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Why HRSAM?

There is a need to understand cost drivers at Hydrogen Refueling
Stations (HRS) in order to reduce the cost of hydrogen fuel
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Model Background and Description

HRSAM can simulate designs and costs of user-defined stations based on current
market data

(d HRSAM is built on the refueling module of HDSAM
v' 10 years of modeling and analysis experience
v Populated with early market cost data and design practices
v" Enhanced features (e.g., impacts of HRS utilization ramp up)

d Today’s component cost and performance data obtained from vendors
and industry contacts

(d Optimizes the size of station components and observes key
specifications of SAE J2601 fueling protocol

(d Reviewed by peers and experts from the industry and checked against
cost of early stations (e.g., in CEC recent PONs)

d User-friendly, Excel-based model



Methodology: Inputs

Users can easily define key parameters to assess the impact on refueling cost

— Key station design parameters:
v’ Station size (capacity)
v’ Station utilization (i.e., with slow vehicle deployment rate)
v Design configuration (e.g., gaseous vs. liquid supply, cascade vs. booster
fueling)
v Desired station performance (e.g., fill speed and back-to-back fill
capability)

— Key economic parameters
v’ Rate of return (discount rate)
v Analysis period
v' Debt/equity ratio
v' Components life / depreciation schedule

— Other important parameters
v’ Setback distances affect cost of land
v' Component reliability affects operating & maintenance cost

v’ Efficiency of equipment affects energy cost
a 8



Methodology: HRSAM Model Structure

Sizing of Refueling Components

Market Definition - F’ Model Output
xxx [kg,,,/day]

Station Utilization
%  Scenarios._ -
= -

Available at: http://www.hydrogen.energy.gov/h2a delivery.html



http://www.hydrogen.energy.gov/h2a_delivery.html

Methodology: Assumptions

HRSAM estimates the cost of station equipment based on data points taken from
the existing market
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Methodology: Optimization

Hour of the day
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Methodology: Model Outputs

HRSAM characterizes the economics of a user-defined station

Station Levelized Cost Contributions to Levelized Cost

.6‘$/kg H2

Cumulative Cash Flow

Time to break
even
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Analyses from HRSAM
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Analyses from HRSAM

Liquid pumping is favorable to gas compression at large LH2 station capacities
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Analyses from HRSAM

Tube-trailers can reduce station cost due to pre-compression at terminal
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Q Tube-trailers are limited to station capacities smaller than delivered payload due
to the practical limitations on frequency of delivery (< one delivery per day)
v' Tube-trailers can carry up to 1000 kg payload at 500 bar
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Analyses from HRSAM

Large stations are not suitable for early FCEV markets because they are viable
only at high utilization rates
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Analyses from HRSAM

Station utilization ramp up is the single most influential factor on the H, cost in early
markets

100 -
90 -

100 kg/day Station

—#—tilization Ramp Up
(early market) $14.60/kgy,;

—ia— Maximum Utilization $9.50/kg|.|2
(mature market)

Average Daily Hydrogen Dispensed
[ke/day]

Year
QO FCEV deployment rate is critical to market success
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Thank Youl!

aelgowainy®@anl.gov

Link to HRSAM (and HDSAM) models:
http://www.hydrogen.energy.gov/h2a_delivery.html
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Presentation Outline

* Introduction: what is H2FAST and what questions
can it answer?

* Review each version of H2FAST
o H2FAST Web Tool
o H2FAST Excel Tool
o H2FAST Business Case Scenario tool (beta)

* Summary

NATIONAL RENEWABLE ENERGY LABORATORY



The H2FAST framework has been implemented

_within multiple tools

Consistent financial calculations are deployed across the

H2FAST web and spreadsheet tools and SERA scenarios

H2FAST-Web is a simple, easy to use online calculator

N SV AR
A

First Year Positive EBITD:
Investor Payback Period [years]:
Installation time [months] o 18 NPV:
Demand ramp-up [years] (1) 2

Internal Rate of Return [% / year]:
Break-Even Hydrogen Price [$ / kg Hal: §7.44

Investor Cumulative Cash Flow [§]

Tool interface

designs have been
tailored to distinct

e end-user groups

H2FAST-Excel allows for more detailed inputs and elaborate outputs

G H | 1)

H2FAST: Hydrogen Financial Analysis Scenario Tool

AlB C D E

1

2

F]

5 Overall Financial Performance Metrics o e defaults

7] Leveraged, after-tax, neminal IRR 4£.22%

7 Investor payback pericd 13 years

R Eiret waar Af Aeeitiva ERITH analrtic vaar d

Station 2: Cumulative investor cash flow, (Thousands)
o,

P S T I S
200 "‘“Hgﬂm 3
u -
- = o b -

Business Case Scenario tool explores the full range of SERA outputs

* % gl Y S yi gy i Y

¥ . e =

e £
ooy ‘,L et
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DT

el
.........

apachy ka/d

Annual Incentive

Cost Share Internal Rate of Return over 15-Year Period (capital incentive and annual incentive)

Hydrogen Price [$/kg]

Capital Cost [$] 8.50 9.00 9.50 10.00 10.50 11.00 11.50 12.00

~20% 800,000 18.3% 21.2% 23.7% 26.0% 28.1%
900,000 ¥/ ¥ 9 Y 9
1,000,000 18.1% 20.7% 231% 25.2% 27.1%
1,100,000 18.0% 20.5% 22.8% 24.8% 26.7%
1.200.000 ki ¥ ¥ Y 9

NATIONAL RENEWABLE ENERGY LABORATORY



What types of questions can H2FAST
help to answer?

* H2FAST: Web

— How will a S1 million capital incentive
change the outlook for our station project?

— What if we gain $10,000 per year (~S30/day) in additional
convenience store sales due to hydrogen customers?

e H2FAST: Excel

— What if our demand ramp-up rate is sluggish the first couple
years, but then increases rapidly in the 4t" year?

— What if we put S5 million into a project with 7 stations?
 H2FAST: BCS-Vis

— What kind of investments and incentives would be needed
for a network of stations covering an entire metropolitan area
or region?

— How can we prioritize investments in one region or city
compared to another?

NATIONAL RENEWABLE ENERGY LABORATORY
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H2FAST: A simple, user-friendly online tool

Visual results are provided instantly as inputs are changed by users

Link to Download Embed widget

>  Share/Embed
Spreadsheet _

|_ '_. A ;—|— @ About Internal Rate of Return [% / year]:

. S o Break-Even Hydrogen Price [$ / kg H]: SH.D‘J S' I V I
Ve rS I O n First Year Positive EBITD: 2018 l ng e a u e
Investor Payback Period [years]: 13
Installation time [months] o NPV: $315242 Res u Its
WETTEE (Z T [years] o Easnings before Inberest, Taxes, ard Depreciation |§]
Station type: | pelivered Gaseous 1z v 5200K

Long-term station utilization [3%]:
ehicle refills [refills/day]:

Hydregen per refill [kgl:

Total capacity [kg/day]:

eeeee
[ |

I
I
[
I
I
I
I
I
I
I
I
1
I
I
]
1

Inputs Hydrogen price [$/kal: Graphlcal

Outputs (1)

Equipment capital cost [$]: Ci

Total installation cost [$]: o

Planned and unplanned — 100K

0&M costs [S/yr]: L 231 =

Capital incentive [$/station]: o

Initial production incentive [$/station]: &

Annual decrement of production

incentive [3/station]: @

Incidental revenue [$/year] 0 G ra h ica I

! o p
Cost of delivered hydrogen [$/ka] o
— | L

Cost of electricity [$/kWh] o O ut p uts 2

DOW n I Oa d fu I I Cost of natural gas [$/mmBTU] o
o

Ca Se Minimum debt to equity ratio:
O Reset Inputs & Download Results CSV

Change Graphical
Reset Inputs / Output metrics

NATIONAL RENEWABLE ENERGY LABORATORY 24



Example Case A: $1.2 M station,
no subsidy, $14/kg price at the pump 15% IRR,

8 yr investor payback [_

. Internal Rate of Return [% / year]: 15.1
° A nomina | ga seous H 2 FAST a_r::lv;z;ﬁm?mmpﬁr::;:rkg Hal: §12.37
tank truck deli ke Pepant Patod o
an ruc elive ry Installation time [months] o 18 NPV: 5450256
Stat ion: 2 50 kg/d ay Demand ramp-up [years] o 3 Inwvestor Net Cash Flaw [§ / year] -
I . Station type: Delivered Gaseous HZ : S0.5M
¢ $ 1 * Z m I I I Io n I n Leng-term station utilization [%): o 70
ca p ita I a n d Vehicle refills [refills/day]: o 4375 ..IIIIIIIIIIIIIIIII
Hydrogen per refill [ka]: o 2 S0 g I
InSta I Iatlon Total capacity [ka/day]: o 250
Hydrogen price [$/ka]: o 14 $14/kg -50.5M
¢ Hyd rogen Equipment capital cost [S]: O 031846
delivered for Total installation cost [$]: 0 =z $1'2M
$1M
$5.50/kg and sold  cavcostsisn o s

for $14/ke

Capital incentive [$/station]: o 0 iooestcr Cumuletive Cash Flows ] -
M
o Top graph Shows Initial production incentive [S/station]: @ 0 o
. Annual d t of producti m
net investor cash incentive [§/stationt: * . @[
. Incidental revenue [$/year] o 0
flow; Bottom graph _
Cost of delivered hydrogen [5/kg] o 55 $5 5/kg
ShOWS CumU|atIVE Cost of electricity [$/kWh] o 0.12 50
Cost of natural gas [$/mmBTL] o a _S1M
. [ ]
Result: $12.4/kg as
breakeven prlce for Debt interest rate [%]: 0 6 = 2 2 8 ¥ 2 8§ 8 2 B % 8

a 10% IRR Minimum debt to equity ratio: o 05

NATIONAL RENEWABLE ENERGY LABORATORY



Example Case B: Assume a $1.0 M
Capital Incentive and $10/kg price

19.5% IRR,
6 yr investor payback [_

Internal Rate of Return [% / year]: 19.5
b Assu me $ 1 M H 2 FAST rE:r:?Ev:n;:dmeg:nmPric:E:a.frkg Hal: 59.43

First Year Positive EBITD: 2019
capital incentive in Investor Payback Period [years]: 6
Installation time [months] 0 18 NPV: $158696
the fl rst yea r Dermand ramp-up [years] 0 3 Iwtior et Cash Flaws [3/ year] -
° Ch ° Station type: Delivered Gaseous HZ H 5§ 100K
a nge p u m p p rl ce Leng-term station utilization [%]: 0 70
to S 10 pe r kg Vehicle refills [refills/day]: Q 4375 _IIII IIIIIIIIIIIII
Hydrogen per refill [kg]: o 1 e
[ Increase in IRR and Total capacity [kag/day]: 0 280
. Hydrogen price [$/ka): o 10 10 k -510
investor payback SR »10/ke )
quipment capital cost [$]: O 031348
periOd Total installation cost [S]: 0 27 $1-2M
Planned and unplanned o s e =T 8 ®m o N T ow om oo T o@

* Result: $9.4/kgas  cscoseiond

breakeven price for T o wes | $1.0M ==
a 10% IRR Initial production incentive [$/station]: @ 0 e
Annual decrement of production . _
incentive [§/station]: o S0.5M
H 2 FAST p rovi d es Incidental revenue [S/year] 0 o
. Cost of delivered hydrogen [$/ka] 0 5 5 k 250K
ra pld assessments Cost of electricity [$/kWh] 0 0.12 S : / g
50
O Cost of natural gas [$/mmBTU] 0 8
of the influence of
-5250K

@
£

(}

2
24

incentives Debt interest rate [%]: [ = 2 = 8 8 358 3338 g 8

Minimum debt to equity ratio: o 0.5

NATIONAL RENEWABLE ENERGY LABORATORY



Example Case C: $1.0 M Incentive,
$10/kg price, $10k incidental revenue

22% IRR,
5 yr investor payback

* $1 M capital
incentive

 $10 per kg price

* Add an incidental
revenue stream of
$10k per year
(~$30/day)

* Increase in IRR and
investor payback
period

* Result: $9.2/kg as
breakeven price for
a10% IRR

Many financing

options can be
explored quickly

H2FAST

Installation time [months)
Dernand ramp-up [years]
Station type: Delivered Gaseous H2

Long-term station utilization [%]:
Vehicle refills [refills/day]:
Hydrogen per refill [kg):

Total capacity [ka/day]:
Hydrogen price [S/kg):
Equipment capital cost [§]:
Total installation cost [$]:

Planned and unplanned
D&M costs [S/yr]:

Capital incentive [S/station]:

Initial production incentive [$/station]:

Annual decrement of production
incentive [$/station]:

Incidental revenue [S/year]
Cost of delivered hydrogen [$/ka]
Cost of electricity [$/kWh]

Cost of natural gas [$/mmBTU]

Debt interest rate [%]:

Minimurm debt to equity ratio:

NATIONAL RENEWABLE ENERGY LABORATORY
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1000000

a

a

10000

012

$10/kg

$1.2M

$1.0M

S10k/yr

$5.5/kg

Internal Rate of Return [% / year]: 9
Break-Even Hydrogen Price [ / kg Hzl: 50.24
First Year Positive EBITD: 2019
Investor Payback Period [years]: 5
NPV 5211520
Inwveslor Met Cash Flow [$ [ year -
S100K
§ _.|||||||IIIIIII|||||_
-5100K
200K
=) 0 = ™~ ol L= o r\ T w0
o o ’I-_. o rD g g o o (= o [ =3
™~ ™ M N N NN N N N NN
I I l | -
$1M
. IIII||||
§ .lllIIIII
[ | o
§0.5M
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H2FAST Spreadsheet: Summary of Capabilities

The spreadsheet version allows for greater control of inputs

and more elaborate exploration of outputs

Inputs and User Interface
« Enter information for up to 10 stations and assess
finances individually or as a cluster

« Side-by-side comparison of station projects

« There are two modes for users to provide inputs:
« Basic mode: 20 parameters
« Advanced mode: 51 parameters

* Inputs and outputs have hover-over descriptions to orient users

Outputs

» Detailed report tables are provided for each project year
« Scenario parameters (e.g. volumes of sales)
* Income statement
« Cash flow statement | | =

 Balance sheet i HHHHHHHHH

« Select ratio analyses o,

mmmmmmmmmmmmmm

All 4 stations: Average daily H2 sales (kg/day)

NATIONAL RENEWABLE EMERGY LABORATORY



Overall Financial Performance Metrics Restore defaults

Leveraged, after-tax, nominal IRR 4.22%
Investor payback period 13 years|
First year of positive EBITD. analysis year 4|
After-tax, nominal NPV @ 10% discount $ (315,239)
Estimated break-even leveraged price ($/kg) S 11.09

Curnuylstive mvestor cash flow

Chart Selector & Description Toggle chart labels

Investor contribution + previous year investor contribution e

¥

Station(s) Information
Select interface type. Rasi Aduanced

|_Enter number of stations to model

Demand Projection

Price of hydrogen at project onset ($/H
Project start year

Price escalation rate (% annually)
Installation time (months)

Long-term nominal utilization (%)

Feedstock Information
Cost of delivered hydrogen ($/kg)

|_Escalation rate of hydrogen cost (% ar}

Price of electricity ($/kWh)
Escalation rate of electricity cost (% al

[Price of natural gas ($/mmBTU)
| Escalation rate of natural gas cost (% 4

Other operating expenses

Credit card fees (% of sales)
Sales tax (% of sales)

Road tax (5/kg)

Road tax escalation rate (%/year)
Staffing labor hours (h/year-station)
Labor rate (5/h)

Labor ion rate (% annually)
Licensing & permitting ($/year-station]
Licensing & permitting escalation rate
Rent of land ($/station-year)

Rent escalation (% annually)

Property insurance (% of dep capital)
Selling & administrative expense (% of|

Financing Information

Ll ati
[Fvestor cazh flow

800
600
400
200

200
400
600
800

1000

2012
2022

- i | User Interface Overview

2024
2026
2028
2030
2032
2034
2036
2038

Color coding facilitates

kdoretized tax lozses

Grozs margin
Cost of goods sold
Cost of goods sold

[$Huear]
[$kal

Syerage station utilization [2£]
Average daily HZ sales [kaldaw]
Retal price of H2 [$#ka)

Cost af delivered H2 tu:u statmr‘u [$ka]

Cost af electricity [f*
Cost of natural gas

[ Demand ramp-up (years) | Incidental revenue
% |N|:|:IME STn‘ﬁ-TEMEH Productionincentives  $0.00

Sales revenue
Production incenti
[mcidental revenue
Credit card fees
Sales tax

Road tax

Tatal reverue
Annual cost of deli
Annual cost of eled

Real levelized values ($/kg H,)

Sales revenue

navigation

Basic user inputs
Advanced user inputs
Calculated values
Key results

$10.00

Capital incentive $0.00
$0.00

¢ 1axXes

Delivered hydrogen $5.50
Maintenance expense $1.57
! Equipment cost B s0.87
Interest expense ¥ $0.37
Road tax B 5036
Credit card fees § 50.25
Sales tax § s0.23
Cost of electricity B s0.21
Taxes payable B so.20 n n Ll
Key outputs are highly visible
Property insurance $0.08
Selling & administrative| $0.05 , c
Rent $0.05
| Licensing & permitting | $0.02 Y I R R
Labor expense $0.00 -
Cost of natural gas $0.00

Annual cost of nattreegres
Tatal feedstock & wtilities cost

Labor expense

Fdaintenance expense

| visuarnzation of time series results

vlu L[ =4 Py L W
Rt Year of positive earnings

Fent experize
Froperty insurar

Licenszing & pern
20

Project operational life (years)

Total tax rate (state, federal, local) 38.50%)
Is installation cost depreciable? No
Are operating incentives taxable? No
Is capital incentive depreciable? Yes
Are tax losses (tax equity applicati Yes
Allowable tax loss carry-forward

General inflation rate 1.90%
Depreciation (MACRS) 7 year,
Leveraged after-tax nominal discount rate 10.0%
Debt/equity financing 0.5
Debt type Revolving debt
If loan, period of loan (years)

Debt interest rate (compounded monthly) 6.00%
Cash on hand (% of monthly expenses) 100%)

Cost SPGCIf Users can select from 65 dlfferent metrlcs

e Usen
o User

. Cost of
* Pre- °

Users are prowded with a detalled breakdown

revenues and expenses
Values are reported on per-kilogram of hydrogen sold

ENEWABLE ENERG




Report Tables All typical US GAAP report values are
isplayed for each analysis year
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Time Series Examples Range of tables satisfied

most end user inquiries

Station 3: Cumulative investor cash flow, (Millions)
o
~ B o
3 w oo - Ng
R SN T
ek o ot l..l:: —i ]
N N - P | I
2 m o - =l — 5o=ra]
i 03 N ==
- = =
1 M O = O E——
WO = D e
03 m = 0 =
0.5 Ty - =]
g 8 = I RS
- o N e i = T | m— - — N
h = 0y - O e
0.5 m m M i =] _—
== Fi Lo | —
1 e
e
1.2 —
2
(| =t o ) [, 4 =t 1o o (o 4 =t ] V)
— — — " o I o I 4 on on on 0 vs)
[ ) =] o ' = ' ' = o o ' oz o
™ 4 4 4 4 4 4 4 4 4 4 4 [ 4

User can select from 65 common reportable time series
Detailed description is available for each time series
Labels can be turned on and off to show numeric values
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H2FAST Business Case Scenario
— Visualization Tool




Multivariate visualization provides access to large scenario
_data results

* The SERA model can generate a large volume of scenario results

* The H2FAST framework can be applied across the entire hydrogen supply chain
system and a broad range of scenario parameters

* Some engaged audiences, such as H2USA WG members, are interested in
exploring ranges of inputs assumptions and multiple sets of scenario outputs

Stand-alone reports cannot capture the full
range of possible outputs

Demand and Delivery by City Regional/State-level Subsets of Results Station Placement
200K Vehicle Adoption i 30
: . B — State Name Rates ! I
S ! f%‘* ove ﬁ 000K m Connecticut ! I B ;";;J
P Bt I Wi 48 .l"%y § Maine ! I g '5.. A
$. o bTYS ._-'.,,—.-_._—,_:_.: 7 800K  ® Massachusetts B I B B e
“ . @ . ] . :“".' 8 B New Hampshire I EE :‘fj'
4 ] ew Yor | (L,
? Rhode Island = ! B o
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The Business Case Scenario Visualization tool (BCS-Vis) is being developed to

allow end-users to explore a wide range of inputs and outputs
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Business Case Scenario tool explores the full range of SERA
outputs
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4-min video demonstrates the multivariate visualization tool: http://youtu.be/J7y51c-dldo
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Selection of years
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Selection of

urban areas
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Selection of metrics and output variables
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Summary

 The H2FAST Web and Spreadsheet tools are an effective means of
informing investment decisions on hydrogen station projects

o Developed for end-users requiring a simple, first-cut analysis
(web version) as well as more detailed and elaborate analyses
(spreadsheet version)

 The H2FAST framework can also be applied to the entire hydrogen
fuel supply chain to evaluate the financial implications of
infrastructure development at the city, region, or national levels

o This framework is currently being used internally to inform
H2USA IFWG members in scenario exploration

o A beta version of a visualization tool has been developed to
allow access to these multivariate results to a broader audience
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Thanks!

Contact email:
Marc.Melaina@nrel.gov
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Thank You

Please let us know if you have any questions or comments!

Amgad Elgowainy, PhD Marc Melaina, PhD

Life-Cycle Analysis Team Lead Infrastructure Systems Analysis Team Lead
Argonne National Laboratory National Renewable Energy Laboratory
aelgowainy@anl.gov Marc.Melaina@nrel.gov
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DOE Host: Fred Joseck (Fred.Joseck@ee.doe.qov)
Webinar Facilitator: Chris Werth (Chris.Werth@ee.doe.gov)

hydrogenandfuelcells.energy.gov
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