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Agenda

* How co-optimizing energy storage with a GHG signal works
e Overall results on costs and GHGs in the SGIP program
* How effects might vary in lllinois
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HOW CO-OPTIMIZING WITH A
GHG SIGNAL WORKS
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Example: Enel X

cNet X

Without Emissions Co-Optimization

—— Marginal Emissions Rate
Original Load
—— Net Load with Storage

Original and Net Load Profiles
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Example: Enel X

cNet X

Without Emissions Co-Optimization With Emissions Co-Optimization

—— Marginal Emissions Rate
Original Load
—— Net Load with Storage

Original and Net Load Profiles

—— Marginal Emissions Rate
Original Load
—— Net Load with Storage

Original and Net Load Profiles
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Example: Enel X

cNet X

Without Emissions Co-Optimization With Emissions Co-Optimization

—— Marginal Emissions Rate
Original Load

—— Net Load with Storage
Original and Net Load Profiles
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EFFECTS ON COST AND GHGS




SGIP’s GHG signal is effective in eliminating emissions.
Some reduction is possible at very low cost

. GHG Decrease
. GHG Increase

No Emissions Optimization GHG Signal Optimization — low carbon adder

Storage Emissions Impact Storage Emissions Impact

Model Runs

o -

Model Runs
@ @
8 3

i B

GHG;‘IEDmissions Increase (kg CO2 per k\.'\?h storage capacity) " 0 o GHG Emissions Increasjtzkg CO2 per kWh storage cap:;:o{ty)
39% of systems reduce 83% of systems reduce
emissions emissions
Source: OSESMO Open Source Energy Storage Dispatch Model WattTimes 12



Example: Enel X

CcNCeL X
7\
Carbon Adder Value Annual Bill Savings Annual Storage Cycling GHG Emissions Reduction

SO/metric ton S$111,316/year 174 cycles/year 14.6 metric tons/year increase
S1/metric ton $111,242/year 174 cycles/year 13.7 metric tons/year decrease

* Enel Xis a highly sophisticated energy storage operator with multiple revenue streams
e Setinternal carbon adder of S1/ton
* Much lower than current common carbon cost

* But reduced net GHG emissions by almost 200% [sic]

WatlTimes 13
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HOW EFFECTS MIGHT

VARY IN ILLINOIS




Unlike California, Illinois is part of a larger ISO
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ISO !

Electric Reliability
Council of Texas

The MISO & PJM markets change lllinois’
marginal GHG emissions rate

Often, using energy storage will affect
emissions in other states
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llinois doesn’t have California’s duck curve... yet

28,000
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Megawatts
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10,000

Net load - March 31

Ramp need
~13,000 MW
in three hours

Potential over
_~ generation

2013 (actval)

2014
2015
2016~

2017

2020

12am 3am bam Yam 12pm 3pm 6pm 9pm

Large-scale solar in California creates a
distinctive “duck curve”

Thus, emissions savings from a GHG
signal are currently larger in CA than IL

But IUs savings are growing, and likely to
eventually pass CA’s

Due to more wind IUs profile will look
significantly different

Because wind is more intermittent and
unpredictable, timing more important in

reducing GHGs
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Different possible emissions signals « sGiP'ssignal only covers ca
 Some lllinois-specific models
already exists

e The Great Lakes Protection
Foundation funded lllinois
mercury emissions signals

 Health damages and impacts
on disadvantaged
communities can be
determined

Price (S/MWh)

Electricity Demand (GW)

* Pilot project with ComEd

B Renewables B Hydro W G enabling smart controls in

B Nuclear B Coal | oi thermostats
VWafeme* 17
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Conclusions

* SGIP’s GHG signal successfully eliminated net GHG emissions in energy storage
* Most reductions occurred at very low or no increase in cost
* An lllinois-specific signal has been successfully piloted

e Emissions savings potential currently smaller than California’s, but growing quickly

WatlTimes 18
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Henry R



