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Webinar Logistics

We are using the newly updated version of GoToWebinar!
Thank you for your patience as we get used to this new platform. We encourage you to
provide feedback in the post-webinar survey or via email.

All attendees are in “listen only” mode - your webcam and microphone are disabled.

Submit questions and comments via the Questions panel

Speaker bios available in the “Materials” section LrEl

Automated captions are available

This webinar is being recorded. \We will email you a webinar recording within 48 hours.
This webinar will be posted on CESA’s website at www.cesa.org/webinars
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Celebrating 20 Years of State Leadership

i ) CleanEnergy
) States Alliance

The Clean Energy States Alllance (CESA)
IS a national, nonprofit coalition of public
agencies and organizations working

together to advance clean energy.

CESA members—mostly state agencies—
Include many of the most innovative,
successful, and influential public funders of
clean energy initiatives in the country.

WWW.CeSa.org



CleanEnergy

I | . WWW.CeSa.org
States Alliance
VL %
N k x * DEPARTMENT I £ 2% & GOVERNOR’S
“f 23 \ =~ /NS m—OF ENERGY & EnergyTrust . I PA gﬁ Energy Office
- GREEN BANK..

) i {
ENERGY COMMISSION

~

oy P \
_ Maryland NG hul= NewJerseys m—r o
A MASSACHUSETTS Energy cleanenergy
[ Adm|nlstrat|on MICHIGAN DEPARTMENT OF
l"C gIéENérERENERGY ENVIRONMENT, GREAT LAKES, AND ENERGY programm Energy, Minerals and Natural Resources Department

7~ VERMONT

DEPARTMENT OF PUBLIC SERVICE

vew |Nyseroa TIAD @ SMUD

YORK COMMERCE

Q Energy

4

STATE DEPARTMENT ?23:;2? forward. Clean Energy Development Fund
¥, Washington State
r RHODE o O, = = Department of
! |SLAND %0 «p’ Commerce

COMMERCE CORPORATION

A
/I/‘ %
» o
0{1 " STare oF WS
N

ePCDC

Office of the People’s Counsel
ADVOCACY | EDUCATION | PROTECTION

IDER

£~ oREGON
DEPARTMENT OF

%" ENERGY

COLORADO INCLUSIVE 5%
Energy Office PROSPERITY CAPITAL

Massachusetts Department
of Energy Resources




ip (ESTAP)

Energy Storage
Technology
Advancement

Partnersh

th Sandia

i
National Laboratories, with funding from

Conducted under contract w
US DOE Office of Electricity.

o
S
n O
ORI
hy%
)
rrlm
eey
+ -~
rep
qV)

o b o
o © O
._L._&._L
a/C
2.0
rro
O 0 —
092
.“cn_lpn
0 ., 0
> C P
QO = @©
025
5L
+ 0 0O
O QO
© 5 O
LL nn O

=l
< C
qV)
N o
2 .wu
N
3
O &
O) ©
ar
| —_—
ol
+ O
“ o
>
-
O =
%a
o O
mm
tp
Sm1
T O
S 'C
o <
5 O
Q
V)

to stakeholders

1ON

format
through webinars, reports, case studies and

N
conference presentations

te

ISSemina

D

www.cesa.org/ESTAP



Thank You!

Dr. Imre Gyuk

Director, Energy Storage Research,
U.S. Department of Energy

Waylon Clark

Energy Storage Program Demonstration Team Lead,
Sandia National Laboratories

www.cesa.org/ESTAP
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Upcoming
Webinars

Community-Led Solar in Boston:
Lessons Learned from a Pilot
Project (8/13)

)\ CleanEnergy
(O) States Alliance

Bd todd@cleanegroup.org

@ WWW.cesa.org/ESTAP

California’s Flexible Demand Appliance
Standards for Pool Controls Program —
Employing Load Shifting to Lower Peak
Demand and Avoid Emissions (8/15)

Batteries 101, Part 4. Municipal
Considerations for Battery Energy
Storage in Massachusetts (9/12)

Read more and register at
www.cesa.org/webinars




ENERGY STORAGE FOR GHG
EMISSIONS REDUCTIONS

Brian McAuley, Verdant Associates
CESA Webinar, 7/30/2024

VERDANT



INTRODUCTION

Brief history of the SGIP and M&E objectives

Results from recently completed SGIP Impacts Evaluation for 2021 and 2022

BTM energy storage receiving SGIP equipment incentives

Explore different ways energy storage technologies are utilized

How does that behavior /utilization impact GHG emissions

Observed impacts compared to optimal dispatch of storage

With perfect foresight, how could storage be dispatched to maximize GHG reductions?

Conclusions and program design improvement strategies

‘ E R I \ N I CESA Webinar - Self-Generation Incentive Program




ENERGY STORAGE GHG IMPACTS (2018-2022)

Residential GHG Reduction (+) Increase (-) kg/kWh Nonresidential GHG Reduction (+) Increase (-) kg/kWh  Total GHG Reduction (+) Increase (-) kg/kWh
16| 2022 352022 9.8 2022
13] 2021 26| 2021 ’ 7.4]2021

10.7 | 2020 -13]20 23]2020
432019 -48 | 2000 -12]2018
-282018 » i

: -78 9018 . -6.9] 2018

Significant improvement in GHG Nonresidential sector fleet reduced
emissions reductions in 2021-2022 emissions for first fime in 2021 = 2022
Third consecutive evaluation with Continued reductions in residential sector
program-level reductions since 2019

‘ E R I \ N I CESA Webinar - Self-Generation Incentive Program




TIMELINE OF ENERGY STORAGE IN THE SGIP

GHG Working Group

CA Senate Bill 412 Equity Established
» Modified the primary purpose BUdge_t « Create a GHG Signal
SG IP of SGIP from peak load established « Compliance/operational
reduction to GHG emissions « $0.85/Wh requirements address storage
CreatEd reductions incentive GHG impacts
2010 2016 2019 2020
2001 2011 2017
BTM storage eligibility SGIP re-funded Equity Resiliency  SGIP funding from
« Standalone storage becomes - 75% of budget to energy Budget established 2020-2024
eligible storage « $1.00 / Wh incentive « 88% of incentive budget
* ISO-SO.‘O 50.15/Wh » Significant uptake in to storage
incentives participation

‘ E R / \ N I CESA Webinar - Self-Generation Incentive Program




MEASUREMENT AND EVALUATION

System performance — utilization and
efficiency

Grid impacts and Utility Avoided Costs EVALUATI

Environmental impacts — GHG emissions
reductions

Submitted o:
Pacific

Customer resiliency and bill impacts

Track storage costs and market characteristics

over time
VERDANT

May 29, 2024

Optimization modeling

Quantification of SGIP population impacts https://www.cpuc.ca.gov/-/media/cpuc-website /divisions/energy-
division/documents/self-generation-incentive-program/sgip-2021-2022-

impact-evaluation.pdf
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EVALUATION POPULATION

Cumulative Storage Growth by Sector and Payment Year

SGIP population by end of 2022* 1,400 40K
~37,000 systems paid incentives = 1200 .
~1,300 MWh 2 1000 30K 3

Project Count g 800 20K§
Residential 95% of program Z:J 600 g

Program Capacity Lg 400 7 I woé
Residential — 666 MWh | 276 MW ~ 200 ‘

Aﬂ——-—lz—b("
Nonresidential — 667 MWh | 294 MW 0 0K

Ix
BT g B g PO g g g O P

7,@’\
* By 7/30/2024 the SGIP has incentivized over o . ) . . .PaymentlYear. ) .
45,000 systems and over 2,000 MWh of capacity Nonresidential ® Residential ® Nonresidential Count ® Residential Count
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EVALUATION APPROACH

Metered storage charge/discharge
Actual system characteristics calculated from N
metered data — RTE, CF, Annual cycles : _‘gf;’;j‘ij:jj'
Consumption at the meter in the absence of
the SGIP technology

Unobservable counterfactual to measure impact

of program intervention

kWh / kWh Capacity

System could provide GHG emissions

reductions relative to counterfactual if 2> T01234567891011121314151617 181920212223
o o o . . PDT Hour Beginning

emissions avoided during discharge are

greater than emissions increases during

charging
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WHY TIMING AND MAGNITUDE OF DISCHARGE MATTERS

Greater magnitude of system Typical Sunday Spring Day (5/1/2022)  Peak CAISO Day (9/6/2022)

System Load and Marginal Emissions (Spring Day vs Peak Day)
load on Peak day 12 o
- J

Marginal emissions zero during - /\\ 0K
several morning/midday hours on = o
= — =10
. =08 —e—
Spring day P o

Emissions ramp as Net load ramps

o
NS

10K
Emissions greatest from 6 pm — 9

‘ T 0K
et |II|III I|IIII IIIIIIII IIIIIIII||||
10K
0.0 I I -20K

Metric Tonnes

o
)8}

To optimize GHG reductions, charge 12:00 3:00 6:00 9:00 12:00 3:00 6:00 9:00  12:00 3:00 6:00 9:00 12:00 3:00 600 9:00
K L. AM AM AM AM PM PM PM PM AM AM AM AM PM PM PM PM
dunng lowest emissions hours and ® GHG Emissions Factor — CAISO Gross MW — CAISO Net MW

discharge during highesf emissions hours * SGIP GHG emissions factors developed by Wattime
is a heat rate-based calculation to estimate generator efficiency based on LMP

‘ E R I \ N I CESA Webinar - Self-Generation Incentive Program




SGIP CHARACTERISTICS

97 % of residential storage paired with Solar PV
Charging from early morning on-site PV
Discharging for:
Self-consumption — zero out imported load
TOU arbitrage w/out export
TOU arbitrage with export — regularly or during specific events (DR)

Under-utilization or backup (not allowed in SGIP)
3% are standalone systems

Discharging on-peak (arbitrage) and charging overnight

‘ E R / \ N I CESA Webinar - Self-Generation Incentive Program




KEY EVALUATION FINDINGS

TOU Arbitrage Back-u Self-Consumption
30%
20%
=
E Shaded red = an increase in
& 0% customer load
2 Shaded green = a decrease in
= 0% customer load
2 .
= Light blue box = 4pm to 9pm on-
-10%
peak
20%
0 10 20 0 10 20 0 10 20
Hour Beginning Hour Beginning Hour Beginning
Baseline Net Load —— Net Load - - - Battery Net Discharge PV Generation
With and without export Not allowed in SGIP Discharge to zero out imported load
Discharge exclusively on-peak Observed infrequently Discharge continues outside on-peak

V E R DAN I CESA Webinar - Self-Generation Incentive Program 10




ENERGY STORAGE DISCHARGE PATTERNS

Residential Hourly Utilization Charge from on-site PV Discharge mostly on-peak
PV Paired

VAN x| 0| os| os| 06| %] ox| 0%
[ )

February

» PV paired systems charging =" ol e E

May

almost exclusively from solar |

July

(some exceptions in 2022) ao IECINEC = ;
serenter IR R :
»  Max avg hourly discharge & o ol

i O R “on] - [ |
. December | { )% & 5% I
~6-7% of kWh capacity ‘ :

*  ~45% of system capacity v

February

discharged daily in HE
pril
summer months My -
June , mmmmmm= 3%\ ‘
of_ o Jul 6| 2% 3%| 3%| 3%
»  Standalone systems exhibit ... = : =
. . September 0%| 0% o%| ox|-om| o%| o%| o%| 0% 0% 0% 0% v E
similar discharge pattern october  [ETN , |
November S - 3%
(lower magnitude) oecember (I BT x| —ox| x| o

. Chqrging OCCUrs overnigh'r Charge mostly overnight Discharge exclusively on-peak

VERDANT




ENERGY STORAGE GHG EMISSIONS

verage Residential Charge and Discharge kWh/kWh and Emissions Factor in 2022 by Operating

Arbitrage Nothing Self-Consumption

o)

Summer Only)

0.5
20%
0.4
é 10% .
= 032
= O% _______ m==-"" """ | 77T || | | == =
: ' " 02 8
-10%
0.1
-20%
0 10 20 0 10 20 0 10 20
Hour of Day Hour of Day Hour of Day

Discharge ®Charge GHG Emissions Factor

~4% of residential systems idle or under-utilized in 2022 (“Nothing” above)

Discharging extends outside peak hours with self-consumption

V E R DAN I CESA Webinar - Self-Generation Incentive Program 12




ENERGY STORAGE GHG EMISSIONS

Project Emissions — PV Paired versus Standalone Systems Project Emissions — by Operating Mode
° : ® PV Paired . ' ® Arbitrage
400 ® Standalone 400 H ® Nothing

@ Self-Consumption

300

3 200

100 100

50 20 0

kg GHG / kWh kg GHG / kWh

Correlation between GHG emissions reductions and greater utilization
Standalone storage charges overnight and increases emissions slightly
Solar PV charging critical to emissions reductions

Idle systems contribute to emissions increases

V E R DAN I CESA Webinar - Self-Generation Incentive Program 13




IS THERE VALUE BEING LEFT ON THE TABLE?

Summer Months

20% . :
. o . By
Optimal dispatch suggests...Yes! z o : :
g 1 GG : (/4 :
§ 1% 1% 0% 1%/-\2%
= 0% = A : 5
° = 1% - . ' 2%
17 kg/kWh observed GHG reduction E —W\/’ 3% :
= -10% : i
Average across residential fleet -10% : :
Winter Months
. . 20% . .
54 kg/kWh optimal reduction _ | ;
B . ' 11%
3x improvement in GHG when g 10% " AN
imi i e 1% 0% 1%0% T —~——
optimized for it S —— ! R
< 1% \ : S
= : :
= -10% -8% : :
0 5 10 15 20

Hour Beginning

— Actual Net Discharge Optimal Net Discharge

V E R DAN I CESA Webinar - Self-Generation Incentive Program 14




RESIDENTIAL OPTIMIZATION

Actual Hourly Discharge (+) Charge (-) kWh / kWh Capacity

month 0 1 2 3 4 5 & 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23
ACfUGI hOUI’I)’ discharge 1 0% 0% 0% 0% 0% -0% -2% -4% 5% 4% 2% 0% 2%
2 1% 1% 1% 0% 1% -0% -3% 5% 3% -1% 0%
3 1% 1% 1% 1% 1% -0% -3% 4% 2% 0%
follows On-peGk TOU 4 1% 1% 1% 1% 1% -0% -4% 6% 3% -1% 0%
. 5 1% 1% 1% 1% 1% -1% -5% 5% 3% 1% 0%
penods 9 6 1% 1% 1% 1% 0% -2% -5% 6% 3% -1% 1%
7 1% 1% 1% 1% 0% -1% -4% 4% 2% 0%
Disch I 8 1% 1% 1% 1% 0% -1% -4% 4% 2% 0%
Ischarge generally 9 1% 0% 0% 1% 1% 0% 3% 4% 2% 0% 1%
.. . 10 1% 0% 0% 1% 1% 0% -2% -5% 5% 2% 0% 1%
limited to Underlylng 1 0% 0% 0% 0% 0% -1% -3% -6% 5% -3% -1% 1% 2% 1%
12 1% -0% -0% 0% 0% -0% -2% -4% -6% -6% -5% -3% -1% 1% 1% 0%
customer load (no
ghg
export)
month 0 1 2 3 4 5 & 7 8 s W0 M 12 13 14 15
0% -0% -0% -0% -0% -0% 0% -0% -1% -3% 3%
2 0% -0% -0% -0% -0% -0% 0% -0% -2% -5%
. ofe 3 0% -0% -0% -0% -0% -0% 0% -0% -1% -1%
S'gnlflcan hOU"')’ 4 0% -0% -0% -0% -0% -0% 0% -0% -1% -4%
. . 5 0% -0% -0% -0% -0% 0% -0% -1% -4% 2% -4%
dlfferences WI‘I‘h perfecf 6 0% -0% -0% -0% -0% 0% -0% -2% 159 -14% | oo ek 1%
7 0% 0% 0% 0% 0% 0% 0% -1% 4% 5% 3% 3%
H 8 0% -0% -0% -0% -0% -0% -0% -1% -5% 1% 4%
fore5|gh'r 9 9 0% -0% -0% -0% -0% -0% 0% -0% -3% 4% 2% 1%
10 0% -0% -0% -0% -0% -0% 0% 0% -1% 5 4%
11 0% -0% -0% -0% 0% -0% 0% -0% -2% 1%
12 0% -0% -0% -0% -0% -0% -0% -0% -1% 5% 1%

VERDANT




CONCLUSIONS & PROGRAM DESIGN IMPROVEMENTS

SGIP BTM energy storage is providing GHG emissions reductions more recently — 1) minimum cycling
requirements, 2) high-differential on-peak TOU rates, 3) battery operating modes, 4) DR participation, 5)
digitally accessible GHG signal are guiding this behavior.

Residential and nonresidential systems are not discharging the total capacity of the system regularly and
many residential customers are limiting discharge to maintain net zero load rather than exporting

Program improvements that encourage additional battery utilization — 1) increase cycling
minimums to better capture actual behavior, 2) enroliment in virtual power plants (VPP), 3) utility
control of storage, 4) participation in real-time rates, or 5) other mechanisms.

Solar PV paired residential storage discharges roughly 45% of system kWh capacity daily throughout
summer weekdays, and standalone systems discharge about 22% of available capacity
Encourage more targeted dispatch that emphasizes the importance of discharging batteries (and
reducing load) during on-peak hours rather than daily self-consumption.

‘ E R I \ N I CESA Webinar - Self-Generation Incentive Program




CONCLUSIONS & PROGRAM DESIGN IMPROVEMENTS

BTM storage paired with on-site PV charges from early on-site PV generation
Clean energy being discharged /exported to the grid

Charging occurs during lower grid-scale emissions hours

GHG emissions differentials between charging overnight and discharging on-peak are not sufficient to
realize emissions reductions like observed with PV paired systems charging from on-site PV

Standalone systems can achieve GHG reductions with the appropriate signal, such as the SGIP
GHG signal or real-time pricing signals.

Optimization modeling revealed that the average actual avoided emissions of 17 kg of GHG per kWh of
capacity would triple if optimized for GHG reductions
Create ambitious GHG reduction targets that reflect improvements in technology to maximize its
potential.

‘ E R I \ N I CESA Webinar - Self-Generation Incentive Program
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KEY EVALUATION FINDINGS

Discharge kWh per Capacity kWh Charge kWh per Capacity kWh

Residential Discharge kwh per Capacity kWh by Time of Day Residential Charge KWh per Capacity KWh by Time of Day

60% Time of Day 60%

Time of Day
®9 pm-6 am 5206 ®9 pm-6 am
o 30% 45% 6 am-4 pm 50% . 6 am-4 pm
= 4 pm-9 pm 4 pm-9 pm
t 40% 12% 40
E 30" 30%
@ Y 26%
o 22%
£ 20% 209
5 - 24%
10% -
o PV Paired Standalone o PV Paired Standalone
Summer Summer
PV Paired utilized ~45% of battery capacity daily PV paired early morning solar charging
Most discharge comes between 4pm-9pm Standalone system overnight charging

Standalone utilized ~22%

‘ E R / \ N I CESA Webinar - Self-Generation Incentive Program




SGIP CHARACTERISTICS

349% of nonresidential storage paired with Solar PV
Charging from early morning on-site PV

Discharging for:
Self-consumption & TOU arbitrage

Demand charge reduction (non-coincident and on-peak)
66% are standalone systems
TOU arbitrage and demand charge reduction

Cycling

V E R DAN I CESA Webinar - Self-Generation Incentive Program 21




KEY EVALUATION FINDINGS

Discharge kWh per Capacity kWh Charge kWh per Capacity kWh

Nonresidential Discharge kWh per Capacity kWh by Time of Day Nonresidential Charge kWh per Capacity kWh by Time of Day

200, Time of Day

200, Time of Day
®9pm-12am o 62% 64% ®9pm-12am
= 60% 6pm-9pm I I 6pm-9pm
% £ 52% o 4pm-6pm 53% 4pm-6pm
= e ®12pm-4pm - “ 13% 1 43% ®12pm-4pm
E 40% 36% 6am-12pm 6am-12pm
g . [N 30% ®12am-6am 5% | “ ®12am-6am
2 20% 8%
10% “ | 5% | I 10% n “
0% I — ] I 0% “ “
PV Paired Standalone PV Paired Standalone PV Paired Standalone PV Paired Standalone
Summer Winter Summer Winter
PV Paired utilized ~52% of battery capacity More heterogeneity in charge timing
daily in Summer Most PV paired charging from on-site
Discharging occurs across hours solar

‘ E R I \ N I CESA Webinar - Self-Generation Incentive Program




ENERGY STORAGE GHG EMISSIONS

Average GHG Reductions (-) or Increases (+) by Building Type, Payment Year Grouping, and PV Pairing

2020 and prior 2021-2022
EV Station -1 | i '”'_i
Grocery " — R B
Industrial R -1 »
Office T* — o o
Other — -12 »
Retail — -3 o
School ' o 24 m:
Utility T B
40 30 20 10 0 10 20 30 40 30 20 10 0 10 20 30
kg GHG / kWh kg GHG / KWh

PV Paired ® Standalone

PV paired segments decreased emissions in 2022

More recent (2021-2022) standalone installations reducing emissions

V E R DA N I CESA Webinar - Self-Generation Incentive Program 23




ENERGY STORAGE GHG IMPACTS

Residential energy storage sector
PV paired average GHG reductions of 17 kg per kWh capacity
Standalone systems increase emissions by almost 4 kg per kWh capacity
Idle /under-utilized systems increase emissions slightly

Nonresidential energy storage sector
PV paired average GHG reductions of 10 kg per kWh capacity
Standalone systems increased emissions by 1 kg per kWh capacity

Reduced emissions increases from previous years

Medium duration batteries and more targeted discharge

‘ E R I \ N I CESA Webinar - Self-Generation Incentive Program
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‘-\Sustainable Energy Advantage, LLC

Consulting & advisory firm helping clients build renewable energy
business, markets, policies and projects through analysis, strategy &
implementation since 1998.

A Objective Analysis
Modeling

A Forecasting

A Transaction Facilitatig

AlInsight
Alntelligence

/ Negotiation Support
A Action

A Tracking & Analysis

A~ Development

A Implementation

A Multi-Stakeholder Suppor

arkets Policies

A Financial Models &
IEWSTS
A Due Diligence & Feasibilit

N\
St
trategy Projectg

A Policy and market analysis
specific to MA Clean Peak
_Energy Standard
A Supply, demand, price
/N _projections
--= A Resource modeling and case
= == studies
CPMC A Collaboration of Sustainable
ST Energy Advantage and
Customized Energy Solutions

CleanPeakMarketOutlook.com

Our Subscription Service Suite

New England Renewable Energy Market Outlook (REMO)

A Detailed REC market fundamentals analysis, briefings, providing

actionable information on New E
to support informed business decisions. Delivered 3x per year @
A »

A Since 2005 Y

1

Northeast Eyes & Ears

AWe track iténow you can too.

A Renewable Energy Regulatory Policy & Legislative Tracking &
Analysis Service

AExtending & enhanci
affairs / market intelligence functions

A New England: since 2007. New York: Since 2017.

subscri be

ng

New York Renewable Energy Market Outlook (REMO)

A Bulletins, Topical Webinars, and detailed REC Market
Fundamentals Analysis, providing subscribers with
comprehensive & timely i
expanding / evolving renewables market.
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