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PROJECT OBJECTIVE2

Objective: this task is to evaluate the benefits of energy storage
providing virtual transmission capacity to relieve congestion in
wholesale market settings.
Methodology: the task is performed by developing an optimization to
maximize the monetized benefits of energy storage providing virtual
transmission together with market-based services.

Outlines:
ÅOverviewof transmissioncongestioncost
ÅVirtual transmissionby energystorage
ÅVirtual transmissionvs. upgradedeferral
ÅVirtual transmissionvs. transmissionupgrade
ÅCasestudyin ISO-NE



OVERVIEW OF TRANSMISSION CONGESTION COST3

ÅCongestionoccurs when there is insufficient transmission
capacityto deliver cheapergenerationto loads,requiring the
useof moreexpensivegeneratorscloserto loads.

Å In vertically integrated utilities, congestion leads to higher
total productioncost.

Å In ISO/RTOwholesalemarkets,congestioncreatesdifferences
in LMPsat different locations.

MISO Real time LMP on 09/14/2020 -12pm

Source: PJM



OVERVIEW OF TRANSMISSION CONGESTION COST4

Reference: Lesieutre, Bernard C, and Eto, Joseph H.
Electricity transmission congestion costs: A review of
recent reports. United States: N. p., 2003. Web.
doi:10.2172/821764.
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Å In VTU:
Å congestioncost is the increasein

production cost due to congested
transmission.

Å congestion cost is passed to the
loads.

Å In markets:
Å congestioncost can be the system

redispatch cost, the congestion
revenueor combinationof the two.

Å congestioncost is returned to the
loads through Auction Revenue
Rights (ARR) and Financial
TransmissionRights(FTR).



OVERVIEW OF TRANSMISSION CONGESTION COST5

ÅCongestioncostsin ISO/RTOmarketstend to increaseover the last few years
ÅThis indicates the need for upgrading transmission lines or putting cheaper

generatorsin congestedareas.
ÅThisalsocreatesopportunity for non-wire alternativesfor transmissioncongestion

relief.

ImageCredit: MonitoringAnalyticsς2019PJMMarketAnnualReport

Congestion Cost in ISO/RTO Markets

(Millions $) 



VIRTUAL TRANSMISSION BY ENERGY STORAGE6
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ÅESSsareplacedat both endsof a line, providingboth cost-basedtransmissionand
market-basedservices:
Åwhenthe line iscongested,ESSssimultaneouslychargeanddischargemimickingline flow and

supportvoltagestability to further increaseline dynamicrating.
Åwhenthe line isnot congested,ESSsprovideother marketservices

ÅIn line withC9w/Ωǎ2017policystatementά¦ǘƛƭƛȊŀǘƛƻƴof ElectricStorageResources
for Multiple ServicesWhenReceivingCost-BasedRatewŜŎƻǾŜǊȅέ(PL17-2).
ÅISO/RTOsin the US are investigating the opportunities under Storage as

TransmissionAssetsFrameworks.

200MW 200MW



EVALUATION OF STORAGE AS VIRTUAL TRANSMISSION7

ÅMaximize the benefits from cost-base services together with market-based
services:
ÅCongestionsrelief: maximizeopportunity for upstream generatorsto sell more energy at

higherprices; minimizeoverallcongestioncost
ÅMarket activities: energyarbitrage,ancillaryservices

ÅEvaluatethe impact of virtual transmissionin transmissionplanning: reducethe
amountof transmissionto meetN-1 securityrequirement.

ImageCredit: FLUENCE- StorageasTransmissionWhitePaper



VIRTUAL TRANSMISSION VS.TRANSMISSON UPGRADE8

ÅFasterto deploy
ÅSmallerfoot print
ÅMore flexibleandrelocatable
ÅProvidingmultiple services
ÅShorterlife (10-15years)

ÅLongerto get permitted and
build.
ÅNeedmuchmore land
ÅFixedassets
ÅLongerlife (~50-60years)



A CASE STUDY in ISO-NE9

Congested 

Line

ÅCongestionsmakethe marginalwind plant in regionAcurtail its output.
ÅCongestioncomponentof LMPare negativeindicatingthat if the congestionsare

relieved,morewind energyin regionAcanbesoldto regionBat higherLMPs
ÅIn this casestudy:
ÅMaximize the revenue for generators in region A by using storage as virtual transmission.
ÅCompare with arbitrage benefit from wind curtailment.
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CASE STUDY – RESULTS10

LMPA increases $5/MWh 

at hour 18 due to 10MW 

congestion Relief
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10MW/20Wh Case- LMP Improvement in $/MWh
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10MW/20MWh Case - Region A Revenue Increase ($)

Total Revenue Increase = $850K vs. 

Curtailment Utilization = $302K
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OUTCOMES AND NEXT STEPS11

Outcomes:
Å A conferencepaperfor 2021IEEEPESGeneralMeeting.
Å A presentationfor a panelsessionat 2021IEEEISGT.

Nextsteps:
ÅStudy the stackedbenefit of ESproviding virtual transmission,

energyarbitrageandancillaryservices.
ÅInvestigatethe voltagestability support from ESSwhile providing

virtual transmissionandthe impacton dynamicline rating.
ÅInvestigate the large scale impact of storage as virtual

transmissionon ISOs/RTOsmarkets.
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