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Hydrogen Pathways

Natural Gas i > Reformer i >

S v — > M—>
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In the U.S. there is considerable diversity among the states in the sources of

energy used to generate electricity...
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... some “local” sources support the production of clean
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(Numbers in parentheses a-e nillion </!-hours generated in the state by utility and non-utility generators); Source: EIA, Electric Power Annual 2000



L.A. Hydrogen Refueling Station
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... Diverse Hydrogen Sources
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Delivered H2 - SMR

Pipeline H2 - SMR



Where Will the Hydrogen Come
From? \

Nuclear ‘
Electrolysis Thermal (2), !,

-

Renewable Sources — Reforming
4

Biomass b
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Renewable Sources — Electrolysis
Hydropower Geothermal Wind  Solar
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Carbon Sources .

Natural Gas ,” Clean Coal
Existing Sources y
Refineries >
Chlor-Alkali Plants " = Home Refueling?
Steel Industry , B
= S e o

Years After Mass Market Commercialization Effort Starts

Conventional *Increasingly Cleaner ¥ Increasingly Greener



Hygen Production Pathways s

¢ Many different energy pathways to
hydrogen

® No single “best” pathway
® Benefits associated with all pathways

e | ke electricity, locally available resources
will drive pathways pursued

e Pathways will evolve over time



* Flexibility in the source of Hydrogen
— Natural Gas, Organic Waste, Biomass, Water ...

|
|

. Fueldﬁll rei:wice as Efficient as other Engines

* Reduced Oil Imports - Energy Independence

!
1

|

* Conserve Regources
* Emit only Water - Protect the Environment

* Sustainability: A Future Built on Renewable Energy
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== USA at night
L‘-.u:.l;\." e |

=t Paus
"'1[11E'-:|'H"I'~'. ,

'.‘,'l. .

Eaged City : i
oo Miwautgs
.

L]
Sioux-Fallsf

t
t Yaashington

"‘1 % h INOrfolk

F'll!ll"l et

] _ ] _ ) Rt 1{...-1- ] ., @, *‘l i
- ' T wxiled -~ "
fLas Vegas v ; uaa'“'“ ’ ‘ |'r‘| {n#la

o -i ¢ r

. % - Ripae -r!..*. i
] & Albugderque -f_,}-.:.|'1nn1i1.,fl$l R - II L ¥
D o T ENRT iy e Al 8 e
B6EANDalas e - 1OTRIN pmalio « o, ‘ |_'.1;-_:'Ffi:|-. 5'”"“'-“" q]:gn‘::.
[

LY ' £ & s5vannan
San Oiag ' -l T - e, ST f .» ;
o "Ilh-'1-n‘i Jalias - . Ly
' L R ™ 5 L : 5

- i = | % ; L i.,;.:.::.s.:n.-ul-;_—

. - L E ~
[ & ¥ I
& « B '-:l'f‘f-’i:\-l';:- ; C" ., L rlando
"-'l ‘f!::nm:-na

|" wE I1r.|-. k
-
! Heouston Tampa
= 3an ='II|JIL Miam

Refinery ¢

- C Chist

orpLs Chits

Ammonia Lars. +® " r |

J‘EIIL'f-.'-"h'i'Il:t:
(]

Methanol Source: Shell




e JSA at nlghi'

) . . LUL-[-..

siemarck '
; Paul
* * Mipnea I?-.) by ' .

Easid City *

.9-9

Sal Lake «

= ¢ .:.-I
| Francisco i

L]

hlas .-feg as .
:-.Jl;ﬂ"rqhﬂ' """

L]

a8 Anga Pl-mrm

San Dieg. " “ :

L]
~arson® |

. N

Area cnvered
by 100 km

dlsfrlbutmn

. F'.uﬁm‘

- .:;:.ar J‘:'.l‘lllfill'lﬂ:f-I

Lare,

:.u:-m-:i—allh-l’ ’ ,

*ﬂ_l‘.sll:'..l?l
. EW YOI

m:IFrJ"Il?i

g r.’ ur:ﬂ'- Mw:m:
1 |r|1_a[|'-|" ". _|, r'"-'-."ishn'l}r:lr
Ic_.lfl;il'ln

.’

*'1-1' llﬂ-lﬁ & *" }.

"“hﬂ-.lrﬁ"?
T

.
. ® Chareston
n H!"Fl
1 .HE'VH"I

. L-rle:ndcr
¢ Urlgans
:|'=.[1r tampa
Miami

Eu,‘}

. s Chifsl

Y Bronwr s lle

around .
production

Source: Shell




DOE H2A Case Studies (October 2006)
Summary of Results (Delivered Hydrogen = H2 production, delivery, dispensing - $/kg):

Operating
H2 Pathway 2005 | 2015 | 2030 | Capacity Capacity
Factor
Distributed — Steam Methane 3.10 | 2.00 1500 kg/d 70%
Reforming (SMR)
Distributed — Wind/Grid ** 5.70 | 3.10 1500 kg/d 70%
Centralized — SMR * 5.00
Centralized — Wind (w/ Grid 2030) *** 9.50 2.70 | 125,000 kg/d 41%
(97% 2030)
Centralized — Biomass Gasification 5.10 2.40 | 155,000 kg/d 90%
Centralized — Coal Gasification (w/ 5.10 2.20 | 308,000 kg/d 90%
Seq)
Centralized — Nuclear (Sulfur-lodine) 3.20 | 768,000 kg/d 90%

* Details not provided in DOE scenarios below (was “not lowest cost near-term solution and not desired as long-term solution”)

** 2005 - 30% wind / 70% grid; 2015 — 50% wind / 50% grid

*** 2005 — 100% wind / 0% ‘rdl 2030 — 50% wind / 50% ]rld



Infrastructure Deployment

Feasibility of Initial Nationwide Seeding of H2 Refueling Stations

$10-15B would establish a network of 11,700
stations

® Top 100 urban areas (70% U.S. population)
e 130,000 miles of highway
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Hyadrogen Iss

= Storage (density, cost)
Quality and purification (technology, cost)
Metering (technology)

Station siting

— footprint, cost

— liability, NIMBY, permitting
Codes and standards
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