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Evaluating Emissions Reductions
from DERs in REopt Lite

Track 4: Financing and Implementing Federal Energy and Water Projects

S10: Enhancing the Business Case for Energy and Water Projects
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Which DERs Will Work for My Site?

RE Resource Technology Costs & Site Goals Utility Cost & Financial
Incentives Consumption Parameters

* Distributed energy resources (DERs) can provide cost savings, resilience benefits, and
emissions reduction

* Many technical and economic factors affect which distributed energy technologies can best
meet site goals, and should be considered concurrently

* With increasingly integrated and complex systems, back-of-the envelope calculations are
no longer sufficient to determine distributed energy project potential
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Formulated as a mixed integer

REopt Lite Inputs and Outputs | seveimearsedcos:

optimal energy solution.
Goals s Economics Utility Costs

Minimize Cost Technology Costs Energy Charges
Resilience Incentives Demand Charges
Emissions Financial Parameters Escalation Rate

©

Renewable Generation Technologies
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https://reopt.nrel.gov/tool

How Does REopt Lite Work?

Demand Reduction
Battery is reducing peak
for the month
30

Energy Arbitrage
Charge cheap
2 “ igh
/N A b use high
20 \”" \r’
: A
s .
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5 Grid Serving Load mmm PV Serving Load = Storage Discharging mmm PV Charging Storage =——Electric Load
0 ) Y A |
Monday Tuesday Wednesday - Thurs.day Friday Saturday SUW%’EI‘IEI'QY |
Example of optimal dispatch of PV and BESS ® o Exchange
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REopt Lite User Interface

* REopt Lite is a free, publicly available tool | (v
that federal agencies can use to evaluate | [ Reeflenee
distributed energy options.

Step 1: Choose Your Focus
Do you wanl to oplimize for financial savings or energy resilience? @ REOpT

Step 2: Enter Your Site Data

Enter information about your site and adjust the default values as naeded 10 S0 your results.

@ Site and Utility  pepures

*  Financial mode optimizes PV, wind, CHP,
and battery system sizes and dispatch
strategy to minimize life cycle cost of $ Financel
energy; and

il Load Profile e

Step 3: Select Your Technologies
* Resilience mode optimizes PV, wind, CHP, @G  @oaeym  (Jwind i
and storage systems, along with backup
generators, to sustain critical load during o P

&ric outages.

& fesel to defaull values

* Access REopt Lite at reopt.nrel.gov/tool.
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REopt Lite Key Outputs

Results for Your Site

These results from REopt Lite summarize the econs

your site. You can e

Your recommended solar
installation size

3,885 kW

PV size

nic viability of PV,

Measured in kilowatts (kW) of direct curent, this recommended size minimizes

the ife cycle cost of enengy at your site.

i, and battery storage at

it your inputs to see how changes to your energy strategies affect the results. R E T

New Evaluation

Your recommended battery ©

power and capacity

276 kW 598 kWh

battery power battery capacity

This system size minimizes the ke cycle cost of energy at your site. The
battery power and capacity are cptimized for economic performance.

 the difference:

$1,972,493

System Size and NPV
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Financial @ Difference @
System Size, Energy Production, and System Cost
PV Size © okw 113 kW 113 kW
Annualized PV Energy Production & 0 kWh 132,000 kWwh 132,000 kwh
Battery Power @ ok ok ok
Battery Capacity @ 0 kWh 0 kWh kW
Net CAPEX + Replacement + 0EM @ 50 $133318 $133318
Energy Supplied From Grid in Year 1 @ 132,000 kwh 65384 kwh 66,0160 kwh
Year 1 Utility Cost — Before Tax
Utility Energy Cost & $18112 404 $18515
Utility Demand Cost & 50 50 50
Utility Fixed Cost & 50 50 50
Utility Minimum Cost Adder @ S0 50 50

CONNECTING THE FUTURE

Detailed Financial Outputs

AUGUST 2-6,

2021




7~

_; Ener
oo Exch%)l,'l ge

Emissions Datasets Overview




eGRID Annual Emissions Values

CO: total output emission rate (lb/MWh)

by €GRID subregion, 2019 * Emissions factors are used to convert
electricity generation to emissions and
vary across the US.

* EPA’s eGRID dataset provides annual
values for total and marginal emissions
* Marginal emissions may be more appropriate
to evaluate impact of adding or reducing loads

* eGRID spatial resolutions include balancing
areas, states, and eGRID subregions

* eGRID subregion may be most accurate spatial
S I .
0 679 901 107k 121k b/Mwh resolution

https://www.epa.gov/egrid/summary-data; https://www.epa.gov/egrid/data-explorer;
https://cfpub.epa.gov/ghgdata/inventoryexplorer/index.html#electricitygeneration/entiresector/allgas/category/current
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AVERT Hourly Emission Rates

Hourly Marginal Emissions Factor (lbs. CO2/MWh)

400 :
500 regions

Figure 3. Map of AV

_ 2,000 * Emissions also vary throughout

S 1,800 h

< 1,600 the year

O 1,400 ’

% 1,200 * EPA’s AVERT dataset captures

= 1,000 :

5 500 hoquy average and marginal
DVyr & 600 S emission factors for 14 US

eps

* More accurately reflects

Hour contribution of energy
efficiency, energy storage, and
renewable energy measures on
today’s grid
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Cambium Projected
Future Emission Rates

* Projects annual and hourly emissions rates
by state for each year 2020-2050,
accounting for projected future “greening
of the grid”

* Includes average and marginal (short term
and long run) emissions rates
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Emissions Modeling in REopt Lite




Specifying Emissions Dataset

o o I
specify emissions
Electricity Grid Emissions Factors @ fa Cto rs:
How would you like to enter the emissions factors?
* AVERT hourly

¢ Custom annual
* Custom hourly

X Hourly # Annual L. Upload

Source of hourly grid emissions factors @ ~

. AMERT California Region
US EPA AVERT Great Lakes/Mid-Atlantic Region
US EPA AVERT Lower Midwest Region
US EPA AVERT Northeast Region

X Download emissions factor data & Chart emissions factor data

{é} PV US EPA AVERT Northwest Region
US EPA AVERT Rocky Mountains Region
Battery US EPA AVERT Southeast Region
US EPA AVERT Southwest Region
US EPA AVERT Texas Region £ Reset 1o default values @ r‘
US EPA AVERT Upper Midwest Reaion [+] Energy
~g
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Chart Hourly Emissions Profile

Typical Grid Emissions Profile Based on Your Inputs

Zoom Im 3m 6m YTD All May 31, 2017 — Jun 22, 2017

Maximum Load

Average Ldad

(YM]/ 20D sq|) 101084 SUOISSIWT pPLID

Minimum Load

Qs
1. Jun 3. Jun 5. Jun 7. Jun 9. Jun 11. Jun 13. Jun 15. Jun 17. Jun 19. Jun 21. Jun
Jan"17 Apr 17 m"'~-" Jul™17 et 7
q ] » © r“
Q!
Avg Factor: 1.09 |bs CO2/kWh Min Factor: 0.52 Ibs CO2/kWh (Jul 24)  Max Factor: 1.80 Ibs CO2/kWh (May 4) “Energy
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Example
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Timestep [hours]

Business as | Optimal PV +
Usual Storage

PV size (kW) -
Storage size (kW) 273
Storage size (kWh) 548
Life Cycle Cost (LCC) ($000) $21,286
Net Present Value (NPV) ($000) -
Emissions — eGRID marginal (1,000 Ib. CO,) 17,483
Emissions — eGRID average (1,000 Ib. CO,) 8,219
Emissions — AVERT marginal (1,000 Ib. CO,) 25,653
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5,530
364
1,265
$20,123
$1,586

11,431
5,374
16,872
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Future Work

= Integrating Cambium dataset for long-run marginal emission rates

* Data sets of hourly cost, emission, and operational data for modeled futures
of the U.S. electric sector with metrics designed to be useful for long-term
decision-making.

= Adding constraint to specify % CO, reduction target

* What is the most cost-effective combination of technologies to meet 50%
carbon reduction goal

= Adding cost of carbon to the objective function

* How does costing carbon change optimal system sizing
o M %
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Thank you!
Emma Elgqvist: emma.elggvist@nrel.gov
REopt: https://reopt.nrel.gov/
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