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Balancingvariable residualload: the role of flexibility options

Traditionally,powersystemshavealwaysdealt with somedegreeof loadvariabilityanduncertainty. Flexibilitywas
supplied as a by-product of energy. The main concern of market design was capacityadequacyrather than
flexibility1.

1Fora detaileddiscussionon revenueandcapacityadequacyissuessee:
Newbery, D. (2015). Missing money and missing markets: Reliability, capacity auctions and interconnectors. Energy Policy, 94, 401ς410.
https:// doi.org/10.1016/j .enpol.2015.10.028

Scarce capacity episodes Capacity adequacy issues
LT reliability concerns

(LOLE>security margin)
Security of 

supply



Ndem

Ndem

Net demand at time t [GW]

h1 h164 h397 h630 h862 h1120 h1403 h1686 h1969 h2252 h2534 h2817 h3100 h3383 h3666 h3948 h4231 h4514 h4797 h5080 h5363 h5645 h5928 h6211 h6494 h6777 h7059 h7342 h7625 h7908 h8191 h8474 h8756

84

82

80

78

76

74

72

70

68

66

64

62

60

58

56

54

52

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

VREshare= 20%

Background

4

Network

Electricity 
storage  

Smart 
grids

VRE 
curtailment

Flexible 
generation 

Network

Electricity 
storage  

Smart 
grids

VRE 
curtailment

Flexible 
generation 

T&D infrastructure

Electricity 
storage  

Demand  
response

VRE 
curtailment

Dispatchable 
generation 

T&D infrastructure

Electricity 
storage  

Demand  
response

VRE 
curtailment

Dispatchable 
generation 

Balancingvariable residualload: the role of flexibility options

New flexibility options start getting commercial maturity and prove competitive on current markets for dealing with variability,
Ƴŀƛƴƭȅ ƻƴ ǘƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ ǊŜǎŜǊǾŜǎΦ !ƴŀƭȅǎǘǎ ŎƭŀƛƳ ŦƻǊ ŀ άtechnology-agnosticέ ƳŀǊƪŜǘ ŘŜǎƛƎƴ ŀƴŘ ŦƻǊ ǘƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ ŀ άlevel-
playing fieldέ ŦƻǊ ŀƭƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻƴ ŜǾŜǊȅ ƳŀǊƪŜǘ ǎŜƎƳŜƴǘΣ ŦƻŎǳǎƛƴƎ ƻƴ ƴŜǿ ŦƭŜȄƛōƛƭƛǘȅ ƻǇǘƛƻƴǎ όŜΦƎΦ C9w/Ωǎ hǊŘŜǊ упмύΦ
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Capacityadequacyand system capability: would availablecapacitybe responsive enough?
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1. EURELECTRIC(2014): άhƴan individual level flexibility is the modification of generation injection and/or
consumptionpatterns in reactionto an externalsignal(pricesignalor activation) in order to providea service
within the energy system. The parameters used to characterizeflexibility include the amount of power
modulation,the duration,the rate of change,the responsetime, the location,etc.έ

2. MITEnergyInitiative (2016, p235):άFlexibility is just a conceptτ it is not really a service,and its valuecannot
be decoupledfrom the electricity price by implementing a separateproduct. To reflect the valueof flexibility
for the power system,the granularity of electricity pricesshould be aligned with dispatch instructionsand
reflectedin reserveproductdesign.έ

3. IEA(2017, p14):άFlexibility is the ability of the power systemto deal with a higher degreeof uncertainty and
variability in the supply-demandbalanceέ.

More than semantics: is there a workable definition of flexibility?



4. ENTOS-E(2017) to the CEERconsultation:

A technicaldimensionastheάCapabilityto 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/distributionsystem,and the capability to useassetsto control network flows
within securelimits.έ

A commercialdimensionas theάAbility to conductcommercialtransactionsbetween market participants, TSOsand DSOsthat
utilize the technicalcapabilities. Thesecanbe usedfor portfolio managementof energyschedules(i.e. energybalancingby BRPs),
systembalancing(i.e. powerbalanceby TSO),or redispatchmeasuresandvoltagecontrol (TSOsandDSOs). Thetransactionscanbe
facilitatedby explicitproductsthat specifyrequiredcapabilities,e.g. leadtime to response,location,powerprofiles.έ
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Source: US DOE (2017)

More than semantics: is there a workable definition of flexibility?
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Capacityadequacyand flexibility: two sidesof the samecoin?

2 IRRE: InsufficientRampResourceExpectation. See:
Lannoye, E., Flynn,D., & Malley,M. O. (2012). Evaluationof PowerSystemFlexibility. IEEETransactionson PowerSystems, 27. https:// doi.org/10.1109/TPWRS.2011.2177280

Scarce capacity episodes Capacity adequacy issues
LT reliability concerns

(LOLE > security margin)
Security of 

supply

Extreme ramping episodes Insufficient ramp issues
ST reliability concerns

(IRRE2 > security margin)

Security

of supply

Source: US DOE (2017)

Uncertainty and Contingency issues Variability issues Adequacy issues
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Balancingvariable residualload: the role of market design

! άǘŜŎƘƴƻƭƻƎȅ-ŀƎƴƻǎǘƛŎέ ŘŜǎƛƎƴ ŀƴŘ ŀ άƭŜǾŜƭ-playing fieldέ ŦƻǊ 
new flexibility technologies, what do they mean? 

Are them possible? Sufficient?

Due to increasingvariability and uncertainty, flexibility concernscome to the floor and joins old-ŘŀȅΩǎissuesof
capacityadequacy. Theaimof designingmarketsfor harnessingflexibility isbecomingwidespread.

Ndem

Ndem

Net demand at time t [GW]

h1 h164 h397 h630 h862 h1120 h1403 h1686 h1969 h2252 h2534 h2817 h3100 h3383 h3666 h3948 h4231 h4514 h4797 h5080 h5363 h5645 h5928 h6211 h6494 h6777 h7059 h7342 h7625 h7908 h8191 h8474 h8756

84

82

80

78

76

74

72

70

68

66

64

62

60

58

56

54

52

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

VREshare= 60%

Market and 
regulation design



The coordination challenge

10

Ndem

Ndem

Net demand at time t [GW]

h1 h164 h397 h630 h862 h1120 h1403 h1686 h1969 h2252 h2534 h2817 h3100 h3383 h3666 h3948 h4231 h4514 h4797 h5080 h5363 h5645 h5928 h6211 h6494 h6777 h7059 h7342 h7625 h7908 h8191 h8474 h8756

84

82

80

78

76

74

72

70

68

66

64

62

60

58

56

54

52

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

VREshare= 0%

Ndem

Ndem

Net demand at time t [GW]

h1 h164 h397 h630 h862 h1120 h1403 h1686 h1969 h2252 h2534 h2817 h3100 h3383 h3666 h3948 h4231 h4514 h4797 h5080 h5363 h5645 h5928 h6211 h6494 h6777 h7059 h7342 h7625 h7908 h8191 h8474 h8756

84

82

80

78

76

74

72

70

68

66

64

62

60

58

56

54

52

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

VREshare= 40%
Ndem

Ndem

Net demand at time t [GW]

h1 h164 h397 h630 h862 h1120 h1403 h1686 h1969 h2252 h2534 h2817 h3100 h3383 h3666 h3948 h4231 h4514 h4797 h5080 h5363 h5645 h5928 h6211 h6494 h6777 h7059 h7342 h7625 h7908 h8191 h8474 h8756

84

82

80

78

76

74

72

70

68

66

64

62

60

58

56

54

52

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

VREshare= 60%

Ndem

Ndem

Net demand at time t [GW]

h1 h164 h397 h630 h862 h1120 h1403 h1686 h1969 h2252 h2534 h2817 h3100 h3383 h3666 h3948 h4231 h4514 h4797 h5080 h5363 h5645 h5928 h6211 h6494 h6777 h7059 h7342 h7625 h7908 h8191 h8474 h8756

84

82

80

78

76

74

72

70

68

66

64

62

60

58

56

54

52

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

VREshare= 20%

T&D infrastructure

Electricity 
storage  

Demand  
response

VRE 
curtailment

Dispatchable 
generation 

1. « What » is it? 

Making the infrastructureavailable and operating it at least-cost for balancingload at every location. It implies
meeting energydemandwhile ensuringcapacity,stability and secureoperation of the system. It sharesthe same
frame than that of the earlyŘŀȅΩǎof marketdesignrestructuringbut it includesa new dimensioncomingfrom the
exacerbatedvariability anduncertaintyof residualload.

Improving the market and regulation design

Solving regulatory barriers
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2. « Why » is it relevant? As always, forάǇǊƻǾƛŘƛƴƎ ŎƻƴǎǳƳŜǊǎ ƳƻǊŜ ŀŦŦƻǊŘŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅΣ ŀƴŘ ŜƴǎǳǊƛƴƎ ǎǳŦŦƛŎƛŜƴǘ 
ƛƴǾŜǎǘƳŜƴǘέ όstoft 2002), so fostering productive and allocative efficiencies(i.e. social welfare).

3. « How» to proceed? By re-thinkingthe design of electricitymarkets. 

The focus of thistalk
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Auctiondesign: pricingschemeand settlementrules
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Data management

TSO? DSO? Retailer? Aggregator?
Third-party? Other?

Privacy& 
securitypolicies

The ñhowò? Part I
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/ƻǊŜ ŦǳƴŎǘƛƻƴǎ ŀƴŘ ŀǊŎƘŜǘȅǇŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘǎΥ ǘƘŜ ŎƻƴŘƛǘƛƻƴ ƻŦ άŎƻƻǊŘƛƴŀǘƛƻƴ ŦƻǊ ŎƻƳǇŜǘƛǘƛƻƴέ3

Network provision
Infrastructure investments, ownership

rights, maintenance

System operation
Reliabilityand securityresponsibilities, 

system services, network planning
TSO / DSO (EU)

Gencoor Market participants 
(US/EU):

Retailers, generators, prosumers, 
aggregators, VPP, BRP, renewables, 
storage, other DER

Transco(US)

Market and 
regulation

Design
(Regulatoryauthority)

Cost-regulation& rate design

Competition& antitrust laws

DNO (US)

Px (EU " Target Model"), Integrated Pool (US "Standard Market Design")

i) Grid and generation infrastructure
ii) An operation and planning desk
iii) A settlement and compensation 

mechanism

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.
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The notion of product granularity and the evolving system needs

1. The temporal dimension:

Source: US DOE (2017)

Should and could flexibility options compete for 
value on current market architecture?

2. The spatial dimension:

Source: US DOE (2017)

Could their full system services be priced with 
existing product granularities?
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¢ǿƻ ǎŎƘƻƻƭ ƻŦ ǘƘƻǳƎƘǘ Ŏŀƴ ōŜ ŘŜǇƛŎǘŜŘΧ

The"Market Purist" view:

It advocates for enhancing flexibility
valuation by refining current markets
segments. Thus, it encourageslarger
balancingareas(e.g. market coupling),
proposesshorterproduct duration with
GCTcloserto RT,andasksfor improving
scarcitypricing.

The "Pragmaticdesigner" view:

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

Market and 
regulation

Design
(Regulatoryauthority)

with multiple shades of grey

An emergingalternative: Market "Re-regulation"
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Temporal granularity

Å CAISOis proposingto move from a 1-hour to a 15-minute
schedulingintervalon the DAM.

Å Australia transitioned from a 30-minute to a 5-minute
financialsettlement,andfrom a 2-hour to a 30-minuteGCT.

Å In 2016Nord Pool,FingridandEleringlauncheda pilot with
a 30-minute GCTin the intraday market on the Estonian-
Finnishborder, to replacethe previous60-minuteone.

Å In Austria, Belgium,Germanyand Luxembourg(in certain
transmissionsystemoperator areasonly) the local intraday
GCTwas moved to 5-minutes before lead time (ACER,
2018).

Å New ENTSO-9ΩǎEB-GL considerssmaller quantities (MW)
and shorter time frames for standard balancingproducts
(i.e. projectsPICASSO,TERRE,MARI).

Market improvementsrelated to increasingproduct granularity(Source: IRENA 2019):

Spatial granularity

Å Most w¢hΩǎin the US have implemented nodal
pricing at the transimissionlevel. Recent efforts
aim to extend LMPto the substationlevel (i.e. to
distributionnetworks)(Caramaniset al. 2018)

Å The pan-European market uses a zonal pricing
mechanism, and somecountrieshave divided the
national transmissionsystem into more bidding
zones,includingDenmark(two biddingzones),Italy
(six geographical bidding zones), Norway (five
bidding zones),Germany(five bidding zones)and
Sweden (four bidding zones) (IRENA, 2017b).
« Localflexibility markets» arebeingconsideredby
different researchprojects in the EU(e.g. ENERA,
NODES).

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

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Feb/IRENA_Innovation_Landscape_2019_report.pdf
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Å In CAISOandMISOflexibility productshavebeendesigned,andbatteriesareallowedto participate.

Å PJMhasdevelopeddifferent frequencyregulationproductsfor the slower conventionalresources
andfor the fasterbattery storageones(RegDreserve).

Å In the UK,a newproductwasintroducedtargetingbattery storage:άŜƴƘŀƴŎŜŘfrequencyǊŜǎǇƻƴǎŜέ.

Å EirGrid has defined several additional system service products to cope with wind energy
fluctuations. Similarly,NationalGridhaslaunchedthe SystemNeedsAnd ProductStrategy(SNAPS)
consultationto redefineexistingASproducts.

Å CAISOis implementinga requirementfor flexibility in its capacitymarket.

Å PJMand Franceallow DR,storage and cross-border interconnectionsto participate in capacity
markets.

Market improvementsrelated to product design for the explicit valuation of flexibility (Source: IRENA 2019):

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

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Feb/IRENA_Innovation_Landscape_2019_report.pdf
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Source: Strategen(2017)

Trading closer to real-time requires
higher temporal granularity. Similarly,
pricingcongestionswith 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 issues would constraint full
άǎŎŀǊŎƛǘȅέpricing.

Is there a boundaryto increasingproduct granularity?
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System Needs And Product Strategy (SNAPS). Source: adaptedfrom NationalGrid2017

Thespecificationsof market productsshouldbe in line with systemneedsaspossible. Auctiondesigncouldhelpbut still technical
issueswouldpreventfull productdiversity. Thus,thereisa trade-off betweenproductstandardizationandmarketdiversity.

Is there a merit for simplicityand parsimonyon market design?

Standardisation
Multiple productswith

single specs.

Diversity
Single productwith

multiple specs.

Trade-off


