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Focus: Initial Analysis Issues

Financial Environmental
What effects could policy and How / how much does a hydrogen
incentives have on transition? economy affect the environment?

What is the

- emissions
R&D Transition orofile f

ID critical / risky links in potential Compare potential transition hydrogen is
hydrogen pathways? pathways.

used?

Are the current technical targets the ID stumbling blocks that could affect
best ones? What interdependencies transition paths? Could R&D
do they have? overcome them?

How should components and What impacts could competing
interfaces be optimized? technologies have on transition?

Comparison of hydrogen costs at the pump
using different hydrogen production
technologies.

How much hydrogen needs to be produced to

supply a given city its demands? Issues we are

addressing

What are the raw material needs to meet initially

those demands?



Focus: Communication and Consistency

Communication
Simplifies data and information updates
between models (i.e., models dependent upon
others for information can be updated more
easily and sensitivities are easier to run)
Consistency
Improvements in understanding requires
updates to models. With MSM as the conduit of
Information, updates can be pushed out to other
models. Thus the user knows results across
models are based on the same input
parameters.
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Relevance: supporting program goal setting

The MSM is a tool for cross-cutting H2 production pathways analysis — both
economics and emissions, which makes it instrumental in assessing
technology potential

Hydrogen Produced In Central Plant and Transported as Gas via Pipeline

(R090213E)
2000 Btu 10,000 Btu
Electricity for Electricity for
Compression Forecourt

187,000 Btu Biomass

Compression, Hydrogen Gas

I
5,000 Btu Electricity i
Storage, & {116,000 Btu

3,000 Btu Matural Gas

Hydrogen Gas
117,000 Btu

Compression & |—
i Pipeline

A

Dispensing
78,000 Btu Energy Lost 1,000 Btu 12,000 Btu Energy Lost
Hydrogen
Lost
Known lssue. Hydrogen losses are estimated in HDSAM but are not included in GREET
Well-to-VWhesls Total 3707 Production Process 60% Case Definition
Energy Use (Btu/mile) ' Energy Efficiency Year 2020
Well-to-Whesls Petrolsum - o Hydrogen as Gas
Energy Use (Btu/mile) 96 Pathway Efficiency 156% Central Production
Well-to-Vwheels WWTP Efficiency 48% Wioody Biomass Feedstock
Greenhouse Gas 53 WTP Emissions (b Sequestration: Mo
Emissions {g/mile) CO2 Equivalent f g Transport for Delivery. Pipeline
Levelized Costof H2 at 3798 GE fuel available): Wehicle Efficiency: 65.0 mile / GGE
Purnp ($/ka) ] City Hydrogen Use: 238466 kalday

National Renewable Energy Laboratory Innovation for Our Energy Future




Supply Chain Costs Analysis

A report on hydrogen production and
dellvery pa'thwa‘ys WaS pUbIIShed In WTW Energy Input (Central SMRwith Gaseous Pipeline Delivery)

200,000

September 2009. It shows results from 1000 | e i

160,000 W Natural Gas Input from "Well"

the MSM and additional disaggregated ok v om i

w 120,000
. L — L

results. It is available at

=

http://www.nrel.gov/docs/fy100sti/46612 |° 20|
-pdf oo |

. 0 I
A SU m mary Of the Ce ntral S M R Wlth Nat Gas Production Hydrogen Pipeline Transport Forecourt Storage
. . . . & Delivery Production & Dispensing
p p LOSSES y
$0.02
$4.00 = —
Energy |
Other l_ WTW Emissions (Central SMRwith Gaseous Pipeline Delivery)
Other O&M o A : O&M | 2,000
ispenser & Accessories +——
$3.00 DELIVERY Low Pressure Storage ~—— oo [ CO2 @ CH4 OIN20
2 $2.61 Cascade Storage «~——
0
. Compressor 8000
by Capital Geologic Storage o
T $2 00 "] F = Q 6,000
B Distribution E)
ipeli
Im Transmission Pipeline Hpelina 000
= Central Compressor —
% 4100 | PRODUCTION 2000
$1.33 Feedstock i —
SCR NOx Control on Stack Nat Gas Production & Hydrogen Production Pipeline Transport Forecourt Storage &
Other O&M ——¢= Balance of Plant & Offisites Delivery Dispensing
$0.00 Capital ﬁ Process Plant Equipment



Approach: how does the MSM operate

HyYyARC |Risk Analysis| GREET
(H2 datatable) | (@risk, DAKOTA) | (wtw emissions)
H2A HyDRA

(H2 production) A (spatial tool)

Fuel Cell Cost-per-
Power Model Mile Tool

" Completed this year [ Underway

(pathways

(H2 delivery) progression)

W completed previously

The MSM provides a central transfer station to guarantee consistency in
simulations that involve multiple models. A graphical user interface (GUI)
allows users with minimal understanding of the models to use them.




Web: http://n2-msm.ca.sandia.gov

é MacroSystem Model - Windows Internet Explorer

| =)
@; - \g, http: jfh2-msm.ca. sandia.govf

|Vl % |Live ‘.ir'.-.E!i-Ti'- p'

File Edit \Wiew Favorites Tools  Help

"L_I' EC;? | @MacrnSystem Maodel [ |

>

@’j' B L:g 'l-_lr_}F‘agev.;CEI-Tanlsv
o=, DOE Hydrogen Analysis Tool: MacroSystem Model

@ (OThe Macro-System Model is sponsored by the DOE Hyodrogen and Fuel Cells Division
- 9

/ NEW! A workshop for potential MSM users will take place coincident with the Fuel Cell

and Hydrogen Energy Conference, February 13-16, in the Washington, D.C. area...(more)
A
- The Macro-System Model is a DOE-funded effort to improve
cross-cutting hydrogen system analysis by linking together
hydrogen models to enable consistent assumptions and

sensitivity analysis surrounding the fuel consumption of FCEVs.
Version 1.3 of the M5M has been developed and is available to

the energy analysis community through a graphical user interfa

(GUI). The MSM links H2A Production, HDSAM, GREET, HyDRA
\ . and physical property information from HyARC to estimate the

'\\ « economics, primary energy source reguirements, and emissions
\Og of multiple hydrogen production/delivery pathways.

‘a\(\ a e\ ‘gofhe MSM will help you:
0‘0 (\( o Estimate the expected costs of hydrogen production,
@ delivery, distribution and dispensing for a variety of
6«\ hydrogen pathways
«\ > Estimate well-to-wheel energy use and emissions

|

Dione

vl

& Internet 1005 v




http://h2-msm.ca.sandia.gov: login

The login info for a new user can be obtained at
msm@nrel.gov

rlél Log in ﬁﬁ
Macro System
Model

—
DOE Hydrogen and Fuel Cell Program

User name: |user_name |

Password: |eeeessss | |

Mode: |Interactive mode b

OK Cancel




GUI and web interface

GUI available at
http://h2-msm.ca.sandia.gov/

Pathway defining parameters:
e timeframe

* delivery options
 technology

* population

» market penetration

* region

Detailed inputs:
» more flexibility for users




Geographic location: HyDRA over the ‘net

& stem M
Fji ractive | Uploadfile | Multi.param |
v - Year Optional inputs
Wells to Wheels g [ Detailed Inputs
IR At SizAD B - Ieredgtock, Utilities
o= ] Biomass
® Central u [ Electricity generation mix (User Defined)
) Distributed @[] Utilities, co-products
e D Source of natural gas utility cansumption (H2A PROD)
D Source of natural gas utility price {10,979 [Fm*3))
Woody hiomass (advanced) L'J [ Saurce of utility electricity copSgfnption (H24 PROD)
ity D Soaurce of utility electricjhtﬁrice (H2A PROD)
. o 3 Production Facility 7
Population - 400000 o 7 Delivery P s
H2 penetration (%) :lSD o [ Dispensing Fgefourt
- Vehicle Fuel Ec My o Wehicle (yaa{acterization
) GREET source o D/efgulﬁ/alues (Constants)
() HDSAM source P -
® User definaiimiseer——tsm
- Select regional data (optéefial) SN
s
Region: |IN |v. |St. Joseph |v //
P
Redource cost: Ilndusirial natural gas: 10.979 $Mcf I:J
Get npply | |View etectricity mx |/
7
! Title N o | Source of natural gas utility consumption
[biomass_pip_350psi_ 2020 —— | Value: [H2A PROD [+]
- ID Units: m*3/kg_H2
Description: ili i
‘ User- veliakoy: pti source of natural gas utility consumption
Description
EBiomass gasificatian, pipeline delivery, 350 psi cascade H2 dispensi :__‘ ‘
——
Edit Detailed Inputs => | <= Edit Required Inputs |
| submit || view submissions || auit || userGuide |

The MSM GUI user selects a county; HYyDRA provides feedstock

and energy prices and the grid mix for that county. The user
can modify many technical parameters.
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User interface: detailed

Year

System
-]

extra ~200 variable /@
j@ Ct
values can be 0

. Yy
specified for each ///'l o M
MSM run
Vs )/QOSG

e

N

(optional) inputs

Optional inputs

] Detailed Inputs
9 [ Feedstack, Utilities
o= ] Biomass
D Electricity generation mix (LIser Defined)
¢ 3 Wilities, co-products
D Source of natural gas utility consumption (H2A PROD)
D Source of natural gas utility price {10979 [Fim*3])
D Source of ulility electricity consumption (H2A PROD
D Source of ulility electricity price (H2A4 FROD
o [ Production Facility
o= ] Delivery
¢ [ Dispensing Forecourt
D Farecourt capacity (1275.0 [kg fday])
9 [ Gaseous HZ2 Dispensing

L
j -

grouping the Wha
variables into Yj) B
branched structures o

= D Dizpenszing Mode (CASCADE_350_PS0)
D Source of energy efficien hen H2 piped from central plants with &
D Source of hydrogen lost af gaseous forecourt station (HDSAM)
D Time in forecourt starage 1 0 [days]
D Source of urhan area (HDSAM)
D Recovery rate of boil-off ga& from forecourt starage (0.0 [%])
o= ] ¥ehicle Characterization
o= ] Default Walues (Constants)

conditionally

accessible groups

L I/

DiWnde

Value: [CASCADE 350 PSI ||

and variables
flexible structure

Biomass gasificatian, pipeline delivery, 350 psi cascade H2 digwe

Units:
Description:

how HZ iz dispensed at forecourt to vehicle tank

4,1_/9‘ OK || Reset |
O

| <= Edit Required Inputs ‘

National Renewable Energy Laboratory
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MSM job submission

@J H2 Macro System Model
f Interactive r Upload file r Multi-param
System Year Optional inputs

l : | ‘ I:l:l ] Detailed Inputs

9 [ Feedstock, Litilities

]
El
X

Production Size/Delive
£ o- [ Biomass
®) Central :D [ Electricity generation mix (User Defined)
) Distributed 9 [ Utilities, co-products

D Source of natural gas utility consumption (H2A FROD)

Feedstock/Process
D Source of natural gas utility price (10,979 [E/m*3)
| | D Source of utility electricity consumption (H24 PROLD)
City D Source of utility electricity price (H2A8 PROL)
o= [ Production Facility
Population o [ Delivery
H2 penetration () H 9 [ Dispensing Forecourt
Vehicle Fuel Economy D] Forecourt capacity (1275.0 [kg fday])
() GREET source Submission ﬁ ?iﬂpeanlsnég S
ode (CASCADE_340_PSI
) HDSAM source - 'ﬁ S HEF) d tral plants with
@ User defined (mi/GGE) @ Submission Successful. Serial Number: 570 |"2'9Y STIEIENCYWHEN B2 pIpEC ram central plants with &
: vdrogen lost at gaseous forecourt station (HDSAM)
Select regional data (optional) ﬁg vt storage (1.0 [days]
Region: | | | | area (HOSAM)

g [} Recovery rate of hoil-off gas from forecourt storage (0.0 [%])
| ‘ o~ [ Wehicle Characterization
o= 7 Default Yalues (Constants)

Resource cost: [

Get Apply
‘ ‘ ‘ | I / | | 7] | M | L3

Title / Dispensing Mode
biomass_pip_350psi 2020 / | Value: |CHSCEDE 350 PSI 1V|

D ' ) Units:

i Description: |how H2 |5 dispensed at forecourt to vehicle tank
User: vdiakov

Description

Eiomass gasification, pipeling delivery, 350 psi cascade H2 dispenging ;
Edit Detailed Inputs => ‘ ‘ == Edit Required Inputs ‘
Submit ])ew submissions ‘ | Quit ‘ ‘ User Guide ‘
—

Innovation for Our Energy Future

National Renewable Energy Laboratory



Submitted jobs menu

I;)I Slmulatm ns

)(.

- Optional nputs

File
Serial # Title Status
53 elys_hyl0psi_2070 plete
554 etoh_2010
H55 ng_2010
556 coal_cos_It 2020
a7 coal_cos_It 4Mdpko_ccsEnergy_2020
5458 ng_pip_2020
a54 no_pip_2020
560 ng_ccs_pip_2020
Ak no_ces_pip_dMdpkg_ccsEnergy_2020
562 biorm_It_cc_2020
a63 nuc_pip_b700psi_2020
a64 wind_pip_2020
il i) wind_pip_elechid®ind_2020
566 elys_2020
567 etoh_700psi_2020
568 ng_b700psi 2020
570 hiormass_pip_350psi_2020

new

ound 79 Simulations

| oK || Get Info || View output || Download results...

|| Download input file... |

Resource cost: |I||(Iu-3.1| ial natural gas: 10.979 $Mcf |v|

‘ Get H Apply | |Web1-'e}ecn'jc!r}'rmx |v|

[ Detailed Inputs
¢ [ Feedstack, Utilities
[ Biomass
D Electricity generation mix {Lser Defined)
3 Ltilities, co-products
D Source of nhatural gas utility consumption (H24 PROD)
D Source of natural gas ulility price (10,978 [Fim*3)
D Source of utility electricity consumption (H2A FRODY
D Source of utility electricity price (H24 FROLDN
=3 Production Facility
=] Delivery
=] Dispensing Forecourt
= |:‘| Forecourt capacity (1275.0 [ka fdaw])
[ Gaseous HZ2 Dispensing
[ Dispensing Mode (CASCADE_350_PS)
D Source of eneray efficiency when H2 piped from central plants with e
D Source of hydrogen lost at gaseous farecourt station (HDSAM)
= |:‘| Time in forecourt starage 1.0 [days])
= D Source of urban area (HOSAM)
= D Recovery rate of boil-off gas from forecourt starage (0.0 [%])
[ Wehicle Characterization
=3 Default Walues (Constants)

4 Il [ [»

Titlo

clicking OK closes the
Simulations menu,
the View submissions
button brings the
Simulations menu back =

=

cade HZ dispensing

TIE

- Dispensing Mode
Value: [CASCADE 350 PSI_ |~ |
Units:
Description: |how HZ is dispensed at forecourt to vehicle tank

on | [eset | |

| <= Edit Required Inputs ‘

N

| Submit H View submissions || Quit || User Guide |

1

4




Simulations menu: select a completed run

GUI users can easily T 1
see the detailed

etoh_2010

information entered N

coal_ces_It_2020

When the Si m u Ia,tion | coal_cos_|t_4MJpkg_ccsEnergy_ 2020

ng_pip_2020

was defined.

ng_ces_pip_2020

no_ces_pip_dMdpkg_ccsEnergy_2020
biom_i_cec_2020
nuc_pip_b700psi_2020
wind_pip_2020
wind_pip_elechMixind_2020
elys_2020
etoh_700psi_2020

0_b700psi_2020

GUI users can 53_pip_350psi_2020 new [offae ‘
download results files  |f* G von e | G 1 |
(in CSV form, all the - ————

variables listed in

alphabetical order) to
develop their own GUI users can download

figures and tables input files for record-keeping

or to set ug additional runs.




Download MSM run results

[£]HZ Macro System Model -._E“LKJ
flnteracﬁve | Upload file | Multi-param

System Year Optional inputs
| | ‘ I:D Cetailed Inputs
Production SizeDelvery §- = FEEd,StDCk' \Hiies
I - o= [ Biomass
& Cen— ; —
& Stmulations
O Dist l—l i
Feedstock/Process Ele e il S
Serial# | Title | Status 979 [Him*3])
LT —— .
|— o | 2fSave Bd | | on tHzePROD)
City PRODY
] soe | - EEEE
Save In: |[]cwd - .
= BREES
HZ sz .sw I hypro_stuff 1 valid090925_02007
Vehicle Fuel Economy 558 [ blend_xml 3 mp_runs_for_amr I valido91029
{7} GREE|559 [ greet1psc 3 ruby_backups Jwvalid100209 -
{_ HDSI|560 ] greet1p8d_backup CJruns_464 467 for_jordan ] valid100209_greet? sied o s enteal EAe vt
@ User||561 [ hdsam2p2_with_greet2 [Jtest gui T wvalid_greet1p8d1 orecourt station (HDSAM)
Select regional data (optional) [562 ] hydra_1 [ test_timing_out 3 valid_notimingout
Region: I: A 4] i | [»
ag64 art storage (0.0 [%])
Resource cost: |: ags T8 Nuthe: |5?D'CSV |
566 || Files of Type: [AllFiles v
[ 567 — I
Title 26 (e )
biomass_pip_350psi_2020 570 T
D Fnum:l 79 Simulations ee—
1wehicle tan
| 0K ‘ ‘ Get Info ‘ | View output | | Download results... ‘ | Download input file... |
Description z
Biomass gasification, pipeline delivery, 350 psi cascade H2 dispensing | | oK ‘ | Reset | |
‘ Edit Detailed Inputs == ‘ ‘ <= Edit Required Inputs |




Downloaded output file (csv format)

\
@e\e &
. \(\@' N P % (‘\\Q pQ
i 570.csv QQ' fb,(\ \0‘0 {\' 6() 0"&\)
: (} Q@ 6@ Eall CQO G

2 :cityHEF‘mduc‘rinnHequiremem 4D83528D l-:g,-"',-'r City H2 prn kilogram ; GDS script

3 |cityH2Use 40344524 kilogram ; City hydrc kilogram ¢ HDSAM

4 |deliveryDieselUseTotal 0 m~3/yr diesel use meter”3 / GDS script

5 |deliveryDieselUseTotalMass 0 J/kg H2 dieselusejoule / kg GDS script

6 |deliveryElectricityUseForCompression 8.28E+13 Jfyr electricity joule / yei GDS script

7 |deliveryElectricityUseForCompressionMass 2051563 J/kg h2 electricity joule / kg GDS script

8 |deliveryElectricityUseForForecourt 4.69E+14 Jfyr electricity joule / yei GDS script

9 |deliveryElectricityUseForForecourtMass 11626402 I/kg H2 electricity joule / kg GDS script

10 |deliveryElectricityUseForLiquefaction 0 Ifyr electricity joule / yei GDS script

11 |deliveryElectricityUseForLiquefactionMass 0 J/kg H2 electricity joule / kg GDS script

12 |deliveryElectricityUseTotal 5.52E+14 Ifyr total elecijoule / yei GDS script

13 | deliveryElectricityUseTotalMass 13677964 I/kg H2 total elecijoule / kg GDS script

14 |deliveryMode Pipeline how H2 is delivered User Input

15 |deliveryTotalCapitalCostLevelized 0.9827 dollar / kil Total Delirdollar / kil HDSAM

16 |deliveryTotalFuelCostLevelized 0.2905 dollar / kil Total Delirdollar / kil HDSAM

17 |deliveryTotalLevelizedCost 1.682754 dollar / kil Total Delirdollar / kil HDSAM

18 |deliveryTotalOmCostLevelized 0.4095 dollar / kil Total Delirdollar / kil HDSAM

19 |depreciableCapital 1.45E+08 dollar depreciabdollar H24

20 |depreciationLength 20 year depreciatiyear H2A
Ready |



Downloaded input file (xml format)

X| XML Notepad - C:\eclipse\workspace\trunk\backend\cwd\570.xml (=<
File  Edit  View  Insert  indow  Help
] S e o B By x| H O & 5| | Cleclipsetworkspacettrunkibacken dicwdi57 0 v

Tree Wiew | XSL Output |
e & ol version="1.0" encoding="UTF-3" 4"*

= inputSpec @
........ 1.3 (Jun z010) 0 é

& appversion

H-C3) requiredInputs s\&

FHerl ) dataltem Q Q(b'
FHerl ) dataltem e @
FHerl ) dataltem @ O\
FHerl ) dataltem 6 $
FHerl ) dataltem 6
FHerl ) dataltem @ g\/\
i) dataltem +
-l namme urhanFopulation ]
B bains X afufulal :
-l units 1
R ‘J description population of urbhan market
) dataltem
) dataltem
) dataltem
) dataltem
) optionalInputs
[ [ﬁ defaults
-2 outputs
- executionOrder E
Errar List | Dynamic Help
Dezcription File Line Column

Sawved




simulations menu: view output

Setial # Title Status
o454 ehs _hy0lps_2010 -
554 etoh_2010 il
555 ng_2010
ka5 coal_cos_ It 2020
aa7 coal_ces_ It Abdpkg_cesEnergy 2020
atals ng_pip_2020
554 ng_pip_2020
A6 ng_ccs_pip_2020
ah1 nog_ccs_pip_dmdpko_cocsEnergy 2020
a6 2 biom_It_cc_2020
ah3 huc_pip_by00psi 2020
ak4d witid_pip_2020
ak45 witnd_pip_elecMin®ind 2020
SR elys_2020
S6T etoh_7¥00psi_2020 3
aER hig_b700psi_2020
570 hiomass_pip_350psi_2020 =
ound 79 Simulations

0K Get Info Qezuutput } Download resuilts... Download input file...

19




Run results: view output

|| * Results: Serial #570 ﬁ
kg Levelized Cost of HZ at Pump
0 BtuHeat 2l o ' 2000 Btu Electricity 11000 Btu Electricity
0| Btu Ethanol for Compression for Forecourt
3000 Btu Natural Gag e e R R TR e A R R
737000 | :
0 ; ) i
2000 Hydrogen Gas 5 : Compressmn, i Hydrogen Gas
Central Production —* Compre§smn & | Storage, & ; g
117000 Btu | Pipeline : : : 116000 Btu
; Dispensing :
126000 Btu Energy Lost
u r ’] 0 Btu Electricity Coproduct 1000 Btu 13000 Btu Energy Lost
Hydrogen
Lost
Energy Use and Emissions Energy Efficiency Case Definition
Well-to-Wheels Total Energy Use (Btufmile) Fa02  Production Process Energy Efficiency (%) A0 Year 2020
Well-to-Wheels Petroleurn Energy Use (Btuimile) 149 Pathweay Efficiency (%) 45 Form of Hydrogen Gas
Well-to-Wheels Fossil Energy Use (Btu/mile) 1140 WTP Efficiency (%) 6 A0 Production Means Central
Well-to-Wheels Greenhouse Gas Emissions 119 a(\ Feedstock WOODY BIOMASS
(g/mile) e Sequestration [STa]
WTF Ernissions (b CO2 Equivalent GGE fuel 6 ; —
available) GHG 12 \) g Transport for Delivery Pipeline
ﬂ Wehicle efficienc (milesiGGE) 45
e‘g KO( City Hydrogen Use (kogfday) 110457

-
Energy and efficiency results are on a nergy and efficic 1L v 1 Ysults are on a

lower heating value {LHV) basis. lower hei t.\g. alue (LHV) basis.
Model Information T Disclaimer
HyARIC 1.07E12  Meplicawtn version 1.3 BETA (Jun 20100 | The MSM is being validated so these results are not
HOSAM 2 Huture  Run serial number 570 guaranteed. If any results are problematic please inform
. » ; ; ; Mark Ruth at mark_ruth@nrel.goy
H2A 212 Title hiomass_pip_350psi_2020
GREET 1.8d.1
GREETZ2 27
‘ 0K | | Print... | ‘ Save as PDF... | ‘ Save as image... @HE Pathway Chart | "a




Results: view vehicle cycle chart

Results: Serial #5 70 s sessmmaassams

|£f

Btu/mile Natural Gas
Btu/mile Biomass
Btu/mile Electricity

it
e
268

11592 a/mile GHG

Well-to-wheels

Btu/mile Petroleum
244 Btu/mile Natural Gas
49 Btu/mile Coal
1 Btu/mile Total Electricity

144

(fuel cycle) per mile

Vehicle cycle

Combined FCEV Energy U&%ﬂd Emissiggs '\X\e

per mile basis

36.4 0/mile GHG

Energy Efficiency
Yehicle and Fuel Cycles Efficiency (%) 419
Fuel Cycle Pathway Efficiency (%) 45.2

Yehicle and Fuel Cycles Total Ewﬁ mile) ga4n
Yehicle and Fuel Cycl @1 nergy Lse
i 283
(Btuimile)
Yehicle and Fuel Cycles Fossil Energy se
: 15748
(Btuimile)
Yehicle and Fuel Cycles Greenhouse Gas
e . 1555
Emizsions {gimile)
‘ OK

‘ | Print... | | Save as PDF... ‘ | Save as image...

21

2678 Btu/mile Energy of fuel
in tank per 1 mile travel

Major Vehicle Parameters
Yehicle Cost (F)
Yehicle Miles Lifetime {mi)
Wehicle Weight FCEY ()

Yehicle Fuel Efficiency (mifGGE) 45
Travel Cost Per Mile Fuel HZ2 (Fimi) n.or
Travel Cost Per Mile Yehicle FCEY (Rimi) ‘\_6 014

W: |Uehi|:|e Cycle Chart ‘ hd




| o e Results: Serial 570"  sssasasianis l

GUI:output tree |z

% [ pathway defining parameters
[y delivergode (Pipeline) —
D forecourtH2 State (Gas)
D marketType (Urban)

TWO- I evel g ro U ps: D productionCOZSequestrationAllowance (WO

D productionPlantShareCentral (Central)

° H Ig her |eve| [} productionTechnology (NODDY BIOMASS)

[T} urbanMarketP enetration (50.0 [percent))

e production [} urbanPopulation (4000000 [1])
[} vehicleFuelEf (45.0 [mile f ggel)
e terminal [} vehicleFuelEfRatio (1.65418134856871 [11)

D wehicleFuelEffSource (user input)

° deIivery d [y vearStartup (20200 [year])
. . o= ] production
hd d|SpenS|ng IS 3 terminal and storage
= | &= 3 delivery
« overall (pathway) o<l dispensiii
. o= overall
® Veh|C|e T 8 ¢ [ wehicle

L7 o= ] feedstock, ulilities

° Lower Ievel | > o [ materials, fuel
> < S energy
I o [ equiprment

» feedstock

\

o ] financial
° 9 [ location
fuel /7 D urbanH2VehicleMum (1484000 [1]3
° energy D wehicleMileslifetime (160000.0 [mif
. D vehicleMileslifetimeSaurce (greet?)
* equipment [} vehiclemilesPervear (12000.0 [miles [y
f. . I [y vehicleMilesPervearSource (hdsarm)
¢ Inancia [ vehiclesPerPerson (0.742 [1])
H D vehiclesPerFersonSource (hdsam)
°
|Ocat|0n o= [ emissions
° emiSSionS o= mizcellaneous
additional detail here
http://h2-msm.ca.sandia.gov/ ‘ 0K || Print... || Save as PDF... H Save as image... Vidg: |Output tree

National Renewable Energy Laboratory ' Innovation for Our Energy Future



Sensitivities, multiparameter runs

2/ H2 Ma M=%

f]nteratnva rUpIuadﬁle\ Multi-param | ’ |
System . S +  Optional inputs |

|Wells to Wheels | v |

Production Size/Delivery

Poaine )
() Distributed

Feedstock/Process F ro m G U I :

Woody biomass (advanced) | - ‘

= ;  after setting the pathway
I--\IehicleFuelEcunnmy renont ]_' - ® and the relevant Optlonal

) GREET source

& iskmaie Inputs (these are kept

@ User defined (mi/GGE) 4SE|

 Select regional data (optional) - . unChanged throughOUt
o btz ) the multiparameter run)

(@ Central

Resource cost: [Indusiriﬂl natural gas: 10.979 $Mcf IvJ

| Lo L | femeerenne 5[ o select the Multi-param
'[ tab to set the variable

D

~ Deserition . Inputs

iBiomass gasification, pipeline delivery, 350 psi cascade H2 dispensing|

4 [Tin] 3

Edit Detailed Inputs => | ‘ == Edit Required Inputs

I Submit H View submissions H Quit “ User Guide J




Multiparameter run:

to probe sensitivities, set variable inputs

|| H? Macro System Model
|’Interac1iue | Upload file |/I'|.'Iulti-param |

Delete runis) - data item Add data item

effectivelrrSource d
1 |[H2a PROD

Mdd data item

Select a data item
deliveryMode
ectivelirSource
electricityGenerationMix
electricityGenerationMixUserinputBiomass
electricityGenerationMixUserinputCoal
electricityGenerationMixUserinputNaturalGas
electricityGenerationMixUserinputMoncarbonEmitting
electricityGenerationMixUserinputNuclear
electricityGenerationMixUserinputResidOil
etohlceVehicleFuelEffSource

4 |

OK Cancel




Multiparameter run: set variable inputs

Add the variable input parameters:

‘Iél H2 Macro System Model
|’ Interactive | Upload file |/ Multi-param |

ni(s) Add run Delete data item Add data itern

effectivelrrSource ipelineTransLengthSoure
1 [HZA ™K HD

Set values:

| H2 Macro System Model
[ Interactive |/ Upload file |/I'.'Iulli-param

Delete run(s) Add run Delete data item Add data item

effectivelrrSource pipelineTransLengthSDurc

.1

Add runs (other set of values):

|i’| H2 Macro Sﬁt'e'r'n'h';nde'l
Delete runis) £ Add run D Delete data item Add data item

| Interactive r Upload file r Multi-param |
effectivelrrSource pipelineTransLengthM

2 012 a0
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Multiparameter run: select outputs

|£:/H2 Macro System Model LTJLE_IJE
[ Interactive r Upload file rMuﬂi-param

Delete runis) Add run Delete data item Add data item
effectivelrrSaurce pipelineTransLengthSaurce
1 0.1 11|
g 01z 30
Delete output item(s) L Add output ite
B “
[ ] pathwaylevelizedCost |$ Fkd E [ | patwayEfficiency |%

[ wtwGHG |3/ rmile

Submit View submissions Chusit User Guide

After selecting the variablg inputs and “
the outputs of interest, submit the E— X
j Ob to th e MSM server \ @ Submission Successful. Serial Number: 571

OK




Multiparameter run results

View submissions - [select run] = download results

i3] 571.csv
: A ; = _ C _ D _ E | F | G _ H | l
4 | effectivel effectivelrr pipelineTi pipelineTransLength pathwayLevelizedCost | pathwayEfficiency witwGHG
5 | none 1/none mi S/ kg % g/ mile
6 |runi User Input 0.1/ User Inpu G0 3.166271134 45.16455712 1159.1497
7 |rund User Input .12 User Inpu 30 3.378843973 45.18960176 119.1196
E :
9 s
10 |

- .



Example: stochastic capability

1,000 = —+ Distributed Electrolysis
Moo
900 - +ﬁr|td Ellegrlcny __________________________________________________________________________________
Ty :‘u'ﬁnudraElec?tgr'icity
= * Gasoline
= +Diese
=10 B = -
.-51 fD‘LSrEIl'ElLItSiE:IﬁEELUGra.In(?nanslinn
MSM allows to % 700
@ U
compare resu Its 2
h RS
across pathways E
@
and between 8 L P v M Sy
@ .
hydrogen B 400 J-oo Dl —
' 3-Corn~ - - .
2 Central Natural Gas - K
pathways and £ Gasoline HEV.» et 2P :
o 300 -
1 4]
competing g
: 200 -
teCh nOIOg IeS . E Central Coal - Pipeline .O E85-Stover
g Central Biomass - Liquid
100 Jrommmermmo oo Bl ASS TP eling Trapks ~ 77Tt
e Wind Electricity Electrolysis
0 T T |. _ T T . T T _|Pir:'EIir.e

$0.000 $0.020 $0.040 $0.060 $0.080 $0.100 $0.120 $0.140 $0.160 $0.180

Levelized Cost of Hydrogen and Market Price of Gasoline, Diesel, and E85 ($ / mile without fuel taxes)

Monte Carlo results for distributed SMR and central biomass — pipeline cases are shown here
but are not in the report.

Hydrogen results in the figure are based on current technology status scaled to full utilization of production capacity, as
represented in H2A and HDSAM.

Gasoline and diesel prices are from AEO 2007 high projections for 2009 and do not include fuel taxes.



HyDRA: http://maps.nrel.gov

w maps.nrel.gov - Mozilla Firefox

File Edit Wiew  History Bookmarks Tools  Help

i c A et | E http:ffmaps.nrel gov L:j "'|
IE Most Wisited " Getting Starked 2n | Latest Headlines '?l hkkpe v, google.co...
| |j htkp:ffhz-msm. ca. .. .gowfrunHZMSM, heml | | E HyDRA | maps. nrel.goy | | ﬂ htkpeffhz2-msm.ca.s. eta/runH2MSM. Rkl | | E maps.nrel.goy ﬁ |
I [Re PN TS ViEwer applcation 15 amn | Iﬁ'tETE'CtWE—I‘TTEﬁ—D'ES’EU' INTETace That proavides easy and emICIeEnt 3ccess T thne Puywwarcs™
Calculator, The Py atts™ Calculator allows users to determine the energy production and cost savings of grid-connected solar
photovoltaic (W) energy systems both in the United States and at select international sites.
HyDRA (Hydrogen Demand and Resource Analysis) allows users to view, download, and analyze hydrogen data spatially and
dynamically, HyDRA contains hydrogen demand, resource, infrastructure, cost, production, and distribution data, =
()
In My Backyard (IMBY)
I The In My Backyard (IMBY) tool estimates the electricity you can produce with a solar photovoltaic (PY) array or wind turbine at
vour home or business.,
n ¥ & v

Dane
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HyDRA: select MSM link (after login)

File  Edit ‘iew History  Bookmarks  Tools  Help /
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HyDRA: create MSM job

File Edit Mjew History  Bookmarks  Tools  Help /
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HyDRA: submit MSM job

Calgary
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HyDRA: retrieve MSM job results

@ HyDRA | maps.nrel.gov - Mozilla Firefox
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HyDRA: mapping MSM results
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Example: linking with HyDRA

iInput: output:
electricity price, $/MWh electrolysis H2 cost (< 5 $/kg)
electricity grid mix by state GHG emissions < 550 g/mile

'-'i-..—,-" e 'A“;::ar .

]
|
Thrg ‘1.‘._ ] a“ 4:"&_

SanDiego  Yur=

Cost by County ——
-GHG Emissions by State

[#] Less than 5

[ Less than 550 Tl sts
o
11 550 to 500 ———
o
11 300 to 800
7] &ta 10
|l 900 ta 1150

s y - ST Brownsvie .G.l!'!ﬂf 2 : . Greater than 10
| Il Grester than 1150 : = f = _ o s e



MSM + HYyPRO

HyPRO
. ?/IAT)LAB-based computer model developed by Directed Technologies Inc.
DTI

o Calculates the expected levelized “pump price” of hydrogen for a variety of
production/delivery/dispensing pathways over a span of years in an area
with uniform demand density

 (Calculates the ideal infrastructure build-out over time

Inputs to HyPRO:
) H2 demand curve projection
H2A i)  H2 production options and costs (H2A)

Production i)  H2 delivery options/costs (HDSAM)
HDSAM < MSM < > HyPRO
GREET Advantages of linking MSM with HyPRO:

) Automatic updates to HyPRO from H2A & HDSAM
i)  H2A/HDSAM/GREET inputs’ effect on HyPRO can
be studied

36




HyPRO Results — base case

Scenario: Los Angeles Area, Single Forecourt SMR option, Central Coal
Available, Regional Feedstock Prices Used

Projected Hydrogen Production Infrastructure

6000 T | . | | |
- eeoes Cost Split:
5000+ Central SMR Reallocation: T g N :
Liquid Trucks to Pipelines _::_———: 480/0 PrOdUCt|0n
Central Coal 2= ;
4000 with Pipelines S 70/0 Term|nals
=) [ 6% Delivery
- Central SMR T : :
< with Pipelines e fl 38% Dlspensmg
E 3000+~ o — L
= Forecourt SMR e [ L 5 R
o (1.5TPD) | [ L
> = = gy =
2000+ ——1T .
Central SMR I N
with Liquid Trucks — —
1000+ =

2?)1 0 2015 2020 2025 %030 2035 2040 2045 2050
ear
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HyPro results: $100/ton GHG case

6000 . . . . .
Policy Analysis: Tax of $100/tonne of CO2 eqv

Cost Split:

57% Production
6% Terminals
6% Delivery
31% Dispensing

Central Coal + CCSD
with Pipelines

Volume (TPD)
)
o
o
2

(1.5 TPD) o

1 000 .............................................. o

2810 2015 2020 2025 ‘2{030 2035 2040 2045 2050
ear



HyARC Risk Analysis GREET
Expanding capabilities % DAK&A)
H2A HyDRA
/ (spatial tool)

e Adding a vehicle cost (H2 producion) V\
% HyPRO

model
. . (ng?jeslﬁgf ) / (pathways
® Complet|ng |InkS tO y progression)

Power Model Mlle Tool
 Add a model that
simulates vehicle fleet
development and costs / energy use / GHGs
* Analyzing energy storage options
« Adding geographic specificity
« Adding other transition analysis tools

e Linking HYDRA & GREET2 - ‘What if the car is built
there?’

e Linking HYDRA & HyPRO - ‘How the deployment scenario
changes with location?”’

. Completed previously [\ Completed this year [\ Underway

National Renewable Energy Laboratory Innovation for Our Energy Future
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Summary:. MSM structure and future goals

Enhanced structure

* Give users MORE ——
flexibility Broader objectives

— Significantly expand GUI * Wider cross-cutting analysis
capabilities capabilities
e Link to MORE models — Expanded links to models

— H2A, HDSAM, GREET + « Expanded range of
HyPRO, HyDRA, problems to analyze

H2APower, ... : :
— Include spatial and transient
e Expand tO MORE ana|ysis
computers

— Over the ‘net interactive

National Renewable Energy Laboratory Innovation for Our Energy Future



