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NREL at a Glance

3,675 workforce, including:
* 2,732 regular/limited term
* 490 contingent workers
* 211 postdoctoral researchers
* 152 graduate student interns

* 90 undergraduate student interns
—As of 9/30/2023

World-class research expertise in:
* Renewable Energy
* Sustainable Transportation & Fuels
* Buildings & Industry
* Energy Systems Integration

Partnerships with:
* Industry
* Academia
* Government.

4 campuses operate as living laboratories
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More Than 1,000 Active Partnerships in FY 2023
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NREL Science
Drives Innovation

Renewable
Energy
* Solar
* Wind
* Water
* Geothermal

Photo by Werner Slocum, NREL 66364

Sustainable
Transportation & Fuels

* Bioenergy

* Hydrogen and
Fuel Cells

* Transportation and
Mobility

Buildings
& Industry

* Buildings

* Industrial Efficiency
and Decarbonization

* Advanced Materials
and Manufacturing

* State, Local, and Tribal
Governments

Energy Systems
Integration

* Energy Security and
Resilience

* Grid Modernization

* Integrated Energy
Solutions



NPS/NREL/FEMP Partnership

* Partnership spanning more than a
decade

* Technical support encompasses
renewable energy analysis, audit
support, fleet technical analysis,
resilience assessments, and more.

Photo by Warren Gretz, NREL
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Green Parks Plan Goals

* Be climate friendly and climate ready. Combat the National Perk Service )
climate crisis by achieving net-zero greenhouse gas <
emissions.

* Be energy smart and water wise. Achieve net-zero Green Parks Plan:
water use and net-zero energy for facilities and Third Edition
operations. & +#Advanding,the Natibnal ParkiSeryice

Missign Through Sustainable/Operations

* Buy green and reduce, reuse, recycle. Achieve net-
zero waste and sustainable procurement.

e Green our rides. Adopt and support zero-emissions
transportation methods.

* Foster a sustainability ethic. Engage the National Park
Service (NPS) workforce, partners, visitors,
stakeholders, and communities to support and
participate in sustainability, climate resilience, and
environmental justice.

See https://www.nps.gov/subjects/sustainability/green-parks.htm. NREL | 6
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 Past audit review and analysis:
— Reviewed 20 audits completed in 2019 and 2020 (all remote)
— ldentified commonalities, gaps, and opportunities:

Example findings:
* Most common measures:
* Install general lighting opportunities (18 of 20)
* Install programmable or addressable thermostats (17 of 20).
* Replace existing aerator with low-flow equivalents (16 of 20).
* Noirrigation measures investigated
* No plug-load measures investigated.
Provided best practices for procuring audit services
Reviewed NPS audit services procurement language and suggested additions associated
with decarbonization and electrification:
* Identify opportunities specifically related to decarbonization

*  Require carbon/emissions savings in ECM calculation/results.



Resilience

— NREL reviewed vulnerability data within:
* Nineteen coastal hazards sea-level rise asset vulnerability assessments created by
Western Carolina University
* Two integrated coastal climate change vulnerability assessments by the University
of Rhode Island.
— Results classify vulnerability as such (high, moderate, etc.)
— And cross-reference vulnerability with high priority asset (by Asset Priority Index).

MODERATE MiNiMmAL
HiGH VULNERABILITY = Low VULNERABILITY -
e VULNERABILITY - VULNERABILITY ToTtaL#

# % # % # % # %
8 24% 4 12% 17 52% 4 12%
4 40% 0 0% 4 40% 2 20%

STRUCTURES
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Resilience: VA Data

Analysis

Performed data analysis and data visualization
on vulnerability data collected by Western
Carolina University:
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REopt Energy Planning Platform

Formulated as a mixed integer linear program, REopt® provides an integrated, cost-optimal energy solution.
This diagram represents REopt’s many options. A subset of these options was used for the current NPS analysis.

Drivers

Goals Economics Revenue
s Technology Costs Energy & Demand
Minimize Cost ’
Incentives Charges

Net-Zerc.) .Em|55|ons Financial Market Participation
Resilience

©

Resources
Parameters
Technologies

Technology Mix
Technology Size

Renewable Generation
Solar PV
Wind

Conventional Supply
Electric Grid & Fuel Supply Op

Conventional Generators

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

Operations
Optimal Dispatch

Energy Storage
Batteries
Thermal Storage

Project Economics

uopN|os 350)
wnwiujw paziwpdo

Capital Costs
Operating Costs
Net Present Value

Technology Options

Ground Source Heat

Pumps

Dispatchable Loads Thermal Loads
Heating and Cooling

Electric Loads

See https://reopt.nrel.gov/tool.
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REopt

e Conducted enterprise-wide REopt analysis at 338 parks for:

— PV
. Total Capacity Total Capacity
— Sma l I win d Number of Parks with recommended for all Number of Parks with  recommended for all
— Batter recommended Projects analyzed parks recommended Projects analyzed parks
Y (Direct Purchase) (Direct Purchase) (Third-Party Financed) (Third-Party Financed)
energy
p 302 46,665 kw 275 35,960 kw
stora ge
systems. d 110 3,201 kW 83 2,224 kW
prage apa 48 3,020 kWh 30 1,821 kWh
Total Initial Capital Cost $90,092,658 $68,099,463
Total Net Present Value (NPV) $55,651,059 $42,995,233

Mote: for each park, the results for the most constrained scenario (30% of total building area) are reflected. Only 16 of 338 parks showed any difference between the 3 constraint levels.



Booklet

RENEWING OUR
NATIONAL PARKS -

Over many years, the Federal
Energy Management Program : Reeirinership of the

(FEMP) provided technical | | | Federal Energy Management Program
support for renewable energy i3 7/ and the National Park Service

and energy-efficiency projects y X
at select national parks across
the United States. Many of
these projects were
implemented 10 or more
years ago and still provide
significant cost savings and
efficiency benefits.

See https://www.energy.gov/femp/articles/renewing-our-national-parks-partnership-federal-energy-management-program-and.
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Process for Fleet Electrification

Tiger Team-Assisted Agency’s Next Step

1 p 3 Develop 4 FleetEV & 6 Evand
Overall Fleet Identify EV EVSE EVSE EVSE EVSE

Planning Opportunities Deployment Acquisition Installation Operations
Plan

How do BEVs  What are my Where Howdo | How do |

and PHEVs fit candidate EVs  should | acquire the install EVSE? :

in my overall and optimal place EVSE, right EVs and Leverage for operation,

fleet plan? locations for so they are EVSE? workplace maintenance, and

charging? data collection?

Fleet EV & EVSE EVSE Technical Tools, outreach,
Acquisition Assistance and training

deployment? best used?

Guidance and Fleet EV Opportunity EVSE Analysis
Data Analysis Analysis and Planning

BEV = battery electric vehicle

EV = electric vehicle

EVSE = electric vehicle supply equipment
PHEV = plug-in hybrid electric vehicle


https://www.energy.gov/femp/grand-teton-national-park-electric-vehicle-charging-infrastructure-deployment-plan
https://www.energy.gov/femp/golden-gate-national-recreation-area-assessed-zevs-and-evse-possibilities-femp-evse-tiger-team
https://www.energy.gov/femp/golden-gate-national-recreation-area-assessed-zevs-and-evse-possibilities-femp-evse-tiger-team
https://www.energy.gov/femp/yellowstone-national-park-makes-strides-toward-fleet-electrification

Grand Teton National

Park

To accelerate the transition from
internal combustion engines to
electric vehicles, Grand Teton staff
worked closely with FEMP and NREL
to evaluate their fleet inventory and
operations. The focus of this
evaluation was to develop an electric
vehicle supply equipment (EVSE) site
assessment or deployment plan near
Grand Teton headquarters.

Grand Teton National Park’s first all-electric vehicle.
Photo by David Reus



Golden Gate National

Recreation Area

W zev B ronZEV

Golden Gate began the assessment by .

reviewing their site-specific Zero Nk Baiiors
Emission Vehicle Planning and 2% ,,;‘53},'%; P':f"f%;
Charging (ZPAC) tool for their entire
fleet. In FY 2022, they had 10 vehicles
up for replacement. Working with
FEMP and NREL, the Golden Gate-
specific ZPAC informed them on which -

vehicles were available to electrify, and Prodied | Seleled F cev non-ZEV

Acquisitions Acquisitions

177 108

Total ZEVs Planned by Agency: 69

Number of Vehicles

108

they were able to submit a request for L
two zero-emission vehicles (ZEVS) ZPAC summary results as of Dec. 20, 2021

under their FY 2022 budget and
considering driver needs.


https://www.youtube.com/playlist?list=PLmIn8Hncs7bFqZGrxcJi8YphGloJS8VFI
https://www.youtube.com/playlist?list=PLmIn8Hncs7bFqZGrxcJi8YphGloJS8VFI
https://www.youtube.com/playlist?list=PLmIn8Hncs7bFqZGrxcJi8YphGloJS8VFI

Golden Gate National

Recreation Area (continued)

After understanding their near-term ZEV
options, Golden Gate worked with the
FEMP EVSE Tiger Team to complete the
EVSE planning spreadsheet, where they
focused on two locations (with more
than a dozen throughout the park) to
plan for EVSE deployment.

* 13% of fleet at the three sites were already ZEVs.

* An additional 43% were determined to be potential ZEV candidates in FY 2022.

The EVSE Tiger Team provided a detailed assessment for the locations that housed
vehicles that would be replaced with ZEVs in the near term while providing GOGA with
the knowledge and tools to assess their remaining sites for EVSE potential in the future.

See https://www.energy.gov/femp/golden-gate-national-recreation-area-
assessed-zevs-and-evse-possibilities-femp-evse-tiger-team.



https://www.energy.gov/femp/golden-gate-national-recreation-area-assessed-zevs-and-evse-possibilities-femp-evse-tiger-team
https://www.energy.gov/femp/golden-gate-national-recreation-area-assessed-zevs-and-evse-possibilities-femp-evse-tiger-team
https://www.energy.gov/femp/articles/electric-vehicle-supply-equipment-planning-form

Yellowstone National

Park

Yellowstone performed an EVSE assessment
throughout the summer of 2022. The assessment
focused on parking areas at the Mammoth
headquarters, including the administrative building,
canteen, post office, and fleet garage.

The assessment began by using the ZPAC tool to
identify vehicles that are the best candidates for fleet
electrification based on the distances the vehicles
typically travel, where they usually park, and whether
an equivalent electric vehicle model will soon be
available. Of the 457 vehicles in Yellowstone’s fleet,
146 light- and medium-duty vehicles are operated out
of the Mammoth area and were also identified as
good candidates for conversion to ZEVs.

A plug-in hybrid electric vehicle at Yellowstone National Park.
Photo by Jesse Bennett, NREL
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Federal Smart Buildings

Accelerator

* As referenced in the Energy Act of 2020, FEMP is
supporting the development and launch of a Federal
Smart Buildings Accelerator to:

— Design and implement specific approaches that would
accelerate the adoption of smart building and grid-

responsive technologies.

— Develop and validate resources to catalyze the adoption
of grid-interactive building (GEB) technologies and
develop a GEB-ready recognition program.

* Participating agencies:

e GSA .
* EPA .
 DOI(NPS and .

BLM) e

DOD
VA

DOE
DHS

Better

Fact Sheet

Buildings’

FEDERAL SMART BUILDINGS ACCELERATOR

The Federal Energy Management Program (FEMP)
is supporting the development and launch of a
Federal Smart Buildings Accelerator to design and
implement specific approaches fo catalyze the
adoption ul smart bul\dmg am:l grid-responsive
Agencies.
The will support i DOE and
Federal Government-wide goals such as
resilience, energy savings and broadly electrifying
and decarbenizing government activities, using
renewable energy on a 24/7 (full-time) hasls and
transitioning to zero-emissions fleets.

What is a GEB?

A grid-interactive efficient building (GEB) is an
energy-efficient building with connected and smart
technologies characterized by use of fiaxible
Distributed Enargy Resources (DER) and grid-
responsive technologies to optimize enargy usa for
utility benefits, occupant bensfits, new manufaciurer
offerings, andior societs] benefits.

[I=S)

The accelerator wlll demonstrate |he husn-s case
for specific i technologi

that allow engagement with local uh\lhes that desire
load managsmem grid flexibility, and additional
support services. This effort will incorporate:
opportunities for grid-interactivity into existing FEMP
programming that supports Federal Agencies as they
evaluate their facilities and develop improvement
plans. This accelerator leverages technologies
validated by the Building Technologies Office (BTO)
and General Services Adminisiration (GSA) around
Grid-Interactive Efficient Buildings (GEE) that provide
Federal Agencies with opportunities to decarbonize
their fleets and buildings.

FEMP will develop and validate tools to increase
uptake of GEB technologies and will recognize sites
that develop a GEB implementation plans. FEMP will
also bring together key stakeholders throughout the
US Government to exarrlne key issues relating to
GEB such as

Grig-in: EMcien: Buliding (GEB). Proto courtesy of
Gukiencuse Consuming.
technologies in buildings can help Agencies meet the
goals set under this executive order by providing
real-time demand management and energy
opfimization to help reduce carbon emissions from
the energy used by government facilities by ufilizing
and |n|egralmg renewable generation and storage on
the grid

Accelerator Goals:

- Dew.lnp and pilot tools fm GEB opportunity
adoption
of GEE technology in Fedaral faciliies in the U.S.

* Screen and identify Federal buildings for potential
GEB adopfion with vanous types and sizes of
facilities and in various geographic locations.

* Develop action plans for implementing identified
GEB technologies that agencies can implement post
accelerator effort.

» Produce trainings for GEB technology operators to
ensure peak energy savings and the use of best
practices, along with guides and sirafegies to
implement GEEs smoothly and efficiently

Why Grid-Interactive Smart Buildings are
Important

Gmwing_ pe_ak electricity demand, fransmission and

utility
contracting approaches, and the inclusion of fleets in
GEB planning.
This accelerator is called for in the Energy Act of
2020 and supports many aspects of President
Biden's Executive Order detal\ng |nmahves to
ize Federal Age GEB

and an
increasing share of variable renewable electricity
generation are challenging the electrical grid. As the
grid becomes increasingly complex, demand
flexibility can play an important role in helping
maintain grid refiability, improving energy

, and ing a variety of

Leam more at betterbuildingssolutioncenter.energy.gov

ENERGY

See https://betterbuildingssolutioncenter.energy.gov/better-buildings-accelerator/federal-smart-buildings-accelerator.
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FEMP Federal Smart

Buildings Accelerator

* Activities:
— Site GEB and utility offerings analysis:
* Queried each accelerator site on GEB technology interest areas
* Provided information on priority GEB technologies via site-specific fact sheets

* Conducted tailored analysis and research for each site on GEB-supportive utility offerings
and incentives relative to priority GEB technologies.

— REopt analysis:

* Completed REopt analyses for multiple accelerator sites to identify cost-optimal renewable
energy + storage sizing.

— Data center and labs assessments:

* Completed deep dives into facility data centers and laboratories to ensure the most efficient
operations to enable a GEB-ready future.



Looking Forward

e Upcoming treasure hunt with Boston area parks

* Piloting the Technical Resilience Navigator (TRN) Lite (in
partnership with Pacific Northwest National Laboratory)

e Continued REopt and EVSE/Tiger Team analyses

e Decarbonization and electrification support and analysis:
— Case study write-up for Fort Cronkhite electrification project.

* Potential pilot of Customer Damage Function with a park.



Resources

Grand Teton National Park Federal Fleet Tiger
Team EVSE Site Assessment:
https://www.nrel.gov/docs/fy220sti/83250.pdf

Golden Gate National Recreation Area Federal
Fleet Tiger Team EVSE Site Assessment:
https://www.nrel.gov/docs/fy220sti/82572.pdf

Yellowstone National Park Federal Fleet Tiger Team
EVSE Site Assessment:
https://www.nrel.gov/docs/fy230sti/84084.pdf

FEMP treasure hunts:
https://www.energy.gov/femp/energy-and-water-
treasure-hunts-federal-agencies

TRN Lite: https://trn.pnnl.gov/lite

Customer Damage Function Calculator:
https://cdfc.nrel.gov/

“FEMP Aids National Park Service in Advancing
Clean Energy Goals Through the Green Parks Plan”:
https://www.energy.gov/femp/articles/femp-aids-
national-park-service-advancing-clean-energy-
goals-through-green-parks-plan.

NREL | 21
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