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Presentation Overview

1. SERA model overview

2. Methodology
Scenarios for hydrogen infrastructure development

3. Scenario example
A “Hydrogen Success” scenario

4. Detailed scenario metrics
For a particular region: Northeast Corridor states
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Scenario Evaluation and Regionalization Analysis (SERA)

SERA is a suite of tools for studying the cost implications of regional

build-outs of renewable energy infrastructures.

Goals 51

* Generate self-consistent vehicle adoption and fuel v i
demand scenarios relevant to early market
transition of alternative fuel vehicles. =l of g

* Determine optimal regional infrastructure | | ™™ e LSl e | =
development patterns for alternative fuels, given oo — N Ww |

resource availability and technology cost.

 Geospatially and temporally resolve the
expansion of production, transmission,
and distribution infrastructure components.
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* Identify niches and synergies related to refueling =
station placement and early adoption areas. ;e
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Key analysis questions

*  Which technological pathways will provide least-
cost fuels for a specified demand?

e What network economies can be achieved
by linking production facilities to multiple
demand centers?
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Methodology

Scenarios for Hydrogen Infrastructure Development

NATIONAL RENEWABLE ENERGY LABORATORY 4



Scenario Analysis Capabilities

1. Optimization of the physical build-out of hydrogen
infrastructure

2. Unified treatment of production, delivery, and dispensing

3. Ease with which new technologies can be added to an analysis
4. Consistent physical and economic computations

5. Ability to estimate costs, cash flows, financing, and incentives

6. Spatial and temporal resolution of hydrogen infrastructure
networks, including refueling stations

7. Regional specificity

8. Allowance for exogenously specified urban hydrogen
demands.
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How are Scenarios Developed?

Construct local scenarios for * New FCEVs

early market infrastructure o S
clustering and vehicle rollout. _ Hydrogen Demand
Tune nationwide scenarios to o
observations and lessons -3 a0

learned in local early market

evolution and planning.

|

Refine methodology for Refueling Stations o
locating and sizing stations i€ s m;;ﬁ;ﬁ:; CEV Garagings
within urban areas. 7 -
I
Develop methodology for .
locating FCEVs at households S °
within urban areas.
i Hydrogen Transmission Ezg;gg[m]
Refine methodology for ‘ '
optimizing the choice of | = £ ¥ <
hydrogen production and ‘( ] ',‘ *Ff/':\j{i}i;—- ‘ Cash Flow Components B;k
delivery infrastructure. v 1 i -
l S
Compute cash flows and - ""!!!!!“l
delivered costs for hydrogen. “"""I“l"
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SERA Modules and Inputs

NAS & ORNL reports UCD station

CA experience

coverage model

H2A production model
H2A delivery components
HDSAM model

= STREET comparison
: gaFCP reports » Analogies W’Z'h = Custom cost models
= (Census data
other fuels
" Urban area » Energy and feedstock costs
definitions / (e.g., from AEO, ReEDS, REF)
" TEF study = Simulated annealing and
Refueling Infrastructure greedy algorithms
Station Costs /
Placement
. Production & Infrastructure
Scenario Delivery Networks,
Generation ’—> Optimization Cash Flows &
Levelized Costs
Vehicle Choice Vehicle Stock |
x
/ e / 7777777777777777777777777 Fuel cost-----f--------msrmmemmmemeeeee f
= ADOPT = VISION
= MA3T = AFO = Accounting and = HYDRA visualization
= IRS data finance models ® Databases
» (Census data " Reports
® Polk data

Vehicle data
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Scenarios can incorporate study-specific inputs

Detailed Breakdowns of Fuel Consumption based on Vehicle Stock
12OM Vocation
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Scenario Example

A “Hydrogen Success” Scenario
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FCEV sales are disaggregated to city level

* Urban area FCEV sales growth rates result in an aggregate national

market share equivalent to the NAS Hydrogen Success scenario

* Disaggregation to largest 600 urban areas

* Introduction years are resolved based upon market potential and size

.:'. .' ‘ _.. * e, :.:;: |o

Census urban areas colored by state

Source for FCEV market share: NAS 2008
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LDV stock model resolves resulting hydrogen demand

 VMT and FCEV fuel economy are made equivalent to NAS scenario
assumptions, resulting in identical demand growth

* Stock model includes entire LDV and M/HDV fleets, and is based
upon ANL's VISION model, which follows AEO projections
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Station Sizes

e Station sizes follows a
uniform relative distribution,

following pattern seen in
gasoline station networks

* Average sizes increase over
time
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Optimization over all production and delivery pathway

combinations

Production Technology

® I 30M B Central Coal Gasification
F u | I S u p p Iy C h a I n I Central Grid Electrolysis

B Central Natural Gas Reforming

CO m p O n e nt 25M M Onsite Natural Gas Reforming

characterizations to
estimate optimal S/kg

Production Capacity [kg/day]

»
o
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of delivered hydrogen o
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investments, and can -
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perfect (long-term)
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Station size, year of construction, and placement is
sensitive of local conditions

Location algorithm incorporates
wide range of indicates within
a statistical framework

For example:

* Population density

* Early adopter metric

* Highway exits

e Existing gasoline stations

Weights can be developed for
other consumer attributes, or
for results from a consumer
choice model such as ADOPT

NATIONAL RENEWABLE ENERGY LABORATORY

Chicago

Hydrogen Stations

Station Year Electric/PHEV
2015 - 2021 Vehicle Registrations
2012 R.L. Polk

2022 - 2024
@ 2025 -2027 0.005% - 0.01%
2028 - 2030 0.01% - 0.05%
0.05% - 0.10%

® 2031 - 2040

installed withir
which are determined as a fur
hybrid electric vehicle sales, population density,
and lane mile density. Model run results from
April 2013. Connector stations are not shown

Electric/plug-in hybrid electric vehicles as a
percentage of total car and light
truck vehicle registrations per zip code.
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Zero cumulative cash flow is achieved between 2018 and
2025 if hydrogen is priced at $11.00/kg or $6.75/kg

22
3508 An n | h :Yg:pital e . . .
20 ual Cas Underutilization of infrastructure in early
. Flow @ 58/ kg years dfter its construction raises the
18 g overall proportion of capital costs.
é 08 --==!!!!!!IIIIII||‘ 22004
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8 12 Year E 800M
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6
4
This “break-even cost” is computed as the total levelized cost for hydrogen feedstock, production, and delivery
5 expenditures up to and including the given year divided by the corresponding amount delivered. If hydrogen were
priced at this break-even cost, then zero cumulative cash flow would be achieved in the year in question. The
0 availability and cost of hydrogen supplied by existing industry-hydrogen-production capacity is not considered.
2014 2018 2022 2026 2030 2034 2038 2042 2046 2050

Year
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Detailed Scenario Metrics

For a Particular Region: Northeast Corridor States
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PRELIMINARY
Proposed NEC Market Regions: 3 Centers and 3 Corridors

Highest population
density metro centers
* New York City

* Boston/Providence
* Hartford

Corridors west to Buffalo
and north to Burlington
and Bangor

Outside NEC

High density regions
extend west to Pittsburgh
and south to Philadelphia
and Baltimore/
Washington D.C.

Source: Melaina et al. 2012
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2010 Census, Tracts
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0-100
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FCV deployment scenarios
meet ZEV mandate

36% ZEV Mandate Scenario

* Meets the ZEV mandate in the Northeast
with 36% of credits between 2018 and 2025
derived from FCEV sales

66% ZEV Mandate Scenario

* Meets ZEV mandate with 66% of credits
from FCEVs

Introduction of FCEVs is staggered similarly in
both scenarios, starting with largest and
highest density regions and eventually moving
to markets along corridors

ZEV Credit Assumptions
350 mile FCEVs: 4.0
100 mile BEVs: 1.5
20 mile TZEV/PHEVs: 0.7

The CARB ZEV Calculator is posted here:
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EAM Results and

Potential Clusters
for the NYC
Region

Source: Melaina et al. 2012
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PRELIMINARY

Potential NYC region stations out to 2025

T
Mew-Havean

Urban Station Rollout, by year
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Source: Melaina et al. 2012
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PRELIMINARY
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PRELIMINARY

Cash flow results with incentives: Boston

Millions of 2011S

66% Scenario, Boston 36% Scenario, Boston
$2,500 - ] 111111 Production incentives
16 - Credit card fees
$2,000 - 14 - Sales taxes
12 1 Income taxes
10 -
8 Depreciation expense
$1,500 - 6 | Retail markup (return on equity)
4 Interest
2 Selling and administrative
$1,000 - 0
“ ‘ N ; B Licensing & permitting
]? R I Rent
$500 - Property taxand insurance
[ Maintenance
Labor
$0 A -

Feedstock & utilities

-=---Sales revenue

Source: Melaina et al. 2012
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Summary and Conclusions

 SERA scenario development capabilities can be tailored to a
wide range of cases and incorporate data for multiple
vehicles, fuels, and optimization metrics.

* The model determines optimal costs for vehicle-fuel pathways
over time and space, accounting for competition among
pathways and evolving technologies.

A Northeast Corridor case study demonstrates the ability to
resolve technical and financial metrics at the state or urban
area scale.

* The national Hydrogen Success scenario estimates total cash
flows, which can also be disaggregated to any geographic
scale.
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