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More entities are looking beyond the energy bill

Bill Savings
Value of awoided energy and
demand charges

Value of

PV+storage
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More entities are looking beyond the energy bill

Bill Savings i This DCapartment building provides low-
domandcrroes ‘ income families with solar power and a
resilience center

SUSTAINABILITY By Natasha Riddle (Fellow) June27,2019 E816

Value of Resilience
Value of avoided
PV+storage outages

Riddle (2019)
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More entities are looking beyond the energy bill

Bill Savings
Value of awoided energy and
demand charges

Value of
PV+storage

Resilience
Value of avoided
outages

Climate

Value of awided CO2
emissions

__________________________________________________________________________________________

ry UTILITY DIVE Deep Dive Opinion Podcasts Library Events Topics

| BRIEF

Following Google's footsteps,
Des Moines pledges 24/7 clean
electricity by 2035

Penrod (2021)



More entities are looking beyond the energy bill

e .

EII savings ' - - - - . . L] .
Value of awided energy and g Fine Particulate Air Pollution from Electricity Generation in
demand charges i the US: Health Impacts by Race, Income, and Geography

Maninder P. S. Thind, Christopher W. Tessum, Inés L. Azevedo, and Julian D. Marshall*

Mortality rate from exposure to PM, ; air pollution caused
by electricity generation in the US

o |
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. Public Health
' Value of avoided health
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Resilience
Value of avoided
outages

Value of

Overall population average
PV+storage

Laower income
Laower i||L||‘|I||.'

Lower income

Deaths per 100,000 people
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Climate
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Value of awided CO2
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Thind, et al. (2019)




How can we account for bill savings, resilience, climate, and
health impacts in the optimal deployment of DERs?




REopt Energy Planning Platform

Formulated as a mixed integer linear program, REopt provides an integrated, cost-optimal energy solution.

@ REopt

Energy Planning Platform
Techno-Economic Optimization

NREL | 7



REopt Energy Planning Platform

Formulated as a mixed integer linear program, REopt provides an integrated, cost-optimal energy solution.

Note some capabilities were developed for specific projects only.

Drivers

Economics
Technology Costs
Incentives
Financial Parameters

S

Goals
Minimize Cost
Clean Energy

Resilience

Energy Costs & Revenue
Energy & Demand Charges
Market Participation
Emissions Rates & Costs

@ REopt

Energy Planning Platform
Techno-Economic Optimization

0 O

Thermal Loads Electric Loads

NREL
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REopt Energy Planning Platform

Formulated as a mixed integer linear program, REopt provides an integrated, cost-optimal energy solution.

S Drivers

Goals Economics Energy Costs & Revenue
Minimize Cost Technology Costs Energy & Demand Charges
Clean Energy Incentives Market Participation

Resilience Financial Parameters Emissions Rates & Costs

Renewable Generation
Solar PV
Wind

@ REopt

Electric Grid & Fuel Supply
Conventional Generators

Combined Heat and Power Energy Planning Platform
Techno-Economic Optimization
Energy Storage

Batteries

Thermal storage
Ground Source Heat
Pumps

Thermal Loads Electric Loads

Technology Options

Note some capabilities were developed for specific projects only.

NREL
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REopt Energy Planning Platform

Formulated as a mixed integer linear program, REopt provides an integrated, cost-optimal energy solution.

Drivers

Goals S Economics Energy Costs & Revenue
Minimize Cost Technology Costs Energy & Demand Charges
Clean Energy Incentives Market Participation

Resilience Financial Parameters Emissions Rates & Costs

Renewable Generation
Solar PV

Technologies
Technology Mix
Technology Size

Wind

Conventional Supply
Electric Grid & Fuel Supply

) | Operations
Conventional Generators

Combined Heat and Power Energy Planning Platform Clptimel Bl E
Techno-Economic Optimization
Energy Storage

_ Project Economics D
Batteries Capital Costs o
Thermal storage Operating Costs

Net Present Value
Ground Source Heat Progress toward
Pumps

. Goals
Thermal Loads Electric Loads Emissions Reduction

Length of Outage
Sustained

Technology Options

uopnjog 3s0)
wnwiuiy peziwndo

_— - , NREL 1
Note some capabilities were developed for specific projects only. |10



REopt Formulation

REopt is a mixed-integer linear program.

Objective: minimize LCC = C.qp + Cogm + Cutitity + Cruer
Life cycle costs Capital costs  Operations & Electricity bill Fuel

maintenance

NREL | 11



REopt Formulation

REopt is a mixed-integer linear program.

Objective: minimize LCC = C.qp + Cogm + Cutitity + Cruer

Life cycle costs

Capital costs

Operations & Electricity bill
maintenance

Fuel

4 D

+ Cclimate + Chealth + Coutage
Climate Health Net outage

\ emissions costs emissions costs ~ COSts y

NREL | 12



REopt Formulation

REopt is a mixed-integer linear program.

Objective: minimize LCC = C.qp + Cogm + Cutitity + Cruer

Life cycle costs Capital costs  Operations & Electricity bill

maintenance

Fuel

Main decision variables: System sizes, system dispatch

Constraints:

Load balancing (load met in each timestep)
Critical loads met during outage

Technologies’ operational constraints

Available resource (e.g., solar irradiance)
Utility-related constraints (e.g., limited exports)
Fuel availability

4 D

+ Cclimate + Chealth + Coutage
Climate Health Net outage

\ emissions costs emissions costs ~ COSts y
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REopt Formulation

REopt is a mixed-integer linear program.

Objective: minimize LCC = C.qp + Cogm + Cutitity + Cruer

Life cycle costs Capital costs  Operations & Electricity bill

maintenance

Fuel

Main decision variables: System sizes, system dispatch

Constraints:

Load balancing (load met in each timestep)
Critical loads met during outage

Technologies’ operational constraints

Available resource (e.g., solar irradiance)
Utility-related constraints (e.g., limited exports)
Fuel availability

For the full formulation, refer to the REopt User Manual

-

\

\
+ Cclimate + Chealth + Coutage
Climate Health Net outage
emissions costs emissions costs ~ COSts y

Net Present Value (NPV)
— LCCBAU — LCCOpt

“Business-as-usual”  wjth suggested
costs; with existing  pEgRs

DERs or just grid

electricity

NREL | 14


https://reopt.nrel.gov/tool/REopt%20Lite%20Web%20Tool%20User%20Manual.pdf#page=5

Calculating costs

Emissions cost =

Marginal emissions rates

(MERs) [t /kWh]

Marginal emissions cost

[S/t]

15



Calculating costs

Marginal emissions rates Marginal emissions cost

Emissions cost = (MERS) [t /kWh] [$/4]

Climate cost = * CO, cost [$/t]

* Source: EPA’s AVERT!?

* Type: Hourly, short-run
marginal emissions rates

Social Cost of Carbon (SC-CO,)
Source: U.S. Gov3
$51/t (52020)

e Scale: 14 regions,
continental U.S.

* Projected annual decrease

(U from NREL's Cambium?

thttps://www.epa.gov/avert | 2https://scenarioviewer.nrel.gov | 3White House Technical Support Document

16


https://www.epa.gov/avert
https://scenarioviewer.nrel.gov/
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf

Calculating costs

Emissions cost =

Climate cost = [ ]

Health cost = Z [ ]

NOx, SO,, PM2.5 l

* Source: EPA’s AVERT?
e Type: Hourly, short-run marginal emissions rates
e Scale: 14 regions, continental U.S.

* Projected annual decrease from NREL's Cambium?

lhttps://www.epa.gov/avert | 2https://barney.ce.cmu.edu/~jinhyok/easiur/

* Marginal emissions cost

[S/t]

* CO, cost [S/t]

k Health cost [S/t]

* Source: EASIUR? (reduced-form air quality model)

Distance [ 100 km]

15

-15|

H U [ ....L...T....L... 1
: : :/\ligncd: :
—E----:‘---é----':willsj-d-ir:cclipn
. 4
-15-10-5 0 5 10 15

Distance [100 km]
(Heo 2017)

* Location-specific marginal health costs

* Considers impact of ambient PM2.5 on mortality

10!
102

1073 &0

Wei

107
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https://www.epa.gov/avert
https://barney.ce.cmu.edu/%7Ejinhyok/easiur/

REopt determines the emissions and emissions cost impacts
E . . . R E of a DER investment, accounting for the hourly emissions
m | S S | O n S | n O pt intensity of grid electricity as well as on-site fuel consumption.

I I
Emissions impact = BAU emissions (tons and $) — Optimized emissions (tons and )

E — Total Ele_cltr;c Load )
g Avoided Generator Serving Load
[=] . . @ PV Serving Load
E 400 kW emissions Grid Serving Load
F
z
&
200 kW
0 kW
27, Jun Z8. Jun ﬁ.]un 30. |
Grid emissions [tons] = Fuel emissions [tons] =
Electric grid purchases [KWh] Fuel burned on-site [gal]
X X
Marginal emissions intensity [ton/kWh] of the grid Fuel emissions intensity [ton/gal]
(location-specific) in each hour NREL | 18




Setting Clean Energy Goals

Capability Questions answered

Percent onsite renewable electricity target “How do | achieve 25% onsite renewable electricity
(annually) at my site at the lowest lifecycle costs?”

Climate emissions reduction target “How do | reduce my site’s CO, emissions by 50% with
DERs, relative to the BAU scenario?”
“What is the breakeven cost per tonne CO, to achieve

this goal?”
Include costs of climate and/or health “How does the cost-optimal system change if |
emissions in the REopt objective function consider the S/tonne costs of climate (CO,) and health

(PM, ., NO,, SO,) emissions?”

NREL | 19






Impact of Including Emissions Costs on System Sizing

Smaller diesel generators and larger PV and storage systems become cost-optimal as health and
climate costs are incrementally included within the lifecycle cost objective function.

3,000
2,500
2,000
1,500
1,000

500

System Size [kW or KWh]

Petaluma, CA

Austin, TX

Baton Rouge, LA

o

| [

Generator PV [kW] Battery Battery Generator PV [kW] Battery Battery

(kW] (kW]

[kWh] [kW] [kW] [kWh]

Generator PV [KW] Battery Battery
[kW] [kW] [kWh]

“Looking Beyond Bill Savings to Equity in Renewable Energy Microgrid Deployment” (Anderson, Farthing, Elgqvist,
Warren, 2021)

NREL | 21


https://www.sciencedirect.com/science/article/pii/S1755008422000047

Impacts of Including Emissions Costs on Battery Dispatch

Average REopt battery SOC without... ...and with CO, cost in objective
— Sonnen 204 — 5Sonnen
3 1+ —— REopt — REopt
15 - -
2 1.0 -
f\ \ 0.5 -
1 1A

| / \ 0.0 - f—\\ =
0 - - | \\ -0.5
v ~1.0 4

=hs -1.5 -

0 5 10 15 20 0 5 10 15 20
Time Time

Power [kw]
Power [kW]

“Savings in Action: Lessons from Observed and Modeled Residential Solar Plus Storage Systems.”
(O’Shaughnessy, Cutler, et al. 2022)

NREL | 22


https://www.nrel.gov/docs/fy22osti/82103.pdf

Modeled 3 building types across 14 locations in the U.S.

Hospital

School

g
Warehouse

AN

4

Moist (A)

)
Marine (C)
[} Duluth, MN

Seattle, WA ||

& /i
San Francisco, CA X ib Baltimore, MD

Warm-Humid
Below White Line

Los Angeles, CA

Phoenix, AZ

All of Alaska in Zone 7
excepl for the following
Boroughs in Zone 8

Houston, TX

Bethal MNorthwest Arctic A .
Delingham Southeas! Fairbanks Miami, FL
Fairbanks N. Star  Wade Hampton Zone 1 includes
Nome Yukon-Koyukuk Hawail, Guam,
North Slope Puerio Rico 1

and the Virgin |slands

Unique to each location: Marginal emissions factors (Cambium), health damages

Unique to each building and location: Load profiles, utility tariff

“Optimizing Solar-Plus-Storage Deployment on Public Buildings for Climate, Health, Resilience, and Energy Bill Benefits.” 23
(Farthing, Craig, Reames 2021). ASSET Lab, Urban Energy Justice Lab, University of Michigan



https://pubs.acs.org/doi/abs/10.1021/acs.est.1c02955

Expanding co-optimization from bill and resilience (BR) to also include
health and climate benefits (BRCH) increases the NPV at hospitals, schools,
and warehouses by 25%, 124%, and 10,400x, respectively.

$40M . _
Objective
o T F
$30M 0 BR
b 1 BRCH
— $25.8M
> $25M
(1
Z $20M sm.em? -
o
Q $15M
To)
N s10M T
$2.9M $6.5M
$5M %I .
$4k $219k
Hospital School Warehouse

“Optimizing Solar-Plus-Storage Deployment on Public Buildings for Climate, Health, Resilience, and Energy Bill Benefits.”
(Farthing, Craig, Reames 2021). ASSET Lab, Urban Energy Justice Lab, University of Michigan



https://pubs.acs.org/doi/abs/10.1021/acs.est.1c02955

Conclusions

 Co-optimizing for climate & health benefits increases least-cost system sizes and
improves solar+storage economics

 Co-optimizing for climate and health also leads to higher utilization of batteries

@ REopt .



Conclusions

 Co-optimizing for climate & health benefits increases least-cost system sizes and
improves solar+storage economics

 Co-optimizing for climate and health also leads to higher utilization of batteries

 REopt (free, publicly available) allows users to include a cost of carbon and health-
related emissions (NOx, SO,, PM, <) in their analyses, or to set emissions reductions
targets

* A new version of REopt also includes the ability to include the cost of lost load
during grid outages within the optimization

REopt .



Conclusions

 Co-optimizing for climate & health benefits increases least-cost system sizes and
improves solar+storage economics

 Co-optimizing for climate and health also leads to higher utilization of batteries

 REopt (free, publicly available) allows users to include a cost of carbon and health-
related emissions (NOx, SO,, PM, <) in their analyses, or to set emissions reductions
targets

* A new version of REopt also includes the ability to include the cost of lost load
during grid outages within the optimization

 These capabilities can help businesses, government agencies, cities, and other
stakeholders make progress towards their climate, health, resilience, and bill

savings goals. s
o REopt |,



Accessing REopt

REopt Web Tool https://reopt.nrel.gov/tool

REopt API (Open Source) https://github.com/NREL/REopt API/wiki

Scripts and Notebooks to

Run Analyses with AP https://github.com/nrel/reopt-api-analysis/wiki

New REopt Julia Package

(under development; currently distinct from API

https://github.com/NREL/REopt.jl

but same underlying model)

Additional Documentation & Support:

https://reopt.nrel.gov/tool/REopt%20Lite%20Web%20Tool%20

User Manual User%20Manual.pdf

APl Forum https://github.com/NREL/REopt-API-Analysis/discussions/

Help Desk reopt@nrel.gov NREL |

28
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https://reopt.nrel.gov/tool/REopt%20Lite%20Web%20Tool%20User%20Manual.pdf
https://github.com/NREL/REopt-API-Analysis/discussions/
mailto:reopt@nrel.gov

Renewable Energy
Thank you ! @ REOp Integration and Optimization

1 Amanda Farthing | NREL Research Engineer | amanda.farthing@nrel.gov
uestions?
Q REopt website: reopt.nrel.gov

www.nrel.gov
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https://reopt.nrel.gov/

REopt Web Tool User

@ REopt

Cost Savings $ () Resilience ©@ () clean Energy &

Interface

Step 1: Choose Your Energy Goals

REopt Web Tool offers a free, publicly available, user-friendly Step 2 Select Your Technologies

web tool that offers a subset of features available through Qrve Qsatenys | @ cridY () wind [ CHP
the API Do OZine

Optimizes PV, wind, CHP, GHP, and energy storage system
sizes and dispatch strategies to minimize life cycle cost of

Step 3: Enter Your Site Data

Q@ Site and Utility (required)

energy

* Required fisld
Resilience mode optimizes PV, wind, and storage systems, R Y e — CYT—
along with backup generators, to sustain critical load during * Electricty ate @ v

[ Use custom electricity rate @

grid outages.

B Optional inputs % Reset to defautt values

Clean energy goals allow users to consider renewable energy
targets, emissions reductions targets, and emissions costs in

Jill Load Profiles  (required)

$ Financial
Optimization O Renewable Energy & Emissions
Unchecking “Grid” allow users to model off-grid microgrids & PV
of solar, storage, and diesel generators = Battery ©

¥ Reset to default values

Get Resulis ©

Access REopt web tool at reopt.nrel.gov/tool



https://reopt.nrel.gov/tool

REopt Web Tool Key
Output
utputs k,n
Bl
0% 5
0
B
408 ‘;_';‘
20%
Your recommended solar @ Your recommended battery @
installation size power and capacity 0%
2. Jun 3. Jun 4. Jun 5. Jun 6. Jun
3,885 kW 276 kW 598 kWh '
PV size battery power battery capacity .
Hourly Dispatch
Measured in kilowatts (kW) of direct current, this recommended size minimizes This system size minimizes the life cycle cost of energy at your site. The

the life cycle cost of energy at your site. battery power and capacity are optimized for ecenomic performance. Business As Usual
(7] Financial @ Difference @

System Size, Energy Production, and System Cost

E] . : . -] PV Size @ 0 kw 113 kW 113 kW
Your potential life cycle savings (20 years)

) e : . ) Annualized PV Energy Production @ 0 kwh 132,000 kwh 132,000 kwh

This is the net present value of the savings (or costs if negative) realized by the project based on the difference
between the total life cycle costs of doing business as usual compared to the optimal case. $ 1 ’9 7 2] 4 9 3 Battery Power @ 0kw okw o kw
Battery Capacity @ 0 kwh 0 kwh 0 kwh
System S"ze and NPV Net CAPEX + Replacement + 0&M @ S0 $133,318 $133,318
Energy Supplied From Grid in Year 1 @ 132,000 kwWh 65,384 kwh 66,616 kwh

Year 1 Utility Cost — Before Tax

Utility Energy Cost @ $18,112 -$404 $18515

utility Demand Cost @ 50 $0 50

Utility Fixed Cost @ 50 50 50

Utility Minimum Cost Adder @ $0 $0 S0

Detailed Financial Outputs
NREL | 31



H NREL / REopt-API-Analysis Public ® Unwatch 1

REopt API

Code Issues Pull requests Discussions Actions Projects 0 wiki

. Home
® Wh at |S a n AP I ? Nick Laws edited this page on Sep 16, 2021 - 8 revisions

— Application Programming Interface

Welcome to the REopt-API-Analysis wiki!

— Programmatic way of accessing REopt
l—lte (Se n d | ng an d rece |V| ng d ata frO m NOTE: The documentation in this wiki is for using the API. For documentation on developing the REopt Lite API
ad serve r) please go here.

The REopt Lite™ API recommends an optimal mix of renewable energy, conventional generation, and energy

_ F I l € fO rm at use d fO rsen d In g an d storage technologies to meet cost savings and energy performance goals, including the hourly optimal

receivi ng t h e d ata . JSO N . operation of the system. In addition to this API, the REopt Lite™ Tool provides an interface for interactively
. setting up input parameters. Click here for more information about the REopt™ model.
 Advantages:

— Multiple simulations for different Accessing the AP
sites can be run programmatically;

The APl is hosted at | https://developer.nrel.gov/api/reopt . In order to access the API you need to get an
API key. Once you have a key you can access the APl with something like:

— Scenario analysis can be automated;
an d https://developer.nrel.gov/apifrecpt/stable/help?API_KEY=DEMO_KEY

_ App“cation can be integrated W|th You will have to replace DEMO_KEY with your own key (the DEMO_KEY only allows a few hits per day).
other programs. . ) . o
Prog https://github.com/nrel/reopt-api-analysis/wiki

NREL | 32


https://github.com/nrel/reopt-api-analysis/wiki

Clean Energy Accounting

For a given project, REopt determines the following:

Climate and health emissions impacts:

* Avoided climate (CO,) and health (PM, c, NO,, SO,) emissions, as compared to the business-as-usual (BAU) scenario
*  For grid electricity and on-site fuel consumption
* Year one and Total (analysis period) emissions
* Considers future “greening of the grid”

* Avoided climate and health emissions costs

Renewable energy impacts:
* Site electricity and energy (including heating and cooling) consumption from on-site renewable sources

Note:
. Distinction between renewable energy and emissions accounting:
— Basis for renewable energy accounting is units of energy, e.g. kWh
— Basis for emissions accounting is units of emissions, e.g. tonnes of CO,

— Although a given unit of energy (e.g. kWh) can have a renewable energy attribute and emissions attributes, the
accounting of such must be kept separate and follow established guidelines

. Users can include or exclude emissions offsets and/or renewable energy credit associated with exported electricity

NREL | 33



Grid Emissions Rates Considerations

I

Geographic boundary State, balancing authority, eGRID subregions
Temporal resolution Annual, hourly

Timespan Historic/current rates, future projections
Emissions species Climate (CO,, CH,, N,0O, CO,e)

Health (PM2.5, NOx, SOx)

Emissions factor type Average: represents entire grid mix; often used for baselining and emissions reporting protocols
Marginal: represents emissions of generation on the margin; more accurately represents impact
of an intervention (e.g., EE, DERSs)

*  Short-run marginal emissions: the rate of emissions assuming grid assets remain fixed

* Long-run marginal emissions: the rate of emissions that would be induced or avoided by a
long-term (i.e., more than several years) change in electrical demand, incorporating both
operational and structural consequences of the change

NREL | 34



A Long-run marginal emission rate

Comparison
of Emission

P
Factor Types | (L

B Average emission rate

T I e

Hour

Short-run marginal emission rate

Cambium data for the contiguous U.S. Central time zone. LRMER are 20-year levelized values, SRMER and AER are single-
year values from 2024.

Source: Gagnon & Cole, “"Planning for the evolution of the electric grid with a long-run marginal emission rate” (2022).

NREL 35
https://doi.org/10.1016/j.isci.2022.103915 |



https://doi.org/10.1016/j.isci.2022.103915

Grid Emissions Types and Datasets

Types: Average (entire grid mix) vs. Marginal (marginal generators) emission factors

Different use cases: Emissions reporting protocols (e.g., GHG Protocol) vs. academic/”real impact”

REopt default: Short-run marginal emissions factors from EPA’s AVERT

Dataset First year Emissions included Geographic Temporal Type of rates
released boundary resolution
co, NOXx SO, CH, N,O CO,e PM2.5
AVERT 2014 14 regions, Hourly Historical short-run
(EPA) ‘/ J J )( )( } ‘/ continental U.S. marginal (based on
first IMW reduction
in load)
eGRID 1996 27 “subregions,” Average Historical average,
(EPA) ‘/ J J ‘/ ‘/ J )‘ entire U.S. annual “non-baseload” as
marginal
Cambium 2020 Balancing area, 50 | Hourly Projected average,
(NREL) ‘/ )‘ )‘ ‘/ ‘/ J )‘ states, entire U.S., | projection short run marginal,
20 regions similar | s 2020- long run marginal
to eGRID 2050

NREL | 36



https://www.epa.gov/avert
https://www.epa.gov/egrid
https://cambium.nrel.gov/
https://ghgprotocol.org/
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3 building types modeled using REopt

Hospital

School

g
Warehouse

be 22
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3 building types modeled using REopt

Hospital Differing outage impacts
fCritical Facility
High
School
A\
w A Resilience Hub
Medium
Warehouse
A ‘ Non-critical
be 22

Low

39



3 building types modeled using REopt

Value of lost load Critical load

Hospital Differing outage impacts (S per kWh of unserved (% load that should be
load during an outage) powered during outage)

Critical Facility

$140 85%
school
ﬁ 40N esilience Hub £72 50%
Warehouse
/\ Non-critical 54 10%

be 2. 40



Expected Outage Characteristics

* 15-hour outage (average duration of major outages in 2020%)
* Possible timing: 5% worst possible times for each building

* Occurs annually

1Electric Disturbance Events (OE-417) Annual Summaries x



https://www.oe.netl.doe.gov/OE417_annual_summary.aspx

Modeled 3 building types across 14 locations in the U.S.

4

Moist (A)

Hospital

[ 3 Duluth, MN

SChOOI Los Angeles, CA Y¥4 Vi id

Phoenix, AZ
All of Alaska in Zone 7
I fol

yennlsga ShrL i 8.
% 3
FleaCon 2 ar L
- i b } 1] i
i 2
& A\ 4
. \/ b
excepl for the following
Boroughs in Zone 8
Bethel MNorthwest Arctic \ . .
Delingham Southeas! Fairbanks ¥ Miami, FL
Fairbanks N Star Wade Hamption one 1 includes
Nome Yukon-Koyukuk jawas, Guam,
Nerth Slope Puerto Rico £ 1
and the Vingin |slands -

Warehouse Unique to each location: Marginal emissions factors (Cambium), health damages

Unique to each building and location: Load profiles, utility tariff

42
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Larger system sizes are cost-optimal when resilience, climate, and

health are valued

PV [kW]

o

Optimal PV capacity

527 527

Objective

B B
B BR
' & BRCH

183

0O O

- -

Hospital School

Warehouse

Bill savings
+ Resilience
+ Climate + Health

44



Larger system sizes are cost-optimal when resilience, climate, and
health are valued

2.5

1.5

Battery [MW]

0.5

Optimal battery power capacity

'Obiectiua |
3 B
B BR |
| £ BRCH
1.4
1.3%
D'si 0.7
. . 0.03
e S - 3 22
Hospital School Warehouse

Battery [MWh]

25

15

10

Optimal battery energy capacity

T .Objectiva |
BB
22.% - 22.3 @ BR
& BRCH
7.4i 7.5
. 0.09
20012 02 -
Hospital School Warehouse
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Battery operations reflect differing objectives between scenarios,
with increasing dispatch from BR to BRCH

B BR BRCH
mG%h ‘ 100% 100%

——BR
—— BRCH

SOC %

50% 50% 50% ]“

0 8759 0 8759 0 8759

Hour of year Hour of year Hour of year

Example shown is for the modeled Miami hospital
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Expanding co-optimization from bill and resilience (BR) to also include
health and climate benefits (BRCH) increases the NPV at hospitals, schools,
and warehouses by 25%, 124%, and 10,400x, respectively.
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