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(b) NEW ROLE OF HYDROGEN IN FUTURE TECHNOLOG ICAL SOCIETY

—ENERGY CARRIER AND CHEMICAL FEEDSTOCK —

by
C. J. Huang
Professor of Chemical Engineering

University of Houston
Houston, Texas 77004, U.S.A.

Introduction

Hydrogen is an ideal energy carrier and storage for the future because it

is clean and it can be recycled. It can be used as a fuel in all conventional

areas of energy use, i.e. transportation, electric power generation, residential,

commercial, and industrial fuel. In addition to being an energy vector, hydrogen

is a basic feedstock for manufacturing important chemical products such as
ammonia, methanol, and gasoline, without which modern society cannot function.

When did all the current interest in hydrogen begin? Hydrogen was first
isolated in 1766 and later identified as a constituent of water in 1783. The
use of hydrogen as a fuel was suggested about 110 years ago by Jules Verne in
his book, "Mysterious Island".

It is interesting that as early as 1923 J. B. S. Haldane proposed a combi-
nation of cryogenic storage of liquid hydrogen and fuel cells as a means of
storing wind power. Several important uses of hydrogen as a fuel were made
during the last four decades, notably for space vehicles. The idea of hydrogen
energy systems really blossomed in the early 1970's.

Thus, I wish to emphasize that hydrogen energy concept is not really new.
It has always been considered a sound idea. Then, it is logical to pose two
questions. One, why hasn't such a good idea been widely adopted in practice?
My main theme in today's presentation is to speculate some answers to these
questions, but before I proceed I would like to review the overall energy

demand and supply and similarly those of hydrogen in the United States.
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Demand and Supply of Energy and Hydrogen

Figure 1 shows the 1970 U.S. Energy Demand and Supply picture. In 1974,
the total demand increased to 76.8 quadrillion Btu. This is equivalent to the

daily consumption of 36.3 million barrels of oil or 7.5 gallons of o0il per day per

capita. Please note that gaseous and liquid hydrocarbons supplied 77% of the
total energy. Natural gas is mainly used for residential, commercial and
industrial purposes whereas liquid hydrocarbon serves mostly the transportation
sector. Table 1 shows the future supply and demand of energylaccording to

J. H. Kelley of JPL.

In 1938 some 2.5 billion SCF of hydrogen were produced worldwide and by
1973 the world total was estimated to be 9 trillion SCF. About a third was
produced and used in the U.S. The production in the U.S. has grown by a
factor of more than 40 since 1945 and tripled in the last decade. The future
demands of hydrogen in the U.S. were estimated by J. H. Kelley which is shown
as Table 2.

Let us see what all these numbers mean. Let us also assume a rather
optimistic energy conversion efficiency, 65% for converting natural gas or oil
to hydrogen and 60% for coal to hydrogen. If all the hydrogen demand were to
be met by imported oil for the last quarter of this century, it will result in
636 billion dollars in balance of payment overflow at a price of $29.14 per
barrel. In the event gas and oil are not available, extensive use of coal is
implied. If all the needed hydrogen were manufactured from coal, 5.7 to 6.8
billion tons of coal are required for the same period. These numbers are too
awesome to be comprehended. It would lead to significant irreversible and
irreparable commitment such as loss of coal for future generations, loss of
human, geographic and other physical value, permanent land commitments for ash
and residual storage, and loss of environmental values. Adverse effects
leading to degradation of air and water qualities could not be avoided as a

result of that extensive coal utilization.
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The use of hydrogen as fuel and energy carrier is very limited at this
time. Its current production in the U.S. is almost exclusively used as chemical

feedstocks for Petroleum Refining (47%), Ammonia Synthesis (36%), Methanol

Synthesis (10%), and other uses (7%).

Hydrogen in Petroleum Refining

First let us consider the major user, petroleum refining. The petroleum
refining industry is a producer as well as a consumer of hydrogen. The changing
energy situation will create corresponding alterations in the refining processes
and, thus, will have significant impact on the hydrogen supply and demand. The
hydrogen production by catalytic reformers will decrease because the gasoline
demand is projected to level off in about 1980. However, the hydrogen demand by
the petroleum refining industry will increase substantially becuase of accelerated
hydro-treating requirements in three areas, namely the increased demand of
distillates, particularly residual fuels, the heavier crude being supplied with
higher sulfur content, and the tighter environmental regulations on sulfur oxide
emissions. The supply and demand of hydrogen in an individual refinery are
determined by several interrelated factors such as the quality and source of
crude oil, production rate, product mix. processing conditions and envirommental
constraints. There is a surplus of hydrogen for the petroleum refining industry
as a whole. However, this overcapacity does not exist in every refinery; some

are in extremely short supply and must generate their own hydrogen.

Hydfogen for Ammonia Synthesis

Next, taking a look at the ammonia industry, there are 90 ammonia plants in
the United States in 1976 with annual production capacity of 16.8 million
metric tons. Expansion and new construction are expected to raise the capacity
to 21.3 million metric tons per year by 1980. Ammonia is synthesized from
hydrogen and nitrogen. The hydrogen required is supplied by steam reforming of
natural gas. Natural gas is also used as an energy source for the process in

most cases. Because of the heavy dependence of the ammonia industry on
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natural gas, as feedstock and fuel, many companies in the U.S. are concerned
about meeting their natural gas requirements through 1985. Some expansion plans
have been altered or cancelled because of these concerns.

A few economic studies are underway, investigating the hydrogen supply from
alternate sources, particularly in the coal conversion area. Corneil of Exxon
reported that coal gasification technology (improved Koppers-Totzek process)
could become competitive with natural gas reforming for ammonia production in
1989. More than twenty ammonia plants using coal gasification, as the source of
hydrogen)have been built in twelve foreign countries since 1950. Their total

ammonia production capacity is approximately 2 million metric tons per year.

Hydrogen for Methanol Production

Now, let us consider hydrogen consumption for methanol production. Methanol
is made from hydrogen and carbon monoxide. Theoretical molar ratio of feed
HZ/CO is 2:1, but in practice, a ratio of about 2.5:1 is used. Methanol is, in
turn, used as feed material for manufacturing formaldehyde, dimethyltereph-
thalate, methyl amine, methyl methacrylate, and acetic acid. It is also used as
an organic solvent. Even though its use as a motor fuel has been suggested, it
has not been widely adopted as yet. There are currently nine companies in the
U.S. manufacturing methanol with the total domestic capacity of 1.312 billion
gallons per year. Although natural gas is still the preferred feedstock for
methanol synthesis, the industry is actively looking for alternatives such as
gas oil partial oxidation and coal gasification. A methanol synthesis plant has
a life of more than 20 years but it becomes obsolete before it is '"worn out."
The change in feedstock may accelerate technological obsolescence, requiring
increasingly prudent planning and commitment by the industry. A coal conversion
process is expected to become a commercial reality sooner for the methanol

production, before it is adopted for the ammonia synthesis.

28



Hydrogen in Plastic Industry

An example of hydrogen's role in the general area of the plastic industry
is isocyanate manufacture. Isocyanates, in combination with polyethers, are the
primary raw materials for the manufacture of polyurethane products.

The basic chemical reactions for isocyanate synthesis illustrate the role
of H2 and CO in this field. The molar ratio of HZ to CO required to produce
the end product is 3 to 1 - the same HZ/CO ratio obtained by steam reforming of
natural gas. Because of their central position in the production scheme, reliability
of CO and H2 supply have largely overshadowed cost implications until recent

years. As the major products approach maturity with the attendant pressure on

profit margins, the cost of H, and CO is becoming an equally important factor.

2
Rapidly increasing natural gas prices, coupled with declining availabitity, make
the situation more serious. Several alternate raw material sources have been

under consideration for isocyanate manufacture including a new Japanese process which

eliminates the hydrogenation step.

Hydrogen for Fuel Cells

Looking to the future, technelogical advances may affect in a dramatic way
the picture of hydrogen supply and demand. For example, using a highly efficient
electrochemical process, fuel cells convert hydrogen and oxygen into direct
current electricity. Research and development to commercialize fuel cell power-
plants has been underway since the 1960's with emphasis in two major areas. The
first has been on small powerplants located on-site to supply the electric and
other energy needs for commercial and industrial applications. The second area
has been direéted toward megawatt-sized generating units operating on distillate
fuel to be dispersed within the electric utility network. Several desirable

characteristics of fuel cells permit the power plant to be located close to load
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centers. These factors are low emissions of NOx and SOZ’ quiet operation, heat
rejection to air and self-sufficiency in process water.

At present, a 40 kilowatt demonstrator has been built and operated for over
10,000 hours in conjunction with a heat pump and heat recovery equipment. A 1.0
megawatt pilot plant is being installed for testing. While fuel cells use
hydrocarbons as fuel, each powerplant incorporates a subsystem for converting
these fuels to hydrogen, the hydrogen being the reactant necessary for the
electrochemical process. Market estimates made for the 1990 period indicate
significant fuel cell operations which require annually 3.3 to 6.7 trillion SCF
hydrogen. This represents more than the total U.S. industrial hydrogen require-

ment of today.

Hydrogen for Coal Liquefaction

Another important application of hydrogen in the future will be coal
liquefaction. Coal liquefaction produces storable and easily transportable fuel
as well as valuable chemical feedstocks. There are two processes to liquefy
coal, one by direct hydrogenation and the other by pyrolysis with subsequent
hydrocracking of the liquids. Roughly equivalent hydrogen consumptions are
anticipated to obtain end products of similar characteristics. Because of the
gigantic plant scale, the hydrogen consumption for the coal liquefaction will be
tremendous when and if the process becomes a commercially viable operation. A
commercial coal hydroliquefaction facility charging Illinois No. 6 coal and
producing 100,000 BPD of all distillate synthetic crude will require up to 635
MM SCFD of hydrogen feedstock. An additional 100 MM SCFD is estimated to be
required in refinery type processing to produce marketable No. 2 fuel oil and
high octane materials.

Thus, if and when the United States' capacity for coal liquefaction reaches

one million barrels per day, it will translate to a hydrogen demand of 7.35
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billion SCFD. This quantity is approximately equal to the total consumption of
today.

Technologically, coal liquefaction to produce syncrude has been proven
feasible. Its full industrialization is dependent on factors such as:

(1) Industrial capacity of fabricating the necessary
process equipment

(2) Code Modfication for the process equipment

(3) Guarantee for raw material supply and its price

(4) Guarantee for products sales and prices

(5) Investment finance

A two year experimental program is being undertaken to study a pilot plant.
Extensive economic studies for commerical plants are also under way. Design of
commercial coal liquefaction facilities can be commenced now and the analyses of
the prototype plant operation and economic studies are expected to confirm the
optimization of these designs. The first commercial plant in the U.S. could be
expected to go on stream in late 1980's. A government policy decision to actively
encourage synthetic fuels and eliminate oil imports could result in a crash
program of building synthetic oil plants. It is anticipated that up to 1 MM B/D
coal liquefaction capacity can be added annually starting in the late 80's which

means an incremental hydrogen demand of 7.35 SCFD annually thereafter.



Slow Realization of Hydrogen Energy System

There are several other possible and extensive uses of hydrogen, such as
heavy o0il desulfurization, shale oil production, tarsand utilization, and direct
iron reduction. But let us return to the questions which were posed earlier.
Why is the realization of the hydrogen eﬁergy economy so slow? Many have asked
similar questions recently. What has happened since the initial enthusiam and
optimism early in this decade? The answers are two-fold, economics and uncertainity.
There has been a recognition that the cost of hydrogen made from unconventional
sources, including coal, nuclear, and solar energy is going to be much higher
than that prodicted in 1970 and 1971. It is a matter of dollars and cents. In
one sense, it is premature to talk about the cost since most of the production
concepts based on no-traditional sources are still in the initial definition and
development stage. Natural gas is the most energy efficient and, to date, cost
effective source of hydrogen. Actural energy requirement of producing hydrogen
by steam-reforming of gaseous and liquid hydrocarbons is about 500 Btu per SCF
where water electrolysis requires 1,600 Btu. The only trouble here is that

natural gas is reaching depletion. At the present time, however, there are no

compelling economic reasons nor economic incentive for chemical industry users
of hydrogen to speed up the conversion of raw material. Natural gas curtailments
and oil embargo are worrisome, but the impact to date has been of critical
importance only in certain regional areas. The prospect of future curtailment
is of great concern to the industry, but as long as it remains available, natural
gas will be preferred raw material.

Although risk-taking is a daring aspect of the free-enterprise system, a
fair-degree of certainity is a prequisite for a private industry to adopt new
raw materials and to uqdertake new technologies of such magnitude as hydrogen

energy. The industry is unsure of when it will be compelled, legally or
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economically, to switch to other raw materials. In one ear we hear the immediate
depletion of o0il and natural gas and in the other a new discovery of enormous
deposit. The correct timing is the art cherished by industrial executives.
However, the irony is that it is usually toslate when it becomes obvious. An
energy project is such a scale requiring several years of lead time. There must
be a stable supply and price structure of the new raw material for a reasonable
length of time. The same can be said for the product market and product price.
During the emergence of a new industry, the first generation of technology is
quickly over-run by the succeeding technological break-throughs. This rapid
technological obsolescence has forced the industry to maintain the attitude of
wait-and-see. The environmental and health hazards which often accompany with a
large energy project have not been fully evaluated and their solutions developed.
Thus, the slow implementation of the hydrogen energy system may be attributed to

above two factors, economics and uncertainity.

Future Development of Hydrogen Energy System

Now let us go to the second question of ''when and how'. If the free
market takes over, the first step is to exploit those resources that are most
economical to process or recycle and the last step is to go to the rescources
which are least economical. Because of its large coal reserves, there is more
interest in the U.S. to obtain hydrogen by coal gasification than by water
electrolysis when new sources of hydrogen must be found.

Modest quantities of hydrogen are produced by coal gasification outside of
the U.S. The process is less energy efficient than the hydrogen production from
natural gas and light oils. But it may become feasible and necessary where gés
and oil prices become inflated. It is likely that the development of high-
pressure (450 psi) coal gasification processes for hydrogen will be technically

successful. Development requires continued government support. It is predicted
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that during the 1980-2000 period, the prices of hydrocarbon feedstocks will
increase relative to those for coal, thus gradually increasing the incentive to
use coal gasification as a source of industrial hydrogen. Although the invest-
ment in coal gasification plants will exceed those for reforming, by a factor of
2 or more, the production cost, including return on investment, for methanol
production by coal gasification will be equal to that for gas reforming in the
early 80's and for ammonia the breakeven point will be about 5 years later.
As a chemical feedstock, hydrogen should not be considered itself independently
but should be considered as a component in a synthesis gas. For example, for

the methanol synthesis, the mixture of CO and H, rather than Hydrogen alone

2
should be considered.
Because of the scale and enconomics, an economic way to obtain the synthesis
gas feed-stock, is to have it as a side stream from a large coal gasification
plant for utilities and power generation. This is the concept of cogeneration.
Although hydrogen is a clean fuel, its manufacturing processes are not
necessary ''clean'. Therefore, a concept of "Energy Island' was proposed.
Hydrogen may be produced from coal gasification or nuclear energy in an island
in the middle of an ocean, and be brought back to the consuming lacalities by
airships, or in a useful chemical form such as methanol.
At prescnt time the only commercial means of producing hydrogen from non-
hydrocarbon sources is to electrolyse water. Financial incentives would have to
be provided by the government for industry to consider installing plants which
produce hydrogen from coal or water electrolysis in the next several years.
Other methods, such as thermochemical cycles, photolysis, biological processes
and direct thermal splitting, offer the promise of higher conversion efficiency
or other advantages but need much further devclopment before they can be implemented.

Because of time limitation, it is regretted that the discussion on technical
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details of those new production processes must be made at another time. Similarly,
technical discussions of storages, transportation and usage of hydrogen will not
be made here. The total hydrogen energy concept must encompass all those

aspects.

Concluding Remarks

We are entering the second decade of hydrogen energy development. We must
be optimistic to start and then realistic to develop the program. It is also
realistic to recognize a general decrease in public interest in new technologies
such as hydrogen energy. Public may no longer perceive that improving human
well-being is tied to increasing energy use. Many people have a second thought
or a question whether we really need as much energy by the year 2000 as we
thought we were going to need.

Before closing this discussion, however, it should be reemphasized that the
hydrogen energy is indeed a good idea for the future technological society.
Hydrogen energy is clean and hydrogen can be recycled. The realization of the
hydrogen energy system is one of the most challenging areas of research and
development.

Finally, I would like to acknowledge with thanks to many friends and

publications whose comments and data I have cited during this presentation.
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Table 1 U.S. Energy Demand and Supply, 1974-2000

All data are 1015 Btu/year

Year wp 1974 1985 2000
Fact Type & Actual Estimate " Estimate
Gas 44.5 19.4 18.1
0i1 34,0 44.4 18.1
(50.1% imported) (44.4% imported)
Coal 14.8 20.9 32.1
Hydro, Solar,
etc. 3.3 3.7 5.7
Nuclear 1.2 10.1 34.5
[ Total 76.8 98.5 140.7

Ref: Xelley, J.H.;

Year

1973
1985
2000

Cumulative
1975-2000

Ref: Kelley, J.H.;

Table 2

Hydrogen Demand in U.S.

Trillion

Standard Cubic Feet

3.0
5.7
16.5

253.5

Jet Propulsion Laboratory, Pasadena, California

Energy Equivalent
Quadrillion Btu

0.98
1.85
5.40

82.4

Jet Propulsion Laboratory, Pasadena, California

37



@) HHLBRTHRER

38

(8) F—FAYA SAD DHITRLF —EROF AL RR

BEhhamirn OB OB R

BRSPS ABOFEENBE L TEBRTHDL A2 b, HEEZEECHE -TH, HREM
[Za AP BRLENE, MERILANE, TOFEAEHINTE L. L LABOFEE N
BT D, BRIXER LA E R - TERSBICBWT, $ETORL LS RET
HEEL, METDL LI RABTUREIA UTEOTIRAE LS 5 h%

BRIOAEIC BT, B, Eig WL, 88 ERoBRoE BRORE, RROR
B, BERESCAREFEOLDIILE =2 A F - PEFIIKRELZY, 1 hr) ~DX%

HEFETDHOI 0.71 e UPJZ‘ET“E{?)ZDO (£1)

I REHEDOF 2V VERND LR
Hl A e ) —HEDD 48 nm Y —D=
a"w%“—f)i‘gf‘%go IDEoh=xA
F—DRNWK ECHDTEOKETH -2
BHFIEOF 2 7Y Bl RH T T=H 0
F—HFNCHET DI L Do

FBEEICR WO, EFRETLR, &
FEERBOTEESVOFAREIZL » Y
—@ﬁ%&&é@tﬂﬂ~15wauym:
AAF =R NEFIZASRREL L ->T
Voo (M1 )e HATHE=F AF-—0Kk
o EEOAMIZ L » TWVWDDT, B
LAMOBEARLE ED L, ThoD B
FILABRENITZ LIZA D,

ERAE-DHRTHBLEAD L, 4
PERFED— OB W O = A b 720

1 EEREWRUEELO

EERATIILF -
(APE 1 kg247- 1)
HEEA 1 g 2
| REME 14 B
A)
Kcal Kcal

* 2,487 3,370 | 0.71
N * 1,587 3,280 | 0.48
Thvlx 240 770 | 0.31
ALk 217 1,200 | 0.18

54
s (BB 690 90 | 7.68
%”7U{sz 4,369 90 |4854
b b {EE Ha 1,005 330 | 3.05
YR 3,544 330 {10.74
< aw 169 150 | 1.13
WA 224 250 | 0.90
" Az 1,040 450 | 2.31
Bk 1,420 370 | 3.84

I oE b
CEARD 35,975 2506 (144

Ht REER T BERA S
b—=Z) G4 TV I mFRAF—
W2 BT 5 s

Th<, TOLEEMEEE 22RO T, FWOMT TLEL T =54 ¥ - OB ETHERT
FTEOLENE UDe BREAEETIHE, WRORETH L, ARKIFKBHEDL 38 % T,
Bk JIRELRDN 38 B LHERTHUL, BHRO2 2 0@ HEEATEVWIELHT



REFRDERNT Do =FAF LB THETIEEITAK, GHORHE» S, BE, &
B, LEOLDD=FAF—EBELERBTLILENDY, ThowaBaddL, FERTT X
109 KWH, 2 (100 FKW OB 1 E45 Y ) 0ELK B2, AROEE 214

3)

X 109 KWH/4E MO ARE REICEILENH Y, BHOBEE 261 x 109 KWH & H
WOEMPNBEL 250 & BIZAETHBHBDLFOEHBED -HIZ 1.4 X 109KWH 0EXR
EVNELTE, TNHRBA LRy VA I APRIIAGRKIFEDBE 324 %,

NREDHE 266 % Likb. (K2(a)b))

= corn potatoes i
257
L —— e —— - - .‘—__,_._.._.Q—.__.q...—._'__._ _________ —
- %'{7 t’s Tntensive

21

20 o - r . r T - T -

i Distant fishing <> Feediot beef
N r“""

10 t t : + Fush + + ; + +
a lProtem "‘ | 1970
] ,concentrate !
° Y R e el ol e i el N 1950, 7 4
s | Grass-fed 2 1940]nt n
S | >3 peef ‘ ensive eggs
- R Y f’\z
° ! Q
E R S e T T T Ty R S bt <50
5 Coastal ! Moderr-
= fishing . milk
© 1.0 | . A . i '1 Grass fed
” : ! ’ ) (910 Low- mtens»ty cows
e eggs
& S > Al v,
©  05fp-—A——-i=- Range fed""'""‘“’"‘—"ﬂ’"f-—"'%ii FTT
5 beef o Intensive",
a L0w~in.tensitymten5ive: corn S; beans
> . y
k-]
&
=
Lt
s
Cd
L3
-
o
©
o

L IR

0.2 -
Hunting rice
and gathering
0.1 - 2 —y— i ; 4 .
’ {Low-intensity & ﬁ({f [
¢ potatoes §~°, Thailand
! < i i~ e — ]

0.05+ ——+- et el bl SRR Pl ol
+ C—E& i -\bq' ﬁBurma
Ty L

i
i -~
Shifting agriculture | ¥ china
| <% Indonesia
0.02 : - -

Energy subsidies for various food crops, The energy history
system is shown for comparison.

of the U.S. food

Ak

39



B2 Energy dagradation of resources to electric power

{a) Coal
.2y EARRTTN 208 thye, 7.8 elys.
214 tiyr, Stae h Uass Powe: | Cunling L .0 ey,
GM;':;‘ ‘3 1"8'::;':"“ Cleanup Plant ! Towers H 9%
-4 vyt -1 Uyt 0.5 t/ye. 3% 3T% Load Caniee
&) @ R G
N T i
| 1 1
Fabrication & Fabrication & Fabricatien &
Construetion Construction Corstruction
0.2¢ 0.7¢ 05e
1.4a
Nat Cycle Eff, = 32.4%
(b) Oil
26.0 tye. 25.8 Uys. 20.6 Uyr. 1.8 4/ye.
1 N
26.1 uyr. :;SIan Tt:)n;:e{;a‘xion Rcalz;:n T‘::: %::::':: fnn;t;.i‘uion 7.0 e/yr.
-1 Uy S % 9% : Laad Center
m {n 12 n I _; n
T
] 1 |
Fabrication & Fabrication & Fabrication &
Cansiruction Canstruction Construction
0Je 06e 05e
14e
Net Cycla Eil, = 26.6%
(c) Synthetic Liquid Fuel ( SRC—1)
35.2 Yye. 4.0 vy, 21.8 tye, 8.0 a/yr.
355 dfyr. Mining G2 Prod. & sae Power i Caoling e 7.0 edyr.
] i ] P, Plant Pant | T ansimistion
o3, T as 5 Do e
i T T ! I
| a Lo i
1 i L }
Fabricatron & Fabdrication & Fabvikation & Fadeication &
4 L ¢ Co Censtruchvn
L8R 15¢ 06s 10s

40

l

!

I

I

Nat Cycle ENL. = 13.4%



(d) Synthetic Natural Gas (Bi Gas Pracess)

33.0 t/y1. I8 8 iy, 35 B tiyr. 1.1 vy, 286 thyr. 76 elyt
. Trans l G Prod. & iy Gat Trans. Puwer ! Caching Tans 1'.') 0 elye.
e M-n;ﬂ [_ Latsank P et Phant :(Iz E: Fottatian ..__J Plant | Tawer _..£ g e
= 03uw. h’ v | 10y L 5% L UL n',;_l Luad Ceater
) 12 T T ! I I
| I ! T |
] 1 ] — |
Fabricanon & Fabication & Fabnication & Faoncanan & waunom
Canstrucnion Construction Cansiruction Connruction Canstructiun |
0214 Ll [RE] 06 Gs5e
il

Het Cycie €10, = §7.5%

H#  S.Baron, SR
Alternative Energy Sources
Nuclear Energy

FREBIL LD, #AMELIY T2 L ZDOFERIEHEE T3 1 ¥ - HBHE ShDHDT,
Fy b A AR TIIIEL Y, SRC—1L (Solvent Refine Coal ) KT
KPHEETIL 194%, SNG (Synthetic Natural Gas ) TiZ 175 % L AEIIT
Wae (K2 (c)d)e ZDXITAREESY AMLTD L, EREOMOF LI T D
B, Fy bHA 2 ARPGRELEDKNEBEOHE L VEL Do =FAF —OBANLD
FhiE, FRIZERZSIC L= F ¥ - FTRBERICASD LI Ll Do

KBSt 3 A ¥ —EE2KBIZRDZOT, LARHO LS ICER T, »o7)—-vn
=FAF—L LTI SOAMRBERRICAELIND N, HRATIEbD T=51 %~
FBENI TV THEBETIORBOZH, SBRESLEL RS, Tho0RELZEE
@tbx*w¥—ﬁﬁﬁéﬁémﬁ,K%%%%@*yb%49»@$u842kﬁﬁénf
Ve bbb zRAF—FIRX KRR OTHRIIY A ESTE LbWTTHL A, KUEOR
EBEBEOLZOICNBE T =R AF—BHEDL ZALAEBRICA > TWD. THIKETLH=
FAF~ R RKBEBRECENRTS LD TEHF K (Net Energy Payout )il 9.5% &
#EZ TV Do

KBERRBERHLEO L ZARMUED/DICHERINDI=FAF DRI NEDF y + ¥
4awﬁ$douT,*ybz$»¥—&47vbmBS%Eﬁ%éﬂfwéok%ﬁm@%
I hE VECD T, BRTEIABEMIIRE= A F -2 FALILEN I LY, BERDO=
FAF—OFHMLUEVIRERICD. LPLYVEYRY Y 2727722V 2 VR L,
KB EMEEAR T=AAF— 2 RIS BICHETOIRRL LD v 2 YORERTICK Y

41



42

IO DOREIELTVBEDT, 2 A MRS =2 AF —ICSIFRBERH KI5 LIS
hTnd,

BFHBAMONREL LTAB=F L F-DORBHEL LTI LT 22, BEAED
ETIREDHRITERY 5 v IARETHD. V7 =Y AOBMBICIIHME RO = 3 A F =N
%ET,aﬁﬂfu$ybz*w#—&47ﬁb@ﬁ%ﬁ%%f2$¢BWk%%$hfwgo

=R A F - EROBIT CABITETR v~ 2L LT&E o KETEM T2 EX R
WZAEBLVRAOR EICEETE0, TOoORBEFEIC=F A F—FRBEINT 5. BIER
MFERERES CRHESEENTH THES NI LEIET =32 ¥~, HHEEETIIC
B x5 ¥— RKECTFERTILED=FAF~, 2WE2BEDRTIA 71 20 F 0
Fo b LTHRELk. (£2)o XLAEEBEZTHDITEE I LTHHLO =5 A F %
LdizoTL %o

#2 FEENDS A 7H A 2= FAF —

BAL ;103 Kl
Hoow|®m o omE mlw x| 4 g

IR F— | T FF— THRLF— | TR F—
&% % 4T T B 17 11 551 0.8 580
HE X T A e v 13 7 516 0.8 537
o] B e 49 24 240 2.0 315
1% 53 B 88 35 1,080 2.3 1,205
o =S S 64 13 1,920 5.0 2,002
h T = T b K 226 105 5 760 12.2 6,103
i # B 456 66 3,778 16. 3 4, 317
o =3 B 733 153 10,926 28.8 11, 841
N — LK = T a v 895 314 6,300 31.8 7,541

thot BRI AERAS
=& A4 791 I = FF~
(B D BB

AMEBAEOME BE#EE LTV L 30~ 10 FETHREL LD Evnbh T2, AR
AW E VI DR CEMTE DRI ELRHD Enbh TV 2. MICHBRREE BN
= RAAF - RIROBEM L Do BRICAMBEHIALEL W HBBICEB T 5L =34 F— 4
KT D21 OOKERBELEADND. TOBEZ TR b — 2914 4D



Hfe = F A F —OBE = R 0¥ —HE OO ERE LTI SRDTiERn»ns D
oA

BRO=FZAF¥ - BHEEARLBEPTEDIRTRIRFETOILD, FHRICH LTHRDA
BIAMT bl bRBEH TH Do BED=FAF-—DOER THILAREHEEZ VIV OHT,
K= A ¥ - FREDO = 2 A F-DEHIERSFFETH Do

51 B 3R
D) BEBRTFERAAS P —FAFA 794 7 A= 3 A F— I HEHE

2) P.H. Abelson ; Food, Politics, Economics, Nutritions and
Research ; T.S.Steinhart.

3) S.Baron, SR. ; Alternative Energy Sources, Nuclear Energy.

4) P.F.Chapman ; Energy Anelysis of Nuclear Power Stations ;
Energy Policy 12 (’75)

43



(b) Can hydrogen solve energy crisis ?

F. J. Plenard, Air liquide

In the past until now, energy market was in a predominant
position in regard of feedstock market for chemicals due to the
small fraction required {less than 10% of the total). In a
simple word chemical feedstocks represent less than 10% of
energy imports of productions of any industrialized country.

100/150 years ago energy & feedstocks came from wood,
50/150 years ago from coal, and now from oil but from now we
have to assume which will be the best route for solving our
problems in the three main fields of our national activities
{(Industry, Transportation, and Domestic applications).

In order to suggest the most proper answer we must have
in our mind.

1. Energy needs are evaluated in terms of calorific
values, and

2. Feedstock needs are evaluated in terms of tons per
year of organic carbon and hydrogen.

These two remarks have to be pointed out as being relevant
to any analysis of the western world situation Japan included
because for our industrialized countries there is a great risk
of shortage in terms of cheap organic carbon resources.

If in the future an "Hydrogen Economy System" will become
more and more widespread, there will be a great difference
between the past and the future because neither of the two
energy route will be any more in a dominant position towards
the feedstock market. Hydrogen has evidently no carbon content.
But hydrogen could be an intermediate to manufacture from coal,
oil shell, tar sand, biomas etc. The future synthetic energy
vector such as for example SNG(substitute natural gas), Meott
(methanol), Synoil(synthetic o0il or gasoline) else.

In conclusicon, we must be cautious in our assumptions as

well as our claims because even the most brilliant concepts

stay generally without any development if they don't cope with
the laws which rules any "industrial economy" evolution.

44



We think therefore the best sketch could be a balance
between the overall needs of nature and natural laws of economy
ruling both industrial developments of any new processed.

We now can sum up our concept as follows:

1. Hydrogen is a feedstock for - Ammonia production.

~ Redox reactions.

~ Direct iron ore reductions.
All these applications can be largely extended in an "Hydrogen
Ecomony System” with the today its market price.

2. Hydrogen could be aviation fuel stored as a liquid on
board of aircrafts. This application is specific of LH, and
becomes economic if one can reach a consumption of 0.2T of LH»o
equivalent to 1T of Jet A.

Technologies, know-how, and developments involved in this
application are not out of reason and can be envisaged for the
term of this century.

3. Hydrogen could be an intermediate to manufacture
carbon content chemical products. In this route hydrogen ex
water could save organic carbon resources. There is a break-
even cost of oil(let us say 35 or 40 US$/bl. per ex) from
which an hydrogen production saving fossil resources would
become more economic.

4. Hydrogen could be a good candidate for ground transpor-
tation to set up all round the world because many factors as
to be optonused such as

-~ the technical superiority of gasoline has not to
be proven.

- gasoline and diesel fuels will become strategic
products for ultimate military defense purposes.

- a fuel for car transportation is a must if govern-
ments want to maintain either the people standard of living

{(car is taken for granted) or the power of car industries.

- methanol is probably the candidate which requires
the minimum modifications of engines as well as the storage &
distribution system.

- ground transportation fuel is without any exception
an efficient governmmental tax collector. And probably the best
substitute to gasoline could be a specific liquid on which the
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2ll administrative collecting system could be easily shifted.
I know that anybody can argue each of these factors in

a way or an other, but taking them into account it seems risky

to launch a R & D program for a new powered car without having

reached a world wide consensus between governments for this

fiscal spin offs point of view.

N.B.

There is at the present time an industrial market of
hydrogen which is delivered in compressed cylinders. It would
not be true to argue metal hydrides are better than cylinders
for this particular kind of business. It is unfair to discard
cylinders in comparisons, because comparable matters must be
tackle.

We would like comparisons of metal hydrides include in
the weight factors, the weights of both containers and best
exchanges required to get equivalent downsheaw pressure and
flow which are got with any cylinders.

Therefore as the limiting factor of road trucks is weight
and not volume per wheel, I have not yet been told there is a
specific metal hydride which would do better than industrial
cylinders in regard of these limiting transportation factors.
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