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UL: A history of trust
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*UL 9540, the Standard for Energy Storage Systems and Equipment

**UL 1703, the Standard for Flat-Plate Photovoltaic Modules and Panels

tUL 61730-1and -2, the Standards for Photovoltaic (PV) Module Safety Qualification — Requirements for Construction and Testing
tUL 7103, the Outline of Investigation for Building-Integrated Photovoltaic Roof Coverings



Advanced solar and storage advisory services

Preconstruction and Construction Operations, repowering
financing and refinancing

Independent Construction

L . o Operational reviews
engineering monitoring P




Trusted global excellence in hybrid analysis

HOMER modeling sets the industry standard in more than 190 countries.
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HOMER

FRONT-OF-THE-METER
UTILITY-SCALE STORAGE

X[

WV
ﬁ:a‘? HOMER Front :QJ,Q HOMER Grid

Evaluate financial returns of energy
storage, with or without solar
and wind

| Front of the Meter
: J===

-y T Generation -

* Maximize revenue and
internal rate of return
(RR)

» Assess project feasibility

* Model storage dispatch,
degradation and
augmentation

* Validate revenue
estimates of market
participation and power
purchase agreements
(PPAS) cal

[
o B e o |e

Residential

| Behind the Meter |

Reduce energy costs for grid-tied
systems that serve a local load

Reduce demand charges
Increase resilience

Optimize electric vehicle
charging

Model combined heat
and power

Optimize against electric
tariff structure

Understand carbon and
emission reductions

Hybrid optimization of multiple energy resources

BEHIND-THE-METER
GRID-TIED DISTRIBUTED GENERATION

STANDALONE MICROGRIDS

\ £
% 4 HOMER Pro

av

Find the best energy mix and least-cost
solution for powering off-grid systems for
islands, mines, telecom towers, outposts

* Reduce energy costs, increase
reliability and add renewables
to your off-grid system

* Simulate and optimize any
combination of energy resources

+ Perform advanced sensitivity analysis

BATTERY SOLAR WIND

GENERATOR FUEL CELL



\ /
%’4{4 HOMER Front
\ |14

Front-of-the-meter — storage, wind
and solar

Utility-scale generation System sizing and optimization for PPAs,
requests for proposal (RFPs) and information

Model utility-scale energy storage systems — _
assurance (IA) compliance

stand-alone or combined with wind and solar.

Augmentation strategies

Advanced storage module to model
degradation and augmentation strategies
in use cases, including cycling, depth of
discharge, throughput and time horizon

Battery management

Dispatch based on hourly and sub-hourly price
forecasts to model energy-shifting arbitrage
and capacity market participation

Multiple revenue streams

Validate revenue projections of PPAs, whole
energy participation (day-ahead and real-time)
and capacity market participation.

System sizing

Q




Role of energy

storage in the clean
energy transition

a ENERGY  STORAGE

Christina Duong




Global cumulative energy storage installations,
2015-2030
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Energy storage state targets as of July 2021

Total: 10,500 MW and 1,000 MWh

AF"
By the end of 2025 ‘ Y

Massachusetts: 1,000 MWh “
By the end of 2030
New York*: 3,000 MW
New Jersey:. 2,000 MW
Nevada: 1,000 MW
_ 2025 N
Connecticut: 1,000 MW
Maine: 400 MW 2030 I
By the end of 2035 2035 N
Virginia: 3,100 MW Passed targets 0 2,000 4000 6000 8000

@ *February 2022: New York Gov. Kathy Hochul announced plans to double the state's energy storage deployment target to at least 6 GW by 2030.
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Energy storage considerations

« Energy storage is not monolithic: Choosing to include energy storage and 3 1
deciding on the platform type requires careful consideration of the grid e '
network, both physical and where the ecosystem is concerned. |

Dispatch services: Energy vs. power, high-power/high-frequency applications such as frequency
regulation, long-duration energy, resiliency — system could be stand-alone or hybrid with solar and wind

Off-take arrangements: PPAs with time-shifting, wholesale energy, ancillary services, tolling
arrangements, capacity agreement, transaction swap

Terms: Contract duration, warranties, performance guarantees, energy capacity augmentation plan — Are
these consistent with the technology? Where are the risks?

Architecture/technology: AC/DC-coupled, LFP, NMC, flow, other

Other: Bankability; insurability; policy consistency; safety; certification, e.g., to UL 9540A, the Standard for
Test Method for Evaluating Thermal Runaway Fire Propagation in Battery Energy Storage Systems;
@ Investment Tax Credit (ITC); interconnection



Techno-economic analysis Is essential for success

\(
"ﬁ@ HOMER Front

* Integration
W

Integrates factors and enables comparing and screening the
viability of multiple systems and configurations

« Value

Helps developers understand the value of including
storage and de-risk project internal rate of return

« Sensitivity, projectlife and pipeline
Enables the design of a feasible system that addresses realistic
performance constraints over the project lifetime; includes
battery behavior and the viability impact of design choices, such
as augmentation strategies




Techno-economic analysis Is essential for success

Results

USE CASE ~ FEASIBILITY STUDY HIGHLIGHTS

Helps project developers understand how to combine and e
compare multiple potential revenue opportunities, including:

]

o Multiple energy markets

A California-based developer wants to evaluate the revenue and
impact of adding energy storage to a photovoltaic (PV) solar plant.

- The developer needs to determine if adding energy storage to the solar -
plant willincrease annual revenue and return on investment (RO) and
serve the load requirements of the plant's utility offtaker. —

828

“EEEE

The utility offtaker needs to meet expected electrical demands and
fulfillits commitments to greenhouse gas (GHG) emission reduction Impact
and renewable energy resources UL conducted an analysis with HOMER Front.
providing the developer with expected financial
o ower purchase agreements A — L
Operator (150) day-ahead and real-time energy wholesale and
resource adequacy markets, Finandial results

/ .
With the addition of storage, the offtaker will agree to a Capacity Services \/ Initial equity investment ~ $104 million

= - Agreament (CSA). The CSA allows the offtaker to use stored energy to / 20-year internal rate of return —7.8%
- meet resource adequacy {RA) requirements while allowing the developer o
to market excess capacity. \/ Payback~13 years B
The developer must determine if additional revenues from the energy
storage system are enough to offset the added costs of developing,

installing, operating and maintaining the energy storage system.  Resource adequacy =capacity

X 24M  Resource Adequacy - day-ahead
Solution 24 Dayahead energy market
UL conducted a y study using HOMER® Front ng 26M Resbtame energy martut

to analyze the financial impact of solar-plus-storage.

The team modeled participation in the wholesale energy markets using
hourly and sub-hourly lacational marginal pricing from a node within
a primary North-South transmission line in California, The model also
included a 2020 RA network event schedule in California ISO markets.

Analysis included solar resource generation data, battery operation,

energy and capacity revenue and the financial impacts of construction

costs. The analysis also evaluated ongoing operation and maintenance,
tud nd

replacement strategies to determine the internal rate of return (IRR).

Technologies | Revenue
modeled services

Location

Time of dellv
PUsolar  Northern PV 100MW 2
Day-ahead
+energy  Colifornia,  Storage. 100
Realtime.

storage  US MV//400 MWh
Resource adequacy




Challenges with
system complexity:
Markets

Christina Duong



Multiple revenue streams

s
N[

? HOMER Front

HOMER Front helps project developers
understand how to combine and compare
multiple potential revenue sources,
Including multiple energy markets, capacity
markets, power purchase agreements and
off-taker obligations.

Energy markets — energy arbitrage

« Day-ahead market

« Fifteen-minute market

* Real-time market

Capacity market — resource adequacy
Contract — delivery obligations



Model setup — energy markets
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Model setup — capacity market and other revenue streams

\ /
%“:4 HOMER Front
A\ |14

Supports renumeration for reserved
capacity and additional revenue
opportunity for dispatched energy

/V
@ HOMER Front

o Setup o Project Economics

o Equipment

e Application

(| Energy Market Capacity Market [ Time of Delivery Contract

P e e e
Pl Capacity Market
,L———————‘

Program Schedule @  Capacity Market Events
Define when capacity market events are called {random or scheduled)

Define when to participate in capacity market

© Random Events Specific Dates

All Week
Participat
oW |‘(|pa < © Weekdays
B pon't participate Weekends Number of events per year 10
Jun ol Aug  Sep et

Max events per month 10
Event duration (hours) 4

Capacity Price @  Energy Price

Define $/kW-mo 6 Define price at which energy discharged during events shall be compensated

3 X 5% escalation, as defined in Energy Market Section
Capacity price escalator (%/yr) 1 %/year~

Flat rate ($/MWh) 20




Model setup — power purchase agreements, time of delivery

" 5 vonen e
%“i‘ HOM E n FI'O n1- © sep © Application © Equipment © Project Economics
A1 4

Energy Market Capacity Market Time of Delivery Contract

,: Time of Delivery Contract
Y —

,/ | Energy Price Schedule
/ X .
II o :jr::::;i lzn;i;?:!gi::;z Step 1: Select and define a rate
/
U Mo Sell Price
/ ($/MWh) ®
/ @ Rate1 10
II Price Escalator . e *
7 (G6/yT) ' O Rate2 20 x
Contracted solar and storage /! om i
I x
H /
capacity may be compensatedat - Step 2+ St perod
/
a structured rate / Al ek
/ © Weekdays
Weekends

Step 3: Click en the chart to indicate when the selected rate applies

Contractual Export Obligation
Define daily obligations requirements
Import annual delivery profile Contracted Solar Capacity (%) 100

m © Contracted Storage Capacity (%) 100

© No obligations
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Energy capacity decreases

%

100%

Battery Energy Capacity Degradation By Chemistry

95%

Storage health depends on: 90%

« Cycling g o \
 Thermal o

- Calendar

Capacity

75%

70%

65%

60%
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Year

—LFPA —LFPB —LFPC —LFPD —NMCA —NMC B




Mitigating capacity loss In batteries

Augmentation Capacity

300

Every successful project 250

needs an energy capacity 500

degradation plan. .

. o 100

. Cycling limits .
. Oversizing

Vv

MWh

-

0

. Augmentation > ¢ Vo3 o 9 o0 S\ o o9 4O N
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Year

= Minimum Usable Energy Capacity (MWh)
== Augmentation Capacity (MWh)



HOMER Front
case studies

1. Compare two storage technologies
2. Compare augmentation price forecasts

Evaluate assumptions to de-risk project

Steffi Klawiter
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Benefits

HOMER Front

Empowering Trust®



HOMER Front

California Example (ast

o

Break down the complexity in assessing
system performance and economic viability

Key Days [ Highest Revenue Day ~ ‘ Feb 14

116

Summary

Revenue (§)
Energy Price (§/MWh)

== Day-ahead Market Price == Real-time Market Price == Energy Storage (1 MW / 4 MWh) Component Revenue / Day-ahead Market == Solar PV Component Revenue / Day-ahead Market
Energy Storage (1 MW / 4 MWh) Component Revenue / Real-time Market = Solar PV Component Revenue / Real-time Market

Financial Summary @ Revenue Summary @

Real discount rate Annual Average

oject life Day-ahead Market
Capital expenses Solar energy to Day-ahead Market

Operating expenses Storage energy to Day-ahead Market

Real-time Market




HOMER Front

Break down the complexity in assessing
system performance and economic viability

Maximize value of adding storage
and de-risk internal rate of return

Rewvenue ($)

Hotrof th®ay
-10,000

== Day-ahead Market Price == Real-time Market Price == Energy Storage (1 MW / 4 MWh) Component Revenue / Day-ahead Market == Solar PV Component Revenue / Day-ahead Market
Energy Storage (1 MW /4 MWh) Component Revenue / Real-time Market == Solar PV Component Revenue / Real-time Market

Energy Price ($/MWh)




HOMER Front

Break down the complexity in assessing
system performance and economic viability

Maximize value of adding storage
and de-risk internal rate of return

Test multiple system sizes and configurations
and integrate energy market revenue

o Application

Group By System Architecture @ Show All

Double click o

row to see simulations details

California Example (last saved 4/4/2022 £:55 M

o Equipment

§14.452,800 §3,023,099 §5224184
513359421 S2714937 §5,044,200
516,176,513 52740305 §6.238.271

14771493 5251519 §6,055,581

$120,45776
§121.904 144
§166,830.224

§158,268592

54,078,004
$4855,754
6964814

6,824,162




HOMER Front

Break down the complexity in assessing
system performance and economic viability

Maximize value of adding storage
and de-risk internal rate of return

Test multiple system sizes and configurations
and integrate energy market revenue

Perform sensitivity and risk analysis —
model batteries with degradation and
augmentation strategies

400
350
300
2350
200
130
100
50
0

Augmentation Capacity

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 20471 2042 2043
Year

= Maximum Usable Energy Capacity (MWh
Minimum Usable Energy Capacity (MWh)
= Augmentation Capacity (MWh)

Maximum Usable Energy Capacity (MWh) Minimum Usable Energy Capacity (MWh)

s

£3,500,000
$3,000,000
$2,500,000
52,000,000
$1,500,000
£1,000,000
£500,000
50

Augmentation Cost

2024 202520262027 2028202920302031203220332034 203520362037 20382039 204020412042 2043
Year

= Augmentation (3)
= Augmentation ($/kWh)

tion Capacity (MWh) Augmentation Cost (S/MWh) Battery Augmentation Cost (5)

40 388

388

375

4m

5150

8137

§123

5110

$103

a7




HOMER Front

« C @ Tttps://front homerenergy.com/project/6037ef86-aaf5-4a20-995b-08da1649e1 ad/results/details/0 + group+0 133% = o @ =

. : . ‘%‘!‘ HOMER Front California Example (last saved 4/4/2022 4:55 PM)
Break down the complexity in assessing © s o o o

system performance and economic viability Sensitvity Tl " [y o~ | KeyDoys

Storage TMW4MWh: Augmentation Degradation Limit :
10% 10,000 120

Maximize value of adding storage SRl A

PV Solar : 116 MW 6,000

Energy Storage : 100 MW / 400 MWh 80

and de-risk internal rate of return

4,000
60

Revenue ($)

. 2,000
Selected Overview o—0—=2

Energy Price ($/MWh)

40
Summary 0

Test multiple system sizes and configurations 0
and integrate energy market revenue 0

Hour of the Day

— Day-ahead Market Price= Real-time Market Price= Energy Storage (1 MW /4 MWh) Component Revenue / Day-ahead Market
== Solar PV Component Revenue / Day-ahead Market ~ Energy Storage (1 MW / 4 MWh) Component Revenue / Real-time Market

Perform Sensitivity and riSk an alySiS - ) ’ = Solar PV Component Revenue / Real-time Market
model batteries with degradation and o Financial Summary © Revenue Summary @
augmentation strategies _

Third-party tool informs stakeholders,
enabling collaboration internally and externally




HOMER Front

o
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[E Reading st

California Example (st =2 ‘L“ Listing.
© sewp (3]

ivity Table y Hour * ‘ Key Days | Highest Revenue Day * j Feb 14

80,000
ptimization Results S0
Soiar: 116

R I | | I f torage 100 50,000
I t . t I I - |
= Day-ahead Market Price = Real-time Market Price == Energy Storage (1 MW / 4 MWh) Component Revenue / Day-ahead Market == Solar PV Component Revenue / Day-ahead Market
Energy Storage (1 MW / 4 MWh) Component Revenue / Real-time Market = Solar PV Component Revenue / Real-time Market
[] [] g
| l e ‘ O I l O I I l I ‘ VI a I I I y Financial Summary @ Revenue Summary @

Real discount rate.

Revenue ($)
Energy Price (§/MWh)

of utility-scale systems =

Real-time Market

Market participation Day-ahead Market, Real-time Market

Solar energy to Real-time Market

Revenue 19515878 Storage energy to Real-time Market




Learn more and get started!

« Goto
https://www.homerenergy.com/products
[front/

* Fill in the form.

« Get a demonstration video and example
feasibility study.

@ HOMER Front

An Introduction
to HOMER Front

Sign-up to watch
the demo. P

USE CASE ~ FEASIBILITY STUDY HIGHLIGHTS.

Financial impact of adding energy storage

to a utility-scale photovoltaic solar system

Challenge

A California-based developer wants to evaluate the revenue and
impact of adding energy storage to a photovoltaic (PV) solar plant.

The developer needs to determine if adding energy storage to the solar
plant will increase annual revenue and return on investment (RO) and
serve the load requirements of the plant’s utility offtaker.

The utility offtaker needs to meet expected electrical demands and
fulfillits commitments to greenhouse gas (GHG) emission reduction
and renewable energy resources.

The project will participate in the California Independent System
Operator (150 day-ahead and real-time energy wholesale and
resource adequacy markets

With the addition of storage, the offtaker will agree to a Capacity Services
Agreement (CSA). The CSA allows the offtaker to use stored energy to
meet resource adequacy (RA) requirements while allowing the developer
to market excess capacity.

The developer must determine if additional revenues from the energy
storage system are enough to offset the added costs of developing,
installing, t the energy storage sy

Solution

UL conducted a feasibility study using HOMER® Front modeling software
to analyze the financial impact of solar-plus-storage.

The team modeled participation in the wholesale energy markets using
hourly and sub-hourly pricing from a

a primary North-South transission line in California. The model also
included a 2020 RA network event schedule in California IO markets

Analysis I I , battery operation,
energy and capacity revenue and the financial impacts of construction
costs. The analysis also evaluated ongoing operation and maintenance,
including energy storage capacity and
replacement strategies to determine the internal rate of return (IRR).

Impact

UL conducted an analysis with HOMER Front,
providing the developer with expected financial
results for a solar-plus-storage system.
Financial results

/" Initial equity investment — $104 million
./ 20-year internal rate of return — 7.8%

/' Payback - 13 years

| Year-one revenue

24M Resource Adequacy - day-ahead
26M  Reabtime energy martet

M,

Technologies | Revenue

Location
modeled services
s | Mot | svioonw | [meofdeiey
: o,
gy | Calfos, | Strge 100 | 2N

storage | US, MM | LB iy



https://www.homerenergy.com/products/front/

Experience the power

Remote, standalone microgrids
homerenergy.com/TryPro

Grid-connected DERSs
homerenergy.com/TryGrid

Utility-scale storage
with or without solar and wind
www.homerenergy.com

www.UL.com/HOMERsoftware



http://www.ul.com/HOMERsoftware
http://homerenergy.com/TryPro
http://homerenergy.com/TryPro
http://homerenergy.com/TryPro

Questions?

David Mintzer Steffi Klawiter Christina Duong Kyle Stauffer

Director, Energy Storage Advisory Product manager, Hybrids Energy market specialist Senior project engineer
UL Renewables UL Renewables UL Renewables UL Renewables



Upcoming events

We’d love to meet you at:

American CleanPower, San
Antonio, May 16-18

Microgrid 2022, Philadelphia, June 1-2
« HOMER Technology Workshop June 2,

2:45 p.m.

» Usethe code HOMERVIP fora 10%
discount

 Learnmore at
microgridknowledge.com/microgrid-2022/

Upcoming webinars: Date to be announced

« CESA Spotlight Webinar: Enhancing the
value of solar with storage

« HOMER Front; Focus on California Market

Q

@ MICROGRID

CONFERENCE SERIES

Microgrid 2022

CONFERENCE

Join us at Microgrid 2022

Microgrids as Climate Heroes
Philadelphia
June 1-2,2022

Featuring

HOMER Technology Workshop: Destination Hybrid Success
June 2, 2:45 PM EDT

a
.f e Save %10
;% with Code:
¢ W s REGISTER HOMERVIP

Peter Lilienthal, Ph.D. Eduardo Guerra,
UL Microgrid Lead UL HOMER Grid Lead

HOMER Software Creator




Q

Thank you!

Empowering Trust®



