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What is hydrogen reformation?

- The process of extracting H, from a feedstock via thermochemical,
electrochemical, photo-electrochemical or photobiological reaction.

- The process can be centralised (i.e. at a refinery, which then requires H,
storage and transport) or decentralised (i.e. at the point of use, which
involves conversion of a hydrogen containing fuel such as methanol)’.

«  Currently 96% of H, produced today is derived from fossil fuels - which
rather defeats the point of using it in the first place?.

1. www.crest.org laboratory for
2. Florin, N.H. and Haris, A.T. (2007) “Hydrogen p roduction from
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BasicResearchiNeedsionitie’
Hyirogentkconomy

Report oftthe

.Blasic .Enert;:;y
Scrences Workshop
ol Hydragar
Fraductian;

Storace,y and Use

May 1a9=15, 2003

Secand Frinting, February

3. Report of the US DoE Basic Energy Sciences W orkshop on
Hydrogen Production, Storage, and Use, May 13-15, 2003.
(http:/Iwww.sc.doe.govibes/reports/files/INHE_rpt.pdf)

4. George W. Crabtree, Mildred S. Dresselhaus, and Michelle V.
Buchanan, The Hydrogen Economy, Physics Today, December,

2004, pp 39-45.

The Hydrogen Economy

If the fuel cell is to become the modern steam engine, basic
research must provide breakthroughs in understanding,
materials, and design to make a hydrogen-based energy

system a vibrant and competitive force.

George W. Crabtrea, Mildred 5. Dresselhaus,
and Michelle V. Buchanan

Sin:: the industrinl revalution hegan in the 16th cone
tury, fnssil fuels in the form of eonl, oil, nnd nntaral gas
have pawered the technology and transpartation netwarks
that drive society. But cantinuing ta power the world from
fassil fuels threatems our energy supply nnd puts enor-
mons straing an the environment. The world's demand for
enerpy ts prajected ta douwble by 2050 in rosponsa to popu-
latian growth and the industrialization of developing eoan-
triee” The supply of foesil fucls is limited, with restrictive
shortages of il and gns prajected to nosur within aur life-
times (see the article by Paul Weise in PEYSICS TODAY,
July 2004, page 471 Glabal ail and gns resorves nree con-
centrated 10 o few regions of the world, while demand 1=
growing everywhere; ns a result, a securn supply s in-
ereastngly diffienlt to assure. Mareaver, the use of frasil
funls puts pur own henlth at risk through the chemieal nnd
partienlate pallution 18 ereates. Carbon diccade and ather
greenhonse gns emissions that are associated with glohal
warming throaten the stability of Earth's climate

A roplacement for fossil fuels will nat appear
awvernight Extensive RED is required before alternative
saurces ean supply enorgy in quantities and at costs com-
potitive with fossd]l fuels, and making those alternative
saursas pvailable esmmereinlly will itself require develop-
ing the proper ccanarmie infrastructure. Bach of thoss steps
takes time, but greater global investment in R&ED will
mast likely hasten the pace of eeonemie chanpe. Although
it 15 impassible to predict when the fassil fuel supply will
fall shart of domand ar when glebal warming will beeame
neute, the present trond of yearly increases tn foesi] fuel
use shartens aur window of appartunity far a managed
transition to alternntive energy sources,

Hydrogen as energy carrier

(ne pramising alternative to fassil faels is hydrogen® (sec
the article by Jonn Ogden, Prvsies Tooay, Apsil 2002,
pagre 68 Through it reaction with axypen, hydragen -
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leases energy explosively in heat en.
gines or quietly in fusl eells to produce
water as its anly byproduct, Hydrogen
ts nhundant and generously distribe
uted throwgheut the warld withaut ro-
gard for national boundaries; using it
ta ereate a hydropen economy—a fu.
ture cnergy system hosed an hydrogen
and elestricity—only requires tachnnl-
ogy, not political necess.

Althangh in many wavs hydrogen
5 an attractive replacement far frssil
fuels, it does not sceur in nature as the fuel I, Rather, it
acrurs in chemieal compounds like water or hydrocarbons
that must be chemieally transformed to viold I, Hydro-
gen, like clectricity, is o earmier of energy, and like elee.
tricity, it must be prodoced from a nntaral resouree. A
prasent, mast af the world's hydrogen is produced from
nnturnl gns by a pracess ealled stenm reforming. However,
pradueing hydrogen fram fassil furls sweuld rob the hydrn.
#en eecnomy of much of its raisan d'étre: Steam reforming
daes not meduee the use of fossil fusls but rather shifts
them from end wse to ancur!f;ﬂ]n’nduetm step: and it still
releases carbon to the enviranment in the farm of OO,
Thus, te achieese the benefits of the hydrogen econamy, e
must nltimately produce hydrogen from non-fossil e
saurces, such as water, using a renewnhle energy souree.

Figare 1 depicts the hydrogen ceonomy as n netwark
compased af thren funetional steps: production, storago,
and use. There are basic technicnl means to achieve each
af these steps, but nene of them ean yet campete with fos.
sil fuels in eost, porformance, or relinbility. Even when
ustng the chrapest production methad—steam reforming
af methane—hydrogen is still four times the cast af gran.
line for the equivalent amount of enorgy. And production
fram methana does not reduce frssil fuel wse or GO, emis.
sinn. Hydragen ean be stored in pressurized gas cantain.
ers or ns n liquid in eryopenic contriners, but not in den-
sities that would allaw for practicn] applications—driving
a ear up te G0 kilameters on a single tank, far cxample.
Hydrogen ean be eonverted to electricity in fuel colls, bt
the produetion enst of prototype fusl colls remains high:
20000 per kilowntt af power pradueed for pratatype fuel
eolls (mass production eould reduce this eost by a factor of
10 ar more), compared with 335 per kilowatt for gasaline
engines.

The gnp botwoen the presont state of the art in hy-
dragen production, storage, nnd uss and that neaded for a
comprtitive hydrogen econamy is tae wide to bridge in 0.
crementnl advanees. It will take fundnmental break.
throughs of the kind that come only from basic resparch.

Beyond refarming

The IS Departmont of Energy eetimntos that by 2040 anre
and light trucks pawered by furl eclls will require about
150 mogatons per yonr of hydrogen.’ []chrrmﬂy pro-
duers about 8 megntons per year, alinost all of it by ro-
farming natural gra. The challonge is 40 find incxponsive
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What are the broad research challenges>?

1.  Dramatically lower the cost of fuel cells for transportation,

2. Develop a diversity of sources for hydrogen production at energy costs
comparable to gasoline,

3. Find viable methods of on-board storage of hydrogen for transportation
uses, and

4. Develop a safe and effective infrastructure for seamless delivery of
hydrogen from production to storage to use.

5. US Secretary of Energy Spencer Abraham, address to the laboratory for
National Hydrogen Association (March 5, 2003); availab le at .
http ://energy .gov/engine/content.do?PUBLIC _ID=13384&BT_C "SUStalnable teChn0|09y

ODE=PR_SPEECHES&TT_CODE=PRESS RELEASE.



What are the specific research areas?

- Catalysis? (catalytic performance currently limits fuel cell efficiency,
storage kinetics and production capacity).

« Nanostructured?® and other materials.

3. Report of the US DoE Basic Energy Sciences W orkshop on laboratory for

Hydrogen Production, Storage, and Use, May 13-15, 2003. sustainable technolo
(http:/Iwww.sc.doe.govibes/reports/files/INHE_rpt.pdf) i .o gy



What are the specific research areas?

« Advanced membranes and separation techniquess.

3. Report of the US DoE Basic Energy Sciences W orkshop on laboratory for

Hydrogen Production, Storage, and Use, May 13-15, 2003. sustainable technology
(http:/Iwww.sc.doe.govibes/reports/files/INHE_rpt.pdf) i o



What are the specific research areas?

Characterisation and measurement techniques? (e.g. neutron scattering
techniques which are especially sensitive to H).

3. Report of the US DoE Basic Energy Sciences W orkshop on laboratory for

Hydrogen Production, Storage, and Use, May 13-15, 2003. sustainable technology
(http:/Iwww.sc.doe.govibes/reports/files/INHE_rpt.pdf) i .o



Some things to consider...

* Research targets are strongly multidisciplinary, in particular requiring
expertise in biology...perfect for chemical engineers!

« Excellent opportunities for international ‘collaboration’.
« Expensive, so need to choose wisely.
« Incremental improvements won't cut it...
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