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Overview
The SERA project is a mature analysis activity focused on
the breadth of early market transition issues for FCEVs.

Timeline Barriers
Start: May 2011 4.5.B. Stove-piped/Siloed
Finish: September 2012 Analytical Capability
Complete: 70% 4.5.D. Suite of Models and Tools

4.5.E. Unplanned Studies and
Analysis
Budget Partners

Total Project Funding: $350k Allegiance Consulting

100% DOE-funded
FY2011: S120k
FY2012: S230k

Los Alamos National Laboratory
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Analysis Project Overview
Infrastructure Analysis of Early Market Transition

of Fuel Cell Vehicles

- Sub-programs
National Labs DOE Offices

Universities
ORNL, UCD

Internal & External
Reviews

Studies &
Analysis

Analysis

Framework Outputs &

Early Market Transition Deliverables
Analysis Reports

Vehicle Penetration Conference Presentations
Regional Infrastructure Scenario Datasets
Cross-cut Analysis

Models & Tools
H2A, MA3T, VISION, Scenario Evaluation &
ADOPT, CaFCP, NAS - Regionalization Analysis
Reports, Other Pubs. (SERA)

Data: (EIA AEO, Census,
IRS, Polk)

National Labs
LANL
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Relevance: Objectives
SERA is a suite of tools for studying the cost implications
of regional build-outs of renewable energy infrastructures.
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Relevance: Objectives
The SERA project activities correspond directly to the

program plan.

Objectives (AOP Tasks) Relevance to MYPP
@terope rability N Systems Analysis — Subtasks
. Synchronize SERA costs with those “‘Maintain and Upgrade HyDS ME”
from more detailed cost models such
as H2A Systems Analysis — Objectives
« Collaboration with MA3T model “identify and evaluate early market
kdevelopers Y, transformation scenarios consistent
with infrastructure and hydrogen
resources”
Infrastructure Integration
» Develop (.:OSt SmeOdeIfS | . Systems Analysis — Studies & Analysis
lrepresentmg a variety of alternative “Cross-cut analysis”
infrastructure development
pathways
Systems Analysis — Models & Tools
“Integrated Models”
/Scenario analysis I
- Region-specific early market scenarios Systems Analysis — Scenario Analysis Projects
« Niches and synergies for FCEVs and “Well-to-Wheels Analysis”
refueling stations in the early adoption
period : : :
. Minimizing deIivery cost of ;Svstems Analysis — Stud./ei & Analysis
renewable hydrogen Long-term analysis
- Implications of stakeholder behavior Systems Analysis — Scenario Analysis Projects
\__and consumer preferences /) “Infrastructure Analysis”
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Approach: Context and Interconnectivity

The SERA Model integrates assumptions and data from
multiple sources and related modeling efforts.

General Features
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High level of
customizability
User-defined
geographic
detail
User-defined
vehicle types,
classes, and
characteristics
Disaggregated
computations
Agnostic about
sources of cost
data

Choice of
algorithms
Interoperable
with other
models

Easy to add
new submodels
for special-
purpose
studies

; = H2A production model
. UCD station
] I(,\‘ljif f:é\,lv Lc gep orts coverage model = H2A delivery components
) CaFlere orts » STREET comparison = HDSAM model
P = Analogies with = Custom cost models
= Census data
. Urb other fuels
r _‘”_7 _ar ea * Fnergy and feedstock costs
definitions / (e.g., from AEO, ReEDS, REF)
= TEF study * Simulated annealing and
Refueling Infrastructure greedy algorithms
Station Costs |/
Placement PE——
. »| Production & nirastructure
Scenario Deliver Networks,
Generation ’—> 0 timizat‘ilon Cash Flows &
i Levelized Costs
Vehicle Choice Vehicle Stock ;
%
/ e / 777777777777777777777777 Fuel oSt/ oo |
= ADOPT = VISION _ -
= MA3T = AFO = Accounting and = HYDRA visualization
= IRS data finance models = Databases
= Census data " Reports
= Polk data

= Vehicle data



Approach: Assumptions
SERA uses input from official H2A case studies and from

provisional H2A results for specific studies or scenarios.

* SERA is agnostic regarding the source of cost data.

o Production costs
— Published H2A production model
— New H2A production components (wind electrolysis, biogas, CHHP, etc.)
— Special-purpose analyses
o Delivery costs
— Published H2A delivery components
— New H2A delivery components (rail, composite tanks, etc.)

— Older SERA studies relied on decomposing HDSAM output into transmission and
delivery costs, but newer studies directly rely on H2A component costs, assembled
into pathways.

o Feedstock costs
— EIA AEO energy price forecasts (national or regional) are used for most studies.
— Some studies (e.g., biogas, electric grid) used specially developed feedstock costs.

 SERA somewhat limits the infrastructure configurations that are
allowable in the optimization.

 SERA does not incorporate supply or demand curves, except implicitly
when feedback between prices and consumer choice is included in the
analysis.

NATIONAL RENEWABLE ENERGY LABORATORY 7




Approach: Major Milestone
The spatiotemporal details of cash flow were estimated
for early market infrastructure and vehicle rollouts.

Construct local scenarios for @ N ew FCEWs
eqrly market infrastructure
clustering and vehicle rollout, i

l i
Tune nationwide scenarios to =
observations and lessons TR
learned in local early market
evolution and planning,

Refine methodaology for Refueling Statinns
locating and sizing stations 2 o
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Accomplishment: Early Market Scenario
Early market scenarios were constructed from published
plans for FCEV introductions in California.

Source A Source B

* The early years of o5

published nationwide S0k
scenarios typically are -
much more aggressive .
than the anticipated B
experience in California.

* Estimates for FCEV v
introduction in California =~
were analyzed and then oK
used as a basis for 15K
generalization to early 1ok

_-II .

Total FCEWs

market experience
hationwide.

5

-

2013 2014 2015 2016 2017 2018 2013 2014 2015 2016 2017 2018
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Accomplishment: Nationwide Generalization
The early market estimates were generalized to create a
NAS-compatible nationwide scenario.

* Meldthe Californiashort-term estimates =
with long-termnational scenarios.

el
HH
o Earlyyears of NAS scenarios for FCEV g e H
stationrollout and vehicle adoption are ‘H
ilC{{lK .“‘

New FCEV Introductions

k)

adjusted downwards by approximately
50%.

o Lateryears of the new scenario matches
the high-penetration conditions of NAS

Mew FOV Stack [Califarnia) [vehic
II_I
-
I
| |

g

scenarios. [
. i oK ---II"I ||||I LT
o Middleyears of the new scenario gradually S
transitions between California-like early
years and NAS-like later years. Hvd 5 4 o'
. . rogen Deman 26,000,000,000
* Considerthe approximately 600 largest yarog | - smovicanoco
urban areas. i~ 0 o
* Maintain rigorous self-consistency e |22
between scenario parameters. R B
o FCEV vehicle introduction e . |
o Stock turnover ' ¢
o Vehicle-miles traveled o T
o Demand for hydrogen fuel .: :
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Accomplishment: Detailed Refueling Station Placement
In order to study clustering effects, refueling stations are
placed at the ZIP code level.

Station Capacity Range [ka'day] Decade
-

* Refueling stations are sized
in accordance with 2oz
empirically observed
capacity distributions for
gasoline stations.

o The size of the average new

Station Capacity
station increases over time, as
overall demand for hydrogen .

I|I Distribution

orows. BREREEEEEERE

o Station sizes are chosen Vil e e & 2 2R

stochastically. T NSRS L

* ZIP codes with high numbers R s =
of garaged HEVs are R e,

attractors for refueling — .
stations. oo 8 N

Station Count (California)

Stations
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Accomplishment: Detailed FCEV Placement

In order to study clustering effects, FCEVs are garaged at
_the ZIP code level.

* FCEVs are garaged in ZIP codes proportionally to
the observed frequencies of HEVs registered

HEV Registration
t h e re [ ] ‘ Density [1/km0'\2]
HEV Vehicle Registration Density 2,000
: / 6,000
> 7,000
J HEV Registration
7 Density [1/kmA2]
0 [ 7,000
L
o
{0 .
D )
®
4
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Accomplishment: Optimal Hydrogen Production

Optimal choice of production technology depends on
_ feedstock prices and demand conditions.

32M-
30M
28M
26M -
24M -

Production Capacity [kg/day]

8M
6M
aM -

2M -
oM

22M
20M -
18M -
16M -
14M -
12M -
10M-

Half-Decade of Construction

2010

713 kg/day

2015

1340 kg/day
1442 kg/day
1543 kg/day
1620 kg/day

2020 2025 2030 2035 2040 2045

Production Technology
B Central Coal Gasification
B Central Grid Electrolysis
B Central Natural Gas Reforming
B Onsite Natural Gas Reforming

Low natural gas costs in
most regions and the
favorable economies of
scale for large coal plants
lead to the predominance of
central natural gas
reforming and coal
gasification.

Central grid electrolysis has
niches in areas of low
electricity prices.

Onsite natural gas
reforming is optimal in low-
demand conditions.
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Accomplishment: Optimal Hydrogen Transmission

Optimal choice of transmission infrastructure depends on
nearness of production centers and demand conditions.
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Transmission
Capacity [kg/day]
5,041
20,000
40,000
60,000
72,088

Transmission Technology
B GH2 Pipeline Pathway

B LH2 Truck Pathway

B Pure GH2 Truck Pathway

Gaseous hydrogen
pipelines are favorable
for high flow conditions
and moderate
distances.

Truck delivery
predominates at lower
flow (i.e., for gaseous
transport) or longer
distance (i.e., for liquid

transport).
14



Accomplishment: National-Average Delivered Cost of Hydrogen
Long-term levelized delivered costs for hydrogen tend
towards $6.00/kg nationally.

24
\

22

20

18

= [ [ =
o N I o)

Delivered Cost [$/kg]

[e0)

This “delivered cost” is computed as the total levelized cost for hydrogen feedstock,
2+ production, and delivery expenditures in the given year divided by the corresponding

0 amount delivered.

2014 2018 2022 2026 2030 2034 2038 2042 2046 2050
Year
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Accomplishment: Hydrogen Price to Achieve Zero Net Cash Flow
Zero cumulative cash flow is achieved between 2018 and
2025 if hydrogen is priced at $11.00/kg or $6.75/kg.

22 '

= Annual Cash :=%=~  Underutilization of infrastructure in early
201 =  Flow@ $8/kg years after its construction raises the
5 _== overall proportion of capital costs.
16 - : . '""““Il““ e _
- Cumulative Cash
SR 7 S W— g Flow @ $8/kg
E EIJ.EW
1 g: =]
w 12 : ' ; IJ.E' I.I.E:I.I.I.I.E:I.ﬂ-l.ltlﬂt I.I.El_'rll.l.tlﬂl.ltllllﬂlldl.lﬂl: E E0OMY
g = e break-even
C = aoce .
S 10 - in 2021 \
|_|IJ o e S
s -200m
E ~R00M -
E B i a0l1 10T I0N4 I0ONS qO0S I.E]':'ta:.l:]ﬁ 1017 I0IA0 1031 I0AT I0OTT
E ]
4. This “break-even cost” is computed as the total levelized cost for hydrogen feedstock,
production, and delivery 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.
0
2014 2018 2022 2026 2030 2034 2038 2042 2046 2050

Year
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Collaborations
The SERA project had increased external collaborations in

2011-2012.

* ORNL * The project relies on
o MA3T model and scenarios collaborations with subject
e UC Davis matter experts within NREL,
o Consultation regarding station o Hydrogen Technologies and
coverage Systems Center,

o Energy Model & Forecasting

e C(California Fuel Cell Partnership
Group,

o Early market scenarios _
o Vehicle Technology Group,

o NREL Data Analysis and
Visualization Group,
which, in turn, rely on an
extensive network of external
collaborations.
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Proposed Future Work
Future work will elaborate on the realism of early market

scenarios and associated cash flows.

 The SERA software is essentially complete, but continued use
of the tool in scenario studies requires. ..

o regular updating H2A and other cost inputs, including empirical cost
data

o tuning for particular scenario analyses
o minor usability enhancements in response to analyst requests

* SERA will be applied to more complex deployment scenarios:

o ldentifying regional niches for production technologies and delivery
infrastructure.

o Feedback from computed delivered costs of hydrogen to consumer
and stakeholder decisions.

* SERA can be integrated into multi-fuel studies.
o Studying tradeoffs between FCEVs and BEVs.
o Collaborative exchange of data and scenarios assumptions.
o Scenario addressing cost barriers in early years of FCEV transition.
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Summary

Relevance

Approach

Accomplishments

Collaborations

Proposed Future
Work

Integrated, cross-cutting model

Scenario-oriented analysis compatible with H2A
cost models and feedback from stakeholder workshops

SERA optimizes hydrogen production, transmission
and distribution infrastructure to meet time-varying
demand in urban areas over any specified region.

Integrated vehicle choice and stock models

More realistic early market scenarios
High level of FCEV and refueling station detail
Computation of cash flows for optimal infrastructure

NREL H2 and vehicle analysis teams
Other modeling groups

Application of SERA to more complex scenarios
Add capabilities for specific studies
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Approach: Infrastructure Optimization
Optimal infrastructure depends on complex geographic,
techno-economics, and demand profiles.

* Objective function TV T

o Piecewise (five-year) discounted g‘;'t‘gg Pgst‘i’g:g”
cash flow for the whole hydrogen | |
infrastructure is minimized.

o This could also be done at

Infrastructure
Blueprint
Results

Infrastructure
Optimization
Routine

\

. . . G hi Geographic
five-year increments or in >e0graphic Distribution of
. Distribution of Feedstock
other time frames. Demand sodsioe
o Other objective functions could I I ./ Discounted T oo
be used. SR Hydrogen Cost

* Constraints
o Capacity constraints on technologies must be satisfied.
o Demands must be fully met. S
* Exogenous inputs
o Annual H2 demands at cities
o Regional feedstock prices

Central
Infrastructure characteristics Production

O

o Production technologies Pipeline
o Transmission technologies

o Distribution costs 2028-2045
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Approach: Study Definition & Methodology
SERA integrates the best available data from a variety of
sources into its analyses.

* Data sources
o AEO 2011 Reference Case for energy and feedstock prices
o H2A production model for centralized and on-site hydrogen production costs

o H2A delivery components models, assembled into pathways, for hydrogen
transmission and delivery costs

o US Census definitions for urban areas
o Polk data for vehicle registrations

 Assumptions

o Placement of hydrogen production and delivery infrastructure is optimized
in sequential half-decade time “windows” in such a manner as to minimize
the average delivered cost of hydrogen in each period.

o Levelized costs, broken down into capital, operating/maintenance, and
feedstock categories obtained from H2A, are used for cash flow
computations.

e (Caveats

o Numerous alternative methods for computing cash flows and levelized costs
are available. This study uses one that is consistent with H2A results and
with the level of detail generally available in SERA.
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Relevance: Impact on Barriers
The SERA project directly addresses barriers in the

program plan.

Barrier Impact

Stove-piped/Siloed « SERA utilizes inputs from H2A models.

Analytical Capability |« SERA's XML-based input/output format is
[4.5.B] easily processed by common data import/export tools.

« SERA has connectivity with GIS and other databases.
« SERA integrated vehicle choice and stock models.

Suite of Models and « SERA is interoperable with HyDRA.

Tools [4.5.D] - SERA interoperablility features open possibilities for
integration with the MSM and related tools.

Unplanned Studies « SERA's architecture is routinely improved and
and Analysis [4.5.E] enhanced in order to make it more flexible for future
analysis studies.

« Each SERA study has a unique character and
typically involves the incorporation of new
technologies, synergies, or analysis scenarios.
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Approach: Milestones
The SERA project is on schedule for completion of its
milestones and deliverables.

Fiscal Milestone/

Year Deliverable Description Date Status
Scenarios for Early
Market Clustering

Cash Flows in Scenarios

M2.8.2 Jul 2011 Complete

2011 M2.8.3 for Early Market Sep 2011 Complete
Clustering
D2.8.5 Final report Sep 2011 Complete
M2.8.1 Preliminary scenario Mar 2012 On schedule
results
2012 M2.8.2 Integrated scenario Jun 2012 In process
results

D2.8.5 Final scenarios draft Aug 2012 In process
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