/mtp/titles/0262600188.html. 12
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Existing market architectures:

~

Flexibility services

Non-wire
alternative to grid

New capacity
Capacity
Energy

Reserves

Temporal coordination

Long-term markets |

Medium-term markets

Economiedispatch

| Short-term markets

Y . )
Balancingand stability

requirements

15-35 years 3-4years  Months ahead Day ahead Intraday 30-60 . Spatial coordination
. ; Delivery
ahead ahead (h-24) minutes, ~ .
> Time Congestion
PPA and long term contracts management
Nodal (LMP) or
(apacity market zonalpricing
m Day-ahead markets Intraday market _ 2
Balancng/ \§ E .8
. . . real time 2 g
Ancillary services and operating markets s
reserves procurement )

Not in all markets

D il arkets
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The notion ofproduct granularity and the evolving system needs

1. The temporal dimension:

Should andcould flexibility options compete for

Frequency . . value on current market architecture?
ne AC Service Restoration

Cycle Regulatlor? (from Oltages)
Non: laikiat * Variable Energy
ON-MAMkEL rotective(Relay Resource  Hour-Ahead | Day-Ahead Capacity  pjanning for
Market Operatibns Inertial Deviations  Dispatch | Scheduling Markets  abon Goals

.

Response i Demand . 2 T&D
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Source US DOE (2017)
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2. The spatial dimension:

Could their full system services be priced with
existing product granularities?

Non-Market ) Distance to Premiym
DG Interconnecifon Large Generator Renewable Resourcks

Market Criteria Interconnection Criteria RTO/ISY) Regions

) Transmission /
® Hybrid Harmonics Congestion ide Area Stability
Interconnections
\ I l . X
10° 10! 10? 10° 104 10° 107 meters

SourteUS DOE (2017)
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The"Market Purist' view:

It advocates for enhancing flexibility
valuation by refining current markets
segments Thus it encourageslarger
balancingareas(e.g. market coupling,
proposesshorter product duration with Market and
GCcloserto RT,and asksfor improving regulation
scarcitypricing Design

(Regulatoryauthority)

The "Pragmaticdesigner'view:

It advocatesfor introducing explicit
flexibility products on the top of
existing market segments (e.g.
« flexible ramping product » on
CAISGand MISOand RegDreserves
on PJM) or introducing dynamic
capabilitieson existingCRM

An emergingalternative: Market "Re-reqgulation’
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Market improvementsrelated to increasingproduct granularity (Source: IRENA 2019):

IRENA.
/media/

Temporalgranularity

CAISQs proposingto move from a 1-hour to a 15-minute
schedulingntervalon the DAM

Australia transitioned from a 30-minute to a 5-minute
financialsettlement,andfrom a 2-hour to a 30-minute GCT

In 2016 Nord Pool,Fingridand Eleringlauncheda pilot with
a 30-minute GCTin the intraday market on the Estonian
Finnishborder, to replacethe previous60-minute one.

In Austria, Belgium,Germanyand Luxembourg(in certain

transmissionsystemoperator areasonly) the local intraday

GCTwas moved to 5-minutes before lead time (ACER,
2018.

New ENTS® CEBGL considerssmaller quantities (MW)
and shorter time frames for standard balancingproducts
(i.e. projectsPICASSOERRBJIARI)

2019. INNOVATION LANDSCAPE FOR A RENEWABLE-POWERED FUTURE:
Files/IRENA/Agency/Publication/2019/Feb/IRENA_Innovation_Landscape_ 2019 _report.pdf

Spatialgranularity

A Most w ¢ hif2 dhe US have implemented nodal

Solutions

pricing at the transimissionlevel. Recentefforts
aim to extend LMPto the substationlevel (i.e. to
distribution networks)(Caramani®t al. 2018

The panEuropean market uses a zonal pricing
mechanism and some countries have divided the
national transmissionsystem into more bidding
zones,ncludingDenmark(two biddingzones) Jtaly
(six geographical bidding zones), Norway (five
bidding zones),Germany(five bidding zones)and
Sweden (four bidding zones) (IRENA, 2017).
« Localflexibility markets» are beingconsideredoy

different researchprojectsin the EU (e.g. ENERA,

NODES)

To Integrate Variable Renewables. Available at:

https://www.irena.org/-
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Market improvementsrelated to product design for the explicit valuation ofiexibility (Source: IRENA 2019):

A In CAIS@nd MISOflexibility productshavebeendesigned and batteriesare allowedto participate

A PJMhasdevelopeddifferent frequencyregulation productsfor the slower conventionalresources
andfor the fasterbattery storageones(RegDreserve)

A Inthe UK,anew productwasintroducedtargetingbattery storage @ S y K | fleu&ByNBE 4 LI2 Y & S €
A EirGrid has defined several additional system service products to cope with wind energy

fluctuations Similarly,National Grid haslaunchedthe SystemNeedsAnd ProductStrategy(SNAPS)
consultationto redefineexistingASproducts

A CAISGsimplementinga requirementfor flexibility in its capacitymarket

A PJMand Franceallow DR, storage and crossborder interconnectionsto participate in capacity
markets

IRENA. 2019. INNOVATION LANDSCAPE FOR A RENEWABLE-POWERED FUTURE: Solutions To Integrate Variable Renewables. Available at: https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/Feb/IRENA_Innovation_Landscape 2019 report.pdf 17
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Isthere a boundaryto increasingproduct granularity?

Trading closer to reaktime requires
higher temporal granularity. Similarly,
pricingcongestionsvith DERconnected
at mid and low voltage levelsrequires
higherspatialgranularity.

Thereis an intrinsic trade-off between
increasing granularity and market
liquidity. Market power issues might
emerge

Auction design could help but still
technical issueswould constraint full
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Isthere a merit for simplicity and parsimonyon market design?

Thespecification®f market productsshouldbe in line with systemneedsas possible Auctiondesigncouldhelp but still technical

issueswvould preventfull productdiversity Thusthereis a trade-off betweenproductstandardizationand marketdiversity

Standardisation Diversity
Multiple productswith Singleproductwith
singlespecs multiple specs
Tradeoff

System Needs And Product Strate§NAPSBource adaptedfrom NationalGrid2017
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