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Overview

Timeline Barriers

Start: September, 2015 4.5 A. Future Market Behavior
End: September, 2018 e Consumer preferences for green hydrogen
4.5 B. Stove-piped/Siloed Analytical Capability
45% complete * Integration of metrics from internal (DOE) and external
models

4.5 D. Insufficient Suite of Models and Tools

*  More complete analytics across all aspects of
sustainability

Budget Partners
Total Project Funding: $600k Argonne National Laboratory (GREET)

* FY16: $200k Project Steering Team
* FY17: 5200k  Institute for Sustainable Infrastructure (ISI)
e FY18: $200k * Louis Berger

* Toyota Motor Corporation
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FCTO Systems Analysis Framework

Relevance/Impact 1

* Fuel Cell
Technologies Office

* Sustainable energy
analysis community

* Expansion of existing systems
analysis models that address costs * Sustainability science
and green business

and environmental impacts communities
* Other frameworks

* Additional sustainability metrics and
a general regionalization of all inputs
and results, given available data. < >

Models & Tools

* H2A production and
delivery models

* GREET

* H2FAST

* SERA

Studies &

Analysis
* Sustainability
metrics
* Framework
implementation

Analysis

Framework

* Cost estimation

* Supply chain
efficiencies

* Energy resource and
water utilization

* GHG and criteria Acronyms
emissions BETO: Bioenergy Technologies Office

GHG: Greenhouse gas

GREET: Greenhouse Gases, Regulated Emissions, and
Energy Use in Transportation model

H2FAST: Hydrogen Financial Analysis Scenario Tool

SERA: Scenario Evaluation and Regionalization Analysis
model

Outputs &

Deliverables
* Reports
* Workshops
* Public framework

* FCTO Program
Targets

e BETO Sustainability
Framework
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Analysis of enwronmental economic, and social sustainability
of hydro ‘ Relevance/Impact 2

The Hydrogen Regional Sustainability (HyReS) framework will integrate
existing sustainability metrics and indicators to examine environmental,
economic and social impacts of hydrogen supply chains and FCEVs.

HVRES Objectives: UN Sustainable Development Goals

 To develop an applied sustainability
assessment framework that facilitates the = n - | 2
integration of hydrogen and FCEVs into i | QO
sustainability assessments conducted by ‘5“‘“:_: @”
private businesses, investment firms, S
: BETO Sustamablllty Goals
government agencies, and non- P~

Environmental

government stakeholders o

= Climate
* Soil quality

Sustainability

+ Water quality and

 To examine environmental burdens in an Ay
integrated regional assessment approach -
that also takes into account the economic
and social aspects of hydrogen supply Social Sustanabilty

* Social acceptability

* Process efficiency

+ Social well-being

chains and the FCEV life cycle e s
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The Scenario Evaluation
and Regionalization
Analysis (SERA) modeling
framework develops
optimized hydrogen supply
networks in response to
FCEV hydrogen demands
Spatially explicit supply
chain components,
accounting for resource
geography and component
cost and performance

Approach 1

Fuel Cell Technologies Office Targets

Production I} g41,rage [| Fuel Cells || Codesand Manufacturing Market Systems
and Delivery Standards Trasnformation Analysis

Integrated Scenarios

HyReS
Regional Market
Simulation

GREET FASTSim
SERA ADOPT

Vehicle

Cost &

Performance

Hydropower Resources

Geothermal BEESREE \ - Infrastructure . .
Biomass I . - Demographics Vehicle Lifecycle
wind I - Energy prices

Concentrating

Solar Thermal NN

Photovoltaics

-~ - Policies
- Consumer
behavior

Resource

Vehicle
Production

Dark = Higher
Light = Lower

Fuel Supply Chain and Lifecycle

N
Resource Hydrogen Deliver Retail Vehicle Vehicle
Extraction Production y Dispensing Use End of Life
J

Sustainability
Metrics

i N\
Economic Social Environmental TechanaI / Institutional
Operational )

The HyReS framework will identify optimal hydrogen
supply chains considering spatially- and temporally-

based constraints and aspects of sustainability
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Develop Indicators and Metrics that are Compatible with

* Many sustainability frameworks have been
developed to inform different stakeholders at
different scales within different sectors.

* The HyReS framework will serve as an
information warehouse and sustainability
resource, facilitating the integration of metrics
specific to hydrogen into ongoing and future
assessment activities

- e
%
NATURAL o
— CAPITAL P p .
COALITION -
SPeAR® o O § G

The HyReS framework will develop
indicators that are compatible with

existing sustainability frameworks to
reach a wide range of decision makers

Approach 2

Guidelines for Determining Key
Performance Indicators

Policy relevance and utility for users:

Be representative of environmental conditions,
pressures on the environment, or society’s
responses.

Be simple, easy to interpret, and able to show
trends over time.

Be responsive to changes in the environment and
related human activities.

Provide a basis for regional and international
comparisons.

Have a threshold or reference value against which
to compare the indicator

Analytical soundness:

Be theoretically well founded in technical and
scientific terms.

Be based on international standards and
international consensus about its validity.

Lend itself to being linked to economic models,
forecasting, and information systems.

Measurability:

Readily available or made available at a reasonable
cost/benefit ratio.

Adequately documented and of known quality.
Updated at regular intervals in accordance with
reliable procedure.

(adapted from OECD 2003, Table 2)
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Modeling Approach Leverages

The GREET model will be integrated into the SERA framework
such that regional environmental impacts are assessed

The GREET model
provides data for
environmental
sustainability metrics
related to both fuel

Feedstocks

Natural Gas

(hydrogen supply) Nuclear
and vehicle cycles. & Solar
Combinations of @ Biomass
feedstocks and _

delivery methods will

Delivery Outputs

Gaseous or Liquid | GHG Emissions

Tube Trailer Criteria Emissions
Pipeline Energy Consumption
Barge Water Consumption
Rail

be compared,
accounting for
changes in:

* Process efficiencies
* Transportation

FUEL CYCLE
(GREET 1 Series)

I*F)

WELL TO PUMP

distances
* Electricity mixes by
region/state
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Argonne’s GREET Model Analyzes
Impacts of Fuel and Vehicle Cycles

Approach 3

VEHICLE CYCLE
(GREET 2 Series)

RECYCLING OF MATERIALS



Health Impacts Assessed Based on Changes in

Criteria Emi

Approach 4
BenMAP Analysis: Inputs & Outputs

‘ Air Quality Surface

The EPA has released models,
the Environmental Benefits
Mapping and Analysis Program
(BenMAP) tool and the Co-
Benefits Risk Assessment

Post-Policy Scenario
Air Quallty 2

Change in air quality
(difference between baseline and
control air pollution conditions)

° Health Impact Configuration Screening Model, that estimate
Pepuiton Dt oo oo ,,',":v';';';iii“;’,;s and map changes in air quality,
Py exposure to air pollution ' human health, and related
e 0 economic benefits due to

Change in health
incidence
(deaths and disease cases)

changes in criteria emissions.
e Spatially and temporally
explicit — baseline air quality
heatheffets incidence change and population projections
l * Provides monetization of
benefits

Health Impact
Functions

AY =Y, (1-e BAPM) *Pop

Y

° Aggregation, Pooling & Valuation

Audit Trail Report

Results in tabular formats,
maps, audit trails

The HyReS framework will assess social sustainability, such as health benefits

from changes in air pollutants using existing EPA tools (BenMAP, COBRA)




|dentified Sustainability Indicators to be included
within the H ' Accomplishments 1

Evaluated relevance of existing sustainability indicators and frameworks for
expanded Hydrogen Regional Sustainability (HyReS) framework

Dim. of Indicator Relevance to HyReS
sustainability Directly  Estimated  Out of
modeled scope
i (1],[2],[3] T
Fuel prices/cost M Of 63 indicators
Q Total investment cost!)2] | identified in the
Economic ) .
literature review, the

External costs of transport activities

(congestion, emission costs, safety costs) [ HyReS framework will:

* Directly model 22

NOx emissions[121LB3114] M . Estimate 26
Environmental | Land-use changeltl(2! * Not address 15
Polluting accidents!! M
Contribution to employment growth!11.[2! |
<@ Fueling opportunities!3! |
Average passenger journey time |

Inclusion of social and economic sustainability
indicators addresses 2016 AMR reviewer comments
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“Accomplishments 2

Developed framework for integrating and tailoring existing models for
hydrogen regional sustainability analysis

SERA Model [ BenMAP Model |
Ulehicle sock T | Fuel & Fomssstons LT i i A
Pl T o - —————— - ' L gt Ay i 1 T H Aiv guality model vesuliy '
Ve U el Consumption per Eiissions pes VMT by | 1 H :
" 1 S T T - A
' : VM by wehele typs : vehicle tup 1! | [ b s sesmarin aie ity 1, BenMAP
Y N 1 LA 11y ! ! datian wach resion 1, @
o -—---I ----- '-—————I ————— i \ | I aiphygb by gt B
. L . 1
i i ! T T T2 T T T T T T T vt bt g ant Arbas ogem
. i i User-defined scennrio air |1 -
theimimieisieimsmiminchiaininiaininieinim -! ? quality data at coch ragion 11 !
I | ' ladaeca e - o- - - - . I
| I ---------------- I i = e |
; ¥ ' cccccacaa !
! ! ! ! | Fopulation !
: : ! Yotal Mucl - VLV beidence mise i
iy Advancod vebicls ! 14 Consumption 1 i : f: Health impacts i
. cactration rats § I - 1 FE ' (| e e e :
. _F_}_-‘_"U_?"_‘_n_f“_';_"!__ | : VMT by 1 FE ' ]| P = estimation !
b icici s isis e R k * Vb, type V! ' ! I Ilzalth impact Al !
* Vintape ! . ' ! ! tunctions |
....................... SORNREEN n Total ! \ | ol T | i
i ST T . i Lmissions : N b - 4 F
. Vehicle taveled L . i 1 EM : X :
1 ] . , 1 \ ] - ] S ]
. L distance 4 FMT . B . i . ' 1 Elcsinn Fanndt | .
I  bermemee—- l-l«*t\.\i.l & T ! Scenarie Reswdre | ! X Veluation functions 3 Humzan health !
! [m——————— distribution \ leiciaimimimimi-. ' | A 1 henefits \
| Heterogeneity in- i : T — = = - - ;
\ y tresel fovadvancad o H Legend | i
| 1 Qoveersain vehicls 1 ; -===== [nputdata IR T - ;
i : i

! Mehicle use — Nodel resills A
P e — Argonne” :

LIFE-CYCLE MODEL

* SERA model performs spatiotemporal optimization

* ADOPT provides projections of consumer purchase decisions
* FASTSim evaluates the impact of technology improvements | 5516 AMR reviewer

on efficiency, performance, cost, and battery life

Increased integration
with existing databases
and models addresses

comments
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GH2 from NG vio Truck

MNA MG from
Shale and
Regular

Recovery for
Central Plant
Gaseous H2
Production

LH2 from NG via Truck

NA NG from
Shale and
Regular
Recovery for
Central Plant
Gaseous H2
Production

Biomass
(100% Poplar)
for GH2
Production

Electricity
from Wind

Hydrogen Production Storage and Delivery Retail Dispensing

EEom B o® OB OB R E

GH2 Production Gaseous
from NG Hydrogen
without Co- GH2 GH2 Elect_rh'_' [GH2) via Tube f;.': Erl:::::-,
el waithe mhm Trallers Traller ot Refinelin
hModel-without Tube Trallers Produced in E

co2 Loading

Seguestration)

Central Plant
from NG

GH2 Production

BN OR OB W WM OEE N EEW

two fossil-based and two renewable-based supply chains

Station

from NG . -
i Liquefied LH2 Electric
m:'hzl:t ﬁ.?za GHz #—:i::laﬁ Hydrogen Compression
:"Imd l..: = thout Liguefaction storage {LH2) . for Refueling
° ::c;; o Transportation : Station
Seguestration) .
— GREET process data : oz
Hydrogen . Transportation . Compression
Production via are comb'nEd to of Central S . at Refueling
Biomass Plant GH2 via - Station (for
Gasification fu" su | Plpeline . Pipeline
[HZ2A Model) assess pp y - Distribution)
chains. Certain :
pathways required :
Gaseous s e
GH2 H H Hydrogen (GH2) - .
Production by deviations from via Pipeline o - Compression
- Electrolysis Produced in - a;;::;:‘#:?
| fromwind GREET defaults. Central Plan : anion i
- g . Energy . Distribution)

Four case studies evaluate environmental impacts, including
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Case Study Results

“Accomplishments 4

Evaluated life cycle impacts of FCEVs corresponding to the four production
pathways, focusing on emissions, water usage and energy usage

LC Impacts GH2 from EVehicle Cycle M Qperation BEWTP
(g/mi, water: GH2 from NG LH2 from NG  Poplar via GH2 from Wind 550 000 LH2 from NG is most
cm3/mi) via Truck via Truck Pipeline via Pipeline ~ ’ GHG intensive (higher
T 200,000 - than GH2 from NG due
GHG-100 336 414 145 106 g . to additional electricity
150,000 1 for liguefacti
co 0.28 0.29 0.24 0.19 2 or liquefaction)
s 100,000
NOXx 0.26 0.27 0.21 0.09 o
S 50,000 B -
PM10 0.07 0.09 0.05 0.05
- -r__ T e T S T _ﬁ
PM2.5 0.04 0.05 0.02 0.02 GH2 from LH2 from GH2 from GH2 from
GH2 from NG via NGvia Poplarvia Windvia
SO2 0.00 0.00 0.00 0.00 poplar is most  [EEEIe Truck Pipeline  Pipeline
t
CH4 0.91 1.07 0.35 0.27 in\’:leansei:/e Vehicle Cycle M OQOperation BEWTP
(>50% water
SOx 0.38 0.55 0.41 0.34 use for poplar
farmi
N20 0.003 0.004 0.016 0.002 rm'?). 0
=
voc 0.25 0.25 0.23 0.22 S 400000
S 300,000 -
Water Use 663 1,078 1,304 804 & 200,000 -
g 100,000 1 —

GREET defaults were varied so that transportation of
hydrogen is consistent across modes (100 miles)

GH2 from LH2 from GH2from GH2 from
NG via NGvia Poplarvia Windvia
Truck Truck Pipeline Pipeline
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Regionalization of Electricity Mix

Accomplishments 5

Regionalized results from GREET based on state electricity mixes

Electricity Mix by State
Addresses stakeholder

100% -

o = HH]IIIIII il 3 feedsaCk;Og} =
80% - oundtaple
. i1l RARLIN il | [
0% - iliiifiiiini ikl illiiiiiil
0% FRONRRNERRN ikl illiiiiNNE
ao ilifiniinn il 1iiiiNNNND
2o - il illl 111NN
Yo illiiiniin il illiiiNiia
0% | illiiiniin il illiiiinia
o | illiRRNRNNRD i1l FRRNRNNNT]
H Coal-Fired Power Generation B Oil-Fired Power Generation
m Natural Gas-Fired Power Generation H Nuclear Power Generation
B Biomass Power Generation m Hydroelectric Power Generation
H Geothermal Electricity Production B Wind Power Generation
i Solar Power Plant M Electricity From Biogenic Waste, Pumped Storage Electricity Production

e Calculated electricity impacts based on percentage generation by technology given in
GREET documentation

e Greater levels of coal-fired power generation is associated with higher GHG emissions

e Greater levels of hydroelectric power generation is associated with higher water use
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Accomplishments 6

Orange coloring represents states where pathway WTW water use is higher than
conventional gasoline water use WTW performance

__ viaterdemand (/) of H2 pathways
@[ | relative to
Water Demand for GH2 from NG via Truck Water Demand for LH2 from NG via Truck CO nve nt i O n a I
gasoline depends on
the electricity mix

* Identified states where
pathways result in
higher WTW GHG
emissions (see backup
slides) or water usage
compared to
conventional gasoline
vehicles

States resulting in high
water use tend to be
i those with relatively

\ 3 high hydroelectric

s power generation

Water Demand for GH2 from Poplar via Pipeline Water Demand for GH2 from Wind via Pipeline
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Explored Influence of Delivery Transportation.Distance
Accomplishments 7

GH2 from NG with Truck Results for Transportation Stage Only: 100 mile Delivery
H H Pipeline delivery at GH2 truck delivery LH2 truck delivery
Dellve ry resu ItS .In IOWGF Metric and units 100 miles (0.0049 at 100 miles (0.12 at 100 miles (0.012
WTW GHG emissions than MMBtu electricity) MMBtu diesel) MMBtu diesel)
LH?2 from N G by Tru Ck GHG-100 (g/MMBtu H2) 795 11,553 1,155
when <400 miles Water Use (cm*MMBtu H2) 3,487 10,120 1,011
> GHG-100 of Transportation Stage by Distance Water Usage of Transportation Stage by Distance
c
o @ GH2 NG Truck e | H2 NG Truck GH2 NG Truck e | H2 NG Truck
(J] @ GH2 Poplar Pipeline e o o » GH2 Wind Pipeline @ GH2 Poplar Pipeline ¢ © ¢ GH2 Wind Pipeline
an , 80,000 60,000
- T T 50,000 - -
n 5 60,000 2 40,000
2. S 40,000 £ 30,000 el
20,000
g § L e——————
= 0 o < " ' '
[} % 0 100 200 300 400 500 ﬂé 0 100 200 300 400 500
o Miles Traveled (One-way) © Miles Traveled (One-way)
WTW GHG-100 by Transporation Distance WTW Water Usage by Transporation Distance
(7))
: e GH2 NG Truck @ | H2 NG Truck GH2 NG Truck @ | H2 NG Truck
= e (GH2 Poplar Pipeline e GH2 Wind Pipeline
(%) 600,000
Q ~ 250,000 o
o :'; 200,000 E 400,000 e
; g 150,000 - % ’ -]
___________ SEE By ’
- % 100,000 S 200,000
; ~ 50,000 N
O — T
= Lﬁ)n - T T T T 1 rg - T T T T ]
I.I=. 0 200 400 600 800 1000 © 0 200 400 600 800 1000
Miles Traveled (One-way) Miles Traveled (One-way)
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Demonstrated Monetization of Benefits

Accomplishments 8

Monetized benefits of two pathways with respect to four impact categories:

reduction in air pollution provides greatest benefits

Consumptive and non-

GHG Benefits (EPA’s Social Cost of Carbon) el e e
« Air Pollution Benefits (EPA’s COBRA model) S

* Energy Security Benefits (following
monetization method from EPA and NHTSA
(2010) regulatory impact analysis)

* Water Use Reductions (Ecolab and Trucost
(2015) Water Risk Monetizer)

Societal cost
of natural

Water risk

e premium
capital use Ecosystem functions

Indirect use (waste assimilation and
groundwater recharge)

FULL VALUE OF WATER

Results for 106 VMT displaced by FCEVs in 2020 = [Foespmymmmsmemprrre,

16
i 3

[TGH2 from NG via Truck [1GH2 from Wind via Pipeline 14 - and average price of $1.50/m Z
490,000 ¥l we assume the value of water
$80,000 % 10 - to be $2.37/m3
$70,000 & s
$60,000 a 6
$50,000 T =) .
$40,000 )
$30,000
320,000 ° 0% 2c;fy 46? 6(I)°/ sc;°/ 1olo'y
slo’ooo (] (] (] (] 0 (]

. Ll . 1 ot . . WATER SCARCITY
$(10,000) e===Total value of freshwater
GHG Benefits Air-Pollution Energy Security Water Use Total value of wildlife habitat and recreation

Total value of waste assimilation
Total value of groundwater recharge

Benefits Benefits Benefits
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Estimated Life Cycle Impacts of EV4OO to Approximate
an Apples-to-Apple Accomplishments 9

Used FASTSim and GREET to estimate impacts of an

electric vehicle with comparable range to an FCEV

Results BEV400 BEV300 BEV300 BEV100 BEV100 ™R b

Motor Power e G RE}EEIFL
(kW) 152 129 - 92 .
Battery Energy 150 105 84 59 o 1) Calibrated FASTSim to
L8, match the GREET
Glider (Ibs) 2206 2206 2206 2206 2206 specifications for EV100
1;|I'oansmission e o o e e a.nd EV300 .
e _ 2) Simulated EV400 in
333)9” Eee 2877 1956 1750 556 583 FASTSim
3) Changed GREET parameter

Motor and
Electronic (lbs) 490 4zt 450 324 317 to match simulated EV400
Total weight 5738 4754 4571 3251 3331 * Total weight

* Battery weight
MPGGE 85.9 4.7 83.6 112.2 110.8 ° Component We|ght (%)
0-60mph * Fuel economy
(seconds) h . hase

- chargin

m:'if:)ge i 400 300 300 101 100 ging p
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Benchmarked Case Study Results

Accomplishments 10

Benchmarking compares FCEVs to GHG-100
conve nt IONa I ga SO | N e, E 8 5, an d B EVS B Resource Extraction ™ Hydrogen Production ¥ Storage & Delivery
B Retail Dispensing ¥ Vehicle Use HVehicle Cycle
Vehicle Cycle (Manufacturing) of EV400 is more 500
1 H C ional Gasoli
GHG and water intensive than FCEVs or CVs. gop |--orventonelGasoine
% 300 Preliminary Results
GHG-100 of Vehicle Cycle 5]
O 200
100 Qo
80 100
E o Preliminary Results . {FopEn -(EWi iInUdO)
? - T T 1
o 40 GH2 from NA NG LH2 from NANG GH2 from Poplar GH2 from Wind
‘:n 20 via Truck via Truck via Pipeline via Pipeline
T H ~ 0,
FCEV Conventional Ethanol (from EV400 Poplar farm|ng accounts for ~55% of GH2
Gasoline Poplar) from Poplar water use
i Water Usage
Water Usage of Vehicle Cycle
500 B Resource Extraction ™ Hydrogen Production ™ Storage & Delivery
E 400 Prelimina ry Results M Retail Dispensing M Vehicle Use ¥ Vehicle Cycle
S 300
g 200 2,000 « E85 (Poplar)
oy .
B 100 . = 1500 Preliminary Results
0 ! ! § Conventional Gasoline
FCEV Conventional Ethanol (from EV400 T 1000 e - - ---------
Gasoline Poplar) E

N N

- T T T 1

GH2 from NA NG LH2 from NA NG GH2 from Poplar GH2 from Wind
via Truck via Truck via Pipeline via Pipeline

EV400 based on wind energy performs
better than FCEV with H2 from wind
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Collaboration —
Collaboration 1

* Argonne National Laboratory
o GREET Model °
Argonne

NATIONAL LABORATORY

* Project Steering Team:
o Argonne National Laboratory
o Institute for Sustainable Infrastructure (ISl)
o Louis Berger
o Toyota Motor Corporation

INSTITUTE FOR
‘ SUSTAINABLE
T | INFRASTRUCTURE

L &5 A

Louis Berger

TOYOTA
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Future Work: Remaining Tasks in FY17

Finalizing model structure
* Integration of BenMAP/COBRA with the SERA model
* Automating integration of GREET data into SERA

o Continuous updates to GREET will be incorporated
into HyReS

e Calculation of water reductions/benefits
o Consumptive water use vs. withdrawals
o ldentifying water prices by region

* Incorporate updated GREET results on air quality,
water, and medium/heavy-duty vehicle emissions and
fuel economy

Increase Relevance to stakeholders
e Addition steering team members may be added

* Engage sustainability science, policy, and investment
communities for feedback

" CENTER FOR CLIMATE
2 AND ENERGY SOLUTIONS

California Environmental Protection Agency
©= Air Resources Board

NATURAL
CAPITAL
COALITION

Future Work 1

CALIFORNIA
ENERGY COMMISSION

Project Plan

Year One
* Subject Review
* Steering Team
* Expanded Framework

Year Two
* Additional Expansion
* Framework Application
* Corporate-Level Alignment
* Beta Version

Year Three
* Reviewer Feedback
* Refine Framework
* Implement Framework

NATIONAL RENEWABLE ENERGY LABORATORY



Complete integration with SERA / ADOPT Market

Simulation Capabilities Future Work 2

Relevance of sustainability in market growth

e California state policies will accelerate adoption
of FCEVs, BEVs, and PHEVs

* HyReS will be fully integrated with the vehicle Market simulation
adoption capabilities of ADOPT and hydrogen capabilities will enable
supply and financing capabilities of SERA/H2FAST HyReS to contribute to

* HyReS will then be able to inform broader broader diSCUSSiO.nS
discussions about sustainability impacts of around ZEV adoption
specific state and federal policy mechanisms

Figure 7 - High-Technology Scenario Results (California)
180,000 1,000,000
1 Annual FCEVs
160,000 -| mmmm Annual BEVs - 900,000
| s Annual PHEVs - 800,000
2 140.000 | ey cumuiative CA (2018-2025)
m -
S 120,000 - 700,000 o
w
- 600,000 @
£ 100,000 - T ey | e e
& - 500,000 3| s e ([ o ', m| et
T 80,000 - 100000 & 18 o Lowa
- 3
S 60,000 - R — & e =
g - 300,000 uee | RN *o‘ P S
< 40,000 - - 200,000 Tt Scabon 108 O N e ordm i
v DPRPRE A 5 =
20,000 - - 100,000 e & 0. } e
0- x , 1 , , x , -0 e s A3 Y gl -\ oy
2018 2019 2020 2021 2022 2023 2024 2025 :
Sumser NRS: 25,000 W
Pop. Enabled: 224 W Lirs e gas, NV Heuston, TX Ml fL r v‘A a1
https://www.arb.ca.gov/msprog/zevprog/zevprog.htm et o 67 ||| Renttowuen i || waidmcomeew | | Mcep ol 1
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HyReS Project Summary

Relevance

 The Hydrogen Regional Sustainability (HyReS) framework integrates existing systems analysis models to
address costs, environmental impacts, and market dynamics

 Updates and revisions are responsive to industry and other stakeholder feedback
Approach

e Literature review of sustainability indicators and metrics

* Leveraging multiple models: GREET, SERA, ADOPT, BenMAP/COBRA

Technical Accomplishments and Progress

e Selection of sustainability indicators

 Example case studies for 4 hydrogen supply pathways

* Tunable parameters to test sensitivity of results (transportation distance, state grid mix) — can be
applied to FCTO targets (e.g., electrolyzer efficiency)

*  Monetization of social benefits

* Benchmarking of results against comparable vehicles (e.g., EV400)

Collaboration

GREET model developers at Argonne National Laboratory

*  HyReS Project Steering Team (Argonne, Institute for Sustainable Infrastructure, Louis Berger, Toyota)
Planned Future Research

e Application of HyReS framework to comprehensive set of pathways

* Increase relevance to stakeholders by aligning with corporate practices

*  Full integration with ZEV market simulation capabilities (e.g., ADOPT, SERA)
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Questions?

Contact Information

Elizabeth.Connelly@nrel.gov



Technical Back-Up Slides



Modeling Assumptions

* Year for analysis is 2015 — consistent with the GREET
target year for vehicle technology

* Vehicle Fuel Economies:
o FCEV: 54.1 mpgge (GREET default)
o ICEV: 26.2 mpgge (GREET default)
o EV400: 85.9 mpgge (from FASTSim)

* GHG emissions reported in grams per mile or per
MMBtu of H2

* Water use reported in cm3 (or equivalently, grams)
either per mile or MMBtu of H2.
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Components Composition from FASTSim and GREET Models

FASTSim base @ FASTSim base GREET FASTSim GREET
BEV-400 BEV-300 BEV300 base BEV- BEV100
100
Total Weight w/o 2996 2947 2954 2880 2886
Battery (Ibs)
Components Composition, % by wt
Powertrain System 4.5% 5.0% 4.5% 4.7% 4.8%
(including BOP)
Transmission 5.5% 5.6% 5.6% 5.8% 5.7%
System
Chassis (w/o battery)% 27.8% 28.3% 28.2% 29.5% 28.9%
Traction Motor 10.1% 8.9% 9.3% 6.3% 7.2%
Electronic Controller’ 6.3% 5.7% 5.9% 5.1% 5.9%
Body 45.8% 46.5% 46.5% 48.6% 47.5%

Percentage weights of components required by
GREET model to calculate vehicle cycle impacts
of EV400
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WTW GHG Emissions by State

GWP (g CO2e/mi)

so I

I 4700

GWP for GH2 from NG via Truck GWP for LH2 from NG via Truck

3

Mexico

GWP for GH2 from Poplar via Pipeline GWP for GH2 from Wind via Pipeline

Mexico Mexico
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Only LH2 from NG via
Truck pathway results
in more WTW GHG
emissions than
conventional gasoline
in any states.

States in red tend to
have higher % of
electricity generation
from coal.




Acronymns

 ADOPT: Automotive Deployment Options Projection Tool

* BETO: Bioenergy Technologies Office

e (B)EV: (Battery) Electric Vehicle

* COBRA: Co-Benefits Risk Assessment Screening Model

* FASTSim: Future Automotive Systems Technology Simulator
* FCEV: Fuel Cell Electric Vehicle

* FCTO: Fuel Cells Technologies Office

* GH2: Gaseous Hydrogen

* GHG: Greenhouse gas

 GREET: Greenhouse Gases, Regulated Emissions, and Energy Use in
Transportation model

 H2A: Hydrogen Analysis

* H2FAST: Hydrogen Financial Analysis Scenario Tool

* ICEV: Internal Combustion Engine Vehicle

 LH2: Liquid Hydrogen

* NG: Natural Gas

* SERA: Scenario Evaluation and Regionalization Analysis models
e  WTP: Well-to-Pump

e WTW: Well-to-Wheels
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