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Summary

1. Research and Development Goals
The aim of surveys and studies at Phase II for Task-1 Systems analysis 

is to study an optimal scenario for introduction of hydrogen energy and 
formulate a strategy for its introduction. With short- and medium-range 
plans in view, therefore, efforts should be exerted to identify promising 
technologies and research and development tasks based on the results of 
assessing the energy consumption, environmental impacts and economical 
efficiency of various hydrogen utilization systems, including those designed 
to use hydrogen produced not only from renewable energy sources but also 
from fossil energy resources.

Major items of the FY1999 survey and study plan included: (D a study of 
systems, specifically the primary evaluation of promising systems in terms of 
energy consumption and economical efficiency; (2) the collection and 
examination of necessary data for checking the performance of the promising 
systems and assessing their costs; © the formulation of a plan for analyzing 
the lifecycle assessment (LCA) of the promising systems; @ a study on 
suitable methods of assessing the economical efficiency of the hydrogen 
energy systems covered by the WE-NET Project; and © surveys in Europe 
that are helpful in formulating a hydrogen energy introduction strategy of 
Japan.

Also a research coordination council was organized and held to coordinate 
research activities under the WE-NET Project in general and to facilitate 
surveys and studies involved in Task 1 in particular. This report 
summarizes the results of the FY1999 plan.

2. Results in FY1999
(1) Study of Systems
(D Assessment of By-product Hydrogen Supply Systems

We assessed the capacity and economical efficiency of systems for 
supplying soda-electrolysis by-product hydrogen and coke-oven by-product 
hydrogen that are considered promising sources of hydrogen supply from 
short- and medium-range points of view. The assessment found that 1.36 
GNm3 of soda-electrolysis by-product hydrogen (in about 40 production sites 
in Japan) and 10.16 GNm3 of coke-oven by-product hydrogen (similarly, in
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about 20 production sites) are made yearly. This means that an annual by
product hydrogen supply capacity of 11.52 GNm3 (or 147.1 PJ (petajoules)) is 
available now.

In assessing the economical efficiency of the systems, we examined two 
cases of soda-electrolysis by-product hydrogen supply. One assumed that 
hydrogen would be transported to hydrogen supply stations in the vicinity of 
the production factory by pipeline and then filled into the Metal hydride 
tanks of vehicles. The other postulated that hydrogen would be compressed 
and filled into high-pressure containers (at 20 MPa) and then transported by 
tractor-trailer to hydrogen supply stations where compressed hydrogen 
would be filled into the Metal hydride tanks of vehicles through a pressure- 
reducing valve (since hydrogen could be fed into the Metal hydride at a 
pressure of 0.99 MPa or less, the portion of hydrogen remaining in emptied 
high-pressure containers would be around 5%). The findings indicate that 
the cost of hydrogen gas supply at hydrogen supply stations will be 
¥34/Nm3-H2 in the former case and ¥45/Nm3-H2 in the latter case which uses 
tractor-trailers for transportation of hydrogen, assuming that the distance of 
delivery to the hydrogen supply stations is 50 km.

The economical efficiency of supplying coke-oven by-product hydrogen 
(The by-product hydrogen production site was supposed to be in Shikoku.) 
was also assessed in two cases. One assumed that hydrogen would be 
transported as high-pressure gas to hydrogen supply stations in the vicinity 
of the production factory by pipeline, while the other assumed that hydrogen 
produced in Shikoku would be transported to Tokyo in the form of liquid 
hydrogen. In the former case, it was found, the cost of gaseous hydrogen 
supply at hydrogen supply stations would be ¥40/Nm3-H2 when the size of 
hydrogen production was set at 120 tons/day, or ¥58/Nm3-H2 when the size of 
production was set at 1.2 tons/day. In the latter case which involved long
distance transportation of liquid hydrogen, the cost of liquid hydrogen 
supply at hydrogen supply stations would be ¥55/L (liter)-LH2 (¥71/Nm3-H2 

in gaseous hydrogen equivalent) when the size of hydrogen production was 
set at 120 tons/day. Should the size of production be reduced to one tenth, 
the cost would increase to ¥66/L-LH2, according to the assessment. From 
now on, our efforts will be focused on finding the advantages of different 
hydrogen supply methods in terms of energy consumption, environmental 
impact and cost by assessing these methods in each of prospective demand
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sectors, such as vehicles, large-scale power generation and small-scale, 
distributed (on-site) power generation, under equal conditions using the 
distance of transportation as a parameter. The methods covered by the 
assessment will include three systems: One produces hydrogen at a large 
installation and transports and supplies it in the form of liquid hydrogen; 
another produces hydrogen also at a large installation but transports it in 
the form of high-pressure gas and supplies it in a liquefied or compressed 
form; and the other produces hydrogen at a small, distributed installation 
such as methane (Natural gas) reforming station and supplies it in a 
liquefied or compressed form.
© Assessment of Stand-alone Wind Power/Fuel Cell Combined Power 
Generation System on Remote Islands

At present, remote or outlying islands mostly rely on diesel power 
generation for electricity supply. A preliminary study was conducted to 
assess the economical efficiency of a stand-alone wind power and fuel cell 
combined power generation system that replaces diesel power generation by 
wind power generation and stores part of electric energy produced by the 
wind power unit in the form of hydrogen through water electrolysis and uses 
it as fuel for power generation by the fuel cell unit whenever wind conditions 
are unfavorable. The findings indicate that an estimated cost of power 
generation by the combined system ranges from ¥56/kWh (with an alkali fuel 
cell unit) to ¥67/kWh (with a phosphoric acid type fuel cell unit). 
Reportedly power generation by existing installations on remote islands 
costs somewhere between ¥50/kWh or over because of high transportation 
costs for diesel fuel. From the results of the preliminary study, it is 
expected that the stand-alone wind power and fuel cell combined system will 
have sufficient economical competitiveness against the existing diesel power 
generator system as its power generation cost will be equal to or according to 
circumstances about half of that of the existing system. Since wind power 
potential largely depends on the situation of the installation site, we will 
more closely examine the performance of the proposed combined system at 
selected sites from the next fiscal year in an effort to more accurately 
estimate its power generation cost. It is expected that the cost of the 
system will be further cut back through reductions of the wind power plant 
cost and the improvement of fuel cell efficiency.
(3) Survey on Possibility of Using Wooden Biomass
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With the cost of carrying out forestry residues (the cost of transporting 
wood in the form of chips) in Japan set at ¥23,000/ton (at a water content of 
10%) and with the calorific value of wood per ton set at 0.45 TOE in oil 
equivalent, we estimated the cost of wooden biomass energy at ¥51,000/TOE. 
As kerosene retails at some ¥45,000/ton (based on the 1998 record), the 
estimation indicates it is uncertain whether the biomass energy will have 
sufficient competitive abilities in the heating and hot water supply sectors of 
the energy market under the present conditions.

(2) Collection and Examination of Data .
Concerning fuel cells which are considered to be among key technologies in 

facilitating the use of hydrogen, surveys were conducted on the available 
quantities of platinum and fluorine resources and on the cost of 
manufacturing polymer electrolyte membrane fuel cell stacks.

It was found that world total platinum reserves (ultimate recoverable 
reserves) are 100,000 tons, or approximately 300 years in terms of R/P (the 
ratio of reserves to production) at the present rate of consumption. The R/P, 
even when calculated on the basis of proved reserves, would reach 100 years. 
Assuming that the amount of platinum required for automotive fuel cells is 
10 g/vehicle and that one third of motor vehicles in service in the world are 
powered by fuel cells, the platinum requirements for this purpose would 
account for 2.3% of ultimate recoverable reserves. The requirements could 
be met sufficiently if the platinum is recycled like the one which is now used 
as a catalyst in the exhaust gas purifiers of conventional vehicles. 
Meanwhile, the R/P for fluorine at the current consumption rate was 
estimated at 90 years, indicating that there is no problem with the 
availability of fluorine resources. However, it was found that the world 
community depends on South Africa for most of its platinum requirements 
and on China for most of its fluorine requirements. This means that 
underground deposits of these materials are unevenly distributed among 
regions of the world.

In the survey on the trend of fuel cell stack cost, it was estimated from the 
results of analyses by fuel cell manufacturers that the cost of these stacks 
would decrease from $6,300/kW at present to $200/kW in the years ahead. 
A cost analysis of individual stack components found that platinum and 
membrane materials alone would cost about $18/kW based on the present
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performance of fuel cells (as estimated with the power generation density 
and platinum requirement of the catalyst set at 1 W/cm2 and 0.4 mg/cm2, 
respectively, and with the effective area and power generation density of the 
membrane set at 75% and 0.5 W/cm2). As the cost of existing engines is 
reported to be in a range of tens of dollars per kW, these survey findings 
indicate the need to further cut back the cost of fuel cell stacks through the 
improvement of their performance. Among future topics of survey, we are 
planning to examine an acceptable cost range of fuel cell stacks by comparing 
them with existing engine-powered vehicles in the next fiscal year.

(3) Formulation of Plan for LCA Analysis of Promising Systems
A plan for future lifecycle assessment (LCA) from fiscal 2000 onward was 

formulated, following a study and a decision on system boundaries, the 
method of dealing with their allocation and the concept of data 
characteristics. In fiscal 2000, the plan calls for an analysis of many 
conceivable fuel cycles that may be helpful in formulating an appropriate 
scenario for the introduction of hydrogen energy. In fiscal 2001, efforts will 
be focused on LCA, including the evaluation of systems at the manufacturing 
stage.

(4) Study on Methods of Economical Efficiency Assessment
As a result of classifying available methods for assessing the economical 

efficiency of energy systems when they are put on the market, it was found 
that conversion into the current value is desirable in assessing systems with 
a relatively long service life which are covered by the WE-NET Project. 
Based on this finding, we decided to use a current value method with a 
standard stipulating the adoption of systems that are found profitable. In 
predicting future reductions of system cost, we found it desirable to use an 
estimation method based on the principle that the effect of mass production 
be calculated with a running curve (that are defined as C=a*Pb, hereupon C 
means cost and P means product quantity) while that of technological 
innovation be considered to show a downward movement from the running 
curve. This method enables us to estimate a future system cost in 
connection with each of these effects.

(5) Survey in Europe
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In fiscal 1999, a survey was conducted on the energy situation, including 
the energy supply and demand structure and progress in the use of 
renewable energy sources, in nine advanced countries of Europe that are 
considered to be on the forefront of hydrogen energy utilization. The survey 
also examined the driving forces and other factors, including energy policies, 
which promote the introduction of hydrogen energy in European countries. 
The findings are summarized below:

• With priority on the commitments set forth in the Kyoto Protocol, the 
European Union provides opportunities to promote the use of renewable 
energy sources and facilitate the introduction of hydrogen energy 
systems, including fuel cells.

• More specifically, the European Commission has announced a plan to 
increase the use of renewable energy from 6% of total primary energy 
consumption at present to 12% by the year 2010.

• In addition, the Commission has authorized member countries to 
require that the percentage share held by renewable energy in their 
respective power generating mixes be maintained at a certain level.
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y --b'21/E»©tt3 3 x M?® < , 50R/kWh$@xSXtfc*-5t©bnT*iO. ^0©
7*#MIS^^6, 7k*IC±51;*lfi«£ffl iaZ/6 jA®B*%e-BFtSft!l3 >/W > K
■>/f All, *«3 x h/)2iM«©7 / -dr ;!/«*-> X7A ±5 *7-
»ifi< i;&3 ;i fc#x A.n«^«*fe*lcWf#/iifcT5 t ©dfSSiteo/c„ S*©#
7>'>/f2HS5aia-r5#0rlc56<ttS-rt-/ti«b,
-kTS 5, l:7X7A#M&K*T± 0tt$©ievi3XhMSSff*;57£TS5= 7445, 
B*%«E*©3X h 7 * >. 8M»ffl!a$|B|ia£l:J;ot3X M4S 6 l:T;75 2:

©7kK2S;t7 77Xfi|ffl5j|gtt©MS
g *1:4514-5 fall© lU# @8© it €> (til 3 X h (*4t£7 y XfbLT#3L7t *#©3 

X H £ 2. 3 77 R/ton (#7k# 10%) it, *# lion ©%»*$ 5i6S® 7 0. 45TOE t 
tit, *%*/W /yX®X^)W-3X HI 5.1 7J FI/TOE <2: WfBSh/X. (7 * ©'/ 7E 
0«14 4.5 *R/ton g® (98$) TSSfcfc, SttTttflili • !6rS*-lf TSi#* £ it© 

t4 14 g% # * tA5i(>5 IS $ I: ti-otzc

(2) 7-xem • SiM
7k#©Mm&i#AS±T7-7* / n-v-©-o 2: *7 t#x 

T, 6ti7 y #©#mmmmi:M-76mA43 ###*XX v X©S)fi3
X HlMTSISSSrfT&o/x.

a#©#A-, @m# metis) t4 10 t? h>T##©m*#?=i«$»i4iKi 300$. «



3 <0 10g 3 Utit#® BttSSWt?$® 7 *5 1/3 S Sl^-hzfs. -3 ft 3 3 3 6
AEmmmamm® 2.3% (%@<-x) tu%. 3©*ttsffsto»ro#a#*a&ro
$3(3 VIM X;k£?T/j:xtfSI$iy|g/j:eT$>3 3#xe.h;3„ 7y*(:3HTt)#K7f 

90 ¥T*SlcM@7)i/j:V>Ci:7)5B9b7)'!c/j;-3fco U'L64IJi77'J A, 7 
SftSLT* 0 BECfi 3 t> ititt(iH£14;)s',65 U 3 3 »>'S9 b 7)1 fc /£ O /c. 

hij|p]MSTti, Sfiti/-*®/7HflnSi IT, ltt3X 
h li $ 6300/ kW, lf*xx httl^$ 200/kW -*, ®X
®#6£E$r3®:3X $gS®Efi«®tiffi (tStt : %««$ lW/cm2, Q&E
fflE 0. 4mg/cm!, IS : WMiBfl 75%, %«$$ 0. 5W/cm26S£) 7! Hi 6:6*; $3X181® MS 
*/clj-TS$ 18/ kW tts.% X iiff i/y>037 Mi kW 3 0 gc + FIT 3
HfetlTHSOT, Cft 6 ®S*7)1 6EI4e?fi®t$iEl6]±l;: JM —H® 3 X MS M t)$-& $ 
/=£ X 3 7)tB9 b/)i CtiMc. LT, TStfrX > -X >* $0 tt«£ ii U fcBR
|#X7 y 7®lfS3X F ®M4£#xT43 0

(3) ft«r>XAA® LCA(Sffi®ttHS/£
4*1?% 3 LCA (M 7+M X JkT-trX X > F) ICXi-iT. ->XrAISffflIEH. 70 

-X-->a >ffl®DSn#*iJ:rfT-3'#ttro#A/f&£'fflftW’ ¥b£ 12
12 U *$SlcST5 7t® lc#x 6n

5$S(*< ®Ef4y-7* MFSrATiMEfTlM MIMWMt7$3 1411$ L/3.¥-<$ 13 *£$«-> 
XAAtoSifiFxBtoffeSS-tJ1 LCA Sfx/=C7ltHT'$.5„

(4) «77rttffffi#?£®«M
xMlM-->X7A*i’rfjig/xSAS;h-Z>E®6z£tt£S¥ttlM#ti;£8ai73S6$:. WE 

-NET 7)tAT*<h75i:fct5<MftnMW««)7-5->X7AlcAf UTIi$16«tt«SefT/j:7 C 
3 7)1*2$ L < , TiJS7)S7-7XT'$>mi8tRT5> 3d 5X8p6feoS6««f$$ffl n-S. x t 
ic Lt3„ $73, IttronxhttTJfitSBll #Exi$tt7 >x>7**-X (3X8 
JCSi«Ptt5iSC = a’P‘t8Jn5) HTItS Ut£«$S®g)$tt7 >
x > X*y -7*/ii b TIX^ItiT?> 3 1-1 o #xTJITI-5 1/1-5 3 $ H C 37)it37)i-3
73. C®37r£l:JM$658HKr3lC#5f53X F SrUfife?. C 3/)i*^ffiT'S>5.

(5) @mSll®ES
$®t>n-5 9 ^bicxhtxt.

H8fe5JHgX7Ak4z-Tim®i*®SS'U/j;3'®x^;i/=T:-ttSSE$U$ 
3*/3o $73, R'/N%l*l®9x43(t'5x%)l/f — &^&#tf7k##A®#i#*%3'IC7)i 
TEt 3 73. &mclg*£$ 3J6-5.
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• EU l$Ml]5«S#®ltlS;eSg®L-T43ri, IS nJfgl^JI/^ —Siolillf) 
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1. XX AA-SM

1.1 ->x AA#>WJfli©#M

1.1.1 yXrAimi-i
WE-NET IS II 1+ H 1CtsIt-5 r->^xAff«l;M-r-5ia« • fflftl BliSiliHT®a 

0 T$>-5„

mate. i^®*i«SyXrAI:^l>T, XTZf-#$. ####. 6iStt£ff{®U, 
WSZtXX AAICT ATt;tgiJlHt:©£©©*ft$Hg bzl'lc L, S«MliSH5:ttttif-5„ 
*fc7K*tSAO/ts60Mii'>±U tSSIW • «£U 7kSSA«B^r8St"5„ #MI:B 
LT, 3-Dy«*lX|BTC*^X^J^-tJ«Sif8aSi**SA5Iittl:oiiT 
roaa • fsmsfr a. MtA^tt^oB^iroassWiB-rsciticzo, 
**SA«is$ie56r5„j

lfin$ 5¥FeT©3fij©2¥mc£ATtt, we-net x’da'xX
hTld:^M7)s'X£LTA/i lei* AZEfflf# ;* t!5 ** AX A A ©$ Wj S1A
Wtesmsb. a*&WLTSfcfi»i©7|c**A'>X AA©&W*SSi:ff-ttT«A->A'j T 
#M©tA©%*##&g«L. 3tkgy.BI:*tStoti*SSA'>AU T&[N#A«K# 
Wl:*ft5:itLt. ZZc. WE-NET t/d-AiX E ®Ho||S«ftttl«i' b X* □ -ATT 
M Sieuo e AXzi-KgT'S 0 . @:«*056SX#ffll:j3tt-5 7K*X^;E4:-M%ft$A 
7kS*Ay|gttroff*SB$ A. j*A*ft*© B *i©ffiii£»ffi • ffftSCiCiD . 
®7)S|li:*3it57k*WA«i«S&ffi*-r^ e 11 U c©#MA*B*KL. 
*te«&7k*j*A->A U ASKIf icSgStS-ti-B c itLfc.

1.1.2 A-X®#*Ktrx>xT
7k$*A#K&#WAB±Tti. S*l0TbBEfl*ili©tt#St)S$TlcAn/:.

igxT;EA-tf-c,.© ->x aa©MT (:-□ t>ti-,A e l:3Bf M&PgT© 1 *xT;e^-$u

&tX2 AxAA^-ZXXa > («14 Z A X a >) t> .B. $ A T 45 <-£ g *>$ $> B „ "AAkT. 
■tM&BTtt, ft5feSlxT;E+*-A0iS^, SI®x^j^-yXfA'\fflXA-Xfi;» 
ff. A 0 R=1l: *m B IS*f3* 3 X E©A@0#'Efb^B&mmLA##A^.gA^B.

A©/:©, AXxAx-XiK#©!!**^ Ltlt 
®fi«©»45J«gxT2E^-->XAA (IE-NET XX AA) ©XX EX'XXB###M 
©PI u < . WE-NET XXAAAl/Xg X©#Mt:ZB. #$/<£XXXA©xX h#f/yt 
;E45ZZ>'81911416 M
®M4=ffl->XTASM©a$<k rtT6©xx E45A>xx;n&B'Si9tl4ligffliB 
^ jfeff VTSiibTfiS. ilBf 7 ^ - K/Ty X fcfrtt&a* b If M£iS©T 1$ < d 11 L Zc„
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fits, ftW^jife-SIC^LTW 1 Mt, 2 'A.Xtf-)V¥ — 'filsg&iffi.
1. 1-1 © £ 5 i;6at‘S5. ft MWSsXXx A SffltHf 5 (CPS L T 

li, cronrffiftE^e-toti-S&alicBS- x h, IBiSroSSS, ifliSSfi.
ISilnefflTX^'SSST^^B^'fca. StWIZ»A"Iffi/ftxXf-A^ftNt'•5ICBS
LTIi, *S®4ttt SiSffl Lfz-y?-
X-(r-y V bft0ittz>. fits, * 1. 1-1 IC43 1XT. 8 8oT#B
n -5 * a ic M t t tt 8 cf1 i; u (s l t ^ ft o „

1. 1-1
l —M 2

±i# , zKS
sl* tKS
%# zK#
zK^7 zK#

^"7% y x y- ;i/. **, /sw tt'f 
n/ffi
x x y —(i/

lt
ii. xx y — jny.xi-srt&a®
£ i$ E 7)5 # x. 6 41-5 AA XX 
h RtXSit^T- > X X (l/0ft W 
yt*^LTiiyxy-(TTK8 
ITS.)
5S#x, yxy-jv. *s.
(-t co ffi g- eg ill w E ft)

8,«*'X LNG, y ^ zK0^

5M Mitt, gift, li'J U >ffi
/K#?

1.1.3 WE-NET yXfAfflt^ya >l:xl>T 
liro#nB45ISx^J^-X-XCyXf AI:xH>Tli. WE-NET S*#SS:^-X 

I:ft#t7’y3>s»wt5tit,l:, *rai8:ISiTroSAflTIEttS#eL. XXy-;T% 
@6 115T0j:x75:t7'y a >^#x 6^6.
Q*A%**S. ®#**Mis->XXA (WE-NET S*#S)

«f**siiifsxi x , aiA«m#m$:&*0fb5e.##6t'5*x*&M@L
t. Mto&x^Ji-^-iSS.i: t-rroASroxfi^Brostiiro* oy;6#-&am LftM% 

*fc, **win-9-1" K0)jli6^frlc9BUTt.ig*toXj:S£S'X-XIC UfcftW 
6 fr 11, ->f<J tftW0X-xit5. H 1.1-1 t:B51.to*y)%e*SS:A-xlc U7t
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WE-NET roiftff**, 99 J-)V, 7>;E'7®#liyXf ASit.
©tKA^ItHS, xx y-;HliB->XT-A

RC, 3 X h dtX > •> -f ;HCXHiT(0|iS^g|ilSnT43 0 , HP^T®%*3 X h IS C02 
iilllSra'Stiunx E t LT, 19 R/kWh IIt 2nr* 0 . CO,M
M¥i£t&0 5Zfctt>. ®£|aj&,
A — X IT L 2i (ll sS lEr 7t A, X A U XEf © X — XETI).
©TkXi^ttTkS. 5R#mxxy-jLi»i8->xxA + x^y-jnsst

:na. @©xx-r an* wr, isrtTiSitigxxy-;LScRS©il£-tMx;i/is*£
7t S> tLtSpTSili. A 0® n\ ©iJtRAT. C02 SilSyj)*Hi6*y^tib-r, iD 
%#3 X h /A'fg#TS-£> AlflTS-aro-e. AIM#BA©#A75*M#T#-5® ©Xa XT' 
cfe -5 o
©*!#%%**#, W**SayxfA (WE-NET **#«)

iBftffl©XA U tfeftCBtttt, 3 X KoeUTkA^eTkSfcttTtttt^eAs^gf

©*FS^TB«7k*- 5@?ffffl y x y -;milxxta + 99 y- ;
A ms, ©£®©XX AA&^AtS/:XX AAT& 0 , *B7£%l7kS©A.TiSi$tt3 

X h7)VM%l:m< tMifflST’yg >®-3i ATI25EL/ifc©T*-5„
@/tTS7x**y-yffl^yy-s

AftlTM LTt), riFT© AX S7S ®x XX- y3>J'l-StW;aSE!|5f>yt 
IHTT ATAfiW^Sffi^SlTSa D . BimT©%*3X MS 14-17 fl/kWh SSEi^ftt 
430. tt*©7kS$i£ UTX A V XtHSAATXtiXj:©.

1.1.4 @AM©XXAA#ES##I:3 AT
$I®B*T©SNIS$:7)>b, SAWT3j!A©5JiEtt©§iSAXXXA;ASflS<fc'5@SiS 

oatr a ttmtkT&z. AnbisKTCTK-r, tks®. #m - em# m. 
AA-Sxtstaa.
<e4-*a©7kSie>

@ ANHT©#A&&ai:#A/:^#%7K##;£ LT, fLCEF t) tKS® t^NSS
suiiuxs. is, m©am7k#«aLTaTAX#&?e5.
®A«AX (SlffAXA'll -y K)
©MUSA (SAX V V K)
©fslAXXy-JL (XX y-AigtS, LNG it tmMts. A /MSffi BB, **Xffl©*Si£X-
x t y x y-;kRtr'*R£A'i' s?x^-x y x y - as-ss)
©S'lAzk* (SB, S3S;tF'3-XxtpSfX6SSS)

IS I S8 STASISISSA b . l£«***Xiiiie»t)$ffilTA®-CS, ffibT, A n b IS
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n-XXtpA’Xtt, *Sa
W ^ 7®Wi *\ jSillJW7K^©-Ai^Wm'4CBlJ®zK^liliitX:$) 0 - ^ X> f4£ fp m He M ti 134^ ^ l X % 
oT, C(D3-XXtP*fXIC*gLT-e(D3X 6&'#7)!&6.
©HftA'X :*VX

XMwfMtt-tx @t»hc*fflfi:nrig^®r=iHia$.-s.7)s\ mm©6ox 
©JttSMmsSteX-x lt, fx-tfuxx'mxx h x h m a > -> x X £
M#Wi:aHSLTj3Sfcvx Xtiti, X® V A 5 =

ft*. «A5rofc7k*®<h LTESt-5 X ±:7)tii7|gTS6 7)!. SUIttlEcDB.S® b ti® 
X{b%1® J:xtii686¥fi|fflSElcttl< VTX U v htf & * 0 WftTS&Xx LftLts. ft 
e Co,c7t® l, u 
-fmc-t* AEEfflromSSA LTti CO, mftZmmt-fZ c A® b < cx ex®
l;MXTt>«*©*Si®i: UTtt$.$T'S5^\ $«TH$Rne*Plm A^xRfltttoA® 
®7)$#xe>n5„ BfAfciEaMlcli**ig j: UTffltEiilig-eafe 0 , H^ettflSiSIST* 
g&mSttAXtMFtoBiiSn^STcIlSSLTlx-S. L fr L&7)5b, X 5 L £*#"?©* 
*iBi LTttB'J£*SX ITCiBdttSXXT, itii©&MAt#> X LtttSHt5*tL
fZe

(D*»fflffla«T<7)$!S (®rf?»'X, y Ff'Jffl, X * X CD X ->* x * t> # * *1 -5)
©$f**ST©arS, earn
©^xsafffrosdi* (A»**»ifi«Rff?)>6C0, ESK«rt^©XfX/W X®X >MiS)
@#x n-x'T(Ogaj$

rn I JflW^'K-xicJf^-rs x, 6E*liT>$A®5J|gttro6 5fi)m^$iliTEro 4 4> 

® * * £8 M tt § » * » »
MX LTtt&o X X X fc(C, *I41?6XX AAC7)«

5i¥#f4e®^x r i l: =k 0 . lt«®I£Tif am##
&#<3mA^6«a#7)!A$< , C0,tttoMSl©K,'57)> 6dtt#£t>#rft$h5
©Mean -Xx* (##m, sem »»

• am^xx® x Hassfx, **Bf, EBTts. am^x©&kxroa»^x>ex,
#sa#g§x-®-&®.w=imx©m#7)<&aAX

• SiJX*SS56®T-5S«TroXJgx-Xx*tt, nx h WicSC*®*® x-@#Xltl6L
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gi£WIC*PJ4:& D d 5.

• {sets, 6r3S® PEMFC t)s\ 6to«ffl®*a*ES:WJSIc*#i;to@ntf. NaS «teA 
tiroigff SXvXt'A j: 9 fcf*nfc->XxAl;& 0 3 5.

AX f-A
• ilftfiTIJr-f --tfJHiaSAX^ASffl a5 5 EFi6cofi8n x h7)<

i@< 50~ioo n/kwh gaffly^fAi*tB*mift»A*iiiifhnTi/>5. ^
-X l: L/t*SSifii: F Cffli*SbtSigLtl'5.

<@fM0AX^A^W#**>
±EllSLfc->XxA^I4MS^>SF®E»^fc'ti:^ 6t8e8Sn5ST®->X^A7)'b, 

#iiltro$>5 AX^AttNRMStttij LZi. El 1. l-2l;gtiO'>XfAfti«i*S: 
7Si%
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i. 2

1.2. 1 WttV-yxHiS*
tit%0XT%iX'X'itifokcoSSaiWi: =fcOr 

fT^nrur, v-x"5R& (r>x-r?£) ti, ictat
S®S«i)-<WffilcE£UT«St" 5.

IlftttSroftSefllllX^^ttV-X'roSSeii, XXXSO, OOOKTON/i#T, BXXUfcXX-e® 
lO%*#iSUTtx5„ ftifiewl:=fc-51ifttV-yroS3iSr£lcH, *£E&. Hi Hite. X*>xSEr£ 
(urnt)Ei$) X'$>-£>77. urnroSjfiSTfcSSXTKSAs'i'IST-a. xroafe, ilfttv-y 

2:JfiX<DflFStf)A'7>X$:ig<®5;:<h/X, 8g©«fM£Xlf-5 X £ £&0 . dSSIREllroSfi 
< t;i&X®rL—y-*—S*6a6S-tt-5-oroax/j:5„ 1997 XX 6 1999 XI:XttTtt 

(#) • x$us, =f**»(») -=p*x«, - ^amx#xm*#Em&*a
LTU5. UXU cnA5$S)Stol$*5rSSX-5t)(DT'll7j:<, ti'L3®ieco6®Eet;:S4>£
-tt -5 — # f 11C a *o x> £> Z> t M. X =k t x

5®X7 AXX. ^'Itv-yii, X###. «-A,iI/X\ -tiDXrX. 7X5X, $668. 6 
#• i*ffi, $14. #m#a. eaax. 19*14. #4a&<4mgx. sst>30%ffi<xuM;t:x 
-XlcttlBSX. $E • AX7, JfiXTSTggiJ, X'J7-. «««PDP, XcmX7>. #FICJ£<<$43£ 
tlTV'T. U'ftltXb^XlglCld^Xf'XXcDtilX&lxfccDX&oTtx-E).

o7;X fb'Sl;tmgroX£X'$812 bil£ 9, TU*i»ISX;*:SftiSM£&bT173. 2000 X 2 M 4 
B#14B*g%#rM®*«l:X6X. X-y V (#) c7)l£b'SS®«XSBfl, $V-(#) - 5#X#
(«) • eait-yx*(#)xatti*lcXdiSft:tix-xeS5**Xro r*|®tSt:(#> j $*#S6® 
tztb 3 flxxniSL. aimtmz^TLT 4 73 tcsxx- k u. smx* im wi a. m
b'fStl®X WUSWItS L T, 4 flX^XX- hStirS, #4. V-XXSlStt, %X*g*X
ftlxTlitx-SX. ;5fttV-7*X>rti«tt. RX#X$&LTW-Cm^E##m$&RoT^6.

*£, «rL.^S«(7)0S#Xe%r. 1997 4= 11 73 X 6$s?mtyi (to • X4MfcX (to - (to
roHar-xx-hse/t r*m##«®P#@i:£7xKm«@&Mmx6*m®M%j x. xxxu
ffifflX (to »® 5 axiaboT. rx*XX-Effl^aat$EM%##l6*ii X6®to 7 ffiRSlu
ATfTxnxt^. c®R#®m%xi&ax6x. eAgwix# 40%e#sh-5X,
L%<%u. sto*s&4iimux7XX5.fliicxoTii. 

WttV-X'XH^(7)S*l5Mti-3£:llfF*Stt, *S&$SZXXS'l£h, B'ja**64im3L=kx 
#L,wK#xiim*m0]X#i:m#mmiaii:t&gL. ft*36te*$®M6ro#S£$l 

S&feWXUTXiQ. XX— h £ ti" & t th tiffc b & 7 X
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(i) ttv-y©£if
sawtctt*< & e.» bnti>t 

/)i, liSMV-ySBEA/cCA-fe'f<1:1-5V-7'5Bc?£ (7>t = 7&) IcXoTgifiL 
Tixfc. 19 til2Smc%etl®S!jS7M$bt"-51, erjMi!l7)^gic*<Sh-5J;7lC&9, 1884 
^icHE#ii-=t:5i#/)S>''f'7i;ai§stifcroiite$0, 1892 ^i:*6ffi7)S|iBgsn, 1895 f ic 
ilfbsn/t.

H*T«, 1915 ¥(*iE 4 ¥) ICMJiffi43j;aS*®a:l;i5*»y-yroMjfi^te®bn/;75S, 
Sg-yAtit#±#i$®XS2ffl, E-2kttt#*#coEMrol6!A«, «%*#. 9S®/t«e>ro£$«#'> 

l954 ¥i:^S»7)i«lfrSSx5<hC^$T0EU^„
Uz)>U I973 f ®*#lcXS##79%7)*M@t6 0. 9 flic H978 ^ 3 fl *-CiC#*iSffr-5J 

AHii^St^T^mSh, P*Ei$7)^niC$-5^£lcSB$ST^CA2:»oZt„ Zc^', Iggit, 
Tit, I986 ¥© 6 fl $T*fi?6ttaS, $2: UT-1'*>xSIS?ilC$5#LT7To/C„
ritt, mmmont^vx&zffioimtLT, 1975 ¥t«^b8fflsn-5> =k5ic»i)- 1999 ¥ 7 a 
ic®g®Hji?£fc, -r*>3e«E#iic'ib7t„ v-yB/Aiiic^^^fttv-yrosffitt,
T feE H <n—g|5T f} A) tiT ® -5 ic f €U 8 ^

^HTliHES^". tilTSssntut, -f*>xmS?£l;tB*
^®t>iiAT^-5tHt>nT^-5. ftS«@tcfi6fflr^'rfl->3Z»EggfliroM%ii, i«x;+>/;it 
SiSSf-5 7 y X£®lS7W£;bh57)i\ V
-7'X*S0$2:46/2to«¥i9®S7ieWS®$iS6S I. 2. 1-1 l:SLfcif, 
libttt 2,300kWh SiisSLTUSo

^XiSMffiettfflLfcEUUftlSeiWfStOME^Ei^BnTH-az)5, l8IC7U7ttt>0TX* 
Micsfflstiaicii. cnA%aT6 2:40%mu#
AgwiroafcSAs’fSbn^saL-es^^,

Km&3'i0%v-ygmm0&@&# 1.2.1-2 ic^u/c.

(2) ####v-yx#®aK
ftSeSFlc<k-58f'l4V-7'roS®H. B+Tli^¥*«©PiR?£^Xfl->3<^Ri£lcW0Sfcb 

T, 100% < 4->35#g#i£TfTfcti5 =k 7 IC&7 Zc. ctoJKti, SSlcASBlbffm^BJViSffi^ 
®il6S#ItT, 9zfb*SR<7)X^->SltEI$ttffl"rSt"'- E77 X7#®7 y##3c##7)# 
fflsnri^.

«#BroillES2:BSSSC®llSTI«#L, EffiSfl'llc®ttftJ£*S. l8ffiSfflJlc*£ftf;il6U,
SESMj-, PtgflilT**X fl->7)tiSSS tlT, -en-en$X2:*X$£
bKL, Bi«EhU7A'rfl->/£'l+^ii@f^cOT\ US<911C Wti V - 7'»EI b h 5. 

ftJfi«»lcJ:^tftt7-7'®gjfiTli, mS(IT'8ft47-7' 1T0N IcMUT. Jg* 88kg. *S 
SiSlcBfsetltoBett. HKICft 2, SOOkWh *Bi®bn, *ffiM%Shfc

K-cii 2,3ookWh Lfru s®$fge
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1.2.1-1

(Stt : B? kwh)

$ e\

m a fi

E » (4

kwh / l
*' & v - ? n t> V - A It

m n § $ % it m n It a n i & % It

mo 4 i 3. 535 1, 629 5. 164 47 126 173 3. 582 1. 755 5. 337 3. 462

4 2 4, 105 1, 893 5. 998 26 164 190 4. 131 2. 057 6. 188 3. 399

4 3 4. 598 2. 402 7. 000 66 146 212 4. 664 2. 548 7. 212 3. 427

4 4 5. 200 2. 843 8. 043 73 190 263 5. 273 3. 033 8. 306 3. 442

4 5 5. 691 4. 040 9. 731 95 186 281 5. 786 4. 226 10. 012 3. 469

4 6 5. 049 4, 951 10, 000 85 160 245 5. 134 5. Ill 10. 245 3, 443

4 7 4. 979 5, 716 10. 695 89 203 292 5. 068 5, 919 10. 987 3. 475

4 8 5. 354 5. 809 11. 163 76 187 263 5. 430 5. 996 11. 426 3. 462

4 9 5. 177 5. 336 10. 513 74 198 272 5. 251 5. 534 10. 785 3. 427

5 0 5, 000 4, 978 9. 978 70 166 236 5. 070 5, 144 10. 214 3. 318

5 1 4, 592 4. 794 9. 386 130 212 342 4, 722 5. 006 9. 728 3. 303

5 2 4. 542 4, 681 9. 223 162 209 371 4. 704 4. 890 9. 594 3. 200

5 3 3. 894 4. 802 8. 696 124 217 341 4, 018 5. 019 9. 037 3. 194

5 4 4. 589 5.277 9. 866 134 238 372 4, 723 5. 515 10. 238 3. 070

5 5 4. 319 4. 815 9. 134 104 234 338 4. 423 5. 049 9. 472 3. 016

5 6 4, 262 4. 261 8. 523 68 219 287 4, 330 4. 480 8. 810 2.975

5 7 4. 348 3. 842 8. 190 78 215 293 4. 426 4. 057 8. 483 2. 955

5 8 4. 498 4. 066 8. 564 78 198 276 4. 576 4. 264 8. 840 2. 923

5 9 4. 675 4. 255 8. 930 50 200 250 4. 725 4. 455 9. 180 2. 878

6 0 4, 802 3. 830 8. 632 48 199 247 4. 850 4. 029 8. 879 2. 816

6 1 3, 888 4. 421 8. 309 34 220 254 3. 922 4, 641 8. 563 2. 676

6 2 3. 863 4. 844 8. 707 39 237 276 3. 902 5. 081 8. 983 2. 631

6 3 3. 892 5. 403 9. 295 42 229 271 3. 934 5. 632 9. 566 2. 614

7C 3.880 5, 810 9, 690 43 224 267 3. 923 6. 034 9. 957 2. 597

2 4, 047 6. 120 10. 167 36 217 253 4.083 6. 337 10. 420 2. 583

3 4. 011 5. 970 9. 981 29 220 249 4. 040 6. 190 10. 230 2. 562

4 , 3, 699 6. 079 9. 778 29 208 237 3. 728 6. 287 10. 015 2, 546

5 3. 331 6. 209 9. 540 30 216 246 3. 361 6. 425 9. 786 2. 550

6 3. 309 6, 520 9. 829 28 219 247 3. 337 6. 739 10. 076 2. 553

7 3, 319 7. 046 10. 365 27 221 248 3. 346 7. 267 10. 613 2, 557

8 3. 543 6. 940 10, 483 23 189 212 3. 566 7. 129 10. 695 2. 551

9 3, 777 7. 385 11. 162 15 165 180 3, 792 7. 550 11. 342 2. 533

1 0 3, 436 7. 084 10. 520 8 156 164 3. 444 7. 240 10. 684 2. 507

(S) BAI@StoUS/WS6'tt7 - ?'ffl T'A D - WSA + ltoffiT$>-5<,
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1.2.1-2

Wtt: h>/9 7%SUS. %)

$ s\

7>*•—7& s m &

% » & rt IR

7k m &
7 X < X k

m jbs &

-r *

£ & m

>

&

B8fD4 1 9. 108 0. 6 1, 491. 773 99. 4 1. 304, 9 72 87. 0 1 86. 801 12. 4 - -

4 2 5. 067 0. 3 1. 764. 347 99. 7 1. 5 7 1. 5 5 1 88. 8 1 92. 796 10. 9 - -

4 3 - - 2.042. 546 100. 0 1. 847. 1 87 90. 4 1 95. 359 9. 6 - -

4 4 — - 2, 336. 390 100. 0 2. 1 37. 7 21 91. 5 1 98. 669 8. 5 - -

4 5 - — 2. 805. 402 100. 0 2. 651. 953 94. 5 1 53, 4 4 9 5. 5 - -

4 6 — - 2. 903. 921 100. 0 2, 777. 945 95. 7 1 25, 976 4. 3 - -

4 7 — — 3.077. 81 0 100. 0 2. 944. 9 1 6 95. 7 1 32. 894 4. 5 - -

4 8 - - 3. 214. 004 100.0 3. 072. 256 95. 6 141, 748 4. 4 - -

4 9 •— - 3. 067. 1 89 100. 0 2. 854. 52 1 93. 1 212, 668 6. 9 - -

5 0 - - 3. 006. 867 100. 0 2. 092. 601 69. 6 882, 223 29. 3 32, 04 3 1. 1

5 1 - - 2. 84 1. 304 100. 0 1. 204. 622 42. 4 1. 572. 328 55. 3 64. 354 2. 3

5 2 - — 2. 882. 061 100. 0 1. 139, 197 39. 5 1. 6 4 2. 1 2 1 57. 0 1 00. 7 43 3. 5

5 3 - - 2. 722. 705 100. 0 1. 084. 682 39. 8 1. 528. 380 56. 2 1 09. 643 4. 0

5 4 — - 3. 213. 200 100. 0 1. 063. 646 33. 1 2, 008, 338 62. 5 141. 216 4. 4

5 5 - - 3. 028. 4 1 6 100. 0 1. 005. 831 33. 2 1, 884, 56 1 62. 2 1 38. 024 4. 6

5 6 — — 2. 864. 4 1 2 100. 0 924, 506 32. 3 1. 7 7 1. 903 61. 8 1 68, 003 5. 9

5 7 - - 2, 77 1. 223 100. 0 878, 939 31. 7 1, 63 1, 427 58. 9 260. 857 9. 4

5 8 - - 2. 929, 800 100. 0 850. 1 83 29. 0 1, 527. 4 56 52. 1 552, 1 6 1 18. 9

5 9 - - 3. 1 02. 837 100. 0 745. 456 24. 0 1. 283, 221 41. 4 1. 07 4. 1 60 34. 6

6 0 - - 3. 065. 498 100. 0 4 4 8. 6 36 14. 6 1. 022, 968 33. 4 1, 593. 894 52. 0

6 1 - — 3. 1 05. 037 100. 0 22. 119 0.7 874. 6 1 5 28. 2 2. 208, 303 71. 1

6 2 - - 3. 309. 473 100. 0 - - 636. 2 1 1 19. 2 2. 673, 262 80. 8

6 3 - — 3. 556. 238 100. 0 - - 556. 302 15. 6 2. 999. 936 84. 4

¥-& 5c - - 3. 7 31. 634 100.0 - — 556. 975 14. 9 3. 1 74. 659 85. 1

2 - - 3. 936. 535 100. 0 - - 519. 828 13. 2 3. 416. 707 86. 8

3 - - 3.895.743 100.0 - - 4 72,264 12. 1 3,423, 4 79 87. 9

4 - - 3. 84 0. 275 100. 0 - - 4 33, 5 1 9 11. 3 3. 4 06. 7 56 88. 7

5 - - 3. 7 40. 6 15 100. 0 - - 4 04. 906 10. 8 3. 335. 709 89. 2

6 - - 3. 850. 558 100. 0 - - 410, 895 10. 7 3. 4 39. 663 89. 3

7 - - 4. 053, 661 100. 0 - - 4 33. 990 10. 7 3. 619. 671 89. 3

8 - — 4, 1 09, 297 100. 0 - - 427. 359 10. 4 3. 681. 938 89. 6

9 - - 4. 4 06. 006 100. 0 - — 4 25. 3 4 6 9. 7 3. 980. 660 90. 3

1 0 - - 4. 196, 131 100. 0 - - 223, 229 5. 3 3. 972. 902 94. 7

-12-



tl£7)Uzmm LTSttS-tt,
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11997 ^ussrue^nTttsstiTnyj;

K *fc, S'J*.t"-6*StCOUTt)—y^S5h.Tyj:<, *S®Sifi*l:o6^Tt±, *#X##A< 
S8sl:?ttiLTBiasn/i**(Oe*<!:L.T«erLTH5)®*T\
Stt-BSfcAU. 1tti, **IIS®1Wb, *J£««lS0Sto7k*S, XSM*S,hUT3K 
iAtitilWUTHSXW 38 Xig0|*l 20 XJg$>0, U -5 Xif 5^46-5 £>
«0S')X**0lHffi/K*t LTraf'JJfWi, EtCi6$-5„ 

fn], ftJSeiW!:=k59:ttV-5,'0BjfiE«7)ib05iJE*S0*?r*i-ai:LTI@SU/r„ SE* U 
SeiWLTTrrtt* U ssisr^ise^bfc. gi|E0$*£*X7lt%£-r.E>7)i,

cmi\Haz-3^Tb'ait)T%XZ>t, *S0«$g®lilA7)^ £ chiCft-S, 
B*i:j3ij'dif'ltv-yxS*roa®Sro$iSia. »iSe*S7l:¥XSIg|+¥S. v-yx## 

awA'b. 0 1.2.1-1 --ymmmtit£.mm, 0 1.2.1-2 Tmv-ysimmmma, 0

1.2. l-316SMl*l»S#ifi. S 1.2. 1-3 TifttV-ymSEHS, S 1.2. 1-4 ifiXmSSim 
5:7k L/r.

*»i£ I: =k 3 Hfti V -yBS7)t 1986 7F-t:S:@ff±$tiT7)>b. <0MtZiBifi
*r£t>. yj)*0fi0X*>S#E#i7iilk*5M%StiT. i$m£n.5J;5lc&D, 
i6X±m#%Bm5ff^b• KftXJg. uga«X(tt) - )il#X«. Xv-to) • 
psiexe. #0MX@t. <*>3£^Erii:-Kt>bTi>a.

ftifieextt. 5fttV-y5SS0E$78b>X7isagX857)s\ £;h$-e©S$A7>x<D6 
iigS V-yx*S0* £ SbfcXSS. a 1.2. 1-5 Wft V - y & T/SS ®ES6 A 7 > X it», 0 
1. 2. 1-4 TffttV-yK,Wg*0fl}gA'7
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Ŝ to
ss Hi

og
S3
K

E
Hfitt-e l,fl sG*

S3II %
2*?;

is
S5

Ki t- 08
S 3 mm* HS rHe a t- ii

I A
»®

*1>

S, lii-|
^ Sfir.a

# .h.... tJ-8-
s1fl" fts

ti*
e©

tt

26
.8

W
EE

—

vf-3

S

X

ih

0

\ \ \

H X +> g u< «$B 08
^ «o m IN » CD E .* oo • ^CN>

oi > cn f\ % «# 0 ■<tsi * CN S a £«•» US'*
SB D

--- M h 3 sc * U» gw

SB E
HSu-e h

3?



(X)
0

10
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48^gc 60^81 3^$ 4^K 6$F® 7^K 8 9EK 9#%

tt-z-fA-y
4.8

tt«z<Azy
4.6

tt-z-fA-y
4.3

lE-z'TAzT’
4.2

tt-/<A-y
4.1

a-z^Azy
3.8

a-/fAzy
3.8

7.7 7.2 ;

ait
f-v

ait
tA*

ait
f-A>

ait
t'iA'

aft
k-Az

aft
k'-A-

ait
f-Az

aft
k'-Az

aft
k-Az

29.5
30.3 31.7 32.1 33.5 33.7

38.3 37.0

34.4

WWW
WWW

=0.7= WWW WWW
=0.7= WWW

=0.6=
am*
aw

5.8

WWW
=0.5=

am*
aw

5.0

/ 1.3 y' am*
aw

7.9
//

am*
aw
10.5

am*
aw

7.7

am*
aw

6.5 \ WWW
=0.5=1
am*

4ir;

««2.3 /

am*
aw

/ 7 o o
y 7 y 

6.3
7 o o 7 0 0 

y 7 y 
6.6

7oo 
y 7 y

6.4

7oo 
y 7 y aw

3.9
3.6

7 o o
y 7 y• 9 9> 6.4 7oo

9.8
/ 9 BB

9 9 v
5.9

6.6 y 7 y 6.1
6.5

PO
7.4

PO PO
6.3

PO
5.9

PO \
PO7 O O 6.2

PO
PO 6.5 5.5

\ 5.3
5.5 TDI-MDI

5.3
TDI-MDI

5.8PO TDI-MDI TDI-MDI TDI-MDI
5.5 TDI-MDI

7.4 TDI-MDI 4.6 4.8 TDI-MDI
5.8

6.2
3.3

TDI-MDI

waxs
warns

8.6

warns
8.3 warns

8.5

warns
8.8

warns
8.6

warns
8.4 warns

8.3

warns
8.1

9.4
tratt3-9 8>W-

■Praia3-9
S*H - 35tratt3-5

.'
»W* , * ■pratt31

«W- ,R ■PMtt38 ?ratt41&w- 
«ratt 3-6,

■Pratt 35 /

tote tote tote tote tote tote tote tote to®

25.1 25.8 25.1 25.5 26.0 26.0
24.0 25.0

21.1

10^$

rsWjn
*3"4

EE'/-fA'7* 
3.6

aftk-A-

37.5

7 o o 9 9's
6.0

PO
4.7

TDI-MDI 
5.9

wax.5
8.1

56H* ,, ■PMtt 42

tote

25.5

3.239th X 3,807t h v 4,693th '/ 4.640th * 4,463th ^ 4,685th y 4,994th > 5.100th V 5.224th > 4.966th >

0 1.2.1-3 ifiSHfiEgflUfi (SJ£ffi*. liAEDCHS^tr)
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1.2.1-3

(#& : =F- h »

$

BBft
4 8 5 5 6 0 6 1 6 2 6 3 7C 2

ft # m m 305 228 207 189 179 171 163 167
E • /< ;v "/ 305 348 375 377 382 405 427 430
-tr o 7 T > 68 36 33 27 28 27 27 27
7 71/ ; f- 215 204 119 74 65 72 81 77
% fe 8 a 37 60 49 49 51 82 105 116

E*t A, - Zfc#l 72 57 80 80 84 75 74 75
ft • *F.m 33 78 73 85 97 97 104 131

H i i nap 765 514 486 491 514 556 554 560
* » v - ^ 121 75 73 70 73 78 82 86

I
WE • EfAft# 134 116 125 131 138 142 163 173

W& * 0 ffe 820 743 785 760 868 769 829 823
It 2. 005 1. 583 1. 622 1. 617 1. 774 1. 717 1. 806 1. 848

80 74 70 67 63 41 40 36
5 tt If 55! 37 30 22 22 23 24 26 27

0 fft 143 327 431 545 536 729 780 888

e it 3. 195 2. 890 2. 928 2. 967 3. 101 3. 268 3. 455 3. 616

8K 3 4 5 6 7 8 9 1 0
ft ¥ tt tit 155 151 144 124 118 109 99 91
E • /< ;i/ 7" 422 408 387 393 403 393 416 392
-tr o 7 r > 25 24 21 21 19 19 18 16
7 )l l ± 71 66 71 66 76 72 78 76
& fe s a 114 108 95 87 82 78 88 104

E It Ay • %#1 75 74 74 71 75 72 67 48
ft 110 106 100 111 116 106 112 103

i i i °d 551 543 526 534 540 545 544 498
$:

s m v - y 84 78 74 76 79 80 82 72
I

WE - EMk# 158 151 140 146 144 147 151 144

* ir 0 # 916 941 968 1. 008 1. 066 1. 042 1. 221 1. 165

It 1. 894 1. 893 1, 882 1. 946 2, 020 1. 992 2, 177 2, 030

33 * n 37 '34 32 32 31 37 41 132

E » « S3 29 31 30 32 34 35 35 34

0 fft 857 794 749 770 823 829 846 827

□ It 3. 604 3. 509 3. 411 3. 471 3. 606 3. 564 3. 798 3. 702

cm 1.
2. ¥fi£l *< FSoSJ I:^5i4’40
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(Sffi :Th»
$ K

«! P9

B8fD

4 8 5 5 6 0 6 1 6 2 6 3 7C 2

to • /< A- y 251 252 273 263 263 273 273 252

& ft t' - ;lz 1, 113 1. 009 1. 121 1, 140 1, 200 1, 323 1, 390 1, 468

re et *4 74 59 50 48 44 38 35 30

re x » » ai 316 344 401 413 441 477 460 409
£ □ □ y $ > 67 128 224 212 230 260 281 289

P 0 241 173 211 227 260 286 331 325

T D I • M D I 74 92 127 137 153 168 185 201

mama 306 284 327 326 346 365 377 393

% # • * m m 112 108 117 125 139 156 175 195

* 0 ftk 685 791 956 958 1. 046 1, 084 1. 117 1, 195

A H- 3. 239 3. 240 3. 807 3. 849 4. 122 4, 430 4. 624 4. 757

a M

* %

3 4 5 6 7 8 9 1 0

« ' /< ji 7 226 212 194 195 203 196 200 177

m it e - 1. 424 1. 469 1. 431 1. 568 1, 685 1, 954 1. 931 1. 862

m M 32 31 31 29 25 28 29 55

& s % m &1 371 359 291 271 251 197 188 171
9 u u * 9 > 296 305 295 301 318 329 318 298

P 0 345 300 282 279 309 269 290 235

T D I • M D I 217 225 235 258 288 295 325 293

m m m PD 390 396 394 401 419 421 422 402

& n • 4» Pal # 182 179 172 166 196 185 213 206

0 1. 210 1. 164 1. 138 1. 217 1. 300 1, 226 1. 308 1. 267

& It 4, 693 4. 640 4, 463 4, 685 4, 994 5. 100 5. 224 4. 966

(a) 1. siiata»> #AEDc#&atf.
2. Sftb'-y|/liig(tt" - U t >££&<,
3. VfiSl 0^SJ:9 rsaSSJ 6< f*SJ I:$*i<£5„
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1.2.1-5

(S& : =f h »
m J$ BSfn

4 8 5 5 6 0 6 1 6 2 6 3 7C 2
A' & v — y

B rt B * (*) 3, 195 2, 890 2. 928 2, 967 3, 101 3. 268 3, 455 3. 616
£ %

ss m s («*«) 3. 239 3, 240 3, 807 3. 849 4, 122 4. 430 4. 624 4. 757
0 «( " ) 368 427 554 557 620 667 703 714
£SIWS ( " ) 2. 871 2. 813 3. 253 3. 292 3. 502 3. 763 3. 421 4. 043
I(B) 3. 346 3. 271 3, 747 3. 775 4.008 4. 305 4. 488 4.632

(B) - (A) = (0 151 381 819 808 907 1. 037 1.033 l. 016
^ tt 7 — y

to a 99 195 153 208 269 342 309 360
to A 65 37 15 55 52 52 34 36
£3l*fitotti (D) 34 158 138 153 217 290 275 324

*' £ » % (E) 132 243 682 670 699 749 756 695
(»*«) (114) (209) (537) (577) (601) (644 (650 (598)

A' 1*fe 7 — $

, « m m u (?) A15 A20 A 1 A15 A 9 A 2 2 A3
a#7-y&g

(B) - (E) = (C) 3. 214 3. 028 3. 065 3, 105 3. 309 3, 556 3. 732 3. 937

3 4 5 6 7 8 9 1 0
v - y

B S g (A) 3, 604 3, 509 3. 411 3. 471 3.606 3. 564 3. 798 3. 702
£ a
EES 4. 693 4, 640 4, 463 4. 685 4.994 5. 100 5. 224 4. 966
0 JR ( " ) 726 726 , 726 742 806 772 801 763
#3135# ( " ) 3, 967 3. 914 3. 737 3. 943 4. 188 4. 328 4. 423 4. 203

(B) 4. 547 4. 483 4, 285 4. 520 4. 803 4. 958 5. 059 4. 799
■4 y 7 > x

(B) - (A) = (C) 943 974 874 1, 050 1. 197 1. 394 1. 261 1. 097
A' # V - f'

to m 301 331 336 389 439 541 576 510

K) A 12 2 2 3 2 1 1 1

mSIMto# (D) 289 329 334 386 437 540 575 509

#am#a#A
- - - - - - - - - - - - - - j

A' # & * (E) 651 643 544 669 749 849 653
603 |

( £ % i) (560) (553) (467) (576) (64 4) (7 30) (562) (51S)|

A' # V — f

& m £ m (D 3 2 A 4 A 6 11 5 33 A!5
A'% v - y&m 

(B) - (E) = (G) 3. 896 3, 840 3, 741 3. 851 4, 054 4, 109 4. 406 , J
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a Aseewtt v - yitg t ifcstga

B*0 1999 % 11 1.2. 1-6 ICSU, 0
1.2. 1-5 <DtH!0±ICCCDfiB6^L/;= 97%$®, 100%$SSroE/S5r4

6CTH 100%#®2:L, ^ttV-ycoSeeCfiEoTJSSATkS^SeflTItS 
IT, tSiiLTSStfc.

sib* u s««VT#tt* u esEf 5«@t,
TtolSliS$flTH75:H„

*#A^6t#16A6C, PSEi4IC=t;5®iSttS:T*<»oTi/^„ i/t, 38 X«©rt 20 H8fr* 
**S51-KVTV>t. *mADA^mi/T^-5C6l:7kS. ¥fMWti:Blto, 0~40 B2:A$A# 
tf&O. ¥191" 6 2: 17 Bt7i5. ##$A)6¥19#:B B&&*m¥62:, Vtic 10 ¥*0 93. 7%T 
23 B 2:75:67)5", _<feE|g*^$r=fl«A& 100%, SM«A6»/Mlie2feS2: LTE57 UT^6Sttfc 
*0, «fM0^T?ftvltBf8:£®ttif662:ttT-tfc0„

b Sto**
StoT6**®SEl$, EA, Sli, Hg(C=fcoTg&67bk EAtt 300imH20~2000mmH20, $€$ 

(3:99. 9%~99. 99%7iT356. $>6IJ80^X^f/f#S$(i, TE0A 5 tet^AtSSSilTV^,

(7kS*'Xl±, *#E0¥##&#,'l@L, S05**tLTH2>)
• E A : 17.65 x 10":iMPa (1800mmH»0)
• m& :E*tltbT

0, : <lppm
Ar : 10—-15ppm 
N2 : 120~180ppm 
CH-i : <lppm 
C02 : l~5ppm 
CO : <0.5 ppm
H2O : ttlnEACt&fB (I'J 30mg/m:i)

*S0|i6Stt. eiWiaetojSEEA^fgu/rsb, @&0BAA#%0@T0tABB6A:67)k 
tt^S3T6e(SiS^*ITiS«VT06SSUi6ti'7)s', SAL-T#iE$0eTSiWfiVT06C2:t)#x 
6H6. 6 0MrSS$7)' 616 2:®Sl;t, K(TA'**Vt$T'PSSSnT06t)0 2:l§lj'6Tl6 = 
^.*0;kl:#1"61§#%&E 1.2. 1-7 icSU/t.

$6TIS, -f ^>3c$li7£Lz^iiesnT07S:07)s, *Sf4*6E$VTd$tc, zk#E##&f 
fflt«fflLTl'5I«Tli, Efl:8StTl'5*a*!, **(T@ALTltiT< 6wr|g'l47)i6 0, 
ASropmcsTtoTtt, ss-cAo-m, a- MSMgesrEo/t,
zkSHteKE £ KB L U it*! tf & 6 * 0.
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2.1-6 y - yx# t zotsmsmti
I TON MttU'C, Jfi% 88Kg, 7k S 27()Nm3)

NO <*1

-R1 m&w
Tka&ma

KNm3/£
maama

7/M
xmmzk^
#*##m3/H

¥rmit
B&

%maea 13,043 3,522 11,478 650 6
5,368 1,449 4,724 400 4

&mk¥xm *BA»vrb§m 10, 880 2,938 9,574 500 7
4 MKWbXM msmyiim 4,470 1,207 3,934 9

(s) mm* 22,544 6,087 19,839 940 18
6 jfi MX 27,802 751 24,466 27

m&mm 34,844 9,408 34,844 500 30
>8< BgfnSX #5SJII»;il«rtT 11,390 3,075 10,023 3,000 25
19 J 6,625 1,789 5,830 1,000 16
yo) aaws 8,864 2,393 7,800 560 6
(Ii) 4, 558 1,231 4,011 900 11
12 SrigBSSiM 5,102 1,378 4,490 31

(l3) ntt—su bxm muimmmm 1,476 398 1,298 200 32
yr B^W# soj&iMm 6,400 1,728 5,632 300 12
(l5) b*@&is 4,956 1,338 4,361 680 7
I16l 7,154 1,932 6, 296 900 5
Cl 7] my- HsmEBmm 7,492 2,023 6, 593 660 21
(18) x#ib# 6, 524 1,761 5,741 800 26
19 mn? d/vt/v* y *EW*Erf! 3,770 1,018 3,318 14s yy y- 8, 854 2,391 7,792 1,500 0
21 ANIfb^X# 29.234 7,893 26,726 12
22 S»*fls¥X* fn^iU^fnBRUJrfi 3,126 844 2. 751 10
23 rnuumamm 11,432 3,087 10,060 37
24 |B)iiHb& rauij**»m 12,739 3,440 11,210 19ii>

BB**^X3I 5,683 1,534 5, 001 800 24
26 B#ms lijpftsam 2,677 723 2,356 20

my- UinJMfB&rfJ 57,727 15,586 50, 800 660 26
(gp k y-y-7 ojpmmium 33,680 9, 094 29,638 1,000 40
29 mE£$ 16,348 4,414 14,386 17
30 ssmsfsse 11,008 2,972 9,687 23
31 yy y- SWSeiUrfi 4,243 1,146 3,734 15
32 ffiMflMtJU’Hrtf 3,442 929 3,029 23

mmx 1,339 362 1,178 600 10
34 y^y- ffirajiSUbrtJ’Hffi 2,871 775 2,526 5
35 5#{b# 7,193 1,942 6,330 12
36 1,291 349 1,136 31
37 Jfift/SxSi 13,986 3,776 12,308 18
38 273 74 240 0

£ If 420,407 106,757 374,140
^#y-ymmaix L-t&gm^v/c

•Tk^miSSarSSmitfltt. y-lbfk^t^t/ce
• 4m#±B#KL 1999¥¥tyt-*5ft 5 B Lfc0

• 1999¥3£ O y-^XS^W^-m,
^lEUc

• 1998^8^ic^ftT^ik$nrci9:s^3xsfcd^\ m^hwmtxh^o
• 1999¥7^ B*BWRf)##dW LT, 100%*E&^7 L/c0

-22-



1 : 5,500,000 
100 200 300km
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1.2. 1-7 (cm3)

## or 2or 4or eor sor ioor
C2H2 1.73 1.03 — — — —

mmtfix SO2 80 39 19 — — —

7)V 3*> Ar 0. 053 0. 035 0. 027 — — —

!/> C2H4 0. 226 0. 122 — — — —

SfbzKS HC1 507 442 386 339 — —

## Cl2 4. 61 2. 30 1. 44 1.02 0. 68 0. 00
— 0. 029 0. 019 0. 014 0. 012 0. 011 0. 011
02 0. 049 0. 031 0.023 0. 019 0.018 0. 017

Kitas NO 0. 074 0. 047 0. 035 0. 030 0. 027 0. 026
CO 0. 035 0. 023 0.018 0. 015 0. 014 0. 014
H2 0.022 0.018 0.016 0. 016 0. 016 0. 016

C02 1. 71 0. 88 0. 53 0. 36 — —

N2 0. 024 0.016 0.012 0. 010 0. 0096 0. 0095
Ne 0. 013 0. 0104 0. 0095 0. 0094 — —

^\U C/A He 0. 0093 0. 0088 0. 0084 — — —

CH4 0. 056 0. 033 0. 024 0. 020 0.018 0. 017
H2S 4. 67 2. 58 1. 66 1. 19 0. 92 0. 81

• 8-S$IC*nvt, 1 a t a= 101.325Pa (D lcm3 * tc 1S« 1" 5 19 <0 S . OX,
1 ata= 101. 325Pa C0R#roSHC8cSUfcflS: cnv'TgL/i.

§il'±-f5*S5®ffli£i:oUTia. KKSfrru-seito&tbZiS, y-yxSi£l4. %£T5*S 
C7) 50%t)1EF. -cD»cf--^b«KLT.
Plffl StlTlD-5 CctdCBlDWtlt*, i'lXzKScDWfjjpJffl £:f*fi69lcii AT'. > < C >7i;a* LU„ 0
i. 2. i-s A'6tfi&xoi:, 6<aeis$rttv-yK««. ±mmi:&<A&i/. ^esw©E»c

f'LSTl'abS,

c SiSiiCDlklS
ASI^Cjc^WltV-^cDSifiriEH, fiilift. *IS?i. ■<*>-&&& 

ct>S$eiiro*L^frfcnTI,^j:H= ^>X#miit4^:x#cDH^0-$glgT\ *
BTttHKr£7)i, a-n-y/mizkffifitfiili&oTlDS. CcDMg0ttl56S 1.2. 1-8 !:$£: 
iDTSU/z. C4lAcbt#6j:3i:^4 0#m&#3miS7£T*,67)i. B L T!d

6<x>2mm@i4. attict)g2«sn,
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^ 1. 2. 1-8

mmm

T* >f *-y35&B&m#S:S

I %% • K<K~i~1
i » « «n

i* «
i ■ */ «~i

-j mg'xgi |
I »*WBB~K I--- 1 ***»%# |

-q % * m—I gxctt*»~l

I m m »~~) f'¥'*"«. m
r > » * » T1

i * *

< m it "|

xm.
i x<tm ■ as*

rr a s

H»H»l
T«*«K«K

cm
T

4 ***aa%l
{ ««««

----------l'~X*X I

* 4 9 - * R *
» tt v - r

j------R@*(N.CI***)
f—

ttttX (N.OH 4 N.CI**;*)

l--***

A at « xsva De Nora Olin
ffl K UC-26 tOso-v 33 M2 E-812

1* OA] 240—300 200 450 200
Rsexse (A/dm1) 79—98.8 81.1 124.0 107.5
fcS » (A/dm*) 70.05—93.81 79.5 119.7 100
f#*E CV) 4.16—4.41 4.45 4.32 4.24

(Cu * J- i» -Hg)( y A ✓: - Sts)
*%%* [%] 95—96 96.3 97—98 87
DC ***71 fkWh]/tNaOH 3.000—3.182 3.120 2.970 3.050
IBttffiR (m*3 32.0 24.67 —* 26.8
Ksaea [m*] 31.98 25.12 37.57 28.8

(mxm) 2.6x12.3 —• 2.12x17.72 1.94x14.8
25 22 16 6

»«©» 60 112 66 8x12*96
»etra JUB JMB DSE DSE
*.«** [kg] 2.550—2.800 3.000 5.520 __s

* —iuhffr

6 % a Hooker DiamondShamrock B*ers 18*0*1 aawa
as a H-2 H-4 DS-45 BM-50 SD-7 TSBM-7

*X [kA] 80 150 60—80 300(60 x 5] 75 50
*XtEK(A/dm*) 15.5-23.3 27 20.7—27.6 20—24 17.3 20
««EE [V] 3.79 3.85 3.70—4.17 3.80 3.63 3.60
*X%$ [%] 96.4 96.6 96.5 95.0 96.5 96

2.635 2,671 2,570-2,896 2,681 2,521 2,513

» a DSE DSE DSE DSE DSE DSE
P*S#NaOH*$

[g//] *• NaCl #$ 
Cfi/o

140 140 130-145 140 11~12[%] 125-135
16—17[%] 16—17C550 175—210 185 16-17[%] 180-185

IBEX? Sr 4-6<r: 4—65|i 4~6ip 5—61|i
FSBt** 240—360 B 240—360 B 365—730 B 240 B 180—360 B 200—350 B

"'caff
Cl, 97.2 97.0U±' 96. 5—98.0 98.0 97.9 97.5—98.0
H, 0.39 0.5UT1 0.1—0.5 0.1 0.3 0.1-0.3
CO, 0.2 0.4JUT’ 0.1-0.3 0.4 0.1 0.1-0.2
0, 1.4 2.061T’ 1.0—3.0 1.5 1.2 0.1-0.2
N, 0.79 _• 0.1—0.5 _* 0.5 0.6-1.3

te ft; tit EE?
ex [kA] 10.8x80 256
exzflE [A/dm*] 32 20
»*E [V] 3.75 3.7
ex%$ C%] 93 95
DC e«e» CkWh]/tNaOH 2.703 2,610
FBtk DSE DSE
XU'.A-t'f v -rxs [%] 21.6 (aXMl-ftjg) 

48.0 (ft*)
35

LTV'*

Wtiy-^o&ir

3

» --- (l88PFf).

n *y/<

#V'

’ XtWWtcJiS.

T> y * B*I£^T

«V
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1. 2. 1-8 (&%#)

*«iie«ise 7x^x hssEiie«iaii

SfiicoME

&/^/u7K7^#tfi6 TW6o ##(: J; 01^#^ 6 11#
*###±-^117 hu7A^

7 HJ 0 A77;1/^A^^^"1^. ^(7)7hU^A77;i/^A
11, 7Ka^^LT^f#V-7\h7K$^^6K
T6. ^(Di^i:, zK^mmm&mmT^cacckcTm^^r^

sisstsmiiMT', ingatB«a«7XAx Hsrttyj
enxus. 7)> A 7k li FI 6 Six (ft $6 sn, *lxl#£iSi6LTr>g

^ (t V - y £ a W L ZX « A A: o T flit tti t" 5> „ FSffi
ktifJSS# (iiSli&«7y XtofSffltxAyxXAXi; AtoMi:
«©®(b#^sas-ftzxss) $ftxtts$a»7x,Zj; o. mmmtz
ltFSS7)7bJ6S»"X7)s'58t75„ PSStiiiiZim. ttWfSi'bZj:
7tux. SIS»#IX137kS»'X7)i'5$4L. |s]S#IXig«(»JT7ki»
X xh> ZIBETS, Cto7k#yS>13*7/L,7k*to±k'J'XAX
t> t-mzt£t) . FtffiifKSIXSf-ItV-XS tBitSS. Cto#

»«**>& amt.
fliTBISSti, ytiiSsTiSStoSto-Sr-lty-yTkigifSiWai t
ZcftiSAsy-giSkt^.

6 & w A & < ^>^mm^ii,
R#<
LTW^. ^/t/Ktll##^[:i^6H,

##(D^#v-y7K^^mA2a&. m#±Tii7K^##$

T^/c±hU7A<

m^Tii, (20-40%) o##v-y7K^#

JgJStfto&S Mg, Cr, Mn. Vftflj, ##to#*y«fL<73
-ttz'O. PS ffi to ?k S iS SEEffiA A & -p A 0 , k£tiWiS-tts.Z>
£»sifitotts!«:*s.
mmt?>&»■? hci. iicio & Awm©

tsnx>. m&tfi
&n.

kAA h 'J ^ZxTVJk^jAtoiiAttS l@M5T5>
ZtT- 5 0 % ~ 90 % to rS ft « to # +t V - y 7k is if* »! i# 6 tl 6 tz

^ttv-yros«6BH^FS„
;k@t: j:5##m%totK^&6. *fii;»n^7kliSTm

iSiSfWWlxEL. W^57kA LTSi*iTFI®ffl-r-5M$.f).
$? ZL o M b til b li-5 /K^^ 11 tKiS■$■ A U tI tillHA

6 TlUo

7X-XX n$si3, *aw®«. y-mmmtttoAAixNa#
-ItV-y=klX 1~1. 5%«ifiyzZ>>'igAT 3. CfflAtolfiy-toFgi
aas,
***lct»fc»C*W8e»«f6*T. 3tw 5-«*♦«>&*.
eststotas h, ®SFj1SI?:i«7)SAS<Zj:iO, PfiRtofgfiyjjo

■b 0 . t" — A # t)! A S < /=£ 5.
pnsstpi*stoif*to pH tfgft o. mmmix ph tigers 5.

PS 8* |Aj lx 7tl«$(Ski7 A> A8S to :* If». #(&-#$. J£*AXto
*m%A7)7'A<
E®#S±, l##T%±y3##AxypS#*A*RLZxO

7ki$i'7t>7)ss*sti, smv-yy #-;,nzj:<zt5.
i.R^x MtommixA6#^to#l#&&^.

#6.

##(:#^ll#Al/ (: <
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(3) sto*Sro«S
»nnnrosifi@#®waj6ti. SBro^tt V-S'* • i£S • *Xro x 5 l:Si@

Sn5t)®AiHant)*,5®Sta, SWfiJOSOSicAoTfeiHjfilKffiliStooT^., Am## 
5rttV-ySE*>6®**roeSroStti?ilcoi->TS-5<h< d 6£i6.

5E4T-6#fflS:@S#j:$|))#lc5)-tj'TflSt"-5—SStoTtc^rit, £WJcoSyglCOI^T, Sffi 
iC7Ffj;d»tt&SAUT#i*6„

• Aft# =TO*Sft, AS
• mmmnm =#*&*. mams. asms,
• =s*&«©fsr%s¥fs*st-r-575'
• Xlg-®1;I$#=IS®S®, ###«06&6K$
• *tt-®ea#=*a*sii#e£n/in-to*fis#665.^

• $iii =@£8S8i
• = §S#$. (§AA.

- #*# =*#•*«#£/©tM, g$%«, #RAS. #*®iF(i
• m —l^A5t. MS. #A#,
• * *H

fi|*6LT
• f'l#
• #*$, itiiSR

mo6oT%@mL#%t%o. cn&HoDn^rttv-y • m* • -a. cm$i
OS0*It. StoxJS®E^nTHSttSlcAoTSS5fc». -Kt:S#?&ktbAW.

m«#ia*»A9SS«*iiT(s. sisnesettixse, #(#$&#%
:iAft<Sbtl5. Mitf, ####$& 70%6##LT. Ctll:#60##tSm#&AatL 
St>(7)6B$eTSi]oT8$g>«<kL. ’n$X@o/z#«l¥T'iIGUSjSAH. 10bfci£fi 
iFroStoWStoxT, Sifi ETAo fc t> co^'KiBefB <h & 5, c»S», R###$ 70%&ABti 
t£®l$<hS-3T. !:£$*!-6. iS««fl¥75W0%£TBtifi. SftrofgSchSSZrto.
C<0R*##$&a*f5C£tt££©£tfct>fT&t>fcHU Eifi!S«5r£
®A5i:VTSttil-rusiBlconTt). &M£ttStr
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LT'nwx-A-fca/i-ffiAL'O'-s.

c * □ U —-X—xffttlcASAffi
$ss, siiarazKSroffl^^zK, zM<7-«mag#LTi,^

J:5ttzm. K#Efi<hiZ)*DU-^-XTrottl8fffB$UT*$0fBf8S®tii1"55iiT$-6„ 
*S IW Sfc9©K<fc%*Mi 10, 760U/W 6, ftSllfitLT^D/O, Afiitt, %*S#X. 

XX / -4l/l:30TateaRT^a# 1.2. l-9®A3t:Ao/:.
«&«, 1999^ 12fl5BfTroae«s«hm*ws*#i:Eu/z^'. fternmtLTmcasm 

Elto, f«&®nm ttA^Ai^sg, «S6». #*. «>«. *l:J;oT{BtS0i|is^^-rnfeA#

xrnuzm^htftiz*x>-c$>zt)K yn/i>^A^>sisiJDUT, A,«*fxiceissn7tasm 
*'Xli,46, 055kJ/Nm3IlMBStlTtASitsi), XX >0%M® 35, 881kJ/kg cat'll 46, 055kJ/Nm3 

A*a©Jfi»*(c-3UTt), ifra//* -5 ic si> c ® i$ 5 e lc A oTIS$t5S£*S h5 /A 5
45. 678kJ/kg, itSS 0. 85 jrLTIteVZt. C®*ST**

SIEU *6 IE
ItSLlf C EICinxT, *#&fW L A 3 af 6#/b%Sa#0Rm#m#^7)%#66-5.

1.2. 1-9 a#«AL0*##l:A6*#m#

m# mmm
(kJ/kgXttkJ/Nm3)

m# (¥/Nm3) *1 ##
TIB TB

10,760 kJ/Nm3 *2
93,701 kJ/kg 11 Of/kg 140¥/kg 12. 63 16. 08 *3, *4

AgfA 45,678 kJ /kg 28¥/l 32¥/l 5. 61 6.41 *5
A«S*'X 46, 055 kJ /Nm3 32¥/Nm3 343/Nm3 7. 48 10. 05

35,881 kJ /Nm3
27, 130 kJ /kg 13¥/kg 40¥/kg 5. 16 15. 86 *6

*i: a»6 stsi &E9#2A
*2 : 1999 11 J9 1~6 Bm%####l:A5. SSffl •
*3 : 1999 «f5 11 n 1~6 H89*f*SS#4l-A5. □ —V —MAlcA-S#!#.
*4: Alifirofltm, SflS A0® WEScST, tfc*/»)*W«<hLij:i,)AcSi) 0.88 A LTItSLA.
*5 : AefMl:*hr-5«tm. »,X#tt*>'AiiUi=iX>fc6'>, a*»ic£'t;EII(S4lfc«tSTItSLA„ 
*6 : «f§®$iJli«U)Aii), TEttC I Fto§. AfEtin-'J-*AA®*J8*&£*SLfc.
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1.2.2
#gg©$E-$S:©B;<PB. HCIJlt ##%X

lppm y.T, *»« IMPa ©7k*T8,£-60=0X7. 20MPa ro*ST'8.'S-70‘CJy.T'e(*$6r6 r ^
it?i.

in
ftS*a5j-*7)'Bf#bn/lBiHfe**coEBli. 30MH20~2000rnmH20e©EBkA>&

<, 30g/mM*-aA/-rW6. SfcESt) lOppm ifi< Xto®
S^*5j-&IS£V/c±T, ffiffijJMlcii-S. 7n-y- P£0 1.2.2-1 l:Sl/t. @#©EBia. * 
EA'XKStttoilfflSBlj'SZi©, 0. 99MPa it. 2 eS«»E$gtSTteEf$. A
■7->’i?Afl*««:5fc«Lfcll»tt*£RBLTK*£l&£Lfc». liJSggT'Tkti-mST-B. HEiSgg 
ti, S*)S9;itTttS*'X(7)-SSfigMVTRSV, mCMICST.

E«(±#$a 1.2.2-1 1 :*Lt.

(2) TkS^fX M/-5-l:,6E*,X£UT?cl<'t-E>ElI 
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No. m$ ft#
1 77'yA —
2 KffitS P=0. 01 176/0. 99MPa, 216. V=360Nm3/h
3
4 'i y y—y—"7—
5 ilA iz— y—
6 77^-7"7—
7 fliiSEtS Pd 02=20ppm l#^#<0. lppm FAT
8 too HzO, DPZ-eor. V=360Nm:l/h, gift
9 MSS bszbse.im.

10 X'777 —^>7 P=0. 99. 2m3
11 )\—7 a v y

1. 2. 2-2 *##X H/-7-t;«E*fX±:LT?c#1"-5Eli

No. «§g ft#
1 X7'7 A° —
2 fftt« P=0. 01176/19. 6MPa, 2 f?»#l. V=360NmVh
3
4 i' yy—y—y—
5 77^-^-7-
6 4l A iz—7 —
7 mm# Pd *«. 02=20ppm Pi £»<0. lppm W.T
8 moEzO. DPK-70X7, V=360NmVh, gift
9 RKtSTEffl.

10 **-fe3 H/-5- 2300~3000Nm3. 19.6MPa. 2~3
11 F lz > 7 -’r — 5L/min/m2x30inin
12 5L/min/m2x30ininx|§g^ □'E
13 Sof </uN2=95%. 16Nm3/h, 7. 4kW
14
15 / ^—y x\ 'y y
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1.2.4 7kS#tinXX> K

7k*xx>h'i:. ** hi/-7-e@Bv^T7k*s«ist"5e6', f

®»ic=fcoT®ifta«t*o, #x#gi:J:sa$aeaA%B6%s. c®;7&b7ksxx> K®«a

g«3r®IMIS^. £'i:x> UT®Seii; t>£>g2:&

(1) h l/-7-^b«E#T'«EVT7kS^I«nf-$>i86' 

zKSA'XSSESggICEttUT, h U-7-T7K*{tt|&XX> KirfcliSU, h 1/-7-6SB® 

T, «E*T#EUT7KS5rtt$6t"5*iSl:\ 7k$@#]$##X7X^®**EEA^&n. #RtK

S. A#7k*fb#XIX. zkS®ttl6E®l;t, 0. 99MPa JXT 

Td;<, h k-7-®7k*(£fflf*®8Et> IMPaliT.

SltLTtt, hU~7-®@B$»Bf(2~3^)i:iSE#(20MPa-lMPa). -endgtbS'xroffi 

6c0AS2flm»ntf =fc®„ rztz. hv-7-e@B<t8a. i.2.2TiravEAmi®ni-xEi- 

/k®. xn-->-h£H 1.2.4-1 cstt.

*mt4S*Tttya-;ir• hAv>E®-m. He# xt r& 0®*«t±#-r*fc«e>.
»/vroEssictteaEireat&e-c. #ot:ck3TH#x##§&m®T.

(2) h k--5-^bSI6*E#4X>Xl:»3tt*L, Bi:l81IT#l±t5S& 
TkS^XSEESgsICEISLT. hl/-b-T:7kSWI6XX> HIlttSL, M/-7-4gEH 

T, KE®B#!i$:##X7 7l:#*#f K#X7 7®#m#*E*ll. hk-7-iiWl
C 19. 6MPa £S$1~-5„ Z®Jg£, 19. 6MPa l;f-5 X ittE^sgT*-5£®, E$S
tssiaeuT.

hi/-7-®S2iij;21 *$>y. *xi; 19.6MPasstisnTftissn^^b, #t%$®&®8
E$#3#a@^a/uX\ «S X > X ^x® 3ct* £ fT& Xt£E$8#® Si#6 4-Vj: < "t 5 X <k Xi'T # 3 „ 

h Iz-7-®S8bS8® 710L i:MLT. MX >XS*I£ 50~70L ittT-MZtl, -e®iHKJKt£

$<
$£. ®®J:^kj:gWT'ffifflT5EIS«lctt. EW@AE*i|6®*a-®t>®7ii'jj<»-Bti57iX 

hk-7-ro8l£SI2iWi< IT. leSx4*$±tf5B6<]Ta^Sn/7#a/j:E$SE7)s)KHTS 
ff2tXTt'5. 7 n —-> — h40 l. 2.4-2 l:SL. ESg«©5'|.®0tlSI8<±«£l3 1.2. 4-3. 0
1.2. 4-4 l:7kL/z.
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CONTROL PANEL

INJECTION * PRIMING PUMPS
1/2 NPT VENT PORT

O ELEVATION 83 1 /■>'
OIL RELIEF VALVE §2

3/8 NPT CAS INLET PORT
O ELEVATION 8 O' •OIL RELIEF VALVE #1

HEAD ASSY. § 2

HEAD ASSY. |1

CUTLET CHECK 
VALVE

ms**?T' I.
INLET CHECK 
VALVE

3/8 TUBING CAS OUTLET PORT

■AFIERCOOLERS
1/2 NPT COOLANT INLET PORT

1/2 NPT COOLANT OUTLET PORT 
• ELEVATION 31 1/2"

GUARDELECTRIC MOTOR 
20HP/1750RPM/TEFC 
220V/380V/3R/60HZ

SUCTION PRESSURE SWITCH-

LEAK DETECTION 
PRESSURE SWITCHES

MOTOR STARTER * ENCLOSURE
(4) 1 1/2 ID OVERHEAD LIFT EYEBOLTS

ELEVATION

BASE WELDMENT

(6) 3/4# MOUNTING HOLES

FORK LIFT SLOTS

APPROX. WEIGHT 2800 LBS.

TOLERANCES

FRACT. ± 1/64 

DEC. * .005 
ANG. ± W

UNLESS OTHERWISE NOTED
BREAK ALL SHARP CORNERS SURFACE FINISH 125 RMS
DIAS CONCENTRIC TO .010 T.I.R. THREADS ■ CLASS 2A & 28

SEAL SURFACES ARE SMOOTH & FREE OF MACHINE MARKS 
"DIAS ARE CONCENTRIC TO T. I. R.
SURFACES MARKED ARE PARALLEL A/OR 1 TO

THIS DWG. IS THE SOLE 
PROPERTY OF PDC INC. A 
SHALL NOT BE COPIED, 
REPRODUCTED OR REVEAL
ED TO A THIRD PARTY IN 
ANYWAY WITHOUT WRITTEN 
PERMISSION FROM PDC INC.

SURFACES MARKED WITHIN T.I.R.

Me INC.
1875 Stout Drive 

Warminster, PA 18974 

218-443*442

SCALE Compressor
General AssemblyDATE

BY
DWG
NO.

REV.

JOB NO.

HI.2. 4-3



1.2.5 *####%
**©*161618$. rh$-mNUT$£E##ffl2:j$iE#f5eeSi@UT1 *6i)Zit)to6g

1.2.5-1 ICSUfc. EirWSti:, ^###11. iBESTitiS
nfcfe©©J:5!cWif$n5.

MiiSlEaH 50km &-£&©£ bT, DfftHUfc. C©jyi#$$El::±tf
X, *^lc£©@SX**7)i(itmiiJBE6x ^&#E$##L72:W.

1.2.5-1 zk*X$> h'T©*S6e6t&
a) b) h V-'j-

A) I itmUffife ¥/Nm3-H2 ¥/Nm3-H2
1) Ag##%(h LTEfal

m&aa
6. 00 6. 00 mu

2) 92N¥ E# 500m, 1".
^— h

7. 00 140M¥ 10. 65 300Nm3/hx365 Bx
12h. ESP 10 ¥

3) 3. 68M¥/# 8iS(7) 4%/# 2. 80 5. 6M¥ 4. 26
4) 2. lM¥/¥ 0.3 A, 7M¥/A/# 1. 60 2. 66 0.5 A, 7M¥/A/^
A) &:t 17. 40 23. 57

B) ImiHH
3) 50km #1^ 35K¥/[U 50km. 2850m3#T6L
B) '□at 12. 28 12. 28

0
4) 40M¥ 3. 04 65M¥ 4. 95 ESP 10 ¥

1. 98 4%/^
5) Af4=* 2. 1M¥/^

0.3 A. 7M¥/A/^
1. 60 2. 6M¥/^ 2. 66 0. 5 A. 7M¥/A/#

0 &#t 4. 64 9. 59
45. 44 ¥/Nm1
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1.2. 6 XX 7-71/
(1)

a smtms
$56, H*©XX/-7I/i;t, SlIACIoTDT, ^©SiAfttJ, @R©ft«7/XfE&7)S$<, 

%©##77&#oK#7fx©&%$A#^(.©t©7!,$^66cTA3. S&SStc5£6B 
1.2.6-1 (CTRL/t.

ft©rtiR©*«n, *1.2.6-1 y-;i/®#*o-*5/-\7>Xj
l:*-f #1: 1994 1995 ftllTWC, *!!©§»*#«
A?Xlcj;5SS$PMt"5/:6i)lc, D'J 'J>-,©MTBE ©iSM-HH^b X X /-7W$,SBLtc^t
smmtvx, ^mmtm 1997 2001 9 S7jh>/$i$«issn. 1997 ¥-1999

$F©roic 2607?hA/stmicomstmT-mmzfcikLtcfzsb, -e©$© eso75f 
EilUT, mm 2.900 77 h >/¥©6SA$E&$iiT©-5„ *11 • 3-D yAlC*!!-£«&©$ 
«£0 1. 2. 6-2 ICftL, XX/-7F©»EE$«2:tt.Ll:Eil$S 1.2. 6-2 ICftlAc. -©ftitU/iia
m«, *h. **x\ 6i%ft©#K##77©*6m#-c, cneroitt. SAtciotti&s*/'?
—"9" -5 C £ (h &-6

#E©xxy-7i/©6Ai:mi#6f ©#o;$f#'ie* i. 2.6-3 ic,
fflfflB 1. 2.6-3 5:0 1. 2.6-4 I:. *«S0ft*Bg77£S 1. 2. 6-4 I:, iMSUX X X-7HBBSE 
1. 2. 6-5 12* LTio

a*0A3'/-Jl'®*Btf«ffl/\7>XSa 1.2. 6-61:, Si Aft© ESS** 1.2. 6-7 12* L, 
CftZS 1.2. 6-5 12*U/2„ 7?7-lk©r)JS*#H, GIF M#12 'J >X UT^Dlf-5ft#), 1997 
*«@©C[FE&$a 1.2. 6-8 12* L 5. &W-5 J; 512, S6©fiim3lEBffiESI2ifi
©fc©£ft-7T^-5i:BA5°

C©Axi l;7X7 — JI/©Ef&li. 0 1. 2. 6-2 © f*B • 3 —DyA’^&lt-BX X/~7F©$tt43 
AtfXilty FE&©$iiJ 12E 641-5 =fc2>i2i@*l2l2±S<$ijLft£to, fflt#7)i'$£U7j:©t>© 
©ft^iq©A5lxdAHtin5A5l:/j;oTt7ft76i', H 1. 2. 6-3 -?»0 1.2.6-4 f2*T 2004 f 
©sB^aii-hwismauicEBn-sA^ic, /^T-xifttiti'T, is$©«te©se-ti$e5BH 
liESfcb&A, 2:XX/-,IH£$6SttElSLT©5 = 

ja^>57 /—7K7)ffg$tt, *7l--7 'J >lS7 71^S$*S6ce, MTBE

toN-m^iaajf©ffiasft*?, be!:##l/2. E*-eti, 1998 
$02 204 77 h>/¥, 1999 $1$ 12 200 77 F f©#©##a,t#4-6$l!l^.©#7f-^,
#34.$@T©##&maa©#A-A$eo7#6ft&, 4-f$©<*sii6aiL7)$ft©„
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2000 WORLD METHANOL TRADE FLOW 
(-000- Metric Tons)

Canada to 
Jap/Koc 200

New Zealand 
to JepKof 700

New Zealand to 
v E. China 700

to U.S.
-N Alltea to 
lalyrSpeln 370 
IW. Europe 370Europe 1060

Venezuela i 
to OS Out 500\ 

TMdad
to US Out 1050

V New Zealand to 
x S.E. Alla 500CMeto

Brail 400/
CMeto

CMeto

Others/Various 700 
Total "Deep Sea" 14,990 
Map Not To Scale

1. 2. 6-1

CONTRACT AND SPOT METHANOL
U.S. AND WEST EUROPE

Dottars/Metric Ton. FOB 7e Oper. Rale

325

72%

83 84 85 86 87 88 90 91 92 93 94 95 96 97 90

3 Operating Rates -------------U.S. Contract - - - u.S. Spot
- W.E. Contract .................W.E. Spot Z71W

1. 2. 6-2 tKIS • B3 —;i/(itScoWi
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* 1.2.6-1 uno*? s-n-©ssiM®rt7>7,

H-

WORLD
Methanol Supply/Demand Balance

(-000- Metric Tons)
ACTUAL 1994-98

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 %AAGR

TOTAL CAPACITY 26567 29062 29307 32036 34184 35041 37545 38727 39407 39752 39752 6.5
Operating Rate,% 83.9 80.7 843 81.6 77.2 75.7 74.0 74.2 74.8 73.9 75.2 -2.1
New Cap. Req'd at 95% 15 7 127

SUPPLY . .
Total Production 22295 23457 24704 26157 26380 26522 27779 28748 29483 29391 29892 4.3

TOTAL SUPPLY 22295 23457 24704 26157 26380 26522 27779 28748 29483 29391 29892 3.0

DEMAND
Formaldehyde 8662 8858 9151 9430 9368 9592 9810 10084 10356 10680 10907 2.0
DMT 353 358 319 324 326 321 323 339 348 345 347 -2.0
Acetic Acid 1348 1624 1621 1790 1944 2059 2317 2531 2580 2645 2699 9.6
MTBEVTAME 4775 5874 6825 7239 7443 7765 7992 8203 8406 7730 7725 11.7
Methyl Methacrylate 700 722 751 768 777 781 793 802 824 815 809 2.6
Gasoline/Fuel 646 696 687 437 333 189 189 289 311 327 366 -15.3
Solvents 977 994 1014 1042 1066 1090 1115 1137 1158 1184 1208 2.2
Others 4443 4475 4601 4978 4989 5132 5240 5363 5500 5665 5831 2.9

Total Demand 21904 23601 24969 26008 26246 26929 27779 28748 29483 29391 29892 4.6

BALANCE 868 -147 -317 427 230 -407 - - - - -

1998-04
%AAGR

2.5
-0.4

2.1
3.4

2.6
1.0
5.6 

0.6 
0.7

1.6 
2.1 
2.6

2.2
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AIR LIQUIDS

* 1.2.6-2
(*a:1.000\/$)

£«1 662)

(SrlS) mm
Methanex II TV 925 1997
Statoil yyu^x— 830 1997
Ar-Razi III ■*t0v75t'7 850 1997
Kaltim -f>K*v7 660 1998
Methanol IV hV-^-Kh/<=i 550 1998
Methanex III TV 975 1999
Ar-Razi IV tt*v75t:7 850 1999
QAFAC 825 1999
NPC 660 2000
Titan Methanol FV—^—Khz 850 2000
AMPCO Sli^-7 850 2001
it 8,825

(ttit) ttit
Methanex 270 1997
Goergia Gulf 7/U* 480 1998
Methanex,Canad. TT£* 260 1999
Fortier 7>U* 570 1999
Ashland 7>U* 460 1999
*1! (if It) *11 600 1999

It 2,640

E l.2.6-3
(#@:l,000\. %)

A 1994 1999 2000 2001

8,700 9,600 9,750 9,900
81# 1,400 1,900 2,000 2,500
MTBE 4,800 7,500 7,700 7,900

7,100 8,000 8,200 8,400
22,000 27,000 27,650 28,700

MX? — 1.4 2.4 3.8

26,420 33,490 34,900 35,750
mm$ 83% 81% 79% 80%
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WORLD
Methanol Demand Forecast
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30.000

25.000

20.000

15.000

10.000

5,000

0

-000- Metric Tons

1994 1995 1996 1997 1990 1999 2000 2001 2002 2003 2004

%AAGR 98-04 
(□Others 1 .o|

OMMA 0.7

■ MTBE 0.6

□ HAC 5.6

■ DMT 1.0

■ Form 2.6

Z/V/V

ai.2.6-3 ^

WORLD
Methanol Supply/Demand
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* 1.2.6-6

JAPAN
Methanol Supply/Demand Balance

(-000- Metric Tons)

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 %AAGR % aagr

TOTAL CAPACITY 196 196 (196) 096)
Operating Raie,% 20.9 153 - - - - - - - - - - -
New Cap. Req'd at 95% - - - - - - - - - - -

SUPPLY
Total Production 41 30 - - - - - - - - - - -
Imports 1775 2006 1936 2101 2041 1913 1917 1926 1931 1944 1987 3.6 -0.4

TOTAL SUPPLY 1816 2036 1936 2101 2041 1913 1917 1926 1931 1944 1987 3.0 -0.4
DEMAND

Formaldehyde 679 672 680 704 616 620 626 630 635 640 650 -2.4 0.9
DMT 23 23 23 23 21 15 10 10 10 10 10 -2.2 -11.6
Acetic Acid 189 202 210 215 227 220 220 220 220 220 227 4.7 -
MTBE/TAME 116 120 122 119 81 50 50 50 50 50 50 -8.6 -7.7
Methyl Methacrylate 149 160 161 164 156 150 150 150 150 150 150 1.2 -0.7
Gasoline/Fuel - - - - 1 1 1 1 1 1 10 - 46.8
Solvents 84 84 85 85 85 85 85 86 86 87 88 0.3 0.6
Others 672 677 741 776 767 772 775 779 779 786 802 3.4 0.7

DOMESTIC DEMAND 1912 1938 2022 2086 1954 1913 1917 1926 1931 1944 1987 0.5 0.3
Exports - - - - - - - - - - - - -

TOTAL DEMAND 1912 1938 2022 2086 1954 1913 1917 1926 1931 1944 1987 0.5 0.3
-96 98 -86 15 87BALANCE
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1.2. 6-7 B ACO y ^ y—JI/CD Hi At£

JAPAN
Methanol Imports
(-000- Metric Tons)

1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988
Canada 94 275 200 326 381 490 571 656 674 690 643
U.S. *• 40 -» 8 -- — 5 **
Venezuela 45 21 -- 7
Chib 96 91 — — -- -- 11 84 126 124 39
Dalirain 36 •- -- 67 98 110 93 96 40 -* --
Ubya .. 14 22
S. Arabia 792 610 741 731 540 546 512 425 416 388 386
Burma _ -- — — — — -- -- -- -* 5
Malaysia 114 123 102 124 178 137 171 158 178 190 170
Australia - -- 4 -- -- — -- -- -- -- -•
N. Zealand 782 889 957 743 578 488 387 312 211 208 177
Others -- 38 -- -- -- -- -- -* - *

Total 2042 2101 2004 2006 1775 1771 1745 1736 1645 1600 1442

JAPAN METHANOL IMPORTS
Thousand Metric Tons 

2,400

| , arm C

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
■ Canada ■ Chile □ Bahrain
■ S. Arabia 0 Malaysia ■ N. Zealand Z/V/K

S3 1. 2. 6-5 BAcoy^y —AcoHi AA<bll
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AIR LIQUIDE

1.2.6-8 y -JKD GIF

¥>9 EX. RATE 
¥/US$

QUANTITY
MT

JAPAN GIF
USJ/MT Y/kc

97/1 115. 60 162, 390 169. 98 19. 650
21.9722 121.26 116,502 182. 40 22.118

3 122. 39 223,727 197.30 24.148
4 124. 29 149,134 217.59 27. 044

25. 9435 124. 13 183,503 215. 56 26. 757
6 114.98 248,838 208. 98 24. 028
7 114.09 152,449 206. 31 23.538

23. 3308 117. 18 143,683 196. 36 23.009
9 119.44 215,998 196. 27 23.442

10 121. 18 148,787 191.71 23. 231
24. 04011 122. 28 178,160 193. 55 23. 667

12 127.90 177,278 197. 20 25.222
2,100,449 23.911

98/1 130. 98 219,955 196. 40 25.725
24. 5782 125. 90 186, 126 191.03 24.051

3 127.35 162, 788 188.12 23. 957
4 131. 01 158,391 170. 29 22. 310

19. 3405 132. 34 220,985 131.88 17.453
6 138. 65 140,336 131. 68 18. 258
7 140. 46 172,759 126. 97 17. 834

16. 7768 143. 48 158,401 115. 72 16.603
9 138.58 141,974 114. 67 15. 891

10 129.32 130,936 119.81 15. 494
14.42111 118.16 172,519 117. 59 13.894

. 12 120.26 175, 610 115. 38 13.876
2,040,779 19.021

99/1 114. 09 123,732 114.71 13.087
12. 5092 114.16 166,115 107. 85 12.312

3 119. 88 214,635 101. 17 12.128
4 119.60 187,418 100.16 11.979

12. 1705 120.21 150,166 100. 48 12.079
6 121.53 128,113 102. 45 12. 451
7 121.57 164,149 108.18 13. 152

13.5288 115. 95 189,210 118.57 13.748
9 110.21 166,008 124. 17 13.685

10 106.34 183,849 126.91 13.496
13. 60211 105.21 161, 972 130. 16 13.694

12 103.73 168,824 131. 25 13. 615
2. 004. 190 12. 949

00/1 103.77 170, 906 127.65 13. 246
2
3 f
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b

>i'tcgfiJ$ti-50 C©-*$t6>^6 y X y-JWS#©ft 50%liREK)T-**i6lcgtfn, SO 
©ft so%tt5' >y □- u-T&m&Mm tTSSjfeicisttn^o 

H*(C[pattTgKShT©-651-E5'>A-tt, 8 1. 2. 6-9 y d? y-OOX >»- (fl-InJS) IC^t" 
=k5 Icf!#!*"? 17, 000-35, 000 h > X ^XCO^MX^t >1- ■ 5->*-Ta6o/t»s', -*gAS 
%©y>y#m#atuxi'S-ST, *En$#ij-/c*e^E5'>A-A«ms$shT©5„

8 1. 2. 6-9 yy y-2l/X>*-(mE*) ICST^ylC.fliaiT 200—2, 000 
hXD/Jxffiys*;!/ • j'XA-ASSESflT©?..
8 1.2. 6-10 Icyxy-;!/-**#, a 1.2.6-11 l:y ^/-;0™*Si6!SiSL/:„ -*Si6©5

B*tCj=5©TttS#J • ©RtllCfB£ShT©52t», ^-©Ie3tj£i?)bn2i®£
lci$bT#i8Sn-58i6, tiiinx hfefiJfttTis. rh«, «f$7;i/n-;0M4©ESL8ii#m
1C, yf-ft • 7;bn-;otUTtH0b/cfe©^«);8-c, ^BHUZcA^Sofc/cAStilcfgesn 
ti^«i»n?satfbnTi>5. yyy-iOS«fe• ®»ft(cfi£LT©5©tt, t#ta* 
XS§H©AT85„

iWEAX A UT©**8'X©ll3j:|Sl#IC, y X y-J0©fc1i*fc«ft • ITlIiisSilS
7)s. yy y-;v • n-u-li, 20KL A 14KL ©xas©n-V-T*ti'nT©5„
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AIR LIQUIDS

i.2.6-9 s-fr ■ ?>t>- (ftruwtrtriito)

1. (*fiti)

te £ Bb>&
(G/T)

k y
(DWT)

ifi(LOA)
m

7k
m

FFlUA 24,715 35,653 174.90 11.02
HWl n 13,067 19, 997 158. 94 8. 43
WEELEK No. 3 10,316 16, 956 147. 30 8.73
ORENSE 17,286 30, 249 171.01 10.71
JOSE GLORY 20, 989 29, 871 175.00 10.01
iV-lk *W d-7- * 96,000
RWl ffl * 45, 000

2. rtflrUiti

(G/T)
#### h y

(DWT)
M(LOA)

m
m tk

m
tin1 n

-7 D 2/204#- 698 1,947 72. 70 5.27 1

l-%
\

ll\¥

388 700 55. 00 3. 97
ISA*®*. 199 600 48.42 3. 57

66 214 31.62 2. 10 h
698 1,498 69. 92 4. 49

ful^L 499 1. 199 64. 50 4. 48
499 1, 199 64. 93 4. 15

w.mi 498 1, 195 64. 80 4. 29
%w% 498 1, 199 64.40 4. 45

490 1.200 64. 92 4. 20
mw-% 199 623 48.45 3. 95
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MEOH8A’tti?59>-7S*

LJ-

w 1.2.6-10 (sa • m^rs%)
i. ia:a*

jsrE*
s*
KL

T DEAD
T

naeieTi
T

/<—%
8*16*
DWT

*35 -
M

tes
«

:Efl»
IVY *s 0/M «*•**£

*ib: ‘ MG ' r h jwd . 8650 b - ", :Z,S,22&r 800 « 1 5,428 4>tr7n-h ?:-:m60a iliaioo : ’< i_ " ; •
| M-3A M—3B 1 M~1

jta is^aw !** 9.800 9.800' 7.200 26.800 19.296 700 18.596 )jf\— K70—h 35.000 1200 0 O 20inchltP/L=3.000kl/h. ±fil 75m@H>20.718MT
1 ! ... M&jfl«io#i2ia Q*36l H( 10.5m). NFSai .000t/d

jTK-801 A TX-801B i7K-80Z
.........

■ r ’ ; 'i | -ati* \0600wr <
50C !^,hf J9.Q0QE -• J9.00O1 3.600 41 600 -- 29-952; -T.600 28.352 7k«yr^$c ! -35.000 : ; 9.50 O" ■ ■*: *■ TZ 4.0000WT _P400^iv

; NO.2 N0.3 jNO.l 7
MG/MC/MOBIL na 3.938 3.268 4.636 29.341 22299 1.174 21.125 A?7/V-/?2C 30.000 9.90 0 0 O S(*K)n-X20.000MT.±6178.7m. «27.7m

NO. 19 N0.54 N0.62 (13.040)1 (9.91l)| 3?Ta--2499GT
2.871 4.628 10.000 (95??#' MC:MG=1M► *«” **“<■***'•' '* ' ' **<

’NO.83 ' NO.88- ;NOL&2 ' * - " " - " « • * v J » <*™**r t x” * * - - x
jKR/MOBIL • B£ 13.887 2.9971 4.172 21,056 11003 88»i '30:000 9.90 O 0 O O T/K8Zf±NK3/MC/KRX3E :

* (95??#. * -": - j v* • < ' Uh;;y:'
'mbk gatx JIW 5.000 3.000 8.000 5.760 600 15.160|-(>t—70-K 30.600 “<o ° LO A 170.55m

M8KR-£ - iflun *• - 2.50Oj . £5004 5906 , 5.59a
...... .............

:= *025 US ZOO :-\XSZS[XtB3:
____....

23J300 ;» 70.50:6 Si! - < ","*-*ox .J “Kps .
; - >■" *« :

IMCJIW mm 5.600 i;
5.600 4.032 4.032 42100 10.80{O

; 0 0 .

St * MBKS--5- ■.=** 10.000 7.000' 7.000 24.000 18 240 700 17 540- -fsf-ya-h 25.000 9.00*0 O aa*rO.OOOMTm« "%*" v “'«*
- 300MXOt7"T/K1F- i-.

MS MBK sa 5.000 5.000 5.000 15.000 11.600 300 11.3001 40.000 1200,0 |0
!

TA .. > 12^00 I2500i 12.500
i

371500 28.500 4.000 24.500 X$7S*t2!j£. . 100.000
,

18.00*0
i

0

MC i*F 10.000 2.000 12000 8.640 600 8.040 46.000 • " !10.45 j O 0

"*a SN :£ZL@ 28.000 28.000 20160,! T.120 ' 19.0401 , * 1X 45.217 T2J2! O 0
‘ * ' A '*«*»'*. ‘

LDA300mf*jGJ -J* '
r-ftr*- • /# 28.000 ' 28:000 201601

1
U2tti -19.040! j

| . -!

' 23.500 23.500 23.500 96.000 76.800'' 8.000 88.800 i'A-70-f- 42300 15.00 0 LOAI78m. BEAM322m
i 23.500 2.000: ttiSl/V-X1300OWT. 400Vh*2
1. . . . . . . .... 1^-402

MC :2Ta 1.7.000 17:000 12240; 500; ll‘.74O;XS0ftti , 125.000 25.00j O | . j RSVV-HSOO: 5000.100000WT

VKS&tt i ■ : 404.137 310.67s! 22.2941 288.381! f ...... 1 :: 1 1
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fcfTftofttf. EHScoiggTfiiSL/t, SrUi«|gro8ffllcJ:5*SIISnx hrofSiStoflTigtt 

(cowtSb Ufttx

(1) S^WRUct^iSESSgcoftffl
i/xro->-;Hiii^T;V5^a.'XASggTiefc'S', ^Hfil^Si^ffiTEfttxi-fASWfigA-f 

-SCAT, I9 40%rose, 7O%*@A#a7)'#&Rf#6T-St)07)#f$$a
%AT0-5.

A0X>XtttIli,
•tKX 20.20x 15
#* @26.2MPa (3. SOOpsi) . 124, 000SCF
m* 6, 123kg (13,5001bs)
Eft 26.2MPa (3, SOOpsi)

ibtl'T, CffiSigiST, ** b U-7-0^'cfSftO0iiiiSt>A*§l::AJ?>t!--5 AA Aft3o 
$ft, ctoecowigiysniCctoT, siwb'FI-x >47 $■ sfbf s a. ss-SF-iiSAftoTu-B 
X > ^ M*0 nrsg A ft 3.

(2) @AEftEH$EB«08ffl
1. 2. 4 TI8SUft7)SC0E|g®toflffl 1C =koT, ** h l/-7-»s'ES?n0®fflEft0$S5S 

UT, 5it-E$E£SLTB5 A A ft'* < ft 9 , Alf-5AA*A?#BAft^. ICS
oiiitt, An$Tg*THSfflSilTAftft-3ft„®A#H-B«t)ES<.ttttiSe0 250NmVh 
$fttt 500Nm7h (®AEft» 17MPa) A**X X > Htfflffiffl HttMBftt>0tcii.f>tt3„ 
*##(OAfftAWtT#W&Rft0ft0.

(3) **ftX03cti0nJggtt
$SftXHli*S A L-T, Effi56tlShTU5*"XI±, 19 170 fi mV^XS.5. A0faft 

100 # m:l t)<itSfl; 1W^ 6 0f*In $SttT A5 t)0AS,:bft 5„ ftStt«y,^0*Si!S A L 
T«, 5i«S«gfflf7#X, 3-XXtPft"X. Xfp>7-7>hi'6fflf7*'x, # 
ft* 50~60®m3, A.^ftX AX X / -X$@*4ft UT**£$5ie LT0-5 707)$ 10-20 E 
m3 ATS'lSnTV^-6.

tei:fts*«tcEeef ix, *#m#am$x.0*##x0KE7B**&$&6A, 
EMLT3Et*tti5fc5®ttMe0fft$-6t>0A«fflTS5„ 7km0aE3%#AW#Aft6A, **$ 
m#A1-6g*)$tmf1-A#<mom#60T»ft^5 7ft.
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(1) 0*eiS«rM> 2000 X 4 n 4 0
(2) ttfffSi-STfcJSXx- XX, -ft#X*0fg, 2000 X 2 43 8 0
(3) SHHS^-E/t^XX-XIC, ftXXl!0*. 2000 #2290
(4) ifiHfXSiX-SrA/tXx-Xl;, Ib#X#0*. 2000 $ 2 44 10 0
(5) V-X'XSSilfi- (¥($ 11 X®)
(6) m###x#x#, minx*#. \t^mx
(7) 1996-1998 X
(8) ASSaMEIt, 1993- 1998 X
(9) SrltV —X'XSESkA, http://www. c-net. jp. /data/capa/sodium. him, 1999/1 1/17

(10) 13398 ©X^iSS,,
(11) ¥($9X9 43 2 BttiWX (#) Xi-X • 'J V-X
(12) 8SXE, 1998 X®, (#) A#
(is) 7ks. («) mxrnm
(14) XXXSXS, 1997 X®. X¥X$0«a
(15) 3tTXBf0§grtAffi0SS±#«|gSI*«©», 1999X1)4100^
(16) J££$»F58inli, 0*g8FSrM, 2000 X 2 )4 4 0
(17) COMPOSITE CYLINDERS. STRUCTURAL COMPOSITES INDUSTRIES *¥□ X
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I. 3 3-XX<pgi|©;yx$m©c*#«S6->XAA©ty4

1.3.1 t&waw
m#m*#&©%mmim=&©T, m** © X > x x se^s x $ t© $ ra ic, $>-5 8$

0SgS1SlcMlSLx5*Sig3:LT, n-XX*p*fXE©I'I$*'XC*B tfc. 

n-XX;PT%£-r5iiJ4#XlcteS-l:©*S;tfX^S$tn:*5i3 (50-60%) . f

sl, **43 j:a*E*'x©#

i»iT»SSLfcS&, g%*t:5gaLx^A#eM*l:L. *SBA->X V *#lH©Zi<6© 

Sffix-xfrsctsawtc-ttw^fTxfc. *#w«. y.T©^si:r*$sv/t. 

OmeexSItB : £#:£ 0 LKig#:*$(£S6->XXA©M4
OH*{fc^(t» : gfWXjoXOTIEnx h©fc6M 
OB*xr-')t-Kto : 7kSE(b'8Bj3XUi:AE**A"X#i;$6'>XAA©1tt4 

«we*£, KTicser-a.

1.3.2 «W*ft©iS:it

(1) #K4X — X

satff83->xB2 LT##m*m#x&6m5i©x#{i:# sms*

me@'it#x#m#6ai/, a&mRL-. htosx-x®

ffitSTxK® SrftjtnT-S Sn ©. TkSffilaXX MHS Srfr b =

1. 3. 2-1 #pfX— X

y-x (t/B) zK##$o% V

i 1. 2 zkSSiSKfflma (Baa)
2 3. 6
3 12
4 36 Hi2 (EgB)j4«*5 =fctXSffill©SP9*j=tOi3j-E%ei$«^©tt$n

5 120
[ffilB] X —X 5 © 120t/g |B|S*SfT'«#gUf»5g***effiS-e<fe5.

#%3 X NDMStt. 0 1.3.2-1 l:,TmXT©£»-f > Hct5UTffo fc. 
CD B'Hfe A1 X #1S f$ ro S *4 * * tt 16 n x h
© ASKiS («$#:**$2tiaSiE*SX'X) Xx> h7)'b©aiit3X h

© WiSnx M)D*E©EI63 x h
® *SE«attS5c«XX-X3 >T©6<il63X h
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m 1.3.2-1 *Sf*$n3X Hitffxlt'f > h

(2)

©tUDil/t.

a

a >*±y:>$S*SF**'>XT-AI:j3tt6*SfSS
a 1. 3.2-2fcitf* 1.3.2-3 l:St.

b

1. 3. 2-4 ic^1\ fib, «<**Sn XT-X-iCOUTti, 5MW
m # * * □ -1 j — t [si —1± ti f± tt i: m m l a a in i± m m & #t -s © t> t u * „

flff****X h V-=7- : 20MPa^>^ 710 LX21 * #8# h l/-x-

C eSliHiSn/t 33 X h
;5t2WlCX’©Tt£mt''< — XTMliSrff ©, ^f£©3X MSSSSt UT, 10% 

fflSx X h t Lti.

88Wl:S32;fIL55Sg3X KKitiLti.

d 3X US*
@$#©S£i;*5HTtt, ±*ft. 9MW&.

roib, f ##$©:%&&% l. 3.2-5 i:$T.
Sfc, S $ till«I: * 115> $ « © S * f4 * r 8 6 W ^ |J ti f4 # 6 8 ffl

L-/t„
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1.3.2-2 E»e?fiSli*m7k*^tax7"-->3 >

/MSSM WE-NETW* " e *
NmVh 100 300"*11
kg/B 216 647

MPa 0. 3 WE-NET ST7 HOUSES
kg/o' 5. 0 £ff®ai400knitt±l:TE$
NmV"o 55. 2 70. 9L

ih®36 tiers tr/H 40 120 ib 126# warn
^mummwc □ 2 5 ¥19 2ff/I’Pt®|

f^Pfc/KSX 7--- '>3 >
kg/B 198 595 8%

mi±ti MPa 0. 4
«$6pJI6

HR

0-)J- B/e 6. 1 2. 0 ^1.3.2-41: j: 5
H/ir 11. 8 3. 9 l^±

«@oias» 2 2
*1 : WE-NET H9—H10 »7'm ?T©7f-ya >SS tmc t Lfz.
*2 : SE**A'Xttl6li. *#X>X 20MPa 36«^ia$
*3 : 1

1.3. 2-3 ^SSEReto-XXT-A

200kWEM?& 5MWSMA6 m #
MPa 0. 1 0. 8 WE-NET ST7 H9¥$SS

NmVh 130 2. 520
t/day 0. 28 5. 44

lkWS o NmVh/kW 0. 650 0. 504
MPa 0. 3 1. 0

HR
D-'j- a/e 4. 7 0. 24 ^1.3.2-41:
3>ft B/e 9. 1 0. 47

#a«am@os 3>rt 2 4 E# 1 a (*11
*1 : 1
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1. 3. 2-4 «{***$!iitigrEft

□ — U — # #

#±mm# m:i 19.68 38. 31 WE-NET ST7 H10¥$«S
SHWIoEA MPa 1. 17 1. 17 1,1

«16516^8
**««*© 95%

ton 1. 31 2. 55 0. 070 t/m3
Nm:i 14, 558 28, 338 0. 0899kg/Nm3

raais SifiStt (JgtB) 20km49,1*1
MSB 013 (S6) - $« tofl»#3

• SiMiti - «*$ HiSSEil 120km
• MS HI 1*1 ©IBS 20km«[*]

* : KSronyrtrofSfflEAtt-O. 4MPa 6.

1.3. 2-5 ^S#¥S$<E [M^iSJWSl#*]

¥ 7 > h HE > H

¥ 15 10 15
M«#a# % 6. 0 9. 0 6. 0

% 1. 4 1. 4 1. 4
% 0. 6 1. 6 0. 6
% 3. 0 4. 0 3. 0

VISE % 2. 5 2. 5 2. 5
to % 1. 0 1. 0 1. 0

It % 14. 5 19. 5 14. 5
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i.3.3

(1) 3-XX*pgiJ£#X
(S#S) U3-XX&S®-r-5EIC%$-r^3-XX#i5toyxi:tt, 50~60% 

0**//i-*tlTi3O, **®S-*«i6®±:LTWaTa6?,„ Hl*)3-^XSifi«tt« 46 ST:' 
ton (H7. 8fl$6) T*>0, ^-0*9 2/3
-r-5gi)£:tfX©B£/uif£S!®c0rrtT:tP(*l$iW. 6E%mfflEfi±;Lr?fl*VTH-6= a0 0*9

fete, S6ifj;tfxfflti<T-8iWK£nT05.
^00M4"m, ttglSEffl 3-7x8® #*X-*tLTti, Ht »»*:$<* 04616 AS 

*-T5 gC*4***'XBSleffib^^l4SfTo/:„ 5#%#
StB**Rlfte43tt^3-XX4*»tt, *9 4. 130 f ton/# (H7. 8 35?fi) , gi|4./fx%4mtl 
*9 16<*Nm3/*ET$>0, ^0*5/0*9 8 <1 Ntn3Z¥6Bffl*0, Ell*'XtenELT0-5.

3-X Xfilfi* J;t8gi|t97Xl»®fe#fc-5 X □-^JXTteTK-ro
• E 1.3. 3-1 : 3-XXiSifiIS
• E 1.3.3-2 : 3-7X*pgi|4/JX«r®IS:tl7n-
• E 1. 3.3-3 : gi|6#X/ob0M#X#®«2*7O-

4-00^19l:ffl0/e3-XX#;gil4;/7X0#B8tt, B 1. 3. 3-2 l*10aji£8=t: 0 TIB0ttfiK0

1.3.3-1 3-XXtpgiJ4//Xfi6«
Vol%

h2 57
ch4 28
CO 7
co2 2
N2 2

CmH, 3
•ewffi 1 «T

$Jitti1.KSfelT0 5gto*'X»B)>'B**6#*K-5j-e8L#ta9-5<h.«SLfclSS. **#416660
II, *9 4. 6 6 NrV*g (*9 4. 1 7? ton/^ =#> 19 114ton/E) £$£2915.
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cn

COGJqg^

H2.CH4#

H2S,NH3,A*>-tz‘>

%
£P

X
h

E
j

7

if 1
WA

m

(H2S)

SStfrA
TtT**X
mm

%
H2 57
CH4 28
CO 7
C02 2
N2 2
CmHn 3
H2S 0. 06
NH3 0. 01
BTX 0. 1
NAPHTHALEN
E

I I O O o —
L

j

HCN 0. 06

mi 3.3-2



CS2 COS H2S
removal hydrolysis removal
(dry type) (dry type) (dry type)NaOH

solution absorbing 
oil r

exhauster

ifcsem yrfvrt- mi m

Coke: oven: gas 2
Temperature °c 35°C 30

Pressure kg/cm2G 0.14 9.0

NH3 mg/Nm3 200 20

Dew point °c 35°C at 0.14 12°C. at 9.2

Naphthalene mg/Nm3 80 10

H2S mg/Nm3 940 2

COS mg/Nm3 55 13

CS2 mg/Nm3 55 12

C4H4S mg/Nm3 5 4

Tar mg/Nm3 50 2

Dust mg/Nm3 1 0.5
tar;flJ^;£T?S&'i>

0 1.3.3-3 «l£*-XA'6<D8Srfr*'X¥l!il§1i7o-



SI ?T»$S Anp/IOS imW '$<y-V^Ty?N XCg|«to$S£E.N/U 9Z «
ygr© (Aup/u 1 : I 1-v SUM' -4.*;) z-s e i g 4 Xc5#WXj^**SW

4 xnSIWx„¥**!»W A

(4-Sa.n 4 ZHI-l 5-@ft©*>P»$M '7,h-£iin 3^§rto***> 
%) 7H-AN/U 8 '9 '*H Xn®X»$r6^S'aci<5<^9-4.®S£®.Nl XffS* '*S*©#M4Xn 
•^Igi:iz-V5 (X#S5B) m}#-n QiXXA:9xiX^%:IX-\/%a4 XcXA:m#0% 
r$ '4HXc©X# °-VT3£6:l'1:?4 xcrv(i|gn$5:4 xnmii©XjX!6l« ‘4)4 X 
c«XA:$liB2%?tm'%^2i4$mi*zn?XA:W*m (XfflSOT XA7W«to$!fflW**

4XCX#4)fi9 b 
4 XcS^**tiiS (SI

'Q^aesMi Wfi$miai#*9:i^:i%666 66 mm 'se%
Bdhl 8 0 : VBfRS •

% 666 66 : $$fX#S*Sy •
'BrttWfflEtoX#**®# °5-4-iMliin»lalriWtflSXA:tt 

S '©^%g#:IX^#%©#XA:$!B '(,%?< 4 1S33 VSd
'-V$ VSd '$R^y$B®SI • S«

w* (bsip^i qmwT^mw 'n#a#-:i-4H'*©©^©m##%#W3x#4)ii@
S-S 'S4 H^MaiSSWto'S^X^^liB "-VntMS^P^ (VSd) 

#®,X< >X¥309-4-#5W^ '?lSWS«S*G)5'yXA:4?|ii °9-4-?©^9’U? Wfiiin 
?'U5iiiiia.n?tt$nay!if5«*6i 'stxfma-v 
U^aB'S'V^xX-n °44?;| H E 4 05-nXE8Xfi:**to5^XA:4;iiMXX-c

Y4X<-E®**to9^Xj¥4)li9 (Z)



oo
CD

mmm
f# f#

/3z:

H2 99. 999 % Jil± BTX 25 ppb li-LT

02 0. 1 ppiriJilT NAPHTARENE 10 ppb iy.~F
N2 3 ppmlilT H2S 0 ppb lilT
CO 0. 1 ppmlilT NH3 25 ppb HIT
002 0. 1 ppmJil"F HON 0 ppb I^IT
CH4~CmHn 0. 3 ppmiilT H20 1. 41 ppm

u 1.3.3-5 (psa) (nnmi
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* 1.3. 4-4 IcSfo ***,XliS'lt*'XffiKK*j:0, 
*S«S1MS 99. 999%, iSSK/j 0. BMPa TOMS Sit-5, l?Sil8ttl;tmil*®E{t;*X:/>7 

(540m3) ®8E$aS^-XICi$£U^. **«ft«(73PMtta 1.3.4-10,11 l:ST. 
t©3X H¥#6S 1. 3. 4-12 6#%*'XI2,S 1. 3. 4-2
® 7 o — 1C7K-f S 5 1C ±Ti&ftl® t:H b BSftf-5„

TkSSE-fbT^Igtt, S 1.3. 4-1 ICTFf =k5 x
KEk$&A%, /J'a«Ttt*l*#Wt3X h®¥»«±.*)I«lTt> 1/3 66A5.S 1. 3.4-18. 19, 
B 1.3. 4-16 l:^fSxl:f®Sf S, S0tli®@5£*i:S(t«/jnx h7)S£®T®-5//\ Stt 
®*4ta«^^-xfr-5®o, rn«±®nx

H2S l. 3.4-3 l:*t =txtcaStt«0« 
A£tt®1l*¥«!&ttJ;9«t>$«/j:t)®6a«l/t= E***fcttinx Hi, SI. 3. 4-18 1: 
7K-rS5l:-y-X 4 (36t/day) «±®82«itc&nf2', 42 P5/Nms-H, (32 H/L-LH,) SST'ttfcST

1.3.4 -> X x A ®M4

(1) »**ijS^7>l'

a f$f***8$E*

#e#WL, f ®#t$A#Enx K/j:-BUit:*S®i8(klcSf^g$53X hoftHSfioft.

<®ifiSg»£«fc+K X)I/®(tW>
B*x7 • 1J+- Htt43S//Sdtt®7x>X Air Liauide ttroSifi 

StESiaeL, 1. 3. 4-7 icSf. #1:,
ft**SSKntt 850L/H (1. 4t/day) ®*X«Ot«®yn-tX-y-'l' /)(«, WE-N'ET TUtliT't&M 
Lt#t 300t/day ®*X«fct» (0 1.3.4-3#.®) t*RWt:0 1/ t>®T*3. *fc. ArhX* 
joSlfXx >X® 6500L/H (llt/day) *X«fc«®/nt/O-f X1*>5: 2 
trtcatt, 9t3triL/ife® (0 1.3.4-4#®) iftotl'5. (AE 11 t/day ®S{t«Tti. 
X-ti>ro®A • *9 50% $X®iSMG»SoJBgX<fc-$.„ ) Xh

1.2-3. 6t/day 1. 3.4-3 A, 12t/day W.AI2H 1. 3.4-4 t

LNz 6mm7-e>t:3®-c. Air umnde &<nm
iPS,T3$Lfc„ Air Liquide tMlSfiBH'-f X'43 Jrt8'«;*#?£fg£*-eX xX»
tdsn/c 03 ^6 07 ->U-XS$*0, Xhb®#*S*ttfflM6!ii:*®STiS6(T*-5„
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y v-x C3 C4 C5 C6 C7
IMS (t/day) 1 2 4 10 22. 5

_hIS, 11 t/day ©ffSftHST'tS C6 £ 2 if, C5 £ 1 itffiffl LTU-5,, SE-oT, 12t/day ©Sihfi 
Tli C6 6 2 it, C5 6 1 it. 36t/day coEfbSTti C7 4 2 it, C6 6 1 itfiEffl-rhlitiJS
T#5tflissn5. tt±7)>6, 40t/day t'>©iiir#«fS«T', SliiKTt
Sx5. f ©/:&. 120t/day coy-X 5 tt 40t/day ©Sit;# 3 irtr#BK1"-5 tto<h Lfc„ Sit 
IgAiCtShT, B»X-h'>CD«B$« , 'J+K ft,
>0#jI'j[sIiR(d:fTh3l=ci'V^iCi U/c„

<*SEHi#>
6 40t/dayg*©*ft

mtttz ^ttttftaiitx x u i xrtttttxcowtEAhBssn^.Eiitty
30t/day T'royy-Xxy&fTo/i. StlttSlC, 300t/day (WE-NETTXtl* 

T«l4LT*/st,®)*Si$fhE<D.BS«tero 1/10 I: LTff«V/z„TElcS1"=ky lc,40t/day
gSmTro**i6{hfiffl®EttEIS$S#t$«T#)Snr®T$>5iC2:75s^.^0fc„

©TifXttitESS#
B*&f#/:Eli®X-*y)#saaifiiCE@#tt,Sfiirto-9-'f X'43«fcy:g*i)ATTEtcy'$|

snrua.
KR40 4500 kW
KR50 6000 kW
KR60 8 0 0 0 kW
KR70 17000 kW

KR5 200kW
KR10 950RW
KR20 16 0 0 kW
KR30 2500RW

30t/day l. 3. 4-8 i:^T.
KR50-5-8 1 #

#i±u+i-<^;i/ KR20-2 1 #
KR50-2 2e

T»)©oJffiTfe-5. l&ffimztt (KR70 ©4x;ET) 5tC# 3 fg©Eltt> cJiET&S/E #!:.
©t, EisfiEU-y-f xjnyii-ttftai©«i7^ai

SXX V aXE#SE©*^*filT*5= R#©M&Af4=t:j;fUf. 121/day 0*(t«l:MLtli, 
g»**Ej®tifeffif*«iiCEffit»/iSji LT©-5 C 11:ft-5.
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©ifi&WitX^ U a
30t/day©«{bEI 1. 3. 4

wM&mm KS50TVS-31SEH l tr
ffiEE 'J+M-^ KS40TV 1 £
iSffi u+k t>)i KS56SEH-50SEH 1 £

%cj;6^a]T,

12t/dayT##m#iU:, 30t/dayJ^±T^#^#^:X/7V^C7m#g#-e^-'i-^(Dt)-3

t)^T< 6^, CCT(lN2##{b^<^;i/^fe3<hLT#^^^o/:.
WE-NET TCfl&TGWLT#/: 300t/day #7K#mi:mm# N2 1. 3. 4-5

C^f. 5MPaTm#2^GN2#-gW2
me, 5MPa

'bo

i^, N2##{bth</7;i/^y-%5 (120t/day) ##^& 1^T^^T#6

hch^fcm^nx h###>
40t/day@maT#7K##fl:##mm[:H,

^)C(h^^^o/:o y—Xl~5t:oW%\
^#1. 3. 4-10^j:i;#l. 3. 4-lH:^T. C#l6#+8mAll, y-%4, 5(:^^6zK#Emm

@u, ###*#
^1.3.4-12 1:11, ^-###n.—

f/^LT, ±/K (?P#7K#m7K) , #$am GNz, 151:^, m#mm3Xht)^ggL/:. i^, 
mmmmnx sc^unx Hy9>B#(hLT i
Lfz.o
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(2) $#7kSISii 
a

$16, B*6>^ii6«E*7k*£$6aE6fc*l:Ef8 2h6i|m6?i • SI • ttifiWti, 5tE* 
^'l=l!t"*ili5ii r*;RME^j , >S $**'*$« It f 6®£§»a#ffif£ $*&&#) , 
riliSSaiiSff^j , BiSeiS/'ji'gtti-sSEA'xffiSS r§g»ij r-Egijj

auftCcfc9M#te®-gisgfeg#&snfc7S!. -ts • Hz-
y-<n&.T. y)l • h U-7-, 6-Jl/ • H/-7-, ¥zf)V- F F-7-tt,
w. ssevm, -t5 • h 

■ by y y-O'&i. : 12m KF
• 6 5 ■ h >-7-(®6 > 61" >E'L'*'b$ffig: ig 5558617)6 £ : 12mKT
• £*5 : 2. 5m KT
• £B5 : 3. 8m KIT
• byyy-^mmAm (gvw> •.20tony,T (eaisse 5.5m*s>
• 65 • h F-7-(7)¥iWea« (GVW) : 6>6-S*f$W6-L'$T®Eg|S 5SB

t55$tiT, $t@i#.##(7)#AKK&, 5m *85 = 20ton, 5m 166 7m 6# = 22ton, 7m 5,6 8m 6# 
= 24ton, 8m «6 9. 5m *S = 26ton, 9. 5m ti± = 28ton >n b <7)Xipl:®b 6,
8$<$*$$68ffl=i >66, Siff7k*66 F I/ —7-llSKtltUT, 6 > > □ - U-tt h 7 7 

>OS?Pl;ffibTRfF*nTU5. F#'N:L#a#6@*66/:*, **6666
&- mmm-C, ri>6664;y:5'>>n]-U-ttKgfSn
Tl'-5„

$6ilf7ShTF5i$lt**a >66<7)ffimE6H)kEl;666 7lC 0-0. 4MPa 6*6*$, 
5MWm###/\(D#m&#mL,# l. 3.2-5 m 8 7 t:*{k;k#0 - V - * R#<7) 1. 17MPa, SBlD

* 1.3.4-21 0
1. 3. 4-6-9 l:D-'J-i3>r6fflftit?lS/TT.
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s i. 3.4-21

9p — u —
(L) " 21, 870 42, 570

«**«* (L) " 19, 680*' 38, 310*'
6£ (m) 11. 990 12. 240
ifig (m) 2. 490 2. 438
icq c? (in) 3. 250 2. 591

** (kg) — 16, 500
(kg) 1, 380 2, 710

Hr® (MPa) 1. 1768 0. 4
EfflEE (MPa) 0-1. 1768 0-0.4
ISItE* (MPa) 1. 2781 0. 5013

SUS316L SUS304L
SS400 SS400

Mfb# (%/day) 1. 0-1. 1 0. 8-1. 0
inE«4S«©#S W #
ats • Sip SjEA' X®$?£ 

(SSS'I • -S81IJ)
SE*X®$S 

(SggPJl • -MU)
*i: sail • its ft
*2 : 1C =fc 9 ?EMS 90% <b L*E.

3 1/y:H»iiilldr L-, — U —##2: L/C.

wig^Trosfgnxse/jxici-s/bsb. sBinETWisf-5rot,2:
L*. **. *B5feT©#'XM--Xtiff;b*i/b *43. flE*X®$?£T(9Sli!iS**bSjfiK

* 1. 3. 4-13 rofSH'xdetlSiS**. iSttOMtlSPoXx U-tmiS* (8~12 EH/tf) & 
^-xtc. S'jiSiDSe^eugenx b 20^n/-&tK£L*„ tosmaub- Haf.esje*<BW 
llilfc. IftiLTIl MOiUoX bK&T&S.
a-t&o. (#m*)©#m, -isnxxEtiifistsftic
4:^)3 >T-Eltt 16ii#) n-'J-. 3 >xE®ia(*»liS 1. 3. 4-5 #4#*. (m*<F£
#trfc©iL*. $6i*SEi*tttifiR*«cTffi{# 50km, tSETEf* 300km bl/c. (to«#i2T'
©®«e»<. )
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c $63# SWISS
S 1.3. 4-13 (El BO fA]) -x®«jjgT$> 0 , IlSWetS 9 M

/Nm:LH2 ^~*8S8-XT0tf®H'\(D#igT'li, 8 1.3.4-19, 0 1.3.4-17
bitfrzxotz. $$i* (mmmm) ^3Xh@©isat&D, isfi/w-H’

SSi^bfe. $to#$rtoi|ii|L7Xt1'nti8SlStigcoX U > h7)S«,>'f 3„

(3) «f***?Et«X7"- -> 3 >

a toad" X*—X

WE-XET T®ISXf->a >SUi, 8 1.3. 4-14 (300Nm:1/h) 8, /BStSX-X, 8 1.3.4- 
15 UOONmVh) IIIH > T to 14 615 7 3 „ ittffzkSsctSX^ —-> a >(07 n — 60 1.3. 4-10 II57"4",

b ?t til ax IS 11
g$)S/xroi$<*7k*9tt*8Bix, ffi (SWB) TiS--Sffl<B£4iTto5 6<o<o s-s&m draw's 

ASUTU5. 40©toW(l4olxTli, JttlSBZtiliffllt$ 8l6 C 8 6lift 8
U 8 1.3. 4-6 II<66.8711-6(OBgnx H6 2. 000 74F9 tSSLt.

c .«K*'x®a
56twiiKLTi4S«8"x(o%a:zii'iei4bnr. a iswbi (oige-riiSK# ?. sutiftsuti-

0, *toa4lit>XI4#%$6 8.0*ttt*LttWSffofc. %4-r6$%*'X6WxilIfiJfflf
68s0, X6—>3 >MII#$4#**#g#6axl4, Srl*K0eAj6W43j:7 88 611,

I481t"6 6(08 LZi. ####*###14, 8 1. 3. 4-6 11474-8 3 lllgn x Mfc(i8 9 , 20 
8‘R/kW aSl:Zi5 6<0 8 Lt.

d Si)S9ttS7X HiSISS
if$l**S6ft 3 lamiSS*'X 6ft 3 SaiSlIit Atf./j: 0 Si < &5/8<sb, 8 1. 3. 4-18. 19 11574" 

8 7ll/l'StoX-XT(Of±t|§3X Vmmt8 1. 3. 4-14 11574-8 3 II 300NmVh Sto® 
tgS, Jctitlfflli $9 16 n/Nm!-H2 tts. 0, 8 1.3.4-15 11574-8 3)1 lOOXmVh ##0#^, 4E 
mm# 14 19 29 n/Nm:l-H2 tti-Dtz. 0 1. 3. 4-18, 19 fr 6 6ftZo6 8 3 ll@7g» 8 Aft#HA'Z)> 
6fiJ^Z)i'8#<Zj:7 /I.

(4) $l**Sftla3X hsSS$8s!)
«8***#t|6nx Mitff|g$to$$96, 0 1. 3. 4-1 438078 1.3. 4-1 II574X ttH, fflffltoM 

$S$6, 8 1. 3. 4-12-15 II57U, >XAA7O-#0##060 1. 3. 4-2-10 II57L8.
361/day 0#^, 8 I. 3. 4-17 11574-845 0 fSS^ffliSSi X h IlSior, 168 

#$S3X hT, 19 59 n/Nm:l-H2 (19 46 R/L-LH2) , SttSfflX6-> a >9ti*n X hT. 19 75 
M/.V-H2 ($9 58 M/L-LHz) tts.z>tz*
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1.3. 4-16MUT, (laIS) ^ott&Snx
3X HT, Id 52 P1/NV-H2. gi(fflXf->3>S tlnxhT. Id 68 A/W-H’ ttir> ti. $
1.3.4-16, 17. m 1.3. 4-11-15 1C. IlSICti
ttSBSX, ttlnXx-->3 >ic43tj-5Bzfc*toSil6-»s"iS<, ;nb®3Xh4M5:t«
*ntf+»tc»*L*55m-5.

1. 3. 4-20 ICSUfc, A<0
&A7)'*fcoi&*#&X*;l^-;£tiii:&oT:fcO. X-X 3 (WlSSt* 12. Ot/day) (X±<»X 
— XT't). @:AX^)l/f—— (Old 40%S6iO-5lSII <h/=Co/t.
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1.3.4-1

K
1

-b >7~7,2 >7—7,3 >7—7,4 X5 # #
t/B 1.2 3.6 12.0 36.0 120.0

mm mmcoG n/Nm3-H2 6.8 6.8 6.8 6.8 6.8 (a)

mm mmm B75R 240 710 1,570 2,920 6,830
am# R/Nm3-H2 7.9 7.8 5.2 3.2 2.2
Att# R/Nm3-H2 3.2 1.1 0.3 0.1 0.0

R/Nm3-H2 4.6 4.4 3.3 3.3 3.3
R/Nm3-H2 3.2 2.2 1.9 1.9 1.8

#8=lXh R/Nm3-H2 18.8 15.4 10.7 8.5 7.3 (b)
©37 h 25.6 22.2 17.5 15.3 14.1 (D-(a)+(b)

&it M75R 1,680 3,170 6,540 13,230 34,790
It He am# R/Nm3-H2 55.3 34.8 21.5 14.5 11.5
fAtiti A## R/Nm3-H2 9.7 3.2 1.0 0.3 0.1

1**4 R/Nm3-H2 12.2 11.9 11.1 10.8 10.7
R/Nm3-H2 0.9 0.9 0.8 0.7 0.7

;8Ht-ffr@HAai=iXh R/Nm3-H2 78.1 50.7 34.4 26.4 23.0 (c)
©axh 103.7 72.9 51.9 41.7 37.1 (2)=(J)+(c)

ISBSt B75R 153 459 1,899 5,580 20,250
R/Nm3-H2 6.8 6.8 8.4 8.2 9.0

Att# R/Nm3-H2 1.9 1.9 1.9 1.8 1.8
^16#(e9llA) R/Nm3-H2 0.0 0.0 0.0 0.0 0.0

R/Nm3-H2 - - 7.2 7.2 7.2
EHSifiRtiE R/Nm3-H2 8.7 8.7 10.3 10.0 10.8 (d)

BSE R/Nm3-H2 17.5 17.2 17.9

®axh BBffiPStii R/Nm3-H2 112.5 81.7 62.3 51.7 47.9 ®=®+(d)
BSE R/Nm3-H2 69.4 58.8 55.0

R/L-L2 87.6 63.6 54.0 45.8 42.8

;^^7kS^lnX-r—vaX^fl; 300NmVh)
Xf-V3> B75R 200

R/Nm3-H2 13.3
A## R/Nm3-H2 3.2
e**4 R/Nm3-H2 0.0

R/Nm3-H2 0.1
R/Nm3-H2 -0.6

Xf-va>#t*SaXh R/Nm3-H2 15.9 15.9 15.9 15.9 15.9 (e)

©axh QBiSISSist R/Nm3-H2 128.3 97.6 78.2 67.6 63.8 ©=®+(e)

B#m

_______________________

R/Nm3-H2 85.3 74.7 70.9
R/L-LH2 99.9 76.0 66.4 58.2 55.2
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i .3.4-2 *{***#!

99. 999%
Qlznr / rni2

BOG
(BOR. U/day)

]>Tt/a-'J-SESU*X
TEiSax

iAttitafi

LN, «V -y .

□ -U-

K
1

ft&JSt* mmmmm ifKsa IBilS* % «

t/day t/day x ^£l] 1^x70^
ton

m3 LhteMSKm3) xSgfc □—u—

ton/o' ton/"n (D-V-^W) p/0

1 1.2 1.2 x 1 8.4 120 60X2 1.31 2.55 1 2

2 3.6 3.6 x 1 25.2 360 180x2 1.31 2.55 3 2

3 12 12 x 1 84 1,200 600x2 1.31 2.55 10 2

4 36 36 x 1 252 3,600 900x4 1.31 2.55 28 4

5 120 40 x 3 280 4,000 1,000x4 1.31 2.55 92 12

*1 Ih/if. Bh/BtifllCTISSU, (1 -5-fiFf)
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1.3.4-5

□—u—
R#«»«IS3Xh E75 R 45 70
\±m$L MiiH E75R 10 EMM 0.4—1.17MPa
SffiZIlr# E75 R 6 10 4^S(1-5@^x)

eit E75R 51 90

1.3.4-6 i$t|:7KS<##SXT—>3>ziXh

/|'3itS'r-X WE-NET*!*!
B ¥$«*&' Nm3/h 100 300
SAES (S@n» □ 2 2

ZlXh E75R 5 5
ES% a*□ 2 5
=lXh E75R 40 100

jj'xmijx =lXh E75R 15 35
MWSSM UXh E75R 10 20

3Xb E75R 20 30
uXb m^R 10 10

It E75R 100 200

[TJXBtoEfflftlf]
WE-NETm# ft ft

m m Nm3/h 100 300
;■$*$! tse NmVB 2,400 7,200
X-r— h 12 12

Nm3/h 200 600
% 8 8

tfX@!^m(BOG#) Nm3/h 16 48
**Xl=li|KE$i«S* Nm3/h 8 24 0.05—*0.45 MPa

mm# kW 2.2 5.5
-LkC3 2 2

E75R/S 4 7
3Xh E75R 8 15

pcmrn# ss kW 25 74 0.65Nm3/h/kW
3Xh E75R 5 15 200ER/kW

l/y-/V-.E‘g.-e®tt E75R 2 5
=lXh£tt E75R 15 35

Nm3/h 184 552
»#«* SrA kW 3 5

EffilS kW 4.4 11
It kW 7.4 16

7X*sauro;s*e kWh/Nm3 0.040 0.029 (a)
7K*«ay©ss*s kWh/Nm3 0.134 0.134 (b)
7k*may©i7]iis$ kWh/Nm3 -0.094 -0.105 (a)-(b)
E«tts;^ffl7k» mVh/n- 0.192 0.480

It m3/h 0.384 0.960
7k*eay±7kti3k» m3/Nm3 0.00031 0.00026 t#*S 15%
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1.3.4-7 H2;g1b^SIAA3IE

mm# fell t/D ln2 utM'^yu
1 1978 *E*Sx$1*Sdtt 730L/h 1.2 3(2) Yes/No He
2 1987 850L/h 1.4 2 Yes h2

mm# $\X% mti t/D LN2 mss
1 1964 AIRCO 3600L/H 6.1 3 LNzcycle USA
2 1967 AL Frais-Marais 800L/H 1.4 2 Yes/No France
3 1985 HYDROGENAL 6500L/H 11.1 3 LNacycle Canada
4 1986 AL Waziers 6500L/K 11.1 3 LN2cycle France
5 1990 AL Kourou 1500L/K 2.6 2 LN2cycle France(Guiana)

1.3.4-8 &HSiitS*£;fi7kSE*

mmE## leEUth'l'^^U iSEM+M'-91U
3E<* AS AS AS

Nm3/h 15440 3810 37080
KR50-5/8 KR20-2 KR50-2

im 4 2 2
■nUl 1 1 2

E±i MPa 0.10 0.10 0.59
s$ deg.C 40 40 40

E7] MPa 2.94 0.59 3.92
ss deg.C 132 to ns 135

kW 2500 380 3100
kW 2800 420 3500

1.3.4-9

ISI4ESI® ®E'J+H?1U
AS AS AS

;mS Nm3/h 15440 3810 74150
KS50TVS-31SEH KS40TV KS56SEH-50SEH

2 1 2
pS 1 1 1

E# MPa 0.10 0.10 0.59
s$ deg.C 40 40 40

E^J MPa 2.94 0.59 3.92
3$ deg.C # 95 75 to 95

$616^1 kW 2760 345 6680
kW 3050 380 7350
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1.3.4-m (a$)

—X K
I

4> <r—X2 >7—X3 K
I >7—X5

t/day 1.2 3.6 12 36 120
±~?ui:X 01.3.4-3 01.3.4-3 01.3.4-4 01.3.4-4 01.3.4-4

1£ )S )S )S 3p
7k*BE5-tf> 2p 2p 3p 3p 9"n

amtbit
3# 3p 3^ 4p 12 "a

N2*;gSES» 1^ )S 1^ )S )S
ra*-t=> )S )S 1^ 2‘d 2S

No No Yes Yes Yes

S»7k*E$Stl MW 0.102 0.306 1.02 3.06 10.2
ttEU-E-f^yuEISte MW 0.016 0.049 0.16 0.49 1.6
SEU-E'r-?;UES« MW 0.298 0.871 2.66 7.69 25.6
-40deg.CL//<Vl/^;$# MW 0.006 0.017 0.06 0.17 0.6

a*«iaHk« MW 0.161 0.472 1.54 4.53 14.8
stmt MW 0.583 1.715 5.44 15.94 52.8

mmmwwiti MW 0.198 0.594 1.98 5.94 19.8
^□-tzx$M % 34.0 34.6 36.4 37.3 37.5
wififiwik kWh/Nm3 1.048 1.028 0.978 0.955 0.949

±7KGtiP*H?Effl) t/h 1.9 5.7 18 53 175
GN2 Nm3/h 3 7 20 40 120

mmmm# (SR 13.5 26.1 54 103 316

: 1.3.4-11

#5^^—X *T X1

C
M

K
I <r I G

O *T—X4

LOK
I

t/day 1.2 3.6 12 36 120
±^p-tzx 01.3.4-3 01.3.4-3 01.3.4-4 01.3.4-4 01.3.4-4

TkSiSHbE ii& ie )S )S )S 3p
IS IS IS 3p 9p

TkSEffiE ;fiScrewlt ;6Screwit
3p 3p 3p 3p 9p

NaHi&lbtM^U
N2ffj$SE686 IS ^S 1^ ^S 1£

^S ie 1^ is is
No No Yes Yes Yes

MW 0.102 0.306 1.02 3.38 11.27
®E'JtH'-?7UEIi« MW 0.016 0.049 0.16 0.44 1.48
SEU-y-'T^VUEffiE MW 0.298 0.871 2.66 8.29 27.63
-40deg.CU’<yU*;*E MW 0.006 0.017 0.06 0.17 0.56

MW 0.161 0.472 1.54 4.53 14.8
stmt) MW 0.583 1.715 5.44 16.81 55.74

wmmzmt MW 0.198 0.594 1.98 5.94 19.8
% 34.0 34.6 36.4 35.3 35.5

kWh/Nm3 1.048 1.028 0.978 1.007 1.002
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#1.3.4-13 $Si

II S S& *r—X1 C
M

K
I

V <r—X3 lT~ X4 <r—X5 m #
t/B 1.2 3.6 12.0 36.0 120.0 $^m#B^330B
V# 396 1,188 3,960 11,880 39,600

Nm3/¥ 4,404,894 13,214,683 44,048,943 132,146,830 440,489,433 TKS# XE Jt0.0899kg/Nm3
L-LH2/# 5,657,143 16,971,429 56,571,429 169,714,286 565,714,286 ;&{*7kSBJt0.070kg/L

vpJt 2 6 19 56 185 Xf-V3>2£tl300Nm7h
i6IW20KmR ypJr 2 6 6 20 20 (0.6473V B)

SlPS20kmR frRlf 13 36 165

p — ij — o' 3 9 9 30 30 □-'H.31t/£( 14561 Nm3)
a□ 16 45 208 ]>ff2.55t/^(28335Nm3)

:%## d-u- S75R 153 459 459 1,530 1,530 o-V-51 S75R/S (St#*. EES)
S75R 0 0 1,440 4,050 18,720

sunlit m^R 153 459 1,899 5,580 20,250
R/Nm3-H2 6.8 6.8 8.4 8.2 9.0 Bl^@19.5 %/y :

A 1 3 10 28 93
Afrit R/Nm3-H2 1.9 1.9 1.9 1.8 1.8 Afr*840 75R/A(9H8^S20%S)
8E»« M(*)E9l!A250kmx SlPSSOkm

km/ c] 50 50 300 300 300 j£P850km KIPS 300km(*)
SM«*4;8* L/Nm3-H2 0.0006 0.0006 0.0018 0.0018 0.0018 $t§|6km/L.

R/Nm3-H2 0.03 0.03 0.11 0.11 0.11 H;660R/L
mmmm* R/n 0 0 200,000 200,000 200,000

R/Nm3-H2 0 0 7.06 7.06 7.06
«SB R/Nm3-H2 — — 7.16 7.16 7.16
E9@R R/Nm3-H2 0.03 0.03 0.03 0.03 0.03

;»<***WlS=iXh ess R/Nm3-H2 - — 17.5 17.2 17.9
QUA R/Nm3-H2 8.7 8.7 10.3 10.0 10.8

R/Nm3-H2 103.7 72.9 51.9 41.7 37.1 #1.3.4-12 fAttiriXKDlZck^
=3XhSlt (D SSB R/Nm3-H2 — - 69.4 58.8 55.1

R/Nm3-H2 112.5 81.7 62.2 51.7 47.9
R/L-LH2 87.6 63.6 54.0 45.8 42.9 *T—X3~5liKlPS$*Q=lXh
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$1.3.4-16 -y—XS'l3XH^lR(Egglifil$l|E)

y—x 1 : 1.2 va (R/Nm3-H2)
#ib-ma-%,m HijH f/%$oXT 731/

)i*43Xh 6.80 25.63 103.74 112.45
7.90 55.30 6.77 13.27

A#E 3.18 9.74 1.91 3.20
4.55 12.16 0.0 0.00

-$■(016 3.20 0.90 0.03 0.05
i ***($*) -0.63

sit

y—X2 : ttl&H

25.63 103.74 112.45 128.34

H 3.6 t/B (R/Nm3-H2)
E4'4tKS*'x sit-Ee-tixtib fiijll #4$qXt—>a>

jijl*'4ziXh 6.80 22.20 72.94 81.65
7.79 34.78 6.77 13.27
1.06 3.25 1.91 3.20
4.35 11.86 0.0 0.00

-$-<Of6 2.20 0.85 0.03 0.05

y-X3 :

-0.63
22.20 72.94 81.65 97.55

41 12.0 t/B (R/Nm3-H2)
J14'47kS**x &1t-IFrlS-&aj $iii£

JM'4=ixh 6.80 17.49 51.90 62.25
5.17 21.53 8.41 13.27

A#* 0.32 0.97 1.91 3.20
3.30 11.12 0.0 0.00

•eroto 1.90 0.79 0.03 0.05
es%m(5t*)

y-x4 :

-0.63
17.49 51.90 62.25 78.14

41 36.0 t/B (FJ/Nm3-H2)
J14%7KS*’X #ib-ma-&a MiiM i/\$oXT yal/

JI4'4i3Xh 6.80 15.31 41.67 51.72
H£6 3.20 14.52 8.23 13.27
A#g 0.11 0.32 1.78 3.20

3.30 10.79 0.0 0.00
-ej)# 1.90 0.73 0.03 0.05

eWfBEtsfiE) -0.63
15.31 41.67 51.72 67.61

tT—X5 : 120.0 t/B (R/Nm3-H2)
@#47kS*"x Hiyl #$oXf-ya>

j^44=ixh 6.80 14.18 37.15 47.92
2.25 11.45 8.96 13.27

Aft# 0.03 0.10 1.77 3.20
Eti#* 3.30 10.70 0.0 0.00

-$-(016 1.80 0.72 0.03 0.05
brisks*) -0.63

14.18 37.15 47.92 63.81
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1.3.4-17 >r—XflinXhfliRCSS®)

>7—7.3 : 12.0 t/B (R/Nm3-H2)
JI4'47KS*'X ;11fc-lfe-ti.it; IfluiH pXf-V3>

Jl*%ziXh 6.80 17.49 51.90 69.38
5.17 21.53 8.41 13.27

Ate# 0.32 0.97 1.91 3.20
3.30 11.12 0.0 0.00

-E-rote 1.90 0.79 7.16 0.05

m:+
-y—7.4 :

-0.63
17.49 51.90 69.38 85.27

4H 36.0 t/B (R/Nm3-H2)
jI4%7kS*'x mt -sfe-ti.it; mm

Jl^ziXh 6.80 15.31 41.67 58.85
0$S 3.20 14.52 8.23 13.27
Ate# 0.11 0.32 1.78 3.20

3.30 10.79 0.0 0.00
•E-rote 1.90 0.73 7.16 0.05

sit

y—7.5 :

-0.63
15.31 41.67 58.85 74.74

tl 120.0 t/B (R/Nm3-H2)
JI¥4*5$m &tt-fffe-ti.it; IbujU #£$pXt-V3>

J^44=lXh 6.80 14.18 37.15 55.05
@$g 2.25 11.45 8.96 13.27
Ate# 0.03 0.10 1.77 3.20
mro## 3.30 10.70 0.0 0.00
E-rote 1.80 0.72 7.16 0.05

-o.63
mit 14.18 37.15 55.05 70.94

-101-



1.3.4-18 lUBil^XhAIRtealSifil^iSt)

ixtiti (R/Nm3-H2)

K
1

b

hr—A2 I X C
O h~—A4 <r I C
J1

E4'4=lXh 25.63 22.20 17.49 15.31 14.18
@$s 55.30 34.78 21.53 14.52 11.45
Aft* 9.74 3.25 0.97 0.32 0.10

12.16 11.86 11.12 10.79 10.70
0.90 0.85 0.79 0.73 0.72

it 103.74 72.94 51.90 41.67 37.15

(fl/Nm’-Hz)

K
I

b C
M

K
I

b

*T—A3

K
I

b

hr—A5
H 44=3 Ah 103.74 72.94 51.90 41.67 37.15

6.77 6.77 8.41 8.23 8.96
Aft# 1.91 1.91 1.91 1.78 1.77
SEiiS 0.03 0.03 0.03 0.03 0.03

It 112.45 81.65 62.25 51.72 47.92

7.x—>3 >
(1) SOONmVhllfl (R/Nm3-H2)

K
I

b C
MK
I

b

h-—A3

K
I

b

h-—A5
j^44=3Ah 112.45 81.65 62.25 51.72 47.92

13.27 13.27 13.27 13.27 13.27
Aft# 3.20 3.20 3.20 3.20 3.20

0.00 0.00 0.00 0.00 0.00
0.05 0.05 0.05 0.05 0.05

'hit 128.97 98.18 78.77 68.24 64.44
-0.63 -0.63 -0.63 -0.63 -0.63

it 128.34 97.55 78.14 67.61 63.81

(2) lOONmVh«8t (R /Nm3-H2)

K
I

b C
M

K
1

b

h-—A3

K
I

b

<r I >4 cn

ISftoxh 112.45 81.65 62.25 51.72 47.92
@$a 19.90 19.90 19.90 19.90 19.90
Aft* 9.61 9.61 9.61 9.61 9.61

0.00 0.00 0.00 0.00 0.00
i<nm 0.06 0.06 0.06 0.06 0.06

/j\it 142.02 111.22 91.82 81.29 77.49
-0.56 -0.56 -0.56 -0.56 -0.56

m
i|i 141.46 110.66 91.26 80.73 76.93
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1.3.4-19 l!lfiil=iXH*9lR(S#ll)

(R/Nm3-H2)
>T—X3 X4

LOK
I

JM'4=iXh 51.90 41.67 37.15
0S1 8.41 8.23 8.96

1.91 1.78 1.77
7.16 7.16 7.16

m
i|i 69.38 58.85 55.05

Xf->3>
(1) 300NmVh## (R /Nnf-Hz)

4" 1 C
O

K
I

<T I C
Jl

J14'4=ixh 69.38 58.85 55.05
@$$ 13.27 13.27 13.27
Attg 3.20 3.20 3.20
1 0.00 0.00 0.00
-E-rofft 0.05 0.05 0.05

/j\#+ 85.90 75.37 71.57
-0.63 -0.63 -0.63

It 85.27 74.74 70.94

(2) lOONmVhjill (R /Nm3-H2)
'T—X3

<3-

K
I

-b <r I >4 C
Jl

J14'4=ixh 69.38 58.85 55.05
@ES 19.90 19.90 19.90
Aft* 9.61 9.61 9.61
MM 4# 0.00 0.00 0.00
-tnm 0.06 0.06 0.06

/j\:t 98.95 88.42 84.62
-0.56 -0.56 -0.56

it 98.39 87.86 84.06
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1.3.4-20 3—9XjpSlJ4**XA'bO);S<*7kSS!iaXt';U4F—i|S$

II 3 Sti: /7—XI

C
M

K
I

-h <r I X C
O

K
I

-h X—X 5
t/day 1.2 3.6 12.0 36.0 120.0

m&mti NmVday 13348 40044 133482 400445 1334816 ****XES0.0899kg/Nm3
7k

7k*HS kWh/Nm3-H2 -0.455 -0.435 -0.330 -0.330 -0.330 Site141760kJ/kg 12744kJ/Nm3
kJ/Nm3-H2 -1638 -1567 -1188 -1188 -1188

% -12.9 -12.3 -9.3 -9.3 -9.3
mt kWh/Nm3-H2 -1.048 -1.028 -0.978 -0.955 -0.949

kJ/Nm3-H2 -3773 -3699 -3520 -3438 -3417
% -29.6 -29.0 -27.6 -27.0 -26.8

IriE-fAtiti kWh/Nm3-H2 -0.1 -0.1 -0.1 -0.1 -0.1
kJ/Nm3-H2 -360 -360 -360 -360 -360

% -2.8 -2.8 -2.8 -2.8 -2.8
•IZ3E

7KS^h kJ/Nm3-H2 12744 12744 12744 12744 12744
m##m "1 kJ/Nm3-H2 -5771 -5626 -5068 -4986 -4965

% 54.7 55.9 60.2 60.9 61.0
% 45.3 44.1 39.8 39.1 39.0
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MP GN0.541 MPa2.45MPa

0.103MPa
LP GN

3.71MPa

5MPa

0.555MPa
80.25K To Hydrogen Liquefier

H 1.3.4-5 mmw&ibSS7P—>—h

-109-



-110-



*
6
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1.3.5 iSEzkSA'X-feiSAXTA

(1) BifiXXAh 

a
KSto-trS • b i*ft*«®«£6[5]

tXI;, giJSAXflKXyA bJcO,ll»*S£ 0. 8MPa tCTSAtl. 7 AJtEttSSIHT#
EL H/-A-IC3ct*f-5.o 300~500NWh t?%, h L-7-'v®*i*tt, ESSE
TMfiXx f A#ELAAxe@,m**T6C6ALAL. C®AA, h lx-7-'x <7)361*1: 
li, 6 RMm<&Bf6L6l:A6. -feS • LL-7-^®?c«iai*(ctt, *#g#@*M#l:a 
e-oTL*AmA$>7'666**®, «»&»»*, mMfix<Dftmn<te<r> 
SSlSlSAi&SirAS. ®E**yxEjfi3c»->XAA®tomS7n-S:, IH 1.3.5-3 IC/ST,

b I2113X hiJir^SKnx h®^W
ES®i:5 ■ H/-7-5Btim®E«roil«&A-xicE$L/L„ EBtAax 

Ht, ${bA|wiEi:SS##®«*Sai:*5tj'5«Xi»«*(zb®»:L$ffiT5:fc®Si8$<LZ2„ i* 
E*S»*XtiHW3X Hi, 8 1.3.5-2 ILS-tari 3. 6t/dayS®T, 28 R/NmMk-eft*6TS6S§ 
#&#A.

(2) SE*S*fX$IS 
a IliSESs

Jj|ffill(*3TiifT2nT®5i«E**DfX®*A»-t3 • hb-7-IJ, H 1. 3. 5-5 IC/KTtt
3. 000m3 C0t><7)T»6. h 7 X X-iC X. 0 *31 L, **AXftSSX X > K $TgtK, AS- 51/ 
-7-£f§B# L#*X#tf6f 5C tT, XX > HflilroHSiaeSeaEICf-B, HXXX-te, 
AX^#mL#6oA^®tS • h l/-7-e#5ILTSS3c«7*7> h^SD, »36«T-50

b l^jXnxh®l^B't
X-X 1~2 A, (BSHrt) /x®Hilsa$LDc. IISKti, $«lC*5tt-5fiE*S

ax«iS-fe= • h U-7ilK*£Ar£(;=tO, ffiRJWTtfSSfrE# 50km(ffl£). SMTSi 
i&m=r$aU 300km (tt«) t:TS$LA. h 7 y X 12m fflSTSSL, 1 if*
fcO 82, 000 RtLfc. IISip-lEtta 2. 3. 5-3 irSTild, iaafflR*t» 8 R/Nm3-H2 iA D , 
tsstfi 57 H/Nm3-H2 tfiot. 8 1.3.5-7. 8, 0 1. 3.5-12 A6 fc»J'5±} 1C, SSegtHiit 
-m. Ao. m^E^mmmnxbu.mgzkzit&t
66, ieE»'XT®l$lS*tiE{***tol6a* (El 17 fi/Nm’-Hz) ® 3 ©KEt Ay A.
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(3) #E*$//X#mXT-y3 > 
a Xf—>3>SliW

16E*#//X 3, OOONm3-fe 5 ■ b U-7-tt. 710L 21 «iLTH5. X® 21 *0*
>Alcti:6X7GA>://>i'WW6hT*5b>,
6. Xf-ya >t:@B2tt/a-t:S • b ly-y-tt. IBIte^SMS, *S
6lb*iS«®E#^>»H, *,6361*$* 20MPa, S« 100M50L, 3Ett» 200~300Nm3 iJ8£U

aitcfetLfc**xfx*a4>®
•@rSH^®--5t. tt#Ei$l:=fc-5 6®Tte&®7)t£ek>ttT®;5fc®7)i’#<,
07)id>r-it i50t:t,®?s$±#^iassfifclgst)*i9, *#6MD2Bf4/fr&6a# 
T'tttt 100r®*gt>*-5. e/a- EASz)t*SVit$£fil$±#/)S*#<, TkSSttVroEF^ 
>/77)isicifiutt®®-ed'tt, fflWrofiEjcatcttBffBi^/i'itrKjJo < o t^a, 
#ffSEX)Slca«)LT9lliMlxffdei|«V7 ®4X>X'-v®*#®**?®®.
e/att, E*gffiH;e-S#E^Ei*5^, bb-7-®21
*£86S.6< StRT-SClTalre-aT. C®E#t#®#m##lbl:T-5 C6 e/a,
;fflSI±EiiO*AE/](i, b b-7-SSsl*I®9Et:J:oT$7tT5/a»i>, 2~17. 5MPa er 
®E/3l:M)6TS^Effi«*l9*e5fc®iL, t>®AE/jIceoTaftf-Stf.

SiliStBITX >77lfMIC^,a'a>/atb/)te'5o 3r_ ya/rtfflti- h l^ — 7 —SBSSRrlC 
fc, «E*S/fX®ig7"7> htrslttl:, bly>E + -, Ki/c*iS-
«, 3ca*'X^-tfrl+#®$S:ia«7)S£>gT$.5„ 6iE*S:tf X{»SSXx-'> a >®BB87 D-£, 
0 1.3.5-4 l:*t.

b Xf->3 >ai83X h&etZ'iSfflnX b®^W
Xf- v a WE-NET 8£X:r— y a >)S$ (SOONmVh) i: L/a, #1.3. 5-4 IC/f

fexlc, 300Nm3/h ®«-&®3t«miffitJ, ft 14 R/Nm3-H2 i/t-a/a. 0 1.3.5-13 frhb'AfrZ 
iaC, Aft»i:Z'Z'-5ffl£*>3'*#</=£oTtx-5.,

(4) iSE;K*/7xW*p3X HS@et®
SETk*/7Xft|griX b6t@!6$®Bft£. 0 1.3.5-1, $ 1. 3.5-1 I:^T. &£. SMffl&W 

IS$£, # 1. 3.5-2~4 IC/kL, -yXT#7n-S®##060 1.3.5-2~5 iC^U/a, BUSIER 
M,x®#$g3X Hi, ®1*tl®/r—XT'feft40~58 R/Nm3-H2 i/cD, K#®®tl-5{(£/ty/a 
7)5, SII5H"m#i3*7)t/i7S*lX-X 5 T'feft 89 R/Nm3-H2 i/cD. tlS® $h-5<1 ICtt/C 6» 
i'afc. #1.3.5-5, 6, 0 1.3.5-6~10 /JX*ST®$6iSx«ro«;S7)i'SS

ISETkS/fXSttlS-r-BJSStoXX^l/^-iKS## 1.3.5-9 l:*L7;. 7r-X 3 (#*&## 
12. Ot/day) SAXt-J7=T-l4 20%*ii55T'<8> *7, Hff/tlSS/bf#•Stl/at®
x-5.
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1.3.5-1 a-9x:IFIiJ£#xfrbdSE*S#X<tt$gnXh!stg:$S$

K
1 *T—X2 h— X3 'T—X4 inK
I

-h # #
mmmm t/a 1.2 3.6 12 36 120

mm JI*%COG R/Nm3-H2 6.8 6.8 6.8 6.8 6.8 (a)
mm mm.1t M75R 240 710 1,570 2,920 6,830

@$S R/Nm3-H2 7.9 7.8 5.2 3.2 2.2
AIMS R/Nm3-H2 3.2 1.1 0.3 0.1 0.0
1**4 R/Nm3-H2 4.6 4.4 3.3 3.3 3.3
-E-<7)to$l6* R/Nm3-H2 3.2 2.2 1.9 1.9 1.8

*SS$aXh R/Nm3-H2 18.8 15.4 10.7 8.5 7.4 (b)
©=JXh R/Nm3-H2 25.6 22.2 17.5 15.3 14.2 (j>(a)+(b)
E$6 #75R 132 213 495 1,068 2,480
E® @$S R/Nm3-H2 4.3 2.3 1.6 1.2 0.8
fAtti Alt# R/Nm3-H2 3.2 1.1 0.3 0.1 0.0

1**4 R/Nm3-H2 2.4 2.4 2.4 2.4 2.4
-ecotesme R/Nm3-H2 0.1 0.1 0.1 0.1 0.1

E# m#axh R/Nm3-H2 10.0 5.9 4.4 3.8 3.3 (c)
©=ixb R/Nm3-H2 35.7 28.1 21.9 19.1 17.5 d)=(D+(c)

egfflifiRiit
0$S R/Nm3-H 2 4.0 9.3

R/Nm3-H2 3.5 13.3
SEI6S R/Nm3-H2 0.7 34.3

It R/Nm3-H2 8.2 56.9
E9@i5IW R/Nm3-H2 8.2 8.2 8.2 8.2 8.2 (d)

R/Nm3-H2 56.9 56.9 56.9
®aXh raaifiRa R/Nm3-H2 43.9 36.3 30.2 27.3 25.8 ®=©+(d)

mass R/Nm3-H2 78.8 76.0 74.4

i§E*S*"Xtt*gXT-—: SOONmVh)
Xt-va> mm# M75R 60

@5t# R/Nm3-H2 3.7
Aft® R/Nm3-H2 2.9

R/Nm3-H2 7.4
R/Nm3-H2 0.2

*T->a>«j&aXh R/Nm3-H2 14.1 14.1 14.1 14.1 14.1 (e)
@#*8=1X1-

mm&rn®.
main

R/Nm3-H2 58.0 50.5 44.3 41.5 39.9 @=®+(e)
R/Nm3-H2 93.0 90.1 88.6
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:1.3.5-4 iSE7kS#X#$6XT-va> : 300Nm3/h)

m g >T—X1 A—x 2 <r—X3 '}•
K
I y—xs ffi %

BS8I# Nm3/h 300 Bvt9sisse
#Xim# t/B 0.647 7kS#XSJ$0.0899 kg/Nm3

Nm3/h 600
Nm3/$ 2,376,000

mm# 575R 60 fV7V^-|SgU:5P

mm kWh/Nm3-H2 0.3
±7k L/Nm3-H2 0.0
xtK t/Nm3-H2 0.002

XT~ya>)lffl #fW]12H BMl2h =>3,960 H/#
%^$$##^(#^) h 3,960 (11 (Tg)
&il&=iXh
@$* n/Nm3-H2 3.7 @$#14.5%/y :
Aft# R/Nm3-H2 2.9 A##70075R/A

A% A 1
SEK18

R/Nm3-H2 7.4
(142)"R/Nm3-H2 &^##1,560R/kW

R/Nm3-H2 (5.94) #^19.81R/kWh
±7k R/Nm3-H2 0.00 ±7K200R/kWh
xtK R/Nm3-H2 0.16 X7K80RA

Xt-v 3>=iXh R/Nm3-H2 14.1 14.1 14.1 14.1 14.1
*ssasib mm&mt. R/Nm3-H2 43.9 36.3 30.2 27.3 25.8 #1.35-3 tffli^=iXh(DlZck'E)

wira R/Nm3-H2 78.8 76.0 74.4
UXh^It @

50.5BSffiRW R/Nm3-H2 58.0 44.3 41.5 39.9
R/Nm3-H2 93.0 90.1 88.6



1.3.5-5 -y—XflJ=lXWiR(e9glifiP$iSE)
y-X1 : 1.2 t/B (R/Nm3-H2)

JI*4tKSA*x EH-titiiW #$aXf-ya>
Jg*4=iXh 6.80 25.63 35.65 43.90

7.90 4.35 3.97 2.95
Att* 3.18 3.18 3.55 1.00

#±*4# 4.55 2.42 0.0 5.94
3.20 0.08 0.73 0.16

25.63 35.65 43.90 53.95
y-X2 : 3.6 t/B (R/Nm3-H2)

J14'47KS**x E* aim
Ji*'4=lXh 6.80 22.20 28.10 36.35
BSS 7.79 2.34 3.97 2.95
A#* 1.06 1.06 3.55 1.00

#±*4# 4.35 2.42 0.0 5.94
*(Di& 2.20 0.08 0.73 0.16

22.20 28.10 36.35 46.40
y-X3 : 12.0 t/B (R/Nm3-H2)

E*4tKSA'x &i&Xf-ya>
J!44=3Xb 6.80 17.49 21.93 30.18

5.17 1.63 3.97 2.95
A#S 0.32 0.32 3.55 1.00

3.30 2.42 0.0 5.94
-etDftti 1.90 0.08 0.73 0.16

17.49 21.93 30.18 40.23
y-X4 : 36.0 t/B (R/Nm3-H2)

M47kS**x mm #*oXf-ya>
JI*4=3Xh 6.80 15.31 19.09 27.34
0$S 3.20 1.17 3.97 2.95
A^e 0.11 0.11 3.55 1.00

m±*4# 3.30 2.42 0.0 5.94
1.90 0.08 0.73 0.16

15.31 19.09 27.33 37.39
y-X5 : 120.0 t/B (R/Nm3-H2)

JMtKSA’x EHi-tM {**£Xj-ya>
Jl*4=ixh 6.80 14.18 17.53 25.78
@$« 2.25 0.82 3.97 2.95
A#* 0.03 0.03 3.55 1.00

#±*4# 3.30 2.42 0.0 5.94
1.80 0.08 0.73 0.16

£ft 14.18 17.53 25.77 35.83
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1.3.5-6 -y—XSi|=lXhAE(SSS)
X-X3 : 12.0 t/B (R/Nm'-Hz)

JI¥4tKS*'x EUrtti# &ij&XT-V3>
Jil'4=ixh 6.80 17.49 21.93 78.85
ss» 5.17 1.63 9.31 2.95
A ft# 0.32 0.32 13.30 1.00

3.30 2.42 0.0 5.94
1.90 0.08 34.31 0.16

17.49 21.93 78.85 88.90
*T—X4 : 36.0 t/B (R/Nm3-H2)

B*4*£*"x
6.80 15.31 19.09 76.00

b$* 3.20 1.17 9.31 2.95
A^S 0.11 0.11 13.30 1.00

3.30 2.42 0.0 5.94
1.90 0.08 34.31 0.16

15.31 19.09 76.00 86.05
-y—X5 : 120.0 t/B (R/Nm’-Hz)

mm
6.80 14.18 17.53 74.44
2.25 0.82 9.31 2.95

A#* 0.03 0.03 13.30 1.00
3.30 2.42 0.0 5.94
1.80 0.08 34.31 0.16

git 14.18 17.53 74.44 84.49

-126



1.3.5-7 X|S9JnxH^lR(E3@j6EtSi)

(R/Nm3-H2)
T—X1 T—X 2 <r I >4 C

O T—X4 T—X 5
M=ixh 25.63 22.20 17.49 15.31 14.18
@£a 4.35 2.34 1.63 1.17 0.82
Afr# 3.18 1.06 0.32 0.11 0.03

2.42 2.42 2.42 2.42 2.42
fCDiA 0.08 0.08 0.08 0.08 0.08

it 35.65 28.10 21.93 19.09 17.53

mm (r /Nm3-H2)
T—X1 T—X2 T—X3 T—X4 T-X5

Ji4'4=ixh 35.65 28.10 21.93 19.09 17.53
as# 3.97 3.97 3.97 3.97 3.97
A#* 3.55 3.55 3.55 3.55 3.55
^166 0.73 0.73 0.73 0.73 0.73

It 43.90 36.35 30.18 27.33 25.77

XT—va>(300Nm3/hS!*) (R/Nm’-Ha)
T—X1 T—X 2 T—X3 T—X4 T—X5

Jlf4=iXK 43.90 36.35 30.18 27.34 25.78
as# 3.66 3.66 3.66 3.66 3.66
a^s 2.95 2.95 2.95 2.95 2.95

7.36 7.36 7.36 7.36 7.36
f(D# 0.16 0.16 0.16 0.16 0.16

It 58.03 50.48 44.31 41.47 39.91

1.3.5-8 XflglJ=lXhAE(SSM)
mm (R/Nm3-H2)

T—X3 K
I

-b *T—X5
Jjptt'4=iXh 21.93 19.09 17.53
as# 9.31 9.31 9.31
A#* 13.30 13.30 13.30
sit# 34.31 34.31 34.31

It 78.85 76.00 74.44

Xf-V3> (300Nm3/h$g8|) (F /Nm3-H2)

I C
O T—X 4 T—X 5

j^^4=ixh 78.85 76.00 74.44
@$a 3.66 3.66 3.66
Aft# 2.95 2.95 2.95
mt]## 7.36 7.36 7.36

0.16 0.16 0.16
it 92.98 90.13 88.57
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1.3.5-9 3-?x:lPii]±#x*'b<DSE7kS*"xEiii*;u4?-i|23E

* s ##

K
I

-h C
M

K
I

■h >T—A3 *T—X4 >T—X5 at *
msmrn t/day 1.2 3.6 12.0 36.0 120.0

NmVday 13348 40044 133482 400445 1334816 7kS:tfX$Jt0.0899kg/Nm3

TkSfflS! kWh/Nm3-H2 -0.455 -0.435 -0.330 -0.330 -0.330 S(4:141760kJ/kg 12744kJ/Nm3
kJ/Nm3-H2 -1638 -1567 -1188 -1188 -1188

% -12.9 -12.3 -9.3 -9.3 -9.3
ES-ilHSr kWh/Nm3-H2 -0.330 -0.330 -0.330 -0.330 -0.330

kJ/Nm3-H2 -1188 -1188 -1188 -1188 -1188
% -9.3 -9.3 -9.3 -9.3 -9.3

7k#m# kJ/Nm3-H2 12744 12744 12744 12744 12744
kJ/Nm3~H2 -2826 -2755 -2376 -2376 -2376

% 77.8 78.4 81.4 81.4 81.4
JxAi^4 ~ % 22.2 21.6 18.6 18.6 18.6
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1.3.6
am 1. 3. 4&ckOU. 3. 5 T#mc#7K#j3 j:U^E7K##X(0 8m$^#XT-:/3 >T(7)# 

mnx # i. 3.6-k m i. 3.6-i may^> nai#m% (mm
%aim (##%

1. 3. 6-1 X^-i>3 >zK##$&3X

X-X 1 x-x 2 X-X 3 X-X 4 X-X 5

t/0 1. 2 3. 6 12 36 120

##/K# ElHifiR R/Nm3 128. 3 97. 5 78. 1 67. 6 63. 8
R/Nm3 — — 85. 3 74. 7 70. 9

ME*S R/Nm3 58. 0 50. 5 44. 3 41. 5 39. 9
R/Nm3 — — 93. 0 90. 1 88. 6

X^-i> 3 >;K##$o3% h

—o— m&*m raaifip 
—«—%**$ tram
— -o— setks ram
— — iBjEEtK^I H"95|1S120 A

100 -

7K#mmm# (t/m
0 1.3.6-1 Xt-->3 >t;<7)**#l63X Mtli
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(1) SUfirffl PEFC %mi8«
IftllyXfAilT, WE-NET T&WCDff&fctlT1^-5 200kW/PEFC hS%*->

XlrAi: 5000kW/PEFC (8 1. 3. 7-1) tcourMfSfr&o/i. ER*S
Mffitt. figff**lcxHm2 1. 3. 4(2)TStitiU7tBI6etS, 1.3.5 (2)
TlFtilLZtSaSSnx FSSH>fc. r\y tVTUftm-Jy'y hfiffnx FSIfLt. 0
S#»#£tc^3t'Tli, ±#R.
U FSOTI^^/ K£H-£Ljt (8 1. 3. 7-2) „

1.3.7 PEFC X h

1.3. 7-1 PEFC I8«ia«
200KW^->tP< 5000k! E-SS

kW 200 5020
$t&«E AC210V*34) AC2090V*3(f)

/K# zK#
Kit r/p ^ ##

MPa 0. 1 0. 8
NmVh 130 2. 520
t/day 0. 28 5. 44

IkW^Oco### NmVh/kW 0. 650 0. 504
%@HHV 43. 3 56. 42

WE-NET ST7 H9 ¥$$ft

1.3. 7-2
SSSrffl PEFC*#R#

¥ 15
#«isaie % 6. 0

% 1. 4
% 0. 6
% 3. 0

SS5$6W % 2. 5
-uma*. ifi % 1. 0
It % 14. 5
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(2)%eax MS#*
a

E#:**«ij$®e6'C0%S3 X h£0 1.3. 7-1-2 &CX* 1. 3. 7-3-6 icSE. 
soookw/PEFC ^e@*#yx%-A«y-x 1-3 -m. ttunzkse/ss&eeicisu&v^*, n 
X F^titiliLTi/VjXx

b M K* StfXliiiig
SE*S^X$lis®J86ro%S3X hSE 2. 3. 7-3-4 R^S 2. 3. 7-7-10 1:*T. 

i«#**fc1iS©*&t|ai«IC 5000kW/PEFC 1-3
7i?-£.$gic®LtSur*. ox MtuaLTU/in.
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1.3.7-30/2) 200kW

1.2VB
#1i^7>hix{i=lX M75R/kW) tit#10 15 20 25 30

mm# m^R 20 30 40 50 60
em*x$e R/Nm3 112 112 112 112 112
mmmm Nm3/kWh 0.65 0.65 0.65 0.65 0.65
mmn R/kWh 72.80 72.80 72.80 72.80 72.80

h 7,920 7,920 7,920 7,920 7,920# Faille 330 B/# ^#8$^ 24h/B
b$* R/kWh 1.89 2.84 3.79 4.73 5.68 @$# 14.5%/#

R/kWh 7.47 7.56 7.66 7.75 7.85 SiE#(7) 10%
%m=ixn+ R/kWh 82.16 83.21 84.25 85.29 86.33

'r-X2:«*SJS« 3.6t/B
##l^7>hmS=lX M75R/kW) ##10 15 20 25 30

mm# S^R 20 30 40 50 60
R/Nm3 82 82 82 82 82

emmee Nm3/kWh 0.65 0.65 0.65 0.65 0.65
MS R/kWh 53.30 53.30 53.30 53.30 53.30

h 7,920 7,920 7,920 7,920 7,920# Faille 330 B/# 24h/B
@$# R/kWh 1.89 2.84 3.79 4.73 5.68 @$# 14.5%/#
A## R/kWh 5.52 5.61 5.71 5.80 5.90B^S<7) 10%

%tt=ixH+ R/kWh 60.71 61.76 62.80 63.84 64.88

^r—12.0V B
b(77R/kW)

tit#10 15 20 25 30
m75 R 20 30 40 50 60
R/Nm3 62 62 62 62 62
Nm3/kWh 0.65 0.65 0.65 0.65 0.65

mm R/kWh 40.30 40.30 40.30 40.30 40.30
h 7,920 7,920 7,920 7,920 7,920 #Fe1ilE 330 B/# 24h/B
R/kWh 1.89 2.84 3.79 4.73 5.68 14.5%/#

Aft# R/kWh 4.22 4.31 4.41 4.50 4.60^#(7) 10%
^E=ixh|+ R/kWh 46.41 47.46 48.50 49.54 50.58
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1.37-3(2/2) 200kW*>-tMh3!IZ7—
(;W7kStiiil:E9S£Bii$)

<7—36t/B
KTiR/kW)

10 15 20 25 30
oSBA 5^R 20 30 40 50 60

R/Nm3 52 52 52 52 52
mmmmm Nm3/kWh 0.65 0.65 0.65 0.65 0.65
«»» R/kWh 33.80 33.80 33.80 33.80 33.80
^ia«®Btrdi h 7,920 7,920 7,920 7,920 7,920^Faille 330 B/% 24H/B
@£* R/kWh 1.89 2.84 3.79 4.73 5.68 14.5%/%
Ai4# R/kWh 3.57 3.66 3.76 3.85 3.95 10%

3§1=ixhft R/kWh 39.26 40.31 41.35 42.39 43.43

120V B
#1!^>HxE=lX K75RAW) B#10 15 20 25 30

ises S75R 20 30 40 50 60
am*### R/Nm3 48 48 48 48 48
mmmm Nm3/kWh 0.65 0.65 0.65 0.65 0.65
ams R/kWh 31.20 31.20 31.20 31.20 31.2Q

h 7,920 7,920 7,920 7,920 7,920 %raiiE 330 b/% 24h/a
l§$# R/kWh 1.89 2.84 3.79 4.73 5.68 14.5%/%
AltS R/kWh 3.31 3.40 3.50 3.59 3.69 10%

^m=ixhi+ R/kWh 36.40 37.45 38.49 39.53 40.57
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1.3.7-4 200kW XfilJ^lpXh

%m^7>hlSS=lX K75RAW)
10 15 20 25 30

H75R 20 30 40 50 60
##*### R/Nm3 69 69 69 69 69

Nm3/kWh 0.65 0.65 0.65 0.65 0.65
J8*4S R/kWh 44.85 44.85 44.85 44.85 44.85
#Pb1mm h 7,920 7,920 7,920 7,920 7,920#faille 330 B/# MM 24h/B
@se R/kWh 1.89 2.84 3.79 4.73 5.68 14.5%/#
A#g R/kWh 4.67 4.77 4.86 4.96 5.05 ###(7) 10%

%m=3xnt R/kWh 51.42 52.46 53.50 54.54 55.59

36t/B
mi^>hiSfi=ix M75RAW) ff#10 15 20 25 30

i$«sg S75R 20 30 40 50 60
R/Nm3 59 59 59 59 59

mmm^R Nm3/kWh 0.65 0.65 0.65 0.65 0.65
mnm R/kWh 38.35 38.35 38.35 38.35 38.35

h 7,920 7,920 7,920 7,920 7,920 #pBiii$E 330 a/# mm 24h/a
R/kWh 1.89 2.84 3.79 4.73 5.68 14.5%/#

x(ta R/kWh 4.02 4.12 4.21 4.31 4.40 10%
%m=ixnt R/kWh 44.27 45.31 46.35 47.39 48.44

>y—120t/B
#1 HxiS^X K75RAW)

10 15 20 25 30
ISS» S75R 20 30 40 50 60

R/Nm3 55 55 55 55 55
mmmm NmVkWh 0.65 0.65 0.65 0.65 0.65
mms R/kWh 35.75 35.75 35.75 35.75 35.75

h 7,920 7,920 7,920 7,920 7,920 #PB1il$E 330 B/# MM 24h/B
R/kWh 1.89 2.84 3.79 4.73 5.68 14.5%/#
R/kWh 3.76 3.86 3.95 4.05 4.14 10%

##=ixH:t R/kWh 41.41 42.45 43.49 44.53 45.58
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1.3.7-5 5000kW

>T-X3:«*g«a 12.0t/B
*1I^7>hEE=lX K75R/kW)

10 15 20 25 30

# » H75R 500 750 1000 1250 1500
mwmmm R/Nm3 62 62 62 62 62
«#;**# Nm3/kWh 0.504 0.504 0.504 0.504 0.504
mmm R/kWh 31.25 31.25 31.25 31.25 31.25

h 7,920 7,920 7,920 7,920 7,920 330 a/# mmmm 24h/a
@$e R/kWh 1.89 2.84 3.79 4.73 5.68 14.5%/#
All* R/kWh 3.31 3.41 3.50 3.60 3.69 10%

5§m=]xnt R/kWh 36.46 37.50 38.54 39.58 40.62

>T-X4:«*S)I8S 36t/B
^m^x>nss=ix KTJR/kW) fit#10 15 20 25 30

isee S75R 500 750 1000 1250 1500
R/Nm3 52 52 52 52 52

iS*4;Sga NmVkWh 0.504 0.504 0.504 0.504 0.504
R/kWh 26.21 26.21 26.21 26.21 26.21
h 7,920 7,920 7,920 7,920 7,920 330 a/# mmmf® 24h/a

@$a R/kWh 1.89 2.84 3.79 4.73 5.68 14.5%/#
xi±n R/kWh 2.81 2.90 3.00 3.09 3.19 fcWS<D 10%

^m=ixhit R/kWh 30.91 31.95 33.00 34.04 35.08

<r—120t/B
i^>hfSii=3X K75RAW)

10 15 20 25 30
mm# S75R 500 750 1000 1250 1500
^#47kSSfflfi R/Nm3 48 48 48 48 48

Nm3/kWh 0.504 0.504 0.504 0.504 0.504
<$me R/kWh 24.19 24.19 24.19 24.19 24.19
fimseaiiB h 7,920 7,920 7,920 7,920 7,920 330 a/$ sea#ib aws

R/kWh 1.89 2.84 3.79 4.73 5.68 14.5%/#
A#ft R/kWh 2.61 2.70 2.80 2.89 2.99 10%

%m=3Xhlt R/kWh 28.69 29.74 30.78 31.82 32.86
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1.3.7-6 SOOOkW

>7-X 3 12.0VB
m K75R/kW) ##10 15 20 25 30

1SS8 H75R 500 750 1000 1250 1500
R/Nm3 69 69 69 69 69
Nm3/kWh 0.504 0.504 0.504 0.504 0.504

«## R/kWh 34.78 34.78 34.78 34.78 34.78
h 7.920 7,920 7.920 7,920 7,920 iEfUliZSE 330 B/# 24H/B

@$8 R/kWh 1.89 2.84 3.79 4.73 5.68 El$8 14.5%/#
A^8 R/kWh 3.67 3.76 3.86 3.95 4.05 ##8(7) 10%

%m=ixnt R/kWh 40.34 41.38 42.42 43.46 44.50

^36t/B
K75R/kW)

10 15 20 25 30
m#8 m^R 500 750 1000 1250 1500

R/Nm3 59 59 59 59 59
®m;wes Nm3/kWh 0.504 0.504 0.504 0.504 0.504

R/kWh 29.74 29.74 29.74 29.74 29.74
h 7,920 7,920 7,920 7,920 7,920 330 g/$ 24h/a
R/kWh 1.89 2.84 3.79 4.73 5.68 @$8 14.5%/#

Att8 R/kWh 3.16 3.26 3.35 3.45 3.54 ##B<7) 10%
%E=ixHt R/kWh 34.79 35.83 36.88 37.92 38.96

*T—120V B
##I^7>hES=iX K75R/kW) ##10 15 20 25 30

m#8 S75R 500 750 1000 1250 1500
R/Nm3 55 55 55 55 55
Nm3/kWh 0.504 0.504 0.504 0.504 0.504

#$48 R/kWh 27.72 27.72 27.72 27.72 27.72
h 7,920 7,920 7,920 7,920 7,920 #R9im$c 330 B/# 24h/B
R/kWh 1.89 2.84 3.79 4.73 5.68 @$8 14.5%/#

Att8 R/kWh 2.96 3.06 3.15 3.25 3.34##8(7) 10%
^SuXhlt R/kWh 32.58 33.62 34.66 35.70 36.74
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1.3.7-70/2) 200kW * >tHhE-y—
(^E7K***xHiii: mm ifilSHE)

hr—X 1 1.2t/B
r^>bf£{i=3X K7JR/kW) til#10 15 20 25 30

mm E75R 20 30 40 50 60
R/Nm3 44 44 44 44 44

mmm Nm3/kWh 0.65 0.65 0.65 0.65 0.65
mmm R/kWh 28.60 28.60 28.60 28.60 28.60

h 7,920 7,920 7,920 7,920 7,920 #fmm$c 330 b/# 24h/b
a$* R/kWh 1.89 2.84 3.79 4.73 5.68mm H.5%/#
Att8 R/kWh 3.05 3.14 3.24 3.33 3.43^8 co 10%

%1=ixhlt R/kWh 33.54 34.59 35.63 36.67 37.71

3.6t/B
m1^7>hEii=lX hC5R/kW) ##10 15 20 25 30

nxSS H75R 20 30 40 50 60
S#7kSS« R/Nm3 36 36 36 36 36
EM8S NmVkWh 0.65 0.65 0.65 0.65 0.65
«#* R/kWh 23.40 23.40 23.40 23.40 23.40

h 7,920 7,920 7,920 7,920 7,920 #RHiI$K 330 B/# 24h/B
mm R/kWh 1.89 2.84 3.79 4.73 5.68 @$8 14.5%/#
Att8 R/kWh 2.53 2.62 2.72 2.81 2.91 ^#8(7) 10%

##3Xb:t R/kWh 27.82 28.87 29.91 30.95 31.99

X 3:#$^^# 12.0VB
m h(75R/kW) #*10 15 20 25 30

8 S75R 20 30 40 50 60
R/Nm3 30 30 30 30 30

SWiWSS NmVkWh 0.65 0.65 0.65 0.65 0.65
%5*48 R/kWh 19.50 19.50 19.50 19.50 19.50

h 7,920 7,920 7,920 7,920 7,920 #IWj1Ie 330 B/# 24H/B
BE* R/kWh 1.89 2.84 3.79 4.73 5.68 @^8 14.5%/#
A<48 R/kWh 2.14 2.23 2.33 2.42 2.52 mm*<D 10%

^muxhit R/kWh 23.53 24.58 25.62 26.66 27.70
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1.3.7—7(2/2) 200kW -fhgk'tr—
(SE****^.«i^:Egsiap«)

-y-X4:#$S«« 36t/B
$61 K75AAW) «s#10 15 20 25 30

KMB W75 A 20 30 40 50 60
A/Nm3 27 27 27 27 27

«s>ses Nm3/kWh 0.65 0.65 0.65 0.65 0.65
mnm A/kWh 17.55 17.55 17.55 17.55 17.55

h 7,920 7,920 7,920 7,920 7,920 330 a/# 24h/a
@$e A/kWh 1.89 2.84 3.79 4.73 5.68 IS$S 14.5%/#
A#* A/kWh 1.94 2.04 2.13 2.23 2.32 B#S(D 10%

A/kWh 21.39 22.43 23.47 24.51 25.56

1201/B
$611^7>hES=lX h(75 A/kW)

10 15 20 25 30
ESS B75A 20 30 40 50 60

A/Nm3 26 26 26 26 26
t**4;**a NmVkWh 0.65 0.65 0.65 0.65 0.65
m#s A/kWh 16.90 16.90 16.90 16.90 16.90

h 7,920 7,920 7,920 7,920 7,920 #pBiii$£ 330 a/# 24h/a
@$e A/kWh 1.89 2.84 3.79 4.73 5.68 14.5%/#
Att# A/kWh 1.88 1.97 2.07 2.16 2.26 E^S(D 10%

%e=ixnt A/kWh 20.67 21.72 22.76 23.80 24.84
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1.3.7-8 200kW tr—X3l]5£I:=lXh

12-Ot/B
I^7>KEE=IX h(75R/kW) E#10 15 20 25 30

EES m^R 20 30 40 50 60
mwmmm R/Nm3 79 79 79 79 79
««>s*a Nm3/kWh 0.65 0.65 0.65 0.65 0.65
m## R/kWh 51.35 51.35 51.35 51.35 51.35

h 7,920 7,920 7,920 7,920 7,920 330 B/$ 24h/B
@$e R/kWh 1.89 2.84 3.79 4.73 5.68 @$S 14.5%/$
Aft# R/kWh 5.32 5.42 5.51 5.61 5.70##S(D 10%

ssm=ixnt R/kWh 58.57 59.61 60.65 61.69 62.74

36VB
SSI b(75 R/kW) E#10 15 20 25 30& M75R 20 30 40 50 60

R/Nm3 76 76 76 76 76
E#4>SBS Nm3/kWh 0.65 0.65 0.65 0.65 0.65
«4# R/kWh 49.40 49.40 49.40 49.40 49.40

h 7,920 7,920 7,920 7,920 7,920 330 a/$ 24h/a
®$S R/kWh 1.89 2.84 3.79 4.73 5.68 14.5%/$
Ai4S R/kWh 5.13 5.22 5.32 5.41 5.51 iEESCD 10%

ssm=ixnt R/kWh 56.42 57.47 58.51 59.55 60.59

120V B
SS!t^7>bEE=iX KTjR/kW) E#10 15 20 25 30

EES M75R 20 30 40 50 60
6m7ks»a R/Nm3 74 74 74 74 74
K44;S*8 NmVkWh 0.65 0.65 0.65 0.65 0.65

R/kWh 48.10 48.10 48.10 48.10 48.10
$IW8ii8!H i 7,920 7,920 7,920 7,920 7,920siaae 330 b/5 interns 24h/a
n$8 R/kWh 1.89 2.84 3.79 4.73 5.68 @$S 14.5%/$
AftS R/kWh 5.00 5.09 5.19 5.28 5.38 m$8<D 10%

#m=ixb:t R/kWh 54.99 56.04 57.08 58.12 59.16
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1.3.7-9 5000kW#ft?B$—
(SE7KS^'xiSiii: 0 m&mm)

12.0VB
mI^>h§£{i=lX M75R/kW) {im#10 15 20 25 30

s$e* E75R 500 750 1000 1250 1500
«#**## R/Nm3 30 30 30 30 30
mmmm Nm3/kWh 0.504 0.504 0.504 0.504 0.504
mm R/kWh 15.12 15.12 15.12 15.12 15.12

h 7,920 7,920 7,920 7,920 7.920 #fmilS£ 330 B/# 24h/B
R/kWh 1.89 2.84 3.79 4.73 5.68 14.5%/#
R/kWh 1.70 1.80 1.89 1.99 2.08 10%

#g®=ixhlt R/kWh 18.72 19.76 20.80 21.84 22.88

^r-X4:Mi 36t/B
%1!^>hf£li=ix K75R/kW)

fit#10 15 20 25 30
IS tig W75R 500 750 1000 1250 1500

R/Nm3 27 27 27 27 27
Nm3/kWh 0.504 0.504 0.504 0.504 0.504
R/kWh 13.61 13.61 13.61 13.61 13.61
h 7,920 7,920 7,920 7,920 7,920 #RHiiSc 330 a/# mmmfm 24h/a

®$g R/kWh 1.89 2.84 3.79 4.73 5.68 @$g 14.5%/#
A#g R/kWh 1.55 1.64 1.74 1.83 1.93 #$§g(7) 10%

#g1=]Xhl+ R/kWh 17.05 18.09 19.14 20.18 21.22

120t/B
m K75R/kW)

10 15 20 25 30
mm# 5^R 500 750 1000 1250 1500
<s#47k**e R/Nm3 26 26 26 26 26

Nm3/kWh 0.504 0.504 0.504 0.504 0.504
R/kWh 13.10 13.10 13.10 13.10 13.10
h 7,920 7,920 7,920 7,920 7,920#ffe1ii$E 330 B/# 24h/B

®$g R/kWh 1.89 2.84 3.79 4.73 5.68 @$g 14.5%/#
A#* R/kWh 1.50 1.59 1.69 1.78 1.88 Sife$g<D 10%

%l=lXhi+ R/kWh 16.50 17.54 18.58 19.62 20.66
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1.3.7-10 5000kW ft1 M'r—xsiflixh
(SE7kS^'x|iiiil:SSH)

fT~12.0t/B
1616^7>Hxii=lX "(7]R/kVV)

10 15 20 25 30
mm# ^75 r 500 750 1000 1250 1500
«#*### R/Nm3 79 79 79 79 79
mmmm Nm3/kWh 0.504 0.504 0.504 0.504 0.504
m## R/kWh 39.82 39.82 39.82 39.82 39.82

h 7,920 7,920 7,920 7,920 7,920 330 a/# mmmrm 24h/a
mm R/kWh 1.89 2.84 3.79 4.73 5.68 14.5%/#
Aim R/kWh 4.17 4.27 4.36 4.46 4.55 BE# (7) 10%

R/kWh 45.88 46.92 47.96 49.01 50.05

/T~X 4: 36t/B
HII^>HSE=IX K75R/kW)

10 15 20 25 30
mm# W75R 500 750 1000 1250 1500

R/Nm3 76 76 76 76 76
•S?4;N#S Nm3/kWh 0.504 0.504 0.504 0.504 0.504

R/kWh 38.30 38.30 38.30 38.30 38.30
h 7,920 7,920 7,920 7,920 7,920 #PB1iI$K 330 B/# 24h/B

®£# R/kWh 1.89 2.84 3.79 4.73 5.68 ®$S 14.5%/#
A## R/kWh 4.02 4.11 4.21 4.30 4.40BE# O 10%

^m=ixn+ R/kWh 44.22 45.26 46.30 47.34 48.38

120t/B
#1 K75R/kW)

10 15 20 25 30
mm# 575 R 500 750 1000 1250 1500

R/Nm3 74 74 74 74 74
NmVkWh 0.504 0.504 0.504 0.504 0.504

am* R/kWh 37.30 37.30 37.30 37.30 37.30
h 7,920 7,920 7,920 7,920 7,920 #fmm$c 330 a/# 24h/a

mm R/kWh 1.89 2.84 3.79 4.73 5.68 @$g 14.5%/#
x\m R/kWh 3.92 4.01 4.11 4.20 4.30BE#0 10%

^■gzixhit R/kWh 43.11 44.15 45.19 46.23 47.28
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1.4 !l®t;:*m3B*5ge->X
*SIC=k-6e*©gri«^ 13 Ail-E. r j:T, HS^S A 6 Mli L fctti!

«T©R4 nJ|gX*;i/^-eA-X i LfcffiiteAWIa'/X AAt)s«I6T*5„
6 z 31:. Sifttc43HTttSffi«im3Eicx-f--fe*;k»«(c*o T43 o. -ero%ezi x h 
ttxV -4flHS®«l3X h^’iSC , 50 R/kWh Slx.5«&t)i55il->fefttU5. f 
©£», aff©'>xxAic-Re-r-5ffiWWicSffi*«*->xfAj)!iit*ntf*?*t) 
•5oJtgtt^fe-5. «#wai/T. s*T5->xAA©E«s©%«nx hsma

KTica*tfci*gna*^s->xxAi;iBgufefig©a«x-xsR^Tigii$a 
&*$L, S 61Ci8«©E*#, i8fSSKT5itTltBfflf§*3X

(l)g«fflS*i«S*i®fiifflffl^A»
6 4S©a*56«->X AA©#B6SStt«TSfflte V/to

®a*%«E# wumsmT&5 7)*, stnxFj'O^taiiWfii)
©•aeb • emiae
®7k«lS7k*KifiE« (A*ie*S:**ICE« VTSfS)
®*'X7k*Sf*^ >XE«
®m#«*%#E# (a*%e©«*^sBesnsf«L/t*ssfflv^T%«)

«©S8c (iS1Sl;S:Ui'*8©$E§sS) ttS#OyXTASffflStffll'5t>©t Lt, 
nx HWtifcttttix&VA mB©®«©iea©S*to^x*liy.T®aO'T$)5„

®BA##E#©%##7)^. fll IE $ -h El o T V> <5 Rfl 1$ > f©A#l#A&M^T7k©##,^' 
1BCJ: OTkSSKifiU, ^nS**X7k*^>X lOkg/cmO tCgrSt"-5.
©B*%«®%«iA^®s®5#e-s.ai.'a*%«4’©e*#$B©$stt6tt«®5fcsi)ic

®BX)%S^fp®,b7a;HttSTHEfi«B%eicSHmiC#15 ;it&5®T, ESSrfi 
%«Ee©S»ttil$H6©e-X«XlSS68IV^5 5«j:r-5.

«StcSBI#S®«Sx5tt*Wl:aS7ii'S4b-f-5fcs6. 7 44. 8 44 * + t L©

®-®lC#^lC#©TtiaiK^II. Zffl©^S^©7k$$SffiLTt)$e*fie*^tti5> 
©r. c©*#ie&Mi:*#mmi:Ei®6. ^.p©«MfflE®j: VTea^nj*gTS-57)i.

^©ai»tt4t*©iift'ettftit©ffi(i75'*t 5.
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a) mfebtzmm tm.u%iPr
fkfcwtim.Azmz.Ltzmifim*ui>/z #mBTii#*7)<Af TA^w^A. ht

0i5/i8S^ffn. «WM»e®£U7t„
®tttfg» 250 ttt$, «®*B 6000kWh/Bg«cDfi!S£W*!A UTffit. h"-»«ASBH 
500kW iSjfe-TS^s, EftffiSto, #®tc,i5iti@<7)$®jlCT^Ttt#li U&(>. 
©SSf -^ li, NEDO «6#(SXl8TIC#3lt5aAM%7-f -;k KxX k*l(SS«*)) 
it), B Z S fr '> lh 111 fr it I: is t i -5 SI S fi'l - Z £ m > A;. I5IS86SIC li, #±fl 10mA 
20m**IC*3lt?>l! bilT* 0 , A CDx-* A'X-X
1C. 'XAi£PJJ£ffl UTSS Lit a* <D>\y'rn A (C;tftcl1~-5Bji£lt)t l®c. A4T.£g l. 4-1 
tc^r. &&, cnbroaiS^-^ttT^iik^rofiT'fe^aPiffieeo^TizE^enTu 
6.

I. 4-l SSUfcBSi/mTSSStcfctlB'iSflTEjBia (m/s) </>#$
1 ft 2 ft 3 ft 4 ft 5 ft 6 ft 7 ft 8 8 9 ft 10 ft 11 ft 12 ft

lOmUfiJl 6. 9 6. 3 5. 4 4. 3 3. 1 3. 8 2. 8 2. 9 4. 4 3. 8 5. 0 5. 7
20mHfii| 8. 3 7. 6 6. 7 5. 5 4. 1 4. 9 3. 7 3. 6 5. 5 4. 8 6. 3 6. 9
^n 3. 752 3. 695 3. 213 2. 816 2. 479 2. 726 2. 487 3. 206 3. 106 2. 967 2. 999 3. 628
40mSS 10. 0 9. 2 8. 3 7. 0 5. 4 6. 3 4. 9 4. 5 6. 9 6. 1 7. 9 8. 4

Ac/cU i6±KS SOmisJ;// 40m lets tt3 aiSttiiTro-x A?iSiJ£m'T#:t L Ac. 

V2 = V,x (Z ,/Z ,)
A AT. V, : #±SS Z 2 (m) t: is tt-E> BH (m/s)

V , : ilk ± isi 5 Z , (m) IC *5 tt -5 Bil (m/s) 
n : ZaSSStifk*fittlc J: 0 AATli. )®±i* lOmisJ;//

20m t; is it-5 ;# i! fit i: 0 . s^iti: =fc V Xtdfc, n =3. 75 
8. 3 = 6. 9x (20/10) "■'">

(3) H IF® fit to Sit
B/)**(owm$ii. asi:tta¥L, s%m*%*^TA6«iiaa/i*a$0t#aEa 
iS£@Z-5 6#©»T$.D. *£, %*
£M<6T-5 JHgBii/bS D . A il £ * -y h i >Sifi t (H>, B*0 Rft Cft/f L X 1' -5. 
A A Tti. a$mMfff $£#*!: L. ®«§jt£ 5 TT/JcTS*itl v hi >Bii 
®'J'£1'««£2S)£L£. A 5 Ifci.tfrbS-Sii) y h i ABIS/h'S & i A (>iii L
T. WIND WORLD tt® W2700 //tKfbft-5. -e® #*f±t*kmT®a 0 TS>-5„
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X rUr S 31m/41m
ttiA 150kW
A v h -i >BiS 2m/s
gsaa iim/s
A -y h 7 A hBiS 25m/s

T'35 5. W-5 c A A/5. AA. IHtOUST'* 3
KX/i/Zn/ttl:*), A -y M- >BiS 2. 5m/s, JEtSHiS 14m/s CD 500 kWtS (0E» 
SSStt) 7)$ $. 0 , SS8l:SA£XlTj30, Z£fi®tttittI|S6roA:l*lSi: &o TU5.

(4) aA%#R*#ma*#'/##. /seu/axserose
@eLAimai:43/5«A#g4#AL 3 5BA%«m#S#4, fiS/5 

7r2»TfflIi3 7 ®Wttlnl A L T, B12 / ¥ 1:3£
< XE (#1: 7. 8 fl) l:H#t)#<%</Al:%5. ZEi:*UTIiSA%eroiS 
«fiifliwtt*s< fST-r-aztto, xE4mmi:BA%#m#rosm4me/5ro/#%% 
Tttfr<, ZfflldFSf ■5**4. ■e*l*TK®iS • 8?*bA**4ffilr>fc«m*«!58* 
TWf A ro A'^aWt/iy-S. X<7)ck 5 7j:B.‘ST**A»A8fStm4IS6 UT*51t tf, (til<7) ■> 

-X">/l:4b/t5*BB roil/WISH/nlieA: < ?f A5 L, fc+A-BJIBT
<355. mA%#m#S#4A4 AI:/5 A. Z W rottt A /£ *(;£'>/ < * 5 CD T. «I* 
#e**HMA/5. mi:. BA*#R*S#4/ABI:/5 A. XErofliA/SAiM 
l:&0. /'S**lfj*«liieAt-5. f/, $/*#WTI4:aA%#m##m4 2000kW, 
2500kW &</ 3000 kW (A 3 7> <D A - X T&g* *9?j$S# A A A 5 / 4 !ti 5 A.
48 1.4-2 1://. :;f, l. 4-1 t://=k x i:S8S L, :
ro##m#i:*/LA.

01.4-1 aA%«ia«ttigiasroffis
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174 274 373 4pj 5 73 673 774 8f3 9PJ 10J3 1174 1273
i1i}h40m^i£jMiifs m/s 10 9.2 8.3 7 5.4 6.3 4.9 4.5 6.9 6.1 7.9 8.4
1 SOkWfiO^Slfcx kWh/fl 82458 64209 47149 28283 12984 20618 9701 7514 27088 18716 40655 48873
Ef/MiJ ffl # 75 59 43 26 12 19 9 7 25 17 37 45

MWh/fl 182.5 182.5 182.5 182.5 182.5 182.5 182.5 182.5 182.5 182.5 182.5 182.5

<fe2000kWH#<O%SlL MWh/fl 1099.4 856.1 628.6 377.1 173.1 274.9 129.3 100.2 361.2 249.6 542.1 651.6
916.9 673.6 446.1 194.6 -9.4 92.4 -53.2 -82.3 178.7 67.1 359.6 469.1

=Pm3 -5.3 -30.0 -46.4
•£-S7k*rTE^>^S*. m3 76400m3

A2500kWn#^,%@#, MWh/fl 1374.3 1070.2 785.8 471.4 216.4 343.6 161.7 125.2 451.5 311.9 677.6 814.6
1191.8 887.7 603.3 288.9 33.9 161.1 -20.8 -57.3 269.0 129.4 495.1 632.1

TkSt&^fix =Pm3 -11.7 -32.3
^S*SRfil^y^Sl:. m3 44000m3

#:3000kWO$(7)%#:#, MWh/fl 1649.2 1284.2 943.0 565.7 259.7 412.4 194.0 150.3 541.8 374.3 813.1 977.5
1466.7 1101.7 760.5 383.2 77.2 229.9 11.5 -32.2 359.3 191.8 630.6 795.0

/KS'.&iciiL ^Pm3 -18.2
18200m3



8 1.4-2 l:4>^T, HEI4'«»ia«<7)ttngS@.£ VT*i4)Zz„
iz><6n-5„ iKT©

I0T85.

3X H4&R8BZ$l.T 48 im/kW S$„ Si ¥14. « 

**PJfflT 50%@$„

P EM##«* 3% H4m#ATt4Kffmi#cD2:&K< . ScBTrfi/kW 7 $,3. #8

togl$3X h £ IT14 20 7JR/kW 2:Ud»E75S±tf btlTHS. M 

**fflH©i§t§r©®l¥14, iS14%E»*»T 50%m±7)m#$4lTW 

■6 „
71k* U Ml* *S67;k* ZeTek &14, 71k* U «#S*

KifiI8£6Slft;-f 5C£T. 20 7:M/kW £k^g, i| tt T14 * t) SMB 

Siifiiiy4TAS:I«T#5iLTl'5. $IE, Rtt 14£ M toll: 
sn/t7;k» ij > p&mci,
SStetStTt^yXlTU-S (Hydrogen & Fuel Cell Letter, 4 14 
ltd; D )• 7 Ik * U ###*143 >/4i- h74t)C014TS74U7)i. 'M## 

0#B@£LTmw6:£14T4#T&5L, # ¥ 14 A < 60% g

$£ 24lTk>5. 2 61:, »K$Sfflt'5 : £T 70% fiSCZZW?# 

C.n5tt>5. HSf *T14K£H£ Ltlif»/j:*i))!|t>ik 
*Hl:ffif#7)STS5„

tiU:l:BI! 18 4:51:, #eA714##@###*A;mtgmmAlgR£6^*7 #$ 
14 PEM, 71k* U SiCt)*flf*7)tTS, 20 7j Fl/kW |*0 3 7 h tfimft-Q i 5 . -£-g**8? 
IM«l4t^7;«i®ifLLTIi, 22T'l4^Stt£LT50%$fflVi-5C££r^„ 

«±=t 0 , 1:43 14•&**'£'SS14KT©4; 3

**-£'E* = Sfl ro^SJSAl: [kWh] Z**roflH4%El: [kWh/m!]
/###*###¥ [%] /100 
8 81** lNm3CDS<i%,1*114 3. 547kWh

$8, ^S74**6TttZ >7roW114. ***M53***& 7, 8SfflM2yfl»4iA 
-S>:Ii£UT5li4{>8o

(5) **SiSI81i (*««!$*) <oises«roM:s 
T#-5 8'(4i!S«8:3 7 M4ffl£fr5 £(b5E*7S6. *?*#M7l4RI:t@#f[:2a 

Tk'<57Jk* U*##E#&@SL8. WE-NET 14 7Z X 7 7 ¥(£ 10 ¥*«S*l:45L 
(p283).7lk* U*##sa«4j4;tXPEM*#lWE«ro**Sifi#4i@iF[il4yTroe6ffl
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PEM *1)Wia« 3.92 kWh/Nm’ ft 90%
7)1/* 'J TklJSttfi 4.41 kWh/Nm1 ft 80%

g 1. 4-2 ®MTt>^5<fc-5 1C, ^rfl^$4FPa$aVT«*IC®iS'r
n«6n/i©, L&H. fcfc'L, Sa69(c-5-®S*6l$£T-5fc

12*58*
MIC lOONmVhr ©»{#§*£3®Sf* <!:, HO® 

7;HKt 100 x 24 x 30 = 72000Nm! ch + ^&eMS^Sifi'eSS, 
IC*SSigE#cDE«#As'v7.7LAS:*lctS«6-E.»IS'tt*S < &Ufc», Saii4i®» 
iiit, *?

lOONmVhr
itSgfS.

(6) E«#ro@£
gx(l*roS$^e®®#tty.Ttoa D Ta6 5,

<S*«*E*>
NEDO 99-10 4Jlc«fc-5 t. Stt

xffltT'J > ( 1998~ 1999 ^ICriUtTS® )*§*£: L T, H*BX© MWT-500 ©500kW
#7)1 6700 XM (S$«EE, tBttl**. £fc£©T. C©E
Sffll'SCiiLt. *fc. MgtSflt-'f’jgtfXSKlcMXTtt. NEDO NEWS VOL. 19 171 

( 1999.8) ±0, 5 *B©¥i9a*%WiiT!eE3X HSIR©^-5-OTIS £ tlT* 9 , 
a*®«&5:filH5CiiL7;. S 1. 4-3 tc C tl £SX. 

tzfzL, S V XXJL**0IOtt5rlTjELT^5„

IET& 0 , 7JL* 'J 80%T&6.

1.4-3 5 dria©¥ii)a*l«SfaE3X hAE (JUS/kW)

mm
###

jg ft • B xl
mm

Mi*
x^mm mmmm mm

1. 266 859 6 71 120 143 67 15
1. 344 955 20 78 174 74 41 16

V % 1. 412 913 40 61 194 157 48 23
7 7 V ^ 1. 308 877 7 74 146 146 86 32

B* 2. 256 1, 261 144 122 247 441 42 26
5 ^ 1, 517 973 43 81 176 192 57 22
E : xro(til#@wi$3i >tLX#' > h*. fflJISS. afl$W#iti$5, NEDO NEWS 1999, 171 <4
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a 1.4-3 .to, 1 $US= 110 R t LT 500kW

SOOkWElSS/cO jtffl
6, 935

792 7? R
IS# • EitWffl 671

1, 359 77F1
2, 426 7m

■ecDtoHig# 231 7m
143 7m

^a+ 5, 479 7m

n X hit#IC*5UTtt, EMS*#:#ffli:jlG«»#ffl6KK *ffl £ 3:81560X.T. ISiX • 
IS# • ±* • *SI«f«ItLT 5500

• ,'W Hntt®TfJRUT^57^* U *<#(!$#«IS £'X-X I: EE W 6 g£ L 
7t. /(I/XX ■ /w KDttO*WW»E«Stt 480Nm:7hr tr 1 66 4200 77 R T £> 0 , XX- 
)P7y XX-$ 0. 87 itSSLfc. &flt« lOON'mVhr TafeO .
######

14200x ( 100/480) » "= 3628 77 FI
tts.%. f (Dim/,’• eiteffllcMUTlt 300NmVhr co*S«S6X 
X> K3X hSSHlttfl:. # 5000 ER. 1500 77 R $ fflU T U 5 = XXTIi, MS

1/3 i & 3/_«>,*£ fill ICMT^ 2500 77 R£m”5X itt5. 
Kiisaa-rstKTcoiio ttjs.
MMt§ 3 6 3 0 77PI
ttifiKir 2500 77 R

- m##m isoo t?r
Set 7 6 3 0 77PI

<7kSlfS3X h>
**»rlEX>Xt;t. HE 10kg/cm2roi#SX>X6@6L-fc. *->XXAX-* 
«7KlifCJ;-5i:, if*S* 10 77 NmJ (?>7rtSli 1 77 m:l) T, 8 HP), XX-7P7 y 
X X-0. 69 Tfe D , tlKTtoaiC/c-S.
84000m’ 81P1 X (76400/100000) »‘>=6. 64 (in 
49000m’ 8 1Rx (44000/100000) ll ll=4. 54fSR 
20000m’ 8«Rx ( 18200/100000) o t,= 2. 47 66R
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ntii, Ktcmsg^nx^s u >iaistisi«s£t5. #m. u>m«m 
ftrottL&tt. aisia^-f 60 TJPL/kW fSST*5. *#MXIl%%#*li?BX& 0 . 
dro5i-*aU5I^T 48 APL/kW Sffl ro5 C t tt5. EoT, 500kW roS6X 

2 # 4000 7JR 
<h&5.

(7) giSaASiyXfAnXhffllg
BA%«»#i§e±:. *SgriK88roE*'6':b-i±leML. HTffl3y-xffl!t 

#£HiifiLA.

®a*a*K« 2000kW, **EKS8 76400m1 
©aAfSeiSfit 2500kW. **»»$■ 44000m1 
®a*K*^« 3000kW, **SrSS# 24700m’

*A. 3X 64'1, 6-a¥«#5pl;o^TH«TroJ:5
l:l£L7:,
<BA36«>

aA%«$5j-roriX HTStt, NEDO roffgAii (NEDO NEWS VOL. 19 171 Lf ( 1999.8). 
p6±D) izVto LOi Lit. cnCiSt
see <m =eas# ($#=#m + -erom#m) x^n*¥ + ae •
;;t. ip*$#¥tt64iJ£ 3. 6%. HREft 17 *p£ It, 8%£mvO>5.

E##$ = 64'l (0. 036)/ ( 1- ( 1+6411) -';) =0.08 
Si:at3XMJ, Hist:: 43145, ¥ffl<ni@,ntlWjg (250kWX 8760hr = 2 190000kWh) £ 

x —xi:*S;J:OI+@LA.
%*n x h (PL/kWh) =ipB*/¥Pa rose ASS

<f rom>
Tiarotsic we-netxmLA$«#$t:#LA«£ LA.

*SE$E« : iffflipfttt 15 ¥. 64'IH 4%£ L, Srotott WE-NET **SigE#rotF 
##$i:#LAm£ LA.

**0fj«is« : EL LB ip SH 20 f 64'l 4% LI. Proffitt WE-NET *+£** 9 >#-roip 
*I»*IClpU Att £ L A.

10 ip. 64'ltt 4% £ L, ^roftitt WE-NET 
S@»¥i::2pLA<t£ LA.

C4l6&$£AAtro&# 1.4-4 AST.
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1.4-4
**Kigl2« **»*»* ###*iae

6. 0 4. 5 9. 0
2. 5 2. 5 2. 5

B7E*eSi 0. 7 0. 7 0. 7
0. 6 0. 6 0. 6

### 2. 0 2. 0 2. 0
Aft# 0. 3 0. 3 0. 3
-iBwa# 1. 0 1. 0 1. 0

13. 1 11. 6 16. 1
mm 4# 15 ¥ 20 ft 10 ¥

K±=fc<9, HteiCjBtj-S Sir. SB A %#'>X ft A® 3 X h S-#$LAc|g$$8 1.4-5, 6,
7. S Cftft. tztz b, ##® A 46 lift-X 4 A LT, dr —X 3 ®*fttCira;tT#'M*fg 
#->XftA3X h <b LT, PEN###*® g@3X h 20 AR/kW SfflUf;«S®3XH 
$£rH$6U7t.

cn-B®8t@*SSJ: 0 , m%ft®##M%*#3X EalStLX 
K 67 R/kWh

A® 3*&7#A. 1MSMSS07X hS 20 77R/kW £ U fc ig £ 1C te,
» 56 R/kWh

£® 6«£A^,. »ifi, 7 71/A U###**###? 20 77 R/kW g$®3X h£#3iLT
®5t®3ti«fc*o (*ftg#ftm«#e#m), i£®#*(c 56 rawea$®nx m* 
n m f z> # m tt # s> 3 t ® x =k a „

(8) ££46
#@H43l7-5@]t#lBA%#ftXftA®%#3X k®ft#00A#W&#3/ko"£®$a%, 

m*T®##%m%%#3X h £ UT 
» 67 R/kWh

###**#R#®3X h& 2 0 77R/kW t Ltz, ®«0«77 h £ LT,
*<J 56 R/kWh

6® C#6®it5£li, flft£JSii$m®T. A'®#A#gl:3®T
mse^-xaLT®^. $a. R*#t:MLT6A^ o m®#%m&m ®x® s. uft 
t/ft^'s,, BA%ma#®aS*6j:±:'l±glCf6T1"5 5J|gttt.* O, 91tt® «S I: *3 it 3 
M3XM4 50 R/kWh £«x.-5££t>cfc-5£®;bftT.fcD. fti'/Xf 6i LTiAil 
m£A03^ftft>ft7 71/&#LT®6A®£$A6#6. X X T'ft L tz -> X 7 A 13. $ 
Xd'ffl 8 ® AI811* £ S L T* 9 , Sf:%#3X k®<S#t>

*7*toA:^tt6IS$LT->XTA^I4S3liSl//c.kT'. 
a ott$®re®3x He$esi*7^ST*d3„
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SfTKr^fiSS-ti YB ' >»YCH rca*S¥ 'X4©x °s-*<¥xx£ >.v ' Y Y 'Y 
B '¥ffl¥ ■5(U1i|:i-*K*iri^>s/
5S^G)-B;nt(|f0¥ ' C,(fXlg%5 7 : %Y:I%ZI 9 Y%9 5#B#0-*1fY%#4 
4M -a*«»e®* Z66I -:i@¥<5r433*5:8gsiiiem^s^vsxtoesetasss
03 '¥* °5-<lxg$Y^-*1C*TXX¥ >.x/5 %6I «-*/if4T¥: I 5$ '.;G#:1 >5 5 
:)#K5Y#Y%##Y* 16 '9«#!5Y#:l%#*t#^#|gY#«¥ '¥)4<4-x<'X 

¥U5 Q$EiyYSto-*1f*XXX¥ >.v$il>3#®Wa:i#|gl ¥?- MJJHi'YIf! 
Y*i*?i:i B^ ‘nSimSMtoY#? S-YSIl5V«»t«3
¥*^nzn?wm#3}«wmaq} "^c-?cco¥^^Y*©-*ifYxxx

Y>.VMY 'U¥ti$iy$Kir4-<.<4YSa.*B '©IS “Y«^U?B¥a-43«*in 7
wm#3)«wmaq}:t#^5#wwaY% z o>y* oiei 'n-*ir*Txx¥>.vMY

<:)%%>

56116*<-<¥YtoXXY YUWMY’z-tisr^YIIB S 'I



i. 5. i

%##, L/c^cT,

Hc#X%7"AliTE(D 43(7)%mi:E^$^l6.

ia#

M

M

T ^)f##

W/2f###f9f(DC6)
^##^^1: 11, 

m###
® ItSM 
A#:##

B^:
® x x —-> v —/fjc©i • Ki/xv^sti-fExi”>V'/i^io 
®^x->'/-/## - h^^^/^#m#-^x->v-/3^o
df x — > V — X fjc@l " U 1A V^ • 3x 0 -^# P^l fM # $X ## #
t^mi, m#ff#^^x-xv-cj;6A^f##T^6. m#m^=k6^m

t,6^T&6. m#m 9<-v-o-x^M^
Al:##%6C6l:4;^, #F^l:^&LTW6A"^A,A^±#(:##T'5^&-e&^ (^
1.5-1). B*T11,
(7)fjc^X%^AX)^Dlt6^cTU6. (2)(Ddc^XX^All,
Aa, ±t:4b#m#=k3%M#(D#wmfT
^<b%oTW&xX'TAT&5. (3)lii(@lm #
m^#$^#mLT^A&mmT^fjc#XAXAT&^. ^COXAXAll, lATtf^#

3 (Dcmu-cv^.
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@11, A-X h U f %-
> v-rttei i/z*sx y-z-x- r-s*
## L. rtisyn-fe y D-TSfeU. SfflDSrfrb. X 17 —© —X'H6£*©S#fil:itA,

tilfjttlcS», Mfflti, «£H^^5ffS6#r=1^gU7)s, SB. SttSEl«^B©©T, 
t$EiSe#S$TgliSSSffllST-E.!£f>B7)tife5„ B &3* A# 1 *. # 
i*icDSEroMI8- Btl7lsiinTH-6fcii)i:#R^gnTV^„ ©[lit®:, x^x-f/® 

J;5ft«#4coS^16«i:cDfjcE->XSAT$)-5= A-AXX?fWi*]Tflc@J, Sfc©, 5% 
OSrffVA #!*ITlL*$'fiirfflSf751l;S#L, Xf7 —X7)5Cll&#flf6. B*Ttl, It 
#®TC©XX AA©#A7)l@&i#A?©a.

B*TI1, ftViRfl®ti^SH^x->V-S«fc5AAfP8T‘$>ofc7)!, C C 10 ¥13 A© 
racyn-t-yti-roeATSSAiSIce*, ©©AXIC*f«T'3:*jltiU ±lgTifi«1--5tt

(t$&© + S9tn

6t)s"o «J 0 #T 6 tl A® 7t £ ® SI" 5 A) tlT 8-St)'© S«,
If #A5#mxRhAl6 A 0 1 B0rlC*|i|fflSE5)-7iS*asfiT^5l$5 7)5
S6-7i5Sl/'= LIcTf’b T, 5:*SMU, ±*STigff-f -5®^©© A b 7lfJcE -> X x 
t>JKSL©T < , ®Ht)®^ofc^t)«01tT6nfcffi7CfciR*nIffiT*-5. ©^©©A 
bTA^StfroitS-tl, KSy,51.tl®*Dj|gT$5„ ®©A 3 CttlATStt ITA b±« 
lcmr->X AAt)5S t.®*7)5HST$>5„ mXIC@t£*#Tti:$>37)i, «#4©S1
Ut6STSIi6SnTl>5©T', S#*«ffl*$roJK*llorRgT$> 0 , UK, xz-f>
Ttlf"TIC Chb©®#**'! ffl Will £457* U, ERA L T f U ffl LTU5.

r©A 3 llfiEXXXAl; A-5iKSnT!£e©$ll±#VA £fc, itiS. iiitlbt 
te#R##nmA)67)5. *si»s©ef%nsnT*3b-f, gE#©x-X75Sftn©T, & 
#*f'ISifiS®iLfccifflS5*S#SlllTntiC5, IpM'1
iS#*l'lfflitSl&[HliK • fijffl LTU5 A Aflifrfrofc. tt£tt*»re$S*SfTll, #K
i:-gB©##A$iim*im&E#ALxai#L, fisogiR*!:®ob/vTu^.©t, as©
fS©5rtt*IU/c A r 5, Eei:S©UA**to7lZ-XSrfS#t UT< nfc„
ISV^/fr — X £ ti: t’ 42 S S, lu n X h £11 LB L 4t =
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1. 5. 2 X h
(1) «E

»e?itS*9ftt- 0. 14. 700ha
T.Sfiett* =k-e 250 77m3T&6.CZ 10 ¥®5tl*£El;tt$$ l "T43 D ,¥Rflltl 10, 000 
m3trfe-5. ifc, ¥RflS:il UT(SE?SI)5:fToTHT, #EIC j:-5 jtl* tE*® $lfc 67j: 
®„ L/zXBb T, Stt*Mffl*®®$$L^JK*7)tniBg2:gbn5„

Sffi, a##rtt?*n«, ±iSfti£left«2*iT®3o V
9'U HAtfffifoItttffltti, itgSMESl: =toT%E L/i*PlM
*Sti±#lcKEt'-5tot7lctti/>7)iti;®® T, (jcEKM&ieKfaf 6 ®tl, ±%9' 6 
festB-r^^UT. iamvTititntfvutzj:®.
*6 C®-, tt$£U 8r@Krfi 1*1®!$Billie$,-5^ ULTEALT® 

UA>1, 9 U -x>XJS®fl$A«1Stt, tT® 1f ® jl*Zis'tt A-5 8$ L9'& ® „ ^tlT 
feiAST?.*si:tt, mic®a®a^®5/2'irrti;<, %Aa9fa&%®#ast u-c*fa 
M%*aS$K^L/:® 6® 9#AA9i&-5. *fe, fa® X U >y h fc&®fc tf-Cli* < , * 
fa fa il 8S 93'ft Si*ill! te S b & t j- ft t£, fattfasmcttSMeMT Sttr'L 6 A£»li 

C ttfT’t, *1*3X i: ® 9 X U y h;fa$> y , ttS®®*1 6 JE
ti), s#*faeas®xt®i/^-faflm#si:*$#"<:-$>s.

(2) iR*tfaf$e®#$
EEaRVSfaJ: y 8ttsn/r¥fi6 11 fa$ro«SSI«£ fc <h leSrggtSlleJr® ttSStt 

te j: 0 %E1"5«#*faffl«aSiR*iiJlg*£TSB®itA'6#l+L7t„

«*Bj|ge (£<#** h» =A±tm im3&^y®ax»wi## (n’/iittii1)
xiiiftli (m3) X (l -KSlej:-BSWS) 
x (1 -###-#*#) xES^ltSflB ( h >Zm3)

• AAES lm3 4>fc D ®iK*fa*ge (m3/AAEE m3) : 1. 5. 1 TiE'Xfc J; 9 l;®^©
®<fc9&£**«"fSfSSvXxAtt. £T®S4**fafaMi!5£lKSfaflgT<6 5„ ® 
-^0® A 9 9iA**#®6*EAX AAia, tt*tti1-liiR»fasgT7*.50 ®® =k 9 I: 
g?£*tt-r-5ffiE->XxAUiR*9iB»T*-5. ^###6L<liA
**#fx.iifiAxxAT-astiiSSffbT&y, M##$f»fabT®9i®. ##*
aieiftlf, A* lm:,£4jgt3£- A###®#Ali 0. 7m3, A*##®#Ali lm3
® * fa si«as 9s W * fa IB T £-S 0

•Aitil: ^^#ttle=t-5A*®E*9S 6, 300 m3, 1C J: 3 **4**9*
4, 200 m3-e$>-£> =

• ®SH: =k5»S¥ : 30%
• %*M"® #-/K$ : 40%

171-



• «{£H-i7)S«a : 6** 40%(O@lC- 0.25 h>/m3

tt±J:0, (SSIIh» tt
[0.7X 6,300+ 1 X4,200 = 8,6 10 (m3)] xo. 7 x0. 6 x 0. 25 = 904. 05 (h>)

•77 35 5. *#©%##li6R7i©#K±. kg 36 A 0 18. 000-20. 930kJ gSft©T.
6 18, 840kJ/kg it5i, ####?% 17. Ox 10«MJ ISS Sft 5 C £ £ & 5.
£/t, ¥r=m*3£E*/5s' 10, 000m3 T*5^6. A* lm3 0ttl:-3«« 86kg (SESS*)

c a I: % 5.
ffiA#*roA*aLEett¥f,ai$ftero4/Ato ig*s®f, A

jki$tt6ffiS->XfAfttSOfcit5i.
1 X40, 000X0. 7 X0. 6 X0. 25 = 4, 200 ( h >) T*5.

7. 9X 10’MJ L»oT, Sft©Jktt
*Wffl«ig©iR*^^»(ii§ftW^iR*siiga© 5 »© 1 S$T;65.

(3) *li/H4"7Xlfi ©IPItixi x h
C (2) T«»A{$£#il©(iEf6ttl;=k D%AT5St**pm*i6iKS6TSge© 

iPlOnx hSStti-T5.
±i$©J:5lCtt$#*T'tt, lASttAfiJfflMSttn-xKm-tSigS, 8WLTt)>
e>i@rgSrtm©X IJ - x>X'JSl:®i$LTU5. ItJbt, liPtonx Hi, ## + *#

• il« : ¥b!c 11 lm3*>AO 625 RT&o A.
78 rt? Rl © 77 U - X>X'lS$T'©ilEliil©SttiX$K UT©5©T, S®©!¥M&I*) 
Etih^ iBtiTi'o A. (2) A 0 8, 050m3 T* 5 7)8 «Wi:
=t 30%/j:©T.
If = 8, 610 (m3) x (1-0. 3) x 625 (fl/m3) = 3,770.000 (R)

• is, 000-20,000 r/b,sr#a$*s8,000
n/a 0gr6 100 IJ y HA) i«»ifflI#SAMSR/0T*5. ztuz&ma:* 
um&m ((ffiteiMO2,100 ar> ©«a#&*A5A 1 ast o ©mets, 100.000 
RT&5. gift, 1 BJbtO 50m3*#LTU5.
(2) A DftWikMB ««■«*?!8, 050m3 T<6 5 »> 6 .
»## = 8, 610 (m3) /50 (m3/H) X 100, 000 (RZB) = 17,220,000 (R)

I8i:=fc DJPiWnx Hi. 3. 770, 000+ 17, 220, 000 = 20, 990,000 (R) T<65.
©seiiti 904 5 > "77 $> 5 7)1 6 , h > 35 A D ©ipff) 3 X Hil-l 23, 000 H, 1MJ 8/208 1.2 
R T;55.
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(4) -erottroXM (A*)
3TiK*nJggi:&fcft5

^a^afeot©T. «eit45<„ fiSEsii, 'W=±a#a###
#$f-roT©5£9:T', 20. 000 m3 T'»5. fisesttt- lOfflffi
3$ $138 ©8317)5*9 lOha fe*>5i:l3, £**tt L fc £> i ±3ST* n -fc "j attifc (A. $9 0 
$3t-3T15 5©T, ±1813#*© #33*34 (Hi* 1617)5*3** 5. *3*Lfc$33*3439S:iSU3 
±jg©KBt3 34ffl*5 7)', t8SBftticfftftLtu-5. Em ta, ffiSS*roJg

2i gr=m«7)i>^3$j!e-e$>;m3\ 3 bmeat(3*-*>lt©5„ 0$ 0, 7BWii
ftM&Lfc6 1 B(aE$l3#*g7ai33i(f7k57k©Ct(3A5. ##(3 3 X h 
IT'*5. #33*34ffl*(g7)SX*Tl/*-A LT34(?ST#ntf.
A7)5X#5©*, A*©aS3 X h © S T (3 & O A: 7)5 5 „

I. 5. 3 E3 *(3*tt5# 33 * 3438*®©X *>* — ##£
(3*33#©*##*l$7cl3 1. 5. 2 (21 i imirosS^ffl ©T B * 13* (35 # 33 * 34 38 *® 

fflx3A=f-Ji $ It ft L /;.

(SSI# h >) = 31**1$ lm:,ifc3:0©iK*TT(IE# (eV3l*3tE m3) 
x3L*5feje# (m3) x ( 1 -#*13 3:5*#$)
x (i x#*a@mm (h >xm3)

• ***$ lm3 hit 0 ©«*5Jfig# (m3/3l**E m3) : 1. 5. I TizE'Xfci 5 (3ttj$->X
■rA(3j:oTiK*pr|g#7)i$fc5„ Lt)'L, S-ti-E-> X X A (3 =k o T A ©@$**7)5 
±E$3l-CV5 6©7)'##%(3TR-3-f-337)5% wo)T\ S:T©A*7)5^7fc*33t"5ttE 
•>XfAi:3oTtiSftfciISL. L/t#33 * 34ffl*®(;i£TiKS3iTflgT$>
5 A*x/i. ffi£331t©«»#«i: 0 A**E 1 m3130#, 1 m3 ©#33 * 34T8*®t)5 
iRSoTIgA L*.

• : 33 If It© r*33E$8«eSj ± 0 2 1, 55 1, 000 m3 (¥sg 9 *) i U/3.
- M#*, MH-b*I, **S#3#mi3, @£33#©*##M$8I38 L*.

a a* o
EA=r|g# ( h >) = 1 x 21. 55 1. 000XQ. 7X0. 6 X0. 25 = 2, 262, 855 ( h >)

$■3*5. 3naSlilTS 1 1. 840GWh ©x*;t* — £& 0 . B*© 1 *x**f — ##& 
# (» 6, 300, OOOGWh) ©*9 0. 2% 13383*5. I1ft, B *©*33 SI8S13 20% 8$ L 7)V,£ 

*3im*iH©‘K*TiTIE*1b,>3j;©. E(3g|8* 100% A U, 111, 634, 000 m3 
©*33$*EL/ZzAT5A, ±E©Ttl$3B t'tite', 1 *x*** —#3388® 1 % 53 (3 6 * 
5$33*3'lfflS®7)5iK*AS*3l5.

*13, #33©*iEEE#7)7 6%@M(3 3438*#%#33A<*xxx**f-m$*©5.
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X*@-at:X6g#®EX, *#ift;lc0£SnfcSSnA>„ ItiW-^S
«^at«i;X Dibs. g*©S#co|iE£ge®Tigi4, Jill |B|t:i$fiUA::S#T$> bill. 
¥Ufl ha $>tz<om 13. 9 h > (H*6til- ttSJftx ®#Ktgj 1968) £
sntus. B*»S#I1/1>' 25, 146, OOOha T£>-3A'?>,

*&g# ( b >/$) =13. 9 ( b >/ha • %) x 25, 146, 000 (ha)
= 350, 000, 000 ( b >Z¥)

«tt®4pM»E(fegatt, «3.5ffih>i;^-5o iSSft5i*!i 1,828, 932GWhT, 1 *x 
Zlb#-® 29%l:fflyst''5XZZ^-75i^tt7)' b tlJtlTU^ £ ttztiz,

1.5.4 *R?iVH Z x-X%SEe®IJitt
*Ht>*#5Ly ZS'ERX U. IfSffotls5iif«4BT2 0 'rififeO, %Sfcti

45, OOOkW T&6. ±¥ A5*tf MUSlT <6 O . iRMC&fiXigTrttlBXX
sxs-*ic®6-t;<sxi"5fc$9, u a> u, *

®X«AS, tt6^*57)$l*6$gfil®Set) b^»E®lSF*t:tti(@r5 
Ax itt5H.TLioTH5. HTl:. JDSr®SSe£lSA U/tSM6S8lfH'5 
<#w MLum#mx#>

*g#x#®*&»Miii®*4L 6. 1998 ft: rxn^ttBfj £€
Zl4/iXX)h^-7"7 > b £5cSK2 tlfcZ7 > hrogEflttfittXgT'XUSHf/froffiil, 
**® g$6, |Af±lil6 (BIS, *«®l£tt») Tfe-5. %S0f®IEAtt 1, 950kW T'65 AX 
Sftfflftfflilil, 200- 1, 300kW T&-5. 1 0 12 (f ml 7:45 #A^6f
f$ 7:30 tI*T), »#0»* 250 0 it5 £, ¥WUgffiMte 3, 900, OOOkWh X*5„

K«tt«
%«m* : 1, 950kW
/fiX x : X XX N-600H S£ Xb-#-it 
Hfg* : 20 h >/B#
SxtEA : 16kg/cm!G 
SStS$ : 270X 
##:##,

•E#3Xh
?i£Wffliba^X@X LAc WXtxx b £ LTItfff^AcShcDiK'gx-XtiS 1. 5-1 toX 

x Xfl-IMT'S-5. * 1. 5-1 IZZTx-XSA-xi;, S11®I8«*SSZFX U/r¥«»* 

i:«S-T5„
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1.5-1 KIOjK. Sg8:r8*ll£Efl;*'f
ft@#$ ##

ixiiS R«* 10 (SR

itsf
4. 5
2. 5
0. 0
0. 7

Big# A## 0. 6 600 A R
3- — -T-1 'Jf Yl 0. 0

0. 6
### 1. 0 500 77R (ft 1 0)

1, 000 77R (2 +FI: 1 0)
ISE# 0. 3 300 7J n

urn# ### 0

l. 5-1 t:j5ij-^#]*EtD¥«#i|$roia6S#tty.T®aOT6 5„
• gttliSIJ* : $8SX*ro*ro|gTtt. 30 ¥H±i V>5 C £2£

%es Ltii' 6 2<fti'iTii6t', 20
ifiLt. it, B#am#l@-ll 10% 6 L/C.

nc«f*i$¥«**= (i-a#mm#ie-) /*ai^a= a-o. n /20
=0.045

**AM¥«**= (l-@#m##lfr) xAMx (l + AM) «»*»
Z ((1 +AM) ****-1) + JSi<f«ttfi£xAM 
- (l-5$SffiflSiJA) /MSiifSc 

AM 4%, «gi^& to t-tz> i.%%tts.z,,
0. 9 X 0. 04 x 1. 04-"/ (1. 04"- 1) + 0. 1 x0. 04- 0. 9/20 = 0. 066+0. 004- 0. 045 = 0. 025

• ?£A« • B£*«82 : TBfl, US/'-^ $ 91 ffl Ltz.
■ Aft* : 1 ~ 2 A. ftPol 600 ZR
• x-f + U f+1, K6I# : /Bfl. K(¥©x —
• S8# : I16to2:X5. ft 1 @®/EXltlS<h 2 ftlc 1 00*##B#

ftM 1, 000 7: R
• »*» : ftX 7-A>^ftPAAffltC^2f*tcaAf 5l£* (A h U /A#)

ftM 300 7JR
• Eli# : gaT'BftliStlsretf £Mft LTl>5®X. Ef4*tt®f4 A LXc.
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37hM/kWh= + [M/^]) [kWh/^]
= (1,000,000,000x0.102+ 0 ) /3, 900, 000 
= 26 FI/kWh

^#3% 7^6.

1. 5. 5

<$M ARBRE (Arable Biomass Renewable Energy) 7°□ 7 x 7 h >
ARBRE 3-nv/1T%](D^m/N<^77^7fl:^#y7>h(D#A^

B%(hL/2V[]i/3L^hT$>6o ;N<^77^7fL^#y77Hj:, ^@(7)3 — 77^ — 
1998 ^j;Cimm^^%LTV^. 7°5r>h#mm3XHi 4,075 7]:L-nT 

C(D9^ 1,449 7]7.-n^EC^m#LTL^. C(7)y[]^%7Hj:, EC(7)^^ 
^fflB(lW(7) NFFO (Non Fossil Fuel Obligation)

^emmillOMW-r, 7^8MWX)+ 33,500 Al:#^^n6?^T,

!EglT&6. Y7>F(7)±#&%6#14:31%'r$)6.

^LTL^. 3, 4^Te#^a6#@(D^(E:T, C
(T)7°Di/j:7F"m, "V±f^^y7(D##+All, #:
#m<b%oTW/:W^ijm2aiirj3+K TT(:150hal:#x.b^i, #*%(:$^ 2, 000ba^
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1.6 WE-NET -/Xfit^ya 
XX U ^etliro/tiixyn-xttiSgi: LT.

tl. WE-NET ->XXA<y&#*X°->3>©3Xl' lAO^T^W*'5.aTI: 5 8S© WE-NET 
vXtA*7->3>IC#^T®3X hS$I&.U;!itffSSS:6)S't =

®*AFE1*S, (WE-NET S*#ffi)
x h7j5i*<, in*iroiiseee*©fb5Ef4j6^t'-5#x*esau 

T, LT®**X) An*' 60SI0* 0 ® fet'feJiit
-£-ST$,5. A ATti, 16 I Sflcorix h^W^SSSaVXrfctDSa l. 6-1 lx**.

©**%«**, 6r»)1 X 7 J -]Ei8yXf A 
fflfA, 3 X EXX>->7JH:XHiT©f£@7)''IIJt5£nTn 0 . BAT0##3 X h ti CO, 

(sasts&iox htlT, 19 R/kWh gltJtlTtJO, *W®@TtoSH69Xt C02
03-5. citit si w©3x h^wis*^saufct)«s* 1.6-2trs

®*A%e*S. ESI)f« X X y-;l/$ftii->X-rA + X x y
cnti, ©roxxxAtcnuT, HATiiW-ttxxy-;TBc*s<7)i*6'-iH'x;i/%i6 

fr-5 £ L£«£T£-S. X«tt£, ©Xi±!8LT, CO2 m«X»Eti<fc E 0 $n 6 "f, X D 
%#3X E7)t@*T#6 6M#T#6 0T, ^WSPiTtoSXTiilSt'S-B^XXa XT'
S5. nx nasisses 1. 6-3 tc*T„ AXTm>/txxy-x&K$i$6'tM'xx% 

a$tir5mx***mfxxy-;kg##%mM# ¥*6¥$«©•. (») 
*687¥3TTj ZD,

ifcEW-ffl : m 18 TR/kW
mnmm ■. 47.2% (*&%##*m, x x y -7kSTi%E* : 22.690kj/kg)
& ffil t>Tf£ L it.

xxy-;cx)(pMax#ii 1950247tonAnt:*^$imm#*A#ti
5420/860 X lOOOx 1950247 x0. 472 = 5. 8 x 109kWh/^P

aAnnxh6t"5xxy-;kefc*ai*6%es(i®%eseti
5. 8X10V (8760 x0. 7) =946MWe

tii-So Ani; E)Effl*ti*9 1735 1IRj:&5„ f#*$t:MLTti, A ATti WE-NET CO 
* * m tie X - f > 115! - CO f* £ rn ©c.

©XHtEMS**, i6ff**HS->XT-A (WE-NET**#!®) 
iEftgfjroxx V *#Ml:BLTti, nx Kogw*A%«**A:tiTti#$e#^*g* 

-5fcX>, L7t*#&#W*#l:A(iA6

-177-



r*nftj8*->XxA*BHt£«M5S 
(*Sx****-{!t|&->XxA®lB*9m), *m7tE«SEE%fi6-, ¥68 9*F 3 flj I:

tuTKiittajnT^s. iBj*s»cj;-5t, tttss-ttro ioomw*E^%emto3X h
MWSXELT*; D , tltityi-Jl-ffliti# 100 R/W C 6T. ¥IS

-f > K/X-;i/»'#, 4=$#«/7 7>"ti'*T 10 R/kWh HT©fE*3 3 h tH# 
6*1-5 £ UTH-5. CCTHf CT#bfl^*#7t%#3X h £**S!l3 X H:##% 
x-5®Tfflgff«£#EL/i. 1. 6-4 ll¥f\ %B1:11, *jH£;fclS§7fcJH
©+M' htt&lSttffi-C, (l-a#l:BLe*0*#A6c
6%"dA#i#&!k3Bt*-5/i%e0#X]i#l3X h t) .E fi -5 <i3 II 7>s $> -5. L- A1 L , C 
tl 6 Alii# lc cHl -51 * 1*16 -> X 7 A CD ¥ >77i LTOSfiJ&ft'fe. e CD A WJ# £ zk* 
ic$#UTnmr^ ;;T«ftLfc3x Hie9
1**11 ii'>X7AtD3X htH**Ctt)^|gTfe5„

®*m**1**, xx x-;MtiiAXT-A + xx x-;i/Si$%e
:tlll ©i@fflyXfASSbtfcylfATi&O, *6S7fc%1** <D ¥T tl%13 

X h7)1#Sl:ia < a >®-Di LTI2£L/tt>(DT£-5a
3 X Hi#!S$£$ 1. 6-5 IC¥t\

(6)X\ Y * V X * * — XcDX X X — 7 k
:ni:il/Tfc. fSnroA'r*xx77>7—->3>4x-xil/fc3XMf>yt 

7l/l:3^T0#mA< r#$roxXx-;i/aS0iiJ|gtt»«icH"reas, (M)x*j[/¥- 
veg n ¥ 1 a. iae-c9820j isstitio, soomw xxx-71/&ks 

«i6%1ICckSHRlTcDfgln X HI 14-17 R/kWh g*t^nr V'-5.
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1.6-1 WE-NETvXf A(*±i581**. %***#&C/XTA) ©zixh ¥lilclO#lS«£#(flitlJ¥ffi*S*)M

mms. m±$m IHAIrjE &£&&
Nm3/h Nm3/h m3~LH2 2# m3~LH2 Nm3/h~02 MWe

isnse 377462 390910 80000 63000m3 430200 236522 1000
tSflSS(BA) 564 1410 578 496 2068 310 936
%$*#$(%) 16.1 17.3 19.9 13.1 20.7 16.1 15.1
^gS(^n) 90.804 243.93 115.022 64.976 428.076 49.91 141.336

®$*3XKn/kwh) 1.63 4.37 2.06 1.16 7.67 0.89 2.53
88.00 90.00 70.00

?K ti % ll jj Iffi & (R /kWh: 2 2
1^H^ii(kWh/Nm3-H2) 3.94 0.93 0.055 0.017 0.286
$*3XKn/Nm3-H2) 4.11 1.03 mm
fig'll ;bS (kWh) 5.58E+09

1IJS(%) 22.5 21.2 8.1 4.6 30.1 3.5 9.9 100.0

**;$<t ansR-e m±$m HI AflriB **581
a««a 9 9 9 6 9 9 6
SSEH 2.5 2.5 2.5 2.5 2.5 2.5 2.5
mmMiM fft 0.7 0.7 0.7 0.7 0.7 0.7 0.7
mim 0.6 0.6 0.6 0.6 0.6 0.6 0.6
### 2 3 3 2 3 2 4
A## 0.3 0.3 0.3 0.3 0.3 0.3 0.3
JL—r<V"r<—# 0 0.2 2.8 0 3.6 0 0
-tetas 1 1 1 1 1 1 1
ca ft 16.1 17.3 19.9 13.1 20.7 16.1 15.1

10 10 10 15 10 10 15



1.6-2 WE-NET->X-xA(7k*36l7k*. <7)=i7.h VREiO^S^BSStBELM^Sm)ctU

TKSEie MeOH^fi) tStfeJflS m±%m HI ASriE MeOH&f 7kS5£IE=||H
Nm3/h Nm3/h m3 2* m3 m3/h~H2 Nm3/h-0; MWe "THU

mm## 323643 318.7 61434 122868m: 287678 469945 236535 1000^H
Elis (tun) 540 570 543 16 110 57 1040 321 936^H

16.4 16.4 19.4 13.4 16.3 13.1 20.1 16.1 15.1
*S#(75n> 88.56 93.48 105.342 2.144 17.93 7.467 209.04 51.681 ,4I336BB
B$#3XKR/kWh) J£M»- 1.89 mmmm 0.04 WmMM 0.15 (Si WM 1.04 2.85^M

88.00 70.00^H
7K^]^##±)W%(m/kWh) 2
1*JIStil(kWh/Nm3-H2) 4.12 0.61
#±I=I%HM/Nm3-H2) 4.15

4.96E+09HH|
«#5R#(tin) 41
S#4=3Xh 0.83



1.6-3 WE-NET->XtA*»3>(**5S1*$. 5M#RM$V-,iUtt6ilvXTA+>$/-.'USB5em)ro3XK

**Si£ MeOH£-f?5 mim b HI ABrlfc >5%'i n^a
Nm3/h Nm3/h m3 2$ m3 MWe ■■

mm## 323643 318.7 61434 122868m3 287678 944
Efl»8({6R) 540 570 543 16 110 57 1735^H
$@#$(%) 16.4 16.4 19.4 13.4 16.3 13.1 15.1
*N$eC5R) 88.56 93.48 105.342 2.144 17.93 7.467 261.985HH
B$W5x>TH7kWh) 1.53 1.61 1.82 0.04 0,31 452

88.00 70.00
(M/kWh] 2

1±)JISti(kWh/Nm3-H2) 4.12
S*3XKR/Nm3-H2) 3.54
^Mill*I(kWh) 5.8OE+69JJI
EtiBitaasR) 41

0J1



1.6-4 WE-NETvXTAC^PS&fgi:**. ;$»*Slii$vXTA)(7)=lXh

TkSSiS m&nm m±mis IHAIriS ###]& ^ reiM
Nm3/h Nm3/h m3-LH2 2$ m3~LH2 Nm3/h-0: M

EjiWfl 377462 390910 80000 63000m3 430200 236522 1000^^0
isiisatR) 564 1410 578 496 2068 310 936
$!##$(%) 16.1 17.3 19.9 13.1 20.7 16.1 15.1

90.804 243.93 115.022 64.976 428.076 49.91 141.336^H

H^zaXKR/kWh) mmam 2 06 U6 7,67 0,89 253BPI
88.00 90.00 70.00^H

*pi*%,e'e*«48(R/kwi 10 10
1^]JISl3l(kWh/Nm3-H2) 3.94 0.93 0.055 0.017 0.286
$*3XHR/Nm3-H2) 20.54 5.13 litl
$^i#«#A#(kWh) j i58E+09lM|j

ifcSIiUSl-i&SteTkmaXHtATU'&l'



1.6-5 WE-NETvXJfA(*P*3fc«*7tC*, 1E®<#ffl>4iy-;i/ISi2|->XTA + >5y-;UEtS#61)0)aXh

*SSiS MeOHn’fiJ m&nm iS±6fti$ IH ABriE f-iii
Nm3/h Nm3/h m3 2# m3 MWe ■■

mmm 323643 318.7 61434 122868m3 287678 946
l§«g(tin) 540 570 543 16 110 57 1735^H

16.4 16.4 19.4 13.4 16.3 13.1 15.1^B
88.56 93.48 105.342 2.144 17.93 7.467 261.985^H

ssa^xKA/kwh) 1.53 wmmmMt #:#:m82 0.04 0.31 0J3 452 BE
88.00 70.00

*n^5isa*i«t6(n/kv 10
#^]^#tl(kWh/Nm3-H2) 4.12
E^I=lXKn/Nm3-H2) 17.72
^RJ)i3l1i1*S(kWh; 5.8OE+69MH
«^58SS«IR) 41
jfflaxh 0.71
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2.1.1 aA#®#Am*®®*Ktoi^£*mmei%
(1) Bi?®SSnto|6j

a Wlo
e&ttar^u*. n->7, aai?? t> s 7 a u a7)te a® e

ttiHTcbo, n±s®*tti*®rij;je4»®3*retT^-50

USA, AflHKiftS £!§&* US £ tti E\Z A 0 . £ £ 3 4fM nh7^tft)S<fi

fl7 AliK/C AEl^tBS'l-rMfigl-iUTiSSA/trA-E. £ £ A -B ,
2000 ry.@ ®f*$§eii*i|isi:iiAr ^ nr® 5.

A®-At?, tlt#E-(S roettiHTS. -5 n -> 7® (it$67)$ifi¥r$6A » -3 T0 5.
mi. igtfe.

7 E ® II Hi to fa 1C A ® T t> A MR & BE A 7>i # 0 A, 4.###®/: 
0 ica<fe®Sg?E tc llSAtlK suite ttfe*5o

b
fflitS'JI :15i, S ® BE n X)S 4 sm ± Sr £ 0 T Vi 5, „ in?, §16*#®® £0 5

rS14T05„ @ft**®li, -8#»! BEIC'SAo T A" 5 7 AAA'ffl 0 bilA A A 1C
& b fz ft ® tc i S 7" M A L 7 7, 7 E K '>N ® 6 to ♦ t* A" x )i $'] ® SHk ic A b T S g ® 
®Sd bSfSBntns.

BgiJ ICE-5 A , 0 *lii*«® fii$ic A 0 Sg7)i’S'>#|6]lc 8, 5„ - A A * t? ti 7 7 
U A 0 x"£ A A 7 a x U - 7-£ tc A D Wt)7*U7c t> ® ® . A ® ft S li -»tt 0 A

&'>NTli##SE®i@ito7)V1 7 7 A A ® * g IS ID ?? * t)7<£ A Al 7
r i: t) S b TSSic (*7t)s'II. b n* 0 7)S, A-Eli#77Am gil5.

8 2. 1. 1-1 ICHifli® 6 7S$6®@^$<b6?S7„ A: As. 4t*®«Bli. 7 7 U A : 
A A 7 = 1 : 4@*0!±$A&5.
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2. 1. 1-1 BfttotttfFEIa
: h >)

1994 ^ 1995 ¥ 1 996 ¥ 1997 ¥ 19984?
m #%(%) (%)

<#m>
^ 7 7 U ^ 98. 3 104. 8 105. 4 115. 1 116. 6 + 1.3 74. 41
O 7 31. 4 39. 8 38. 0 28. 0 26. 4 -5. 7 16. 85
4L 6. 8 7. 5 7. 5 7. 5 8. 9 + 18. 7 5. 68
? (D # 4. 4 3. 1 4. 0 4. 0 4. 8 + 20. 0 3. 06

140. 9 155. 2 154. 9 154. 6 156.7 + 1. 4 100. 00

am## (m# 58. 2 57. 5 58. 4 58. 0 56. 0 -3. 4 27. 08
(ax) (9. 19) (10. 0) (10. 8) (11. 6) (12. 8) + 10. 3

{b # 6. 0 67 7. 2 7. 3 8. 1 + 11. 0 5. 08
- ##: 5. 7 7. 5 8. 5 9. 5 10. 0 + 5. 3 6. 27

^ 7 X 4. 9 7. 1 7. 9 8. 2 7. 5 _8. 5 4. 70
S« (S □) 4. 8 2. 4 3. 5 5. 7 5. 6 -1.8 3. 51
e* (*□> 7. 4 8. 4 4. 0 1. 9 3. 4 + 78. 9 2. 13
$ Iff) tm 54. 1 56. 2 61. 9 67. 3 68. 1 + 1. 2 42. 70
5 to 2. 9 3. 8 5. 9 5. 4 4. 0 -25. 9 2. 51
? # # 6. 0 7. 0 8. 0 9. 1 9. 6 + 5. 5 6. 02

140. 9 146. 6 154. 5 160. 8 159. 5 -0. 8 100. 00
fH !□ ++ y yX 0. 0 8. 6 0. 4 -6. 2 -2. 8

<%#%')##>
B * 66. 7 69. 0 62. 4 58. 6 55. 5 -5. 3 34. 80
it 29. 2 31. 6 36. 7 40. 3 39. 2 -2. 7 24. 58
3 — n 'y /I 29. 1 27. 3 26. 3 27. 1 27. 2 + 0. 4 17. 05
s © to 15. 9 18. 7 29. 1 34. 8 37. 66 + + 8. 0 23. 57

fctifl : PLATINUM 1998 Review, Johnson Mat they

iE#MjiettffifiahT*5br. Df/i^iEtiiofgm^icjtbTXiiUTu-s. n 
7yi) A, Pyr)A$ (PGM : Platinum-Group Metals) ©

100.000 b >&m7L% tbat>tlT UK) , ;Tffl*ihUB771JOBKait® 

-5.

(2) 6:£©ffltM*-XA
l$Wl:f|g/t7>XTi)ii5. LONDON FIXING ( 1 t > X * fc 9 ) ^ TLt» © ft - * 

B$F)l:#mfe@'&t:«2%#©BSA^A3T<6. 6*©fflSLfe$X*- 
XAS0 2. 1. 1-1 tCSt",
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ST : f*^^F$roE®$Stf-E)„ -ecoto, x h * £'„
•eoffiWBI : x h ®BS6Slf-5„

b fgf-f KfflfifB
X#ffl : £l :te&lzmt>tiZ'b(D. * a $ to, SiKI (SSM) ro B S £ § it 
-5 o
S#ffl : B*®*Sa • "5Jiffltj-9rf#®S$®6$tt5„

ta* : K;l/®tol6], t* • «tttyto[6], ST • □ -> 7 »[3 E i$ t* #?.

HESMtoinJ, -f>71/tol6]<oB*$:8it-5.

«K*S : HS«IS©BS6$tt5 (±XUTn->T©t1-ltaS«m) .

EES si $11=1

tit* : H # 7 7 'J 7 lb ff ft jg S
0 2.1.1-1 6SfB&#t/6 7 *xx'£
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(Dollars per metric ton, c.i.f. port of entry)
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HJft : U. S. Geological Survey, Mineral Commodity Summaries, January 1999 
0 2.1.2-1

(2) a#*#?!#
a MM&E/nX

t'btitt'5. * >a) -pyym (X'^as tuutt) ®istK a
*tcti®Tfcx v-5 (immf) , r yxu y y xm (ffiftBg)
-So ■

a > Hi ® n x Mi ii! htz'Q 550 KJJiSntos (UrtT® 
fffRfflSt&tt X ® 3 <gg® t fto T U-5) . 9 8iJ2fl, T-'a.r|t>a®fiSW7)i, 6 16

VT¥r=fl2 0 7a>R^'aitu**, 1 m?0 so krt-w

$6TS5i:%*L. 

b ^fg®
iI6liEB7)s,>/$®fc», 'fa>S:SKSS®VT®5SS7'f>6tt-3T«*4«
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189-



7 y #%%##©{& 3 x Mb & m A e m 
£ # S 3 - ;& T, 3' 7 7 y 7 X , X U - X A , A7X h , BASF&£'©X-*-T" 
iimem©im%i:7 o, s«;jjT©iFr$SE6BbT©5„

c a^-7#i:m©bli6 7 y ##!:©©%
ft; $ 6<J & 7 y S JH JIB T $> -E> PTFE (#'Jf F77JWnxf F>, IS S, £ 7 7 □ >) 

© ft 68 11-[CF2-CF2] n-T S> 7 » @716 6*# 12, 7 y X 19 A © T, A 71 ft II @z S : 
7 y * = 24 : 76 ttl%>. X X A'b *ljf L T , K 1C £ © -5 7 y X © S1 It 11 & 7 7 7 *ij

1*©%S$$£ IW/cm-. HUPS 50w m, E©$$S 2g/cm3 ifigfSt, 5 OkW ©t* 
###t: 117 y X# 350g £ n 7 X £ l: 7 „

77;kB©SB611CaF2TS 0, M$llt57797%/j:©-e, 19987©77;l/5©&g#7 b 7 y X© 
ISSttif 7£2, 200. 000 h >3$T*7„

111377 5,0007# (1997 7, iitu^ rtsas
UStolFj 7 D ) T',6 7. EI:E5fiti»© 3 % 751* ft Eft # 1; ft o £ 77 £ , EE 7 
BH7M 150 TTt! 17& 7. 1 ffl::© £ 7 y St)5 350g ttffl £ ft7 £ , 150 7tfTtit;7 
7 520 h > 1C A 0 , flWl7yX&%#©0. l%l:t#/:7l©£#@T#7.

f#Xi
af$A»7@m#mm ipefci ©%#£#*®m. (#)
Bf4®tt©M%»[Fi] AttfiMie, B *x777-X£IS, pp27-32, Vo 1. 78. No. 1. 
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0. 909 <r

0. 826 ^

0. 751 <-

0. 683 <-

-if*

(10) 1)

L012. 1
13. 31

(12.1) (13.31) (14.64)

14. 641

gi 4. i-i i 177 pn

mm 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 12% 14% 15% 1
1 . 990 . 980 . 971 . 962 . 952 . 943 . 935 . 926 . 917 . 909 . 893 . 877 . 870
2 . 980 . 961 . 943 . 925 . 907 . 890 . 873 . 857 . 842 . 826 . 797 . 769 . 756
3 . 971 . 942 . 915 . 889 . 864 . 840 . 816 . 794 . 772 . 751 . 712 . 675 . 658
4 . 961 . 924 . 889 . 855 . 823 . 792 . 763 . 735 . 708 . 683 . 636 . 592 . 572
5 . 951 . 906 . 863 . 822 . 784 . 747 . 713 . 681 . 650 . 621 . 567 . 519 . 497
6 . 942 . 888 . 838 . 790 . 746 . 705 . 666 . 630 . 596 . 564 . 507 . 456 . 432
7 . 933 . 871 . 813 . 760 . 71 1 . 665 . 623 . 583 . 547 . 513 . 452 . 400 . 376
8 . 923 . 853 . 789 . 731 . 677 . 627 . 582 . 540 . 502 . 467 . 404 . 351 . 327
9 . 914 . 837 . 766 . 703 . 645 . 592 . 544 . 500 . 460 . 424 . 361 . 308 . 284
10 905 . 820 . 744 . 676 . 614 . 558 . 508 . 463 . 422 . 386 . 322 . 270 . 247

# 4. 1-1 1 HOitoBfS

#4. ^4. l-l&##L;t(0^|g4. 1-2T&6. %

4.1-2
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*.££, 16 + 2x 309/343= 17. 8 (%) £ l' 5

4.1-5 (^swi •./m)

(1) (2)
I

(3)
E t

(4).
1 = 20%(5) (6).

1 = 00 (8)._ 16%(9>
(1 +/rr (3) x (4) (1 + /)' ' (3) x (6) (1 + /)”' (3) x (8)

0 10, 000 0 1 — 1 — 1 —

1 0 5, 000 0. 833 4. 165 0. 847 4, 235 0. 862 4, 310
2 0 4, 000 0. 694 2, 776 0. 718 2, 872 0. 743 2, 972
3 0 3, 000 0. 579 1, 737 0. 609 1, 827 0. 641 1, 923
4 0 2. 000 0. 482 964 0. 516 1, 032 0. 552 1, 104

9. 642 9, 966 10. 309
526«e -358 -34 +309

4.1.3
(l) =N£roS$

4. 1. 2 f ttS-^&Corotifi^ZzAi-, WE-NETTSDSiSi’/Dyi/HJ, tx

A:*5b. cro&ffd&ffe-fSroti, iI6«feS£l*lBfi|&Sftt$>-E>„
ma;$m$7£u, («/.tf4i) v, f

n$±IU^^ni>'x/7 hSr*Ef5£H5 C £ llfflro 6 h-5 ro7)i$*t *-5 (t*5/u$im 

¥Si:09fcllt®'/Dxx/ h retro tB S li l: £ D. SSf asst I' & rofr 
rot+5£l+5 C £ t>#X e>ft5Z>s) . L^-51:, WE-NETflt WE-NET$6roflJ 
^SroX?pti:f#*>Smt

croc£&#A6£. WE -N E TtroEi$ttffffi¥?££ Ltli, tni/x/7 HSIEICJ: 
X, > |J -7 h7)5$,ntfiR$7)ty7X. + U '7 h 7)5/c H-ntfiRS 7i5-tr □7i'-7++X£tiB5 $g6« 

•?£$:fflro5rozii'fi;n£#x.bn^„ 
cro#e, si5ii|5roi$/E/)'-g$mT<6 5.7)i. #ijx.ti'siswro

(*) (¥b£ lo^em j -ei4^e.nxro-5*j§i*4%zm
i'5;£«^bM. -ErofflSIS 4%tt. %#**##hromf ro 
*#?%«&#* L/:*rot*6. M»rnztt, ¥Blc3^a«»roiai* do ¥fero) , 
m do<Ft>ro) rnmmmyw-m^n^n3. ss%. 3.99%t*5 £ £^b!2$3ti;fc t> 
rot*,-5.
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O, : %##A# (kWh)

%3X m&&T(DWE-NET#e#T(l, 0&MXXh(7)3^,
CfUl, —MCDfgjM&T&Z Efx.

(3) ilffl^J®

4. 1-2 c^x.

^4.1-2

®
-m^B C'^CiEmcm^Xa/:#)
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Ry'S^roiRA • StititoteSlCctOiKS ( = iRA-3Stti) &SA6.
(D It*

$lft<EfeS<A#x*lcSd<lt*efT5= M#tolctt#¥®«j6S:S6«E»*L/t6'lt 
7)^6,

® EzStticA^SK •
@®e$7>s-yAxrstilf, Ad-AxA HSSfflt-5. &-5l>«)tS:A’D-XiX hRflcoit

(4) *489 8
MAtfjy,TroA5tj;t)®7)4#A6tl-5„ mT®#@7C, & 

tXSjgiSH. ffffl*E6SlcSS/j;«eE$-r5^E7)$8-5.

wsis*

@AAMf
##*
Aft*
2-f-f 'JftS (SX7, *, #no7k tf) 
-E@a*

4.1.4 3X
ttltM-yXtA03XHt, eexMlCA-5->XAA3X htoESA, S$¥Sr

fx=fc-5nx HS# & 6 & EXIT'S,

a mm#*
SC&R?Til, ia$5-X>X»-X'5:m^-5„

ax h (c) (P) ntm\r-!K<nt.Tgsn^..

C = a - P~b (a,

7-z>y*-ynMiLt@ 4. 1-3 l:*PSf6%«®4e*Anx h®M®£8Vf„
**. **X-tAP*-£ffiSS3*»lt*£<»tXi:tltf. BtiWnfflfi (SJAtf 

6 IIS) [;«AIW5i. MSIStxA O^roSSxftSS-ronx h^ffiTU 

±st4(Wxtfttssee,) i:t>«A^nti'<.

211-



PV cost
Cost n. Production Scale ; PV

____present

breakeven cost
(MW)

' tl production / compeny r year

Bl 4. 1-3
mm : (m2 mm- % 11 ^ 12 m 14 B

gi4.1-4

b

^7-y(DT^v7 b<

2005 fE 2020 ^

im 4. 1-5 b<y-^
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5 B®:ici3tt-57k*#A©->± U -t

5.1 tic * i:

WE-NET ycyx? h®JS II W»tBl3#^'<^IS0AS|5»tt. i$EM&t)®T<fc.6„ L 
^e, a®m*A(w*%H@iamomAT®6aaa. me*#K*®$#a&mi:HT 
exy-E/iya®x=®. #%##am## 
StSH (market drivers) la HI" 5 fES! *s B * a BUH TfTtoiiT ® 5 „

Sg II iflStiBroaro-feAAa >11. HRcoASx^ik^-tDigffiwmee^tirV. ** 
*A»trrBgtt®->auisssi, BAat-e®->Av^-6fiS)$/tHBS-r-6ij^nro$> 
-5iS$a#SEH6S*l«Ci ICf-5 a ai:A-9TB*AEbnT®5^S$#SL 1:5 a
"f -5 & OT t? * -5.

1999 f *4=®Km6B*lll*®imO A&o/c.
1) gk-lH % p*i ® 31 fa ® x ^ )k f — # @ (— £, £jS43 JrUt'INlW. x* Jlf —

rafttHA. ins#16ini6St;) tiStsta
2) EU a@|4®BI®%AI:t3ll-5*#x*;i'f-l:Ni#L/2X*;i/f-. Sit. @f%M

a a
3) &«, S«, e®ttSE®7k*x*;k4:-*ei:K.«f *BiS$0®l6i6]$ii8g.-T5 a

a
4) #&mm%Ra#&a®M@i:Hi-6«#&B*a##f&aa

aro^seffa/tsbt;, %*®#M® Agg^tl. S«®4j-tffMSiaiSlin^ 18 * 
mH:BH5x$;i/f-a$$S'^?k&*laHl-'6##®iRmi:@A61i^. a®=PM«6 
ll. ansTiaf#blilcW*|g*$s¥®L, H*ae@:a®H®if!i6*±®ttS$i:bl8e 
19iLtt)OT»5. 2000 ^Stafei^fkltH, 4# tc S fe #3 a atitis H X It a *

5.2 #R®»M®x$)I/f-#m

5.2. l x*;i/f-##®#m
#ff®»w®x$;kf-#mn. s**an6»»®,tST-na*<^a®Hic=fcbTSie$ 

nti>5. *a, Mf v. a a >xAi’-en-en*A®seH*?s#fflT6i6®iatiLT.
/ )kAx-H16#*A®A«lfXlfttma® loT&O, IISlOBitiilllLtej. X
*;k*-fijsmia eTSTlit^a-H® a pi; a®AX->7)>*At <
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o Efl#fi6H, »E*T'%«fflBR7)i«&$[5»Tl-^c7)s', ^XliAM 
^X(C*^<»*^'iiAT*0, 6ifttt££ bTiiiiffllCffifflSftTbSo tUJCilt 
5f6$»*litersi: LTiitnbru^ feroro, %effl ro x x 7ft'ETbtus z <u es#
-r-s.

B Aft; t> PI HASH>161=0 ^'$>5. JETftriA Bcteroaezi' * i:@g
ihStlAxAbTb-BAx ICgitott-BiSTxfc-5„ *-e 6 < WH-tt 7 7 >7. T& 5 -5 . 77 
>XTI1, eft tt ABBA TiigCTASESIcAoTiiiD, z*7Uf —
LTl'5. bfrb, 77>XT't), 4-G9A ZAB^ftMeEttftSrEliltiiiShTbftb,

x^x M/©ffiftro$-m, 7* X5> H7)>'litfFTA,0i6T«£ wr® ft *Sx *;!/*-*$ 
SSit4ai:t£5Xi$gt§ttiBLTU5. 7ft X7X Hli, znSMf-SAT 
* bij-ftbizAgf;$,.£,„ 1 AS 0 GDP A''jtl6ros**tc<6 0 . A#(D#*?T#%*;i/f-

«Tt;. aai©»tff»*i;ji«nftiaxtout, mi?(D%*ii/f-#m&BS'i. m 
SiJIcWtolC/SI".

5.2.2 SffltO^tFrttSilzStt'ttftBx 
+^ft7'-X AS’SSU. ti>o,

ICTlAbtl^HX *E5gf-SftfetC, bTB»$gAft. B@t*
PSTft, BlFl3®R*t?£W«ifi757S(i$nT^'5 £ |B]£f tcKWNffiroiBffl £ rfTtSJIft £S ft 
TU5 EU inffl 15 *Bft'ftTft< , EU t;*jm®T7l$fe5»l, #< rn##$##LTW6 
ffiroHx Sti'nftcDtt, (EFTA) ftinlS bTb-E.
yjLXx-, xftx, 7 ft x 7 > H ro 3 » B t & 5,

(1) EUM 15 *H
1999 ¥ 7 1 B$R£® EU MBS. t-XhUT, ^ll/f-. x>7-X. 77/7

> H , X 7 XX. KftX. f U X 7. 7 ft 7U 7 > H , -f?U7, lUXt XXlUX. *7 X 
X, *11/ EM, X/<< X, X7x-f>. liffl 15 iiTii5. EU cofel A P lift 3 IS 
8. 500 ft AT. GDP mMtt® 6 □ T<6-5. EU ft, ##0-^%A71/f-m##(7)$U
20%&6A. C02 $fcti»:fe«SlRl#t0SiJ^6£fcTVX5= EU£ft£bT, 2000 ^tofiSxi 
$ftX#tiie£ 1990 ^ X A6l<J$LTb-E>„ Zttli.
%l:tUAm(DaAI:A6l:-t±A K ft 7 A lift A A^itBlc b A 7 ft, fficDioSBlilisS
bf 3l:ftft*#T&6. S$«SSroB@®-SAbT, EU It. 2008- 12 HftCBSll
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lltfXSr 1990 8*il«T3 d i £»* b T ®-5
«6fcIlftiBli3=fcoTSft-5o

ftffllgibT, */2tii«9li:St)S?)T^|!c®SIS 
TU4. E*«l:. 6-SlFflT7)'/j: 0©5i$^fit)nTS^„ -etofcto, 1 31:H 

ai*I©i6a^^«*s/;tj--eA<, s$s*
$MSr*>=fcyte$0M >7 7 eSEt"5* L^^nE^SS^'SfiKSnTH-So 4-^(3 

A#6 X: All, gkrWa^® #811 $ri*;6 L/zB * £: ItTti < ,

(2) y-tfr^ScaiDSti/zISX
H 5-1 /5> 6 t) /513 =k 7 1:, X^f X £ 7 18 ^ x-li®#! ©^©JftHiT««§»!:■#& 

8E»e6®T®5As\ PUSH EU CSnBbT^tt®, PJHKlf **!,« b fc@c® £5t#>T
&o, gdp ®8klito*#kj:SiJ6'6xx3G^-w%M%i:$ttlT5-*r- **%*;Df-

*a/u?36. WB&58W*tisi:-a«4>/z©t;i-e®/zfeT;i5-5.

0 5-1 #MM&® 18 *B
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7'f X 5 > h* tt, AO ##?%*

T%^lcSa£iJ*g7l:*SESrS#A1"^ia6 BfeT UT* 0 , f5t5
±-e* 711 x 7 > f ta. ft«ci©i« tis*u;?iLtiA
»WI :&*5©;)!11T85.

5.2.3 5gU*m6#*7-X
# 5-1 tt, 18 * aicM7-6X*to1fS,f*S$rSU A6C0T8.-5. 8t)>

A 3 t:. APt l A3D GDP t fe lcrt>& 0 tf 6 z> $ ififo 0 , fc ® frts.
H* (X'f x&£') oecd alii (4? u ->7^#;c f#;f) t>ttnTH5.

&BCDAP fctf bOl'Tti 0 , 7'f X 5-> K 7)$ 25 7: A I: i§ S'& t, UO (C *t L T, F -i "J 
8, 200 7j ACiiLTV^-5. # I: F f 7. 7 5 >X, -f 7 U 7 , :% B ® gt * B tt » ® 

@%AB®%@&AAT®6.

5-1
Population and GDP data for 18 European countries

Indicators (1996) Austria Belgium Denmark Finland France Germany Greece Iceland Ireland
Population (Million) 8.06 10.16 5.26 5.12 58.37 81.9 10.48 0.27 3.63
GDP (bil. ECU 1990) 140.7 166.3 112 106.7 1000.2 1432.7 70.8 6.06 51.8
GDP/Capita (kECU 1990/inhabitant) 17.5 16.4 21.3 20.8 17.1 17.5 6.8 22.4 14.3

Indicators (1996) Italy Luxembourg Netherlands Norway Portugal Spain Sweden Switzerland UK
Population (Million) 57.4 0.42 15.5 4.38 9.93 39.27 8.84 7.11 58.8
GDP (bil. ECU 1990) 916.8 10.1 255 109 60.9 426.1 188.4 191.8 839.9
GDP/Capita (kECU 1990/inhabitant) 16.0 24.0 16.5 24.9 6.1 10.9 21.3 27.0 14.3

5.2.4 mwmm
0 5-2 tm 5-2 I:. ±15 18 *BlCO®T.

iCgiJlC/At", C®
6tt, a-BroliWWAP (0 5-3 Ics$T7f£*IT®-5) l:AoT-gEEfl"t5±±75i'T£-5„ V
frL, %6^l:m#mA<m®B&±BoT®6Bt)&ri. ±®@AI:tamaia#l:&6.
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European primary energy consumption by fuel (1996)

400
I Hydro-electnc 

i Nuclear energy

300 f- Population (m)

= 200

§ 150

100 t

50

Country

0 5-2 (1996 ¥)

Million tonnes oil equivalent

5-2 SgkcT)—^61

1996 1996 1996
Oil Natural gas Coal

t (1996 %)

1996
Nuclear
energy

1996
Hydro

electric

1996
Total

Austria 11.6 6.6 2.7 - 3.1 24.0
Belgium & Luxembourg 29.4 11.8 7.6 11.2 0.2 60.2

Denmark 11.4 3.7 9.0 - 0.0 24.1
Finland 10.3 3.0 4.0 5.1 1.0 23.4
France 91.0 32.5 15.4 102.5 6.0 247.4
Germany 137.4 75.2 89.9 41.7 1.9 346.1
Greece 18.2 0.0 7.8 - 0.4 26.4
Iceland 0.8 - 0.1 - 0.4 1.3
Republic of Ireland 6.0 2.7 1.9 - 0.1 10.7

Italy 94.2 46.4 11.2 - 4.0 155.8
Netherlands 37.4 37.5 9.3 1.1 0.0 85.3
Norway 10.1 2.9 0.6 - 8.9 22.5
Portugal 12.1 - 3.9 - 1.3 17.3
Spain 58.7 8.4 15.5 14.5 3.6 100.7
Sweden 17.4 0.8 2.4 18.9 4.4 43.9
Switzerland 12.2 2.4 0.1 6.1 2.6 23.4
United Kingdom 83.8 76.4 45.5 24.4 0.4 230.5
Total Europe 642.0 310.3 226.9 225.5 38.3 1443.0

H 5-3 ic, 3 IgStt, -E-ft-e'ftg<t=f 1 AS
(gdp) , gftw i (gio 1 *«ttXGDP 0^

1 ASD GDP *iPttffl=k'3T75Vj;0S-ti$$>-5z)i, ;mttS*W.$tl-5 b CdT 
1 ASO GDP A# 6, 000ECU

X^X HU©K*t©litC*>-5©fr'7'l-X7> F, yiUXx-, lUXtATAU/X. XAXT, ##© 
1 AS D» 2 7: 4. OOOECU

T&6. A#Sc©Htt 1 AS 0 1 7? 5, 000-2 75 ECU T'&3„
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$ 5-3

1998 Million
tonnes

Million 
tonnes oil 
eauivalent

Million 
tonnes oil 
eauivalent

Country oil natural gas coal
Denmark 11.7 6.8 0.0
France 0.0 0.0 3.5
Germany 0.0 15.2 61.3
Greece 0.0 0.0 8.3
Italy 5.9 16.8 0.0
Netherlands 0.0 57.2 0.0
Norway 150.0 43.1 0.0
Spain 0.0 0.0 12.0
United Kingdom 132.6 81.3 25.1
Total Europe 300.2 220.4 110.2

5.2.9 ntitmnmz (chp)

(1)

EU <n 1996 iproejgeiseseti: 549GWe T. 2, 409TO TS5.
f2.«*«. is*, xmm&xmR
msn ■ m='A$m<Dikmx*}i-^-rmm(D^n^n 27%t 25%$6Axu6.
W«J 52!$, Bf35%. 7k©f£» • S775£litfi9D 13ro«Sf-v<:$:,583Tlx3„ *W

23%^6ATW5. CHP XSE^mn LT*9, 
ffi^, ^Si#X7)i'%ieF/rrotS5j-%eS©Stit"^T$titoTl/^-E>„ HX X, 

7x>X, ^H, XX U 7i;(ill*«©?gii»f*7)?&'5. Bf 55*StSftTU
6X7>x&;#wT. <t:5B$R*Xi%eg7)s®(i5:Sfi»TU5„

EFTA inSSH (71,X5>P, XJUXi-. XXX) Ttt. 7k*7)i*St*7XfS3 X httStC/j; ^ T

V>5. ^©8$, SA»t#ISl*M-ifi»t©£j 34*. IifBX^;P^-ll©e 54*. Ill
MM£<ffiffl£4rT©£Sceffl • SSH^BISHXixxX^-iSM;© 42%&6%TC^.

5-14 H 5-15 IC 1996 $0#%#E&;piX
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5-5 - 5ttH£tiAe (1998 i#)
Mllion Tonnes

Oil: Imports and exports 1998
Crude

Imports
Product
Imports

Crude
Exports

Product
Exports

USA 425.8 C
D

E5 5!1 40.6
Canada 38.3 8.6 63.5 15.7
Mexico - 16.0 85.2 2.8
South & Central America 53.1 11.7 115.1 44.4
Western Europe 417.9 75.5 39.8 34.5
Former Soviet Union - 4.9 123.3 52.3
Central Europe 51.6 14.7 0.1 5.7
Middle East 4.2 3.1 817.0 109.8
North Africa 7.5 5.2 100.9 32.8
West Africa 2.2 7.4 152.5 1.5
East & Southern Africa 24.7 3.8 - 0.1
Australasia 25.8 3.0 10.2 4.9
China 27.3 21.7 14.3 3.3
Japan 218.7 41.5 - 4.8
Other Asia Pacific 269.8 84.8 45.9 43.3
Unidentified * 18.0 20.0 9.0 13.0
TOTAL WORLD 1584.9 409.5 1584.9 409.5

5-6 Egt6g'J5)6l6A* (1998 #)

Million tonnes oil
To

Western Europe
From

USA 9.4
Canada 0.5
Mexico 9.6
South & Central America 12.8
Western Europe -
Former Soviet Union 92.8
Central Europe 3.8
Middle East 213.4
North Africa 98.9
West Africa 38.4
East & Southern Africa -
Australasia -
China 0.1
Japan -
Other Asia Pacific 2.5
Unidentified 11.2
TOTAL IMPORTS 493.4
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^5-7 mm: - (1998#)
Billion cubic metres

Denmark Germany Netherlands
From

Norway UK Russian Fed. Algeria imports
To

Europe
Austria 0.3 0.4 5.5 6.3
Belgium - 0.5 5.3 5.1 - - - 10.9
Finland - - - - - 4.2 - 4.2
France - - 5.5 10.2 - 10.2 - 25.9
Germany 1.8 - 21.1 17.5 0.9 32.3 - 73.6
Greece - - - - - 0.9 - 0.9
Ireland - - - - 0.9 - - 0.9
Italy - - 3.0 - - 16.7 20.9 40.6
Luxembourg - - 0.8 - - - - 0.8
Netherlands - - - 5.2 0.6 - - 5.8
Portugal - - - - - - 0.9 0.9
Spain - - - 2.5 - - 4.5 7.0
Sweden 0.9 - - - - - - 0.9
Switzerland - 1.5 0.7 - - 0.5 - 2.7
United Kingdom - - - 0.9 - - 0.9
TOTAL EXPORTS 2.7 3.3 36.4 42.6 2.4 120.3 27.5 182.2

5 5-8 mm: - LNG(D#mA# (1998 #)

Billion cubic metres
Qatar

From
UAE Algeria imports

Europe
Belgium 4.3 4.3
France - - 9.8 9.8
Italy - 0.1 1.9 2.0
Spain 0.5 0.6 3.9 5.9
TOTAL EXPORTS 0.5 0.7 19.9 22.0

Russian Federation 
120.3bcm *

Algeria 
27.5 bcm

Pipeline gas

Middle East 
1.2bcm

Algeria
19.9bcm

0 5-21
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3 6l:*ma©m&Mb7c6t:%6.

5. 3 SSEbJfczKXTUJ

^jtiSHtuTH, 7^T©m% (%#m, m%
tffl. #mm. f©m©MiA) i:^B^%*;i/f-i:B72,a@Aj:o(4-#©3x b, -eure®
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5.3. i —a

(l) Et'coi^Ji/^-BdS
eu o, m* ©ms w«g ©mimss*iw

A5lct"5#E»S##t'-5:: £$33*5 t?tog tot:Virus, iUftcoics, EU ©ft*ti±£ V3:
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EU ±au/iltilBi:ge!S:L3:, @Afb©at?BWW©x?¥f-r1:@3T¥V3r
©s#mgfb$#*%i:eair3s3:7i:f scair&s, t,¥u, #?©%#»# (texe^x
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EU©X^;U^-ftS©-Sf3^Sn/;aB**iLTtt. «¥©«*

T^SS,

MMS-tfSCiCftS, CfflftSffllWffl 1 ol3, #¥¥#x%;i/f-l:3:smfT© 
*#$$ 2010 ¥¥371: 6*75'b 12*1: 2mi:9l#±lfSC£T$S.

• j$®±©SU$©to©8IS53$Wj:5 ££&< 6fi{L£®*f 5fc«i>©fMB©gitg2:if#h 3
ffl©gfi{tB@(3. «©¥«$ 1999 ¥ 2 fl 25*. 2003 ¥$3:1: 33*g fiat's
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lll#-rs £ i j»0't3S#|g$@-|li:IS&!>S d £

• fU@;x*;i/f-mi:31f^ EU 0ft#i/^;us^3?-t5:t. EU ©X@;m#$l3¥© 
££S*9 50*ir&S7)V #l:$#m@l5M©a&75#W3#*70*):±#f6¥#g#7)%^.
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-u #%¥sc£. $/:,

• 7V->3-;USffi©filfS13, BM75i%«i:-$©fSSISS^-r±35f§5%, ®:W©-@K 
©%#37©5m&#©#,%l:#±A$¥13S££757¥#S£¥@33lS.

Ut5'U, EU©a*©3ed"$7‘j:SS75''a?S©#Wl:T'3T#ai:AnbnTS'fc7)', ¥/:13A
h6h57)'i$£.i-*Lt>i3b£'D Lftx mmami3, ##a#£3ia¥s@@-A#<, sfcxtou
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(2) -t© ffi©x*;i/^-ft*
R®2, cro^tt©® 2 SST'SflShT^-B/c*,
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$Htt, ^»i3©mr=ie*#66{bl:l'H>Tx»*|5]±j:3X j:3 6 LT^-5.

ffi©H*©x*;i^-®cjBk, #mf©#©*m*&^gt:#cX3WTjoO. c©yn->*x^h
©*©E&@Tg 6lcK*0l:^#"f 63$ m T$6.

(3) x%;pf-#%M#
0 5-22 ^5>;k*6J:5IC, 1 AS 0 X*;V42-E%M%$ttittS-< © IEA MHtoliflT'AS&g

7)5$-5. 0, xt©^-®**^© 1 3i:a#6©c
AHM6^T$67)5, &«AUTX^A45-y-ffl;©it-T©-$©«7lEie<6$7F-r*x4»fSS© 1 3 
ic&t) ?#•$>„ x-^;)57STX3tC, 0*©E%69%$ttittto©B*$r*S<±@oT©-57)5, f © 
ABI5»«gTAl^(tT$-5o B*z)t^Axt©l/45-ICtti¥L-TV^CAS#x5AS.%TS5tl-E. 
;tTfe5. X7)5cfllC*©Ti5 0- SCTAtCtSSSS$ttiUT©57)5, g?AWM-/\©$m 
fci®iS±lH|oTH5. £^$<WSSH>i:fi$>ti6©li. ^B7)5cri:^L/t'JX U©imi 
(Cfi«tT©-5Ctt, EU MB^-gB© EU tiW©gfcWttSI=t: 0 T<ilC$5 3

Public Expenditure Per Capita, Energy R&D
(from IEA, Energy Policies of IEA Countries 1997)

□ Energy R&D/Capita on Fossil/Nuclear 

l □ Energy R&D/Capita non-Fossil/Nuclear u

S $ -S t
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Oft®. -T X'J 711, t'^TCDffl^[n)H"ICt"z<TiZ)E:FHC)iEStl-5SSSS:Ktj'TV>50 3IISH 
r#%^j (Climate levy) £P¥tfn3t>®£tlNUT®-57!)i, cnttx^lT^-Plfimi&Cffi
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5.3.3 igigi&sR
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i*)i/f-$i!mi=#3#Km^. #m®^&®±#wiB 
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Annual average sulphur dioxide and smoke 
concentrations 1958-1998
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IndustryGovernment Public

Economic, environmental and social 
pressures

E 5-25 'Mts
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iMSH, W&66®ll£^X<2 2:<)n:'$5$S5s^©6©,

(1) ittS2ISl*l©?5S

imminm&mmmt iTF=m-e$o, *is© 1990 f©a#{bfmE@2»wmA©*m#
m^y>b (LCP) lcH-r-5 1988 ¥f^r&IE*lC=fc 6 icSISSns 2 2 (263, mt
##fc, mtmn~ *'/>, *@#©6%## (air-toxics)
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5 SCENARIOS FOR THE INTRODUCTION OF HYDROGEN
IN WESTERN EUROPE

5.1 Introduction

The majority of work under Phase II of the WE-NET project is technical. However, it 

is important to ensure that this work is addressing the right issues and that there is 
feedback regarding the markets and policies of the technologies under investigation. 
Because of this, work is being conducted in Japan and in Europe on economics and 
market drivers.

This section of Phase II is intended to complement the work being undertaken in 
Japan, by analysing the potential market for hydrogen energy in Western Europe, 
developing scenarios for possible hydrogen introduction, and highlighting policies and 
drivers that may aid or hinder the realisation of these scenarios.

Within FY99 the detailed objectives have been to:
1) understand the current energy structure within Europe, including primary energy 

sources, production and consumption; energy imports and exports; and consumption 
trends.

2) understand energy, environment and R&D policies that are relevant to hydrogen 
energy, both in the EU and the individual countries.

3) identify progress in technology, legislation and other drivers that may influence a 
future market for hydrogen energy

4) share information with Japan on progress and methodological issues
In order to do this the majority of time within this fiscal year has been spent in 

gathering information on energy and on various policies within eighteen countries 
chosen for initial analysis. This interim report details the findings to date and makes 
some attempt to compare the geopolitical situation between Japan and Western Europe. 
Work beginning in FY2000 will specifically be targeted at countries that seem to be 
most promising, and will be a more in-depth analysis of the region.

5.2 Existing European energy structure

5.2.1 Energy overview
The current European energy structure is dominated by only a few countries in terms 

of both production and consumption. The UK, Germany and France are each large 
producers and consumers, while Norway is one of the world’s largest exporters of 
natural gas, also with substantial amounts of oil. It is unlikely that there will be any 
major changes in this pattern, as energy use is determined primarily by population in first
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world countries. However, there are signs that the pattern of energy use is changing. The 

fuel mix, which in the recent past has been dominated by coal for electricity generation, 

is now increasingly natural gas-based, with oil now used mainly for transportation. This 
means that oil consumption is still rising though it is being substituted out of power 

stations.
There are other interesting trends, with nuclear power looking set to be phased out of 

all European countries for political reasons. The possible exception to this is in France, 
where the majority of power is nuclear generated and which has a comparatively 
centralised energy market. However, even in France there are currently no plans to build 
new nuclear capacity.

At the other end of the spectrum Iceland has claimed that it seeks to be the first 
country in the world with a renewable hydrogen energy economy. It is well-placed to 

achieve this, with comparatively high levels of GDP/capita and large resources of 
renewable energy.

The existing energy structure is given in more detail by country and by fuel, with the 
countries below chosen for the initial analysis.

5.2.2 Countries chosen for initial analysis
In order to limit the analysis to countries for which sufficient data existed and which 

could be reasonably assumed to have potential for hydrogen markets in the near to 
medium term, Western Europe was chosen as the main focus for investigation. Within 
Western Europe the decision was made to include not only the 15 EU countries, which 
have both local policies and legal structures as well as European law and market 
pressures, but also other countries that are not members of the EU though share many 
characteristics. The three chosen were Norway, Switzerland and Iceland, the three 
members of the European Free Trade Agreement (EFTA). 1

(1) The EU-15
The EU member countries as of 1/7/99 are:
Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, 

Luxembourg, The Netherlands, Portugal, Spain, Sweden and the United Kingdom. In 
total the population of the EU is about 385 million people, with a total GDP of 
approximately 6 trillion Euros. It accounts for approximately 20% of the world’s 
primary energy consumption and a similar proportion of the C02 emissions. The EU as a 

whole is committed to stabilising emissions of greenhouse gases in 2000 at the same 
levels as in 1990, something that will be achieved by Germany and the UK for different 
and fortuitous reasons, but not by other member states. As part of the Kyoto targets, the 

EU is committed to reducing greenhouse gas emissions by 8% from 1990 levels in the 
period 2008-12, though individual countries have different targets within that total.
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There is significant cultural diversity within the European Union, with a large number 
of languages spoken officially and regionally. Historically, there has been significant 
interchange between the different countries. This makes for a good competitive base 
from which to build different economic and industrial infrastructures, influenced in part 

by local geography and natural resources, but also to some extent by the people and their 
culture. In order to ensure that the whole of Europe was represented in this study it was 
felt to be important to include not only those countries that have decided to participate in 
the European Union, but also others within the same geographical region.

(2) Additional countries for analysis
As can be seen in Figure5-1, Switzerland and Norway occupy strategically important 

parts of the physical map of Europe, though they are not members of the EU. They have 
forward-looking policies and spend a relatively large proportion of their GDP on energy 
R&D, while also being active in the area of hydrogen energy. Because of this they have 
also been included in the analysis.

Iceland, though it has a very small population and energy use, has stated that it wishes 
to be the first country in the world to introduce a fully renewable hydrogen economy, 
and is well-placed to do so. It will be co-operating with other European countries and is 
important to include in the analysis.
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Iceland

Non-EU countries

Ireland

United Kingdom

Netherlands 

Belgium
Portugal

Luxembourg

Figure5-1 The 18 countries under consideration

5.2.3 Country outlines and background data
Table gives basic background information on the 18 countries under initial 

consideration. It can be seen that there is considerable variation in both population and in 
GDP per capita, with some of the world’s wealthiest countries (Switzerland, for 

example) mixed with some of the poorer countries of the OECD (Greece and Portugal). 

There are no countries ranking very low in the world’s list of incomes.
The populations of the countries are also variable, with only 250,000 people in 

Iceland compared with nearly 82 million in Germany. Several of the countries, in 

particular Germany, France, Italy and the UK, rank amongst the world’s largest 

economies.
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Table 5-1 Background data for the countries chosen for analysis
Population and GDP data for 18 European countries

Indicators (1996) Austria Belgium Denmark Finland France Germany Greece Iceland Ireland
Population (Million) 8.06 10.16 5.26 5.12 58.37 81.9 1048 0.27 3.63
GDP (bil. ECU 1990) 140.7 166.3 112 106.7 1000.2 1432.7 70.8 6.06 51.8
GDP/Capita (kECU 1990/inhabitant) 17.5 16.4 21.3 20.8 17.1 17.5 6.8 22.4 14.3

Indicators (1996) Italy Luxembourg Netherlands Norway Portugal Spain Sweden Switzerland UK
Population (Million) 57.4 0.42 15.5 4.38 9.93 39.27 8.84 7.11 58.8
GDP (bil. ECU 1990) 916.8 10.1 255 109 60.9 426.1 188.4 191.8 839.9
GDP/Capita (kECU 1990/inhabitant) 16.0 24.0 16.5 24.9 6.1 10.9 21.3 27.0 14.3

5.2.4 Consumption by country
Figure and Table show some of the most recent energy consumption figures by 

country for the eighteen countries listed above, by primary energy source. It is clear that 
there is a significant range in the quantity of energy consumed throughout the area under 
discussion, which can partly be explained by the relative populations of the countries, as 
shown in the dotted line in Figure . However, some countries have clearly higher 
consumption than others, and in these cases there are other explanations.

Key indicators for Western Europe
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Figure5-2 Energy indicators for Western Europe

Figure5-2 shows the different levels of three key indicators for countries in Western 
Europe. These are the Gross Domestic Product (GDP) per inhabitant, Gross Inland
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Consumption1 of energy per inhabitant, and Gross Inland Consumption per GDP. As can 

be seen, the levels of GDP per capita, though they do vary considerably, are not 

unexpected. Greece and Portugal have the lowest levels of GDP per inhabitant at 
approximately £ 6,000, while the opposite end of the spectrum is occupied by Iceland, 

Norway, Luxembourg and Switzerland, the latter having about £ 24,000 per inhabitant. 

The majority of countries have between £ 15,000 and £ 20,000 per capita.

Energy consumption is historically dependent on a number of factors, and though 
there is usually close correlation between GDP and energy use this relationship does not 
have to be causal. It also depends on historical and geographical requirements, with cold 
countries traditionally using more energy throughout the year. In areas with large travel 
distances there are also likely to be high levels of consumption, particularly of 
transportation fuels and hence of oil. The level of industrialisation in a country may also 
be of significant influence, with Luxembourg standing out as having high energy 
consumption because of its comparatively high levels of heavy industry.

Consumption per GDP for the 18 countries is variable, with some clear trade-offs in 

countries with low GDP such as Greece and Portugal. The most varied is the gross 
inland consumption per inhabitant, which appears to be almost nil in Norway, Iceland 
and Switzerland. This apparent anomaly may be caused by two reasons: the fact that 
either the majority of energy use within these three countries is from renewables or 
nuclear power situated solely within the country, or that the level of exported energy is 
so large (e.g. Norway), that it ‘cancels out’ domestic consumption.

1 Gross Inland Consumption: quantity of energy necessary to satisfy inland consumption; consists of consumption + 
distribution losses + transformation losses + statistical difference
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Table 5-2 Primary energy consumption in Western Europe -1996

Million tonnes oil equivalent

1996
Oil

1996
Natural gas

1996
Coal

1996
Nuclear
energy

1996
Hydro
electric

1996
Total

Austria 11.6 6.6 2.7 - 3.1 24.0
Belgium & Luxembourg 29.4 11.8 7.6 11.2 0.2 60.2
Denmark 11.4 3.7 9.0 - 0.0 24.1
Finland 10.3 3.0 4.0 5.1 1.0 23.4
France 91.0 32.5 15.4 102.5 6.0 247.4
Germany 137.4 75.2 89.9 41.7 1.9 346.1
Greece 18.2 0.0 7.8 - 0.4 26.4
Iceland 0.8 - 0.1 - 0.4 1.3
Republic of Ireland 6.0 2.7 1.9 - 0.1 10.7
Italy 94.2 46.4 11.2 - 4.0 155.8
Netherlands 37.4 37.5 9.3 1.1 0.0 85.3
Norway 10.1 2.9 0.6 - 8.9 22.5
Portugal 12.1 - 3.9 - 1.3 17.3
Spain 58.7 8.4 15.5 14.5 3.6 100.7
Sweden 17.4 0.8 2.4 18.9 4.4 43.9
Switzerland 12.2 2.4 0.1 6.1 2.6 23.4
United Kingdom 83.8 76.4 45.5 24.4 0.4 230.5
Total Europe 642.0 310.3 226.9 225.5 38.3 1443.0
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It is clear that the three largest countries, Germany, the UK and France, are also the 
three largest consumers of energy, though closer examination of the consumption 
figures shown in FigureFigure , split by primary energy source, give a greater 
perspective.

Germany, the UK, France and Italy account for 24%, 16%, 17% and 11% of the 18 
countries’ gross inland consumption between them - a total of 68% in all. Spain and the 
Netherlands also have significant GIG figures, accounting for a further 7% and 6% 
respectively.

5.2.5 Consumption by fuel type
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Figure 5-4 Trends in Western European oil consumption 1988-1998

Figure shows how the use of oil has remained comparatively stable within Europe 
over the ten years from 1988-1998, though Spain, in particular, has seen noticeable and 
continuous growth. There are two opposing factors accounting for the comparatively flat 

lines associated with the other countries. In almost all of them the use of oil for power 

generation has dropped gradually, as the use of gas becomes cheaper and more efficient, 

but the consumption of oil in the transport sector has grown as more vehicles are sold 
and more kilometres driven.

It is clearer from Figure5-5 that the use of natural gas is growing rapidly in three 
countries in particular: the UK, Germany and to a lesser extent, Italy. This is almost 
entirely due to its increased use in CCGT plants for power generation, and has been 
almost a direct result of the liberalisation of the energy markets in these countries. It is
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predicted that the use of gas will continue to increase and that there will be a similar 
effect across Europe as other markets follow the EU directive towards liberalisation.

Natural gas in Europe
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Figure5-5 Trends in Western European natural gas consumption 1988-1998

In marked contrast to the increased use of natural gas, coal consumption has dropped 
markedly in its major markets, Germany and the UK. Within Europe these two countries 
still account for the majority of coal consumed, almost exclusively for power generation. 
However, consumption in Germany has almost halved in the ten years from 1988-1998, 
and in the UK consumption has dropped by a similar proportion.

The reasons for this are basically two-fold: with the liberalisation of the energy 
markets it became more attractive for the private sector to invest in CCGT plant, which 
gave a higher return on investment than coal-fired generating capacity. In addition, the 
use of coal for power generation was subject to more and more stringent environmental 

legislation, with clean-up equipment required for compliance. This made its use less 

competitive still. There are no signs that this decline in coal use will be reversed, and it 
is likely that it will account for only a small proportion of energy generation within 
Europe until new cleaner, more efficient and more cost-effective methods of converting 
it to useful energy (already well advanced in testing) are introduced.
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Figure5-6 Trends in Western European coal consumption 1988-1998

Nuclear Energy in Europe
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Figure5-7 Trends in Western European nuclear energy consumption 1988-1998

The signs for nuclear energy are considerably less clear. While Figure5-7 shows a 
generally flat profile with some past growth in France, in particular, the political and 
economic picture for nuclear power in Europe is far from encouraging. Outside France,
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where the majority of power production is nuclear, there is overwhelming public opinion 
that nuclear power should be phased out. Sweden has already decided to close one of its 
main generating stations, and there is significant debate in Germany as to the best option 
for the future. At present there are no plans for any of the Western European countries to 

build new nuclear generating capacity, though the nuclear industry is fighting a strong 
rearguard action to suggest that this is unwise, in the main from a greenhouse gas 
perspective. Nevertheless, it appears that towards 2010 the existing nuclear plant in 

Europe will be phased out, as it approaches the end of its design life.
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Figure5-8 Trends in Western European hydroelectricity consumption 1988-

1998

Hydroelectricity in Western Europe is responsible for only a small part of the 
installed generating capacity, and is dependent almost entirely on geography and 

population density of the countries under consideration. Norway, France and Sweden 

have the greatest capacities, but these have now been almost fully utilised and it is 
unlikely that there will be major changes in the near future.

<Conclusions>
The current trend within energy consumption in Western Europe is towards gas for 

power generation, though transport is continuing to drive the oil market. Power form 

coal is decreasing rapidly though there is some future potential for clean coal 
technologies to reverse the trend slightly. Nuclear power is viewed increasingly as
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socially unacceptable, and as economically unsound, though France, Europe’s major 
consumer of nuclear power, has remained largely outside the debate.

5.2.6 Overall energy consumption
General trends in European energy consumption are shown in Figure5-9, and it is 

clear that the general trend is upwards. The exception to this in recent years has been in 
Germany, where the re-unification of the former East and West is still causing some 
anomalies. However, the unified Germany is by some way the largest consumer of 
energy in Europe despite the slight downward movements, with an annual consumption 
of around 350Mtoe. France and the UK each account for something in the order of 
250Mtoe, while Italy is closer to ISOMtoe. Following this there are many countries 
approximately evenly spaced, all the way down to Iceland, with an annual consumption 
of 1.3Mtoe.

Minor year-on-year variations in European energy consumption trends can often be 
accounted for by particular weather events, with 1995 and 1996 both years in which 
colder winters produced an increased demand for energy for heating in winter. It should 
be noted that this demand, and the annual demand profile, is very different from that 
prevalent in Japan. In the latter, the peaks in energy demand tend to be for electricity 
used in air conditioning, and tend to increase in line with temperature in summer. This 
appears to be gradually changing as an increasing number of Japanese households are 
turning to central heating systems in the winter. Energy consumption will also tend to 
follow economic performance. De coupling energy and economic performance is a 
challenge that countries need to address.
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Figure5-9 Trends in Western European primary energy consumption 1988-1998

5.2.7 Production by country
Although many of the countries within Europe have a significant amount of 

indigenous energy, there is not enough to meet the requirements of all of the countries. 
The majority of the resources lie in the northern part of the region, primarily in the North 
Sea, where natural gas and oil were discovered starting in the 1960s and 1970s. There 

are also coal reserves in several areas.
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European primary energy production by fuel
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Figure 5-10 Western European energy production by primary fuel (1998)

It is clear from Figure that the majority of primary energy production in Western 
Europe is produced by three countries: the UK, Norway and Germany. However, the 
Netherlands also has some significant amounts of natural gas, and the German resource 
base is primarily brown coal, which is uneconomic to mine and environmentally 
damaging. Other significant production is of nuclear and hydroelectric energy, but this is 
almost exclusively consumed within the countries where it is produced - France and 
Norway, for example.

The UK produced about 250Mtoe of energy in 1998, comprising 130Mt of oil, some 
80Mtoe of natural gas and the remaining 25Mtoe of coal. Norway produced more oil - 
150Mt - but only 45Mtoe of gas, though it exported the majority of this. German 
production of 75Mtoe was dominated by 60Mtoe of coal, while the Netherlands sole
resource was natural gas at a level of 60Mtoe.

5.2.8 Production by fuel type
The split of energy production by fuel type is dictated by geographical resources, 

with the majority of the fossil energy in Europe to be found in the northern areas. The 
figures and the discussion below give more insight into the exact split of this distribution.
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(1) Oil production
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FigureS-11 Trends in Western European oil production 1988-1998

Norway and the UK are the two major European oil producing nations, with each 
accounting for close to 140 million tonnes per annum. Production in recent years has 
been comparatively constant, and it is thought unlikely that there are still major fields in 
the North Sea to be discovered. Expectations are, therefore, that production will peak 
within the first decade of 2000. Denmark and Italy each account for a small amount of 
oil production.

However, Europe as a whole is still a major consumer of imported oil, much of 
which comes from the Middle East. Some imports are from other regions such as North 

Africa and South America, but these account for only a small proportion of trade. The 
balance of oil imports is heavily in deficit, as can be seen later in Table5-5. While about 
twice as much oil product is imported than exported, crude oil imports are more than ten 
times greater than exports, showing a heavy dependency.
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(2) Natural gas production

Natural gas in Europe

* Denmark 
Germany 

—♦—Italy 
—♦—Netherlands 
-•-Norway 
-+— United Kingdom

Figure 5-12 Trends in Western European natural gas production 1988-1998

Natural gas production in Europe is slightly more widespread than oil production, as 
can be seen in Figure . The major producers are once again the UK and Norway, with 
the Netherlands also responsible for significant amounts. Norway’s production is rising 
rapidly at present, as is that of the UK, as more fields in the North Sea are exploited. 
However, the Netherlands’ share has dropped by comparison. Natural gas reserves are 
thought to be greater than oil reserves for Europe as a whole, but there is still a 
likelihood of a production peak and subsequent slow-down in the early part of the 

decade.
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(3) Coal production
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Figure 5-13 Trends in Western European coal production 1988-1998

Western European coal production has declined markedly over the past decade, with 
the two major producers, Germany and the UK, each producing less than half of their 
original levels of 140Mtoe and 62Mtoe respectively. Production within the other three 
countries with reserves has been comparatively stable but at very low levels, and is not 
expected to pick up. However, coal reserves account for the largest energy resources 
within Europe, with an estimated R/P ratio of some 400 years, and there is social and 
economic pressure to advance research and deployment of new clean coal technologies 
to enable this to be capitalised upon. Of course, coal has a high level of carbon per unit 
energy, and there are significant worries that increased coal use would further raise the 
emissions of GHGs in Europe.
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Table 5-3 Fossil fuel production

1998
Million
tonnes

Million 
tonnes oil 
equivalent

Million 
tonnes oil 
equivalent

Country oil natural gas coal

Denmark 11.7 6.8 0.0

France 0.0 0.0 3.5

Germany 0.0 15.2 61.3

Greece 0.0 0.0 8.3

Italy 5.9 16.8 0.0

Netherlands 0.0 57.2 0.0

Norway 150.0 43.1 0.0

Spain 0.0 0.0 12.0

United Kingdom 132.6 81.3 25.1

Total Europe 300.2 220.4 110.2

5.2.9 Electricity and combined heat and power (CHP)

(1) Generating capacity
Total electricity generating capacity in the EU in 1996 was 549 GWe for a total 

electricity generation of 2409 TWh. Electricity consumption in recent years has shown a 
steady increase of about 2.5% per year. It represents about 18% of final energy 
consumption and 27% and 25% of final energy consumption in the industrial and 
domestic/tertiary sector, respectively. Thermal plants account for about 52% of 
generation, nuclear plants for about 35% and hydro and wind for the almost all of the 
remaining 13%. Combined heat and power accounted for about 23% of installed heat 
capacity. CHP production is increasing and its use likely to be increasingly promoted. In 
recent years, natural gas has accounted for almost all incremental production in power 
stations. Germany, France, the UK and Italy have the largest installed generating 
capacities. Fossil thermal generation is dominant, except for France where nuclear 

accounts for 55% of installed capacity.
In EFT A countries (Iceland, Norway and Switzerland), hydro provides a large low 

cost source of electricity. As a result, electricity covers about 34% of final energy 

consumption, about 54% of industrial energy needs and 42% of domestic/tertiary energy 

consumption where electric heating is widely used.
Figure shows the breakdown of generating capacity for the countries considered and 

Figure shows the total electricity generated in 1996.
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Figure 5-14 European generating capacity by country
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Figure 5-15 Total European electricity generation by country

(2) Combined heat and power (CHP)
CHP installations can be used in industrial process heat and district heating and 

cooling applications. With the commercial introduction of technologies for small-scale 

applications, such as micro-turbines and fuel cells, domestic CHP applications may also 

become widespread. Current EU electricity production from CHP is close to 10% of 
electricity generation. Contributions vary significantly between Member States, with 
countries like the Netherlands, Denmark and Finland producing more than 30% of their 

electricity from CHP and countries like the UK, France, Greece and Ireland less than 5%. 
CHP is also not very developed in EFTA countries. The technical potential for CHP, 
considering industrial and district heat and cooling applications has been estimated at 
about 40% of total EU electricity generation. In its communication “A community
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strategy to promote combined heat and power and dismantle barriers to its development” 
(EC, 1997) the European Commission states that: “CHP is one of the very few 

technologies which can offer a significant short or medium term contribution to the 
energy efficiency issue in the European Union and can make a positive contribution to 
the environmental policies of the EU”.

5.2.10 Renewable energy trends
In 1996, renewable energy sources contributed about 9.8% of the EU’s total primary 

energy production and about 5.3% of gross inland consumption. Hydro provides the 
largest renewable electricity contribution, about 13% (307 TWh) of EU electricity 
production. Its contribution has remained quite stable, but is expected to decline in 
relative terms in the future. Biomass is the second largest source of renewable electricity 
in the EU, contributing 22.5 TWh. The wind energy contribution is low, 4 TWh, but 

growing at a significant rate. Photovoltaic electricity, although experiencing some 
growth remains marginal at about 0.03 TWh. Biomass, geothermal and solar thermal 
contribute to heat supply. Biomass supplies about 38 Mtoe of heat, while geothermal 
and solar thermal supply about 0.4 Mtoe and 0.3 Mtoe of heat, respectively.

Renewable energy contribution is highest in Sweden, Austria, Finland and Portugal, 
contributing between 18 and 24% of gross inland consumption. Spain, France, Denmark, 
Italy and Greece all also rely on renewable sources for a significant part of their 
consumption, between 5 and 7%. Otherwise, the contribution of renewable energy is 
almost negligible in other EU countries.

Renewable sources of energy are currently unevenly and insufficiently exploited in 
the European Union. In 1997 the European Commission published a White Paper for a 
Community Strategy and Action Plan “Energy for the Future: Renewable Sources of 
Energy”. The White Paper aims at a 12% contribution of renewables to EU final 
demand by 2010 (see Table ). The Commission sees the 12% target as an important 
instrument to reduce C02 emissions, increase energy security, develop national 

industries and create jobs.
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1995 2010
Electricity TWh % of total TWh % of total

Wind 4 0.2 80 2.8
Hydro 307 13 355 12.4

Large 270 300
Small 37 55

Photovoltaics 0.03 0.001 3 0.1
Biomass 22.5 1 230 8
Geothermal 3.5 0.2 7 0.2
Total 337 14.3 675 23

Heat Mtoe Mtoe
Biomass 38 75
Geothermal 0.4 1
Solar thermal 0.26 4
Total 38.7 80
Passive solar (energy saving) 35

Table 5-4 Current and projected electricity production from renewables in
EU15

Renewable energy contributes about 30% of gross inland consumption in EFT A 
countries, in large part associated with hydro. While the relative contribution of hydro 
may decrease in the future, there is considerable scope for the exploitation of other 
renewable resources.

Figure shows the primary renewable energy inland consumption for the countries 

considered.

18000

Figure 5-16 Primary renewable energy inland consumption

5.2.11 Energy in transport
The number of vehicles on the road in the EU is growing steadily. In 1995, there 

were 435 cars every 1000 inhabitants for a total of about 162 million cars. Also there
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were over 13 million light duty vehicles, over 5 million heavy-duty vehicles and over 20 

million 2-wheelers. Energy use for transport is an increasing policy concern within the 
EU from an energy and environmental point of view. The transport sector shows an 
almost total dependence oil. It is a significant contributor to greenhouse gas emissions 

and the reason for urban air quality concerns. In the EU, passenger transport is projected 
to increase at a rate of 1.4% per year over the next 25 years. Energy demand for road 
transport is expected to increase by 0.7% per year over the same period. In 1996, total 
energy demand in the transport sector was 283 Mtoe, corresponding to 30% of total final 
energy demand2 (20% of gross inland consumption). Road transport accounts for about 

83% of total transport energy demand. Diesel fuel consumption is also on the rise as 
growth is experienced in the road transport of goods. The diesel oil share represented 
46% of total road fuel consumption in 1996.

In EFTA countries, transport accounts for about 29% of final energy demand (22% 
of gross inland consumption).

Figure5-17 and Figure show road transport consumption in 1996 and its evolution in 

EU15 countries since 1985.

s 60.00

3 50.00

> 40.00

Z 30.00

1 20 00

■ 10.00

Figure5-17 Road transport energy consumption

2 Total final energy demand: consists of the useful energy provided to the consumer.
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Figure M8 Transport mwgy consumption evolution in EU15

Road transport fuel prices vary considerably across Europe. Prices to the consumer 
have been rising slowly, affected by both fluctuations in the price of oil and increasing 
tax levels. In 1999, the taxed lead free petrol price ranged between £ 0.65/1 in 

Luxembourg and £ 1.00/1 in the UK, and the taxed diesel price ranged between £ 0.50 

in Greece and £ 1.01/1 in the UK. Tax levels ranged between 64% in Luxembourg and 

81% in the UK for lead free petrol, and between 61% in Luxembourg and Spain and 

82% in the UK for diesel.

5.2.12 Emissions
S02 and NOx emissions are generally on the decline. In 1996, total S02 emissions for 

the EU were 9,856 kt and NOx emissions were 11,325 kt. The annual average decrease 
in emissions since 1990 was 8.2% and 2.2% respectively. S02 emissions are declining as 
a result of improvements in fuel quality, regulation on large combustion installations and 
substitution of solid fuels and oil products by natural gas. NOx emissions are declining, 

although to a lesser extent than S02, as a result of regulation on large combustion 
installations and catalytic converters for new cars. Emissions of S02 and NOx in BETA 
countries are generally lower per unit of energy consumed because of their low reliance 

on thermal power plants, NOx emissions are then in large part associated with transport.

Total EU C02 emissions appear to be slowly decreasing. In 1997, total emissions 
were about 3,047 Mt, corresponding to about 8.1 t C02 per capita. The energy 
transformation sector accounted for 34.6% of emissions, the transport sector for about 

27.6%, the domestic and tertiary sector for 21.1% and the industrial sector for 16.7%. 
Between 1990 and 1997, total emissions decreased by about 0.1% per year on average. 
C02 emissions per capita have shown a reduction of 0.5% per year on average and 
emissions per unit of GDP a more sustained reduction of 1.7% on average. C02
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emissions in power generation have been slowly decreasing, despite some increase in 
thermal production, due to efficiency gains and the switching to natural gas. The 

industrial sector is also showing small reductions in emissions, while emission from the 
domestic and tertiary sector appear stable. The transport sector is the one that shows the 
greatest rise in C02 emissions, a 1.9% average increase per year between 1990 and 1997. 
Germany, the UK, Italy and France accounted for about 70% of total EU emissions.

C02 emissions from EFTA countries are lower than average EU emissions at 7.1 t 
C02 per capita per year. Transport is the largest contributor, responsible for about 40% 
of emissions. The domestic and tertiary sector account for about 30% of emissions. Most 
remaining emissions are from the industrial sector.

Figure shows C02 emissions associated with energy use in the countries considered 
for the year 1996.
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Figure 5-19 C02 emissions

5.2.13 Energy trade

(1) Introduction

The European Union is the largest energy importing region in the world, with 

approximately 47% of the total inter regional exchanges in 1996. This dependency is 
continuing, with the annual growth rate steady at 0.9%, though other regions are 
growing faster.

(2) Oil
Table5-5 shows the movements of oil throughout Europe and the movements in 

other areas that are directly relevant. Total oil imports approached 500 million tonnes in 
1998, the large majority of which was in the form of crude to be processed at the major
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European refineries. However, about 75Mt of refined products were also imported. 

Exports from Europe were much smaller, about 40Mt of crude oil and close to 35Mt of 
refined product, leaving the region a significant importer to the level of nearly 420Mt. 
This is equivalent to over 26% of the world’s crude oil imports and nearly 18% of the 

imported product. Table5-6 shows oil imports to Western Europe by country of origin.

Table5-5 Western Europe - oil imports and exports in 1998
Million Tonnes

Oil: Imports and exports 1998
Crude

Imports
Product
Imports

Crude
Exports

Product
Exports

USA 425.8 87.6 8.1 40.6
Canada 38.3 8.6 63.5 15.7
Mexico - 16.0 85.2 2.8
South & Central America 53.1 11.7 115.1 44.4
Western Europe 417.9 75.5 39.8 34.5
Former Soviet Union - 4.9 123.3 52.3
Central Europe 51.6 14.7 0.1 5.7
Middle East 4.2 3.1 817.0 109.8
North Africa 7.5 5.2 100.9 32.8
West Africa 2.2 7.4 152.5 1.5
East & Southern Africa 24.7 3.8 - 0.1
Australasia 25.8 3.0 10.2 4.9
China 27.3 21.7 14.3 3.3
Japan 218.7 41.5 - 4.8
Other Asia Pacific 269.8 84.8 45.9 43.3
Unidentified * 18.0 20.0 9.0 13.0
TOTAL WORLD 1584.9 409.5 1584.9 409.5

Table5-6 Oil imports by source (1998)

Million tonnes oil
To

Western Europe
From

USA 9.4
Canada 0.5
Mexico 9.6
South & Central America 12.8
Western Europe -
Former Soviet Union 92.8
Central Europe 3.8
Middle East 213.4
North Africa 98.9
West Africa 38.4
East & Southern Africa -
Australasia -
China 0.1
Japan -
Other Asia Pacific 2.5
Unidentified 11.2
TOTAL IMPORTS 493.4
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Figure5-20 Western European oil imports

(3) Natural gas
Table and Table show the actual movements of imported gas, both in pipeline form 

and LNG, which comes primarily from Russia. There is some intra-regional trading also 
represented in these charts with Norway and then the Netherlands as the second and 
third-largest exporters within Europe. Algeria also accounts for a significant level of 
Europe’s imported natural gas, primarily via direct pipeline to Italy but also via LNG 

tanker to other countries with Mediterranean borders. In all, Russia supplies nearly two- 
thirds of the European import requirement. Norway exports virtually all of its natural gas, 
with close to 43 billion cubic metres (bcm) exported in 1998, while the Netherlands also 
has a significant export market — over 36 bcm in the same timeframe.

While the UK also has significant amounts of natural gas, as has been seen in Figure , 

the vast majority of that is consumed locally. Net exports from the UK are to the 

Netherlands, Ireland and Germany, each of less than lbcm per annum.
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Table 5-7 Western Europe - pipeline gas imports and exports in 1998
Billion cubic metres

Denmark Germany Netherlands
From

Norway UK Russian Fed. Algeria imports
To

Europe
Austria 0.3 0.4 5.5 6.3
Belgium - 0.5 5.3 5.1 - - • 10.9
Finland - - - - 4.2 - 4.2
France - 5.5 10.2 - 10.2 - 25.9
Germany 1.8 21.1 17.5 0.9 32.3 - 73.6
Greece - - - 0.9 - 0.9
Ireland - 0.9 - 0.9
Italy 3.0 - - 16.7 20.9 40.6
Luxembourg 0.8 - - - 0.8
Netherlands - 5.2 0.6 - - 5.8
Portugal - - - - 0.9 0.9
Spain - 2.5 - - 4.5 7.0
Sweden 0.9 • - - - - 0.9
Switzerland - 1.5 0.7 - - 0.5 - 2.7
United Kingdom - - - 0.9 - - 0.9
TOTAL EXPORTS 2.7 3.3 36.4 42.6 2.4 120.3 27.5 182.2

Table 5-8 Western Europe - LNG imports and exports in 1998
Billion cubic metres

Qatar
From

UAE Algeria imports
Europe
Belgium - - 4.3 4.3
France - - 9.8 9.8
Italy - 0.1 1.9 2.0
Spain 0.5 0.6 3.9 5.9
TOTAL EXPORTS 0.5 0.7 19.9 22.0
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5.2.14 Countries to be included in further analysis
Based on the outline data collected during this first phase of the project, some of the 

countries in the original analysis have been discarded for the more detailed phase of 
policy and scenario development. The selection was made based on a number of criteria, 

though in some cases the choice was less clear-cut than others.
It was felt that out of the initial 18 countries, only those which offered a particular 

opportunity should be chosen for continued analysis, with an upper limit of nine 

countries - half of the original selection.
The countries selected were:
Germany, as the largest and one of the most forward-looking in terms of hydrogen 

energy funding;
The UK, as the country with the most experience in fully liberalised energy markets;
France, as a contrast to the UK, with a centralised energy structure and significant 

nuclear capacity;
Norway, with large energy reserves, hydro-electricity and a positive attitude towards 

hydrogen;
Italy, with considerable knowledge on the natural gas vehicle market;
Spain, as an example of a country with locally-developed initiatives to combat urban 

emissions problems;
Greece, for the information on island-based systems;
Iceland, because of its leading position in hydrogen systems interest;
and Switzerland, with high energy R&D spending and a proactive attitude towards 

hydrogen.

It was felt that this selection adequately represented all of the opportunities and 
problems that were faced by the original 18 countries, while making the detailed 
analysis part of the study more manageable. However, if subsequent work showed that 
even this shortened list of countries was not possible to analyse in sufficient detail then 
further reductions would be made.

5.3 Potential hydrogen market drivers

There are many potential drivers that could have an effect on future markets for 
hydrogen energy. These include current and future emissions legislation, current and 
future costs of energy for all uses - power and heat generation, transport and other 
requirements - and availability of resources. Some of these drivers can only be analysed 
in detail in particular countries and within defined parameters, and will be examined in 
the next financial year of the project. However, an overview is provided here to give an 
indication of the areas that may be suitable for further investigation.
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5.3.1 Energy policies

(1) EU energy policy
EU energy policy has a number of discrete strands, and is broadly aimed at providing 

a framework in which the individual member states can set their own regulations. It is 
presently primarily concerned with market liberalisation, though it also includes 
measures aimed at increasing the proportion of energy production from renewable 
sources and combined heat and power plants, and addresses some concerns related to 

dependency on imported primary energy.
The challenge, as defined by the EU, is to ensure that the structural changes that are 

taking place in an increasingly liberalised European energy market can be managed 
effectively, and with regard to the issues mentioned above. However, it is also important 
to integrate policies on existing forms of power generation, in particular, such as coal- 
fired power plant and nuclear stations, and to understand and develop policies following 

the agreements under the Kyoto protocol.
Because of this, it has been necessary to develop a policy that is flexible and seeks to 

suggest targets rather than mandate particular technologies. Key points that have been 
made as part of the EU energy policy include:

• The importance of the Kyoto commitments, leading directly to an increased 
emphasis on energy efficiency and on the use of renewable sources of energy. 
One aim of the policy is to double the current contribution made by renewable 

energy from 6% to 12% of energy by 2010.

• Market observation and guidance, to ensure that liberalisation is pursued without 
endangering other parts of the policy commitment. Initial targets for 
liberalisation were for a minimum of 25% of the electricity market to be 
liberalised by February 1999, and 33% in 2003. In fact, the market is close to 
50% liberalised already. The gas market is also being liberalised in a similar 
manner.

• Allowing individual countries to mandate a certain percentage of renewable 
energy sources or a proportion of CHP plants within the generating mix.

• Monitoring of the level of dependence of the EU on external energy sources. 

The level is approximately 50% at present, but may rise to 70% in the future 

with continued growth in the transport sector, in particular.

• Ensuring the safe operation and maintenance of nuclear plants is high on the 
agenda, with co-operation in the Euratom agreement with the US and monitoring 

and assistance given to countries outside the EU who may be unable to maintain 
their older reactors as is necessary. In addition, the issues of decommissioning 
and nuclear fuel trade require consideration.
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• Use of clean coal technologies is expected to help coal maintain a part of the 

power generation share and may slow down the rapid decline of the coal 

industry in some parts of Europe.

It is not always clear, however, that all of the different strands of EU policy have 
been or can be taken into account when considering legislation. Transport policy is often 

at odds with environment policy, and energy policy and climate policy are not always 
linked as closely as they might be.

(2) Other energy policies
The energy policies of other countries have not been considered in great detail, as 

they will be more important in the second part of this analysis. However, not all nation 
states in the EU have a separate energy policy. The UK, for example, has relied for a 
considerable amount of time on market liberalisation to achieve efficiency and cost- 
competitiveness.

Other countries’ energy policies are also linked with transport and many other areas 
of decision-making, and will be left for more detailed analysis in the next phase of the 
project.

(3) Energy research and development
As can be seen in Figure , per capita spending on energy R&D varies widely across 

many IE A countries. This is influenced by a large number of variables and energy 
policies are clearly only one of those, but it still provides a potentially useful indication 
of certain priorities within the energy arena. As the figure shows, Japan spends more 
than any other country by a considerable margin. However, a large proportion of this is 
on nuclear energy, as might be expected given the Japanese dependence on imported 
energy. Switzerland is the next in line, with large spending on nuclear but still a greater 
spend on non-nuclear than any other country. It is potentially interesting to note that the 

UK is bottom of the list given here, and that EU countries rank behind some of the non- 

EU European states.
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Public Expenditure Per Capita, Energy R&D
(from IEA, Energy Policies of IEA Countries 1997)
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Figure 5-22 Public energy R&D expenditure, IEA countries

5.3.2 Energy subsidies
Various organisations have expressed concern over subsidies directed at fossil fuels 

and, in particular, over the bias in public spending toward fossil and nuclear energy as 
opposed to renewables. Historically, fossil and nuclear energy sources have received 
much larger support compared to renewables and energy conservation. This is reflected 
in current public funding. On average between 1990 and 1995, direct subsidies to fossil 
and nuclear energy have totalled US$14.9 billion per year in Western Europe (Figure ). 

Fossil fuel support is about seven times the support for renewables. Nuclear support is 
three times that of renewables. Renewables and energy conservation together receive 
less than one third of the amount destined to fossil and nuclear energy. Indirect subsidies 

to conventional energy sources appear to be even greater than direct subsidies. These 
could be in the form of limited liability and favourable tax treatment, for example. The 

bias provided by current subsidy structure and the lack of economic instruments aimed 
at internalising the external costs of conventional energy sources does not support policy 
goals to reduce emissions of carbon dioxide, increase the share of renewable and create 

a level playing field to establish competitive energy markets.
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Figure 5-23 Direct energy subsides in Western Europe 1990-1995 average,
excluding Iceland)

<Energy taxes>
Energy taxes are primarily in the form of a duty on fuels, which varies from country 

to country and by fuel type. Taxation is not necessarily on an energy basis but may be 
volume or mass-related, and may vary between the types of fuel use, i.e. natural gas is 
taxed less if used for home heating or power generation than as a vehicle fuel.

However, recent legislation and discussion, both as part of total EU analysis and 
within individual countries, is focussing on energy use and on C02. Norway introduced 
a form of carbon tax two years ago, which it applies to offshore fuel uses though not 
onshore. Italy has a carbon tax applied to all fuels for all uses. The UK is considering 
what is termed a ‘Climate levy’, though it focuses not on relative carbon emissions but 
on energy use, and is not yet formally a part of legislation.

There are curious anomalies within taxation at the country level, however, and it is 
important to illustrate these for consideration when future taxation regimes and 
opportunities for hydrogen energy are considered. For example, in the UK there has 
been a value added tax (VAT) levied on fuels for home heating at 5%, while VAT on 

devices for improving the efficiency of energy use (insulation etc.) were taxed at a much 

higher rate of 17.5%. This sent implicit signals to the market that consumption was 

better than conservation.

5.3.3 Environment policies
Both the EU and the majority of member states have environmental policies 

addressing a number of different issues. These may be local, regional or, more recently, 

global. Many policies regarding environmental issues have little direct relevance to the 
introduction of hydrogen within energy systems, though it is often possible to find links.
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Other policies are directly important, such as those dealing with emissions from energy 

use or with land use for transport or power station development.

The EU has only had an environment policy in real form since the signing of the 
Single European Act in 1986; subsequently strengthened with the signing of the 

Maastricht treaty in 1992. These two documents enshrined the environment as part of 
the future agenda for European policymaking.

The current ‘fifth action programme’ has been in place since 1993, and has 
undergone substantial reviews. However, it is broadly concerned not only with 
environmental considerations but with their integration into other areas of policy and 
understanding. DGXI of the European Commission has been co-ordinating the 
integration of environmental policies in different areas.

Manufacturing industry has been a particular target, and there has been significant 

progress in implementing environmental objectives as they frequently have an additional 
economic benefit. Agriculture and tourism, however, are the furthest from compliance. 
The transport sector has also made good progress in vehicle emissions reduction and in 
fuel quality and technology, but there is still strong growth in the European vehicle fleet 
and thus absolute problems remain large. The energy sector is also being tackled, though 
it appears that there is concern about a lack of incentives to include sustainability as part 
of the general remit.

A progress report by the European Commission in 1996 concluded that
“In relation to the specific themes of the Fifth Programme, there has been 

progress in a number of areas: reduction of ozone depleting substances, 
emissions of heavy metals and sulphur dioxide, improvements in approaches to 
nature protection, surface water quality, industry-related risks and waste. ”

It went on to say
“Particular attention now needs to be paid to developing improved 

approaches to climate change and acidification, urban issues, including air 
quality, noise and waste, together with a comprehensive strategy to ground 
water and surface water resources. ”

It is significant to note that many of the issues considered to be in need of further 
work had a strong energy theme, particularly with regard to air emissions and climate 
change.

Since then, there has been an amendment considered, in the form of a ‘draft 

Decision’. This identified five priority areas in which Community action needed to be 

stepped up, including:
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“improved integration of the environment into other policies like agriculture, 
transport, energy, industry and tourism; use of a wider range of policy 
instruments like market-based instruments or horizontal instruments; increased 
implementation and enforcement measures by improved and simplified 
legislation; additional action in the field of communication and information to 
raise the public awareness; and reinforcement of the Union's role in 
international action. ”

The proposal has been sent to the European Parliament and the Council for adoption.

5.4 The role of environmental drivers in the commercialisation of hydrogen energy

As can be seen in Figure , the quality of the air in London, representative of many 
cities, has improved dramatically over the past forty years. The figure shows a proxy 
measurement of only sulphur dioxide and smoke, but the same trend has been seen in 
almost all regulated pollutants. It gives an indication of the sort of changes that have 
been achieved by a mixture of environmental and other policies, and of the changing 
pressures that are now being felt.

It is generally considered that air quality, particularly in cities, can be improved to 
within health guidelines if current technologies are deployed successfully and current 
legislation enacted and enforced, and this is borne out by the figure below. Because of 
this, specific emissions from motor vehicles are not being considered as forcefully in 
legislation as has happened in the past.

Annual average sulphur dioxide and smoke 
concentrations 1958-1998
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Figure 5-24 Improvements in air quality in London 1958-1988
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Nevertheless, there is still scope for further legislation to come into force, and there 
is also a strong interest in urban areas regarding the introduction of zero emissions 
vehicles. These vehicles are likely to be fleet vehicles in the short term, and there are 
opportunities for hydrogen fuelled vehicles to be a part of this. However, they must be 

able to compete with conventional and other alternative fuelled vehicles on economic 

grounds over the longer term.
It is clear that there are still strong drivers for the introduction of hydrogen energy 

into the energy infrastructure.

5.4.1 Introduction to driving forces
Driving forces originate from economic, environmental and social pressures. They 

may be opposing e.g. the win-lose situation where economic gains are accompanied by 
environmental losses, or synergistic e.g. the win-win situation where environmental 
gains are accompanied by economic gains.

Industry PublicGovernment

Economic, environmental and social 
pressures

Figure 5-25 Key actors and driving forces

The driving forces in the particular case of hydrogen energy can be divided into the 

following categories:
• Environment
• Energy security
• Economics
• Product performance

The different driving forces are important with regard to fuel cells, with the 

environment at the forefront.

5.4.2 Key actors and the environment
Public perception is an important determinant of environmental drivers. A recent 

European poll carried out at the request of DGXI shows that public concern over global, 
regional and local environmental situations remains high:
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• 69% of the people interviewed expressed that ‘environmental protection is an 
immediate and urgent problem’;

• 46% expressed that ‘damage to the environment is amongst the five most 

worrying concerns’;

• 55% believe that ‘it is necessary to fundamentally change our way of life and 
development if we want to halt deterioration of the environment’;

• the vast majority of the people interviewed agree that ‘environmental 

protection needs to take social and economic effects into account’.

Also, there remains a lack of trust on the part of the public towards government and 
industrial institutions with regard to the environment:

• only 10% of the people interviewed trust environmental information from 
national or local government;

• only 2% trust information from industrial sources.

Public concern, backed by scientific evidence, has led to increasing political will to 
tackle environmental issues and to increasing political action at the local, regional and 
global level.

Industry has also responded to the public’s desire for more environmentally sound 
products and services. It is becoming increasingly committed to ‘social responsibility’, 
which it is also using as a competitive weapon.

5.4.3 Environmental drivers
Atmospheric emissions from power generation result in local, regional and global 

environmental impacts. The most pressing issues have historically been at the regional 
and local level, with increasing concerns over global environmental impacts. These 
concerns are generally reflected in environmental regulations which are becoming ever 
more stringent, increasing the costs of compliance. Regulations are creating markets for 
particular technologies and fuels.

Energy supply results in a variety of environmental impacts associated with different 

stages of the fuel cycles. In the case of conventional fossil-based fuel cycles the most 

significant impacts are a result of emissions to the atmosphere from the fuel conversion 
stage. Conventional coal and nuclear power generation also produce effluents and solid 

waste which require safe disposal.
Conventional fossil fuel cycles emit a variety of pollutants and regulation has 

generally focused on NOx, S02 and PM emissions, which are responsible for most 
damage on a regional scale. Regulatory requirements over these and other hazardous air 

pollutants (e.g. metals and radionuclides emitted from coal combustion) are likely to 
become stricter and affect the electric power generating industry well into the future.
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Increasing attention is being paid to C02 and other greenhouse gases responsible for 
climate change. Although there is broad consensus within the scientific community that 
climate will be affected by greenhouse gas emissions, there is considerable disagreement 

and uncertainty over the extent of its impacts and potential economic damage. However, 
the risk of potentially large damage at a global scale from increased emissions to the 
atmosphere is leading governments in industrialised countries to take action for the 

reduction of C02. The Kyoto Protocol sets legally binding greenhouse gas emission 
limits and is in the process of being ratified by individual countries.

Other issues of concern are noise, in particular for decentralised and portable power 
applications, and safety, for example with regard to fuel leaks and safe maintenance of 
the installations.

The efficient use of the earth’s resource capital will inevitably become an issue as 
increasing energy demand accelerates the rate of its depletion. Efficiency gains, which 
ultimately translate into economic and environmental benefits, will become increasingly 
important.

5.4.4 Environmental regulations

EU legislation is likely to be the driving force behind action directed at local, regional 
and global emissions within Member States. However, in many cases specific actions 
will be taken locally/regionally. Examples of US environmental regulation are also 
discussed, as in many cases useful lessons can be learned.

(1) Regional and local pollution
Much of the earlier environmental regulation in the US and Europe has been directed 

at reducing acidification. Acidifying emissions from power plants remain a problem and 
the US 1990 Clean Air Act Amendments and European Union proposed revisions to the 
Large Combustion Plant (LCP) directive of 1988 will result in further limits on 
emissions. The electricity industry also faces increasing restrictions linked to particulate 
matter, ozone and air-toxics such as mercury.

In the US the cost of reducing S02 emissions has been between $113 and $322 per 
tonne of S02. The lower value relates to switching to lower sulphur content coal and the 

higher value relates to the use of scrubbers. The average cost of reducing NOx emissions 

is about $229 per tonne of NOx. A survey of six utilities has indicated that the average 
cost for S02 and NOx controls and continuous monitoring ranged between $16.4 and 
$208.9 per kilowatt of installed capacity. The higher control costs are likely to apply as 

restrictions become stricter and the lower cost solutions are exhausted.
More recent regulatory trends have been towards an integrated approach to reducing 

emissions. An example of such approach is the European Union directive on national
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emissions ceilings (NEC) for certain atmospheric pollutants (S02, NOx, VOC and NH3). 
Integrated approaches will affect a variety of impacts and sectors, as opposed to actions 
targeted at a single impact, e.g. acidification, and industry, e.g. the electricity supply 

industry. The cost of compliance with the EU NEC directive with regard to S02 and 
NOx emissions from energy production will not only be borne by power plants, but by 
the industrial and domestic sectors as well. Compliance costs in the year 2010 are 

estimated to be £ 0.4 billion per year for power plants, £3.5 billion per year for industry 

and £1.0 billion per year for the domestic sector. Including other sectors and emissions, 

the total compliance costs are estimated at £7.5 billion per year. However, the total 

benefits of the emissions reductions would substantially outweigh the costs and are 
estimated to range between £ 17 billion and £ 32 billion.

The emissions ceilings aim to reduce S02 emissions by 78% and NOx emissions by 
55% compared to 1990 levels. These are likely to require much larger reductions in 
emissions from the power sector than are likely to be achieved by the LCP directive 
revisions proposed. It is also likely that significant reductions would have to be achieved 
in other sectors e.g. industrial and domestic, also responsible for emissions. Revisions 
proposed by the Commission in 1998 which would apply to new post-2000 plants may 
result in a mere 3% reduction in both S02 and NOx emissions by 2010. This is mainly 
due to the fact that little additional capacity is likely to be added within the next decade.

The 2010 objectives of the NEC directive are:
• With regard to acidification, the reduction of areas with excess critical loads 

for acidity by at least 50% compared with the 1990 situation;
• With regard to ozone, a reduction by at least two-thirds of the 1990 instances 

of exceeded critical levels for human health (WHO air quality standards), and 
a reduction by at least one-third of the 1990 instances of exceeded critical 
levels for vegetation.

The achievement of the ceilings is an ambitious task, but still falls short of the 

European Union’s Fifth Environmental Action Programme long-term objectives of no 

exceedance of the critical loads for acidification and of the critical levels for ozone.

(2) Global pollution
Ratification of the Kyoto Protocol would commit Annex I countries (countries that 

are part of OECD and those with Economies in Transition (EITs)) to reduce greenhouse 
gas emissions by an average of 5.2% below 1990 levels in the period 2008-2012. The 
EU, US and Japan have agreed to reduce emissions by 8%, 7% and 6%, respectively.

To meet these commitments requires major changes in the energy sector. The EU 
counts on increased renewable energy supply, cogeneration and energy efficiency, as
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well as market liberalisation to help meet its commitments. In the US, more emphasis is 

being placed on carbon sinks and emissions trading, though it is recognised that 
emissions reductions will be required in the power sector and it is believed they could be 
achieved through fuel switching. However, solutions based on energy technologies and 

energy policies (related to fuel cells, for example) may prove better long-term options 
from an economic, environmental and social point of view and more in line with 
sustainable development. The opportunities that options for greenhouse gas mitigation 

could generate for fuel cells are evident, in particular in the context of the EU’s climate 
strategy.

The characteristics of fuel cells offer a wide range of opportunities which could 
contribute to reducing C02 emissions. Their high efficiency compared to most 
conventional fossil fuel conversion technologies would lead to reduced C02 emissions. 
Efficiency gains of fuel cells compared to conventional technologies are significant - in 
particular for generating capacities in the small to medium scale. However, also for 
larger capacities fuel cell systems, in particular combined with gas turbines, could 
provide gains in efficiency compared to standard combined cycle gas turbine (CCGT) 
systems. Their clean and efficient operation could also lead to a more environmentally 
and economically viable exploitation of renewable fuels. The different types of fuel cells 
and their modularity make them particularly suited for cogeneration, and the potential 
for energy efficiency and C02 reductions through cogeneration is indeed very large. It is 
estimated that up to 40% of electricity in the EU could be produced from cogeneration.

The potential for technology transfer in the context of climate-friendly solutions is 
very large for fuel cells. Furthermore, they present a great opportunity for technology 
leap-frogging in developing countries to a clean and less infrastructure-intensive energy 
supply system. Mechanisms such as the Clean Development Mechanism (CDM) 
envisaged by the Kyoto Protocol could provide incentives for the development of fuel 
cell applications in developing countries.

It is becoming increasingly clear that environmental protection will require profound 
changes in the way energy is generated, and fuel cells provide a technological solution 
which could play a very important role in a more environmentally sustainable energy

supply. Environmental drivers, in conjunction with market drivers such as liberalisation 

of the energy markets, may transform the energy sector beyond recognition in the future. 
The synergy with other sectors, such as transport, also strongly driven by environmental 

concerns, could markedly influence the pace of fuel cell commercialisation.

5.4.5 Fuel cell-based renewable energy supply
While natural gas may become the most common primary fuel for fuel cells in 

stationary applications, there is considerable scope for the use of renewable fuels. These 
can be varied in nature, ranging from hydrogen to landfill gas. Remote locations e.g.
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islands, and situations where fuel is readily available e.g. biogas from waste, as well as 
the conversion of energy stored in the form of hydrogen from intermittent wind energy 
installations, could provide interesting early markets for fuel cells.

Power
grid

Electricity

I Wind 
/! turbines

Hydrogen

Hydrogen storage

Electrolyzer

Figure 5-26 Integrated direct and fuel cell-based renewable electricity system

Fuel cell-based renewable energy supply could not only avoid emissions of regional 
and local pollutants, but could be a major source of C02 credits through avoided C02 

emissions.
Renewable energy is important in terms of environmental protection, as well as 

security of supply and the long-term substitution of fossil energy. A recent white paper 
on renewable energy issued by the European Commission aiming at a 12% renewable 
energy contribution to primary energy use by 2010 testifies to its importance.

5.4.6 Concluding remarks on environmental drivers
Pressure to reduce emissions is likely to affect energy supply well into the future, and 

the environment is likely to be a strong driver in the commercialisation of fuel cells. 
However, how exactly environmental concerns will affect the commercialisation of fuel 
cells remains uncertain.

There seems to be meaningful political will to tackle environmental issues, but it is 
unclear how exactly it will affect policy and traditional energy supply and use. 
Investment in technological change appears to be gaining ground, based on increasing 

social responsibility on the part of industry and the future business opportunities it 
perceives in clean technologies. An example is the increased interest on the part of large 
multi-national companies in fuel cell technology and its related fuels. Ethical investment 
funds may also provide opportunities for the commercialisation of fuel cells.

A decisive factor will remain how environmental regulation will internalise the 

externalities of energy supply to end-users. The local and regional damage costs of 
traditional energy supply to end-users are high and the benefits which can be achieved
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through the use of fuel cell systems are large. Similarly, the global damage costs of C02 
emissions from fossil-based energy supply could be very large. The type of policies and 
mechanisms which will be implemented to reduce C02 emissions could strongly affect 

fuel cell commercialisation.
Energy is a basic requirement for societal development and quality of life, and for too 

long energy supply has been associated with environmental damage. Hydrogen systems, 
perhaps coupled with fuel cells, may contribute to reconciling energy and the 
environment.

Current costs of fuel cell systems are high, although they may already be competitive 

in certain niche markets, and significant cost reductions are expected in the short-term.

5.4.7 Specific cases
Because of limited time for this study it has not been possible to analyse this area in 

detail, and it has therefore been left for the detailed analysis phase of the project. 
However, there are clearly areas in which initiatives have been proposed that could have 
a significant influence on future hydrogen technology uptake. Of these areas, one that 
has significant incentives is Oslo, in Norway:

5.4.8 Oslo
The city of Oslo in Norway offers a number of incentives for the introduction of 

clean vehicles into their fleets, including both local and national taxation.

(1) Oslo Municipal taxes
The Oslo municipality has some jurisdiction over tax and subsidy incentives within 

its district. Electric vehicles are exempt from vehicle duty, road tax, toll charges and 
public parking charges. They can also be recharged for free at public car parks. In 

general, the 4 largest cities in Norway (Oslo, Bergen, Stavanger and Trondheim) are 
able to act locally if two requirements are fulfilled: there must be a documented 
pollution problem and it must be proven to be coming from a particular sector. An 
example of this is the Oslo initiative on studded tyres, a major source of PM10 pollution. 
The municipality has acted to charge users of studded tyres lOOONOK each year, and 
also offered the incentive of a lOOONOK refund if new tyres are bought in place of old 

studded ones. Similar incentives could be applied to other pollution sources.
There is also concern over noise levels in parts of Oslo, and in the future it may not 

be possible to take certain types of vehicle into certain areas at certain times.

(2) Norwegian taxes
Norwegian vehicle tax structure is complex and comparatively severe. Vehicles are 

taxed by weight, engine stroke volume and power, with many steps in the process.
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However, the end result is often a doubling - or greater - of the initial imported vehicle 

cost. There is also a ‘circulation tax’, based on vehicle weight and a fuel tax. In Oslo 
there is a road toll and pay parking.

If these taxes can be avoided by the use of a clean vehicle such as is currently the 

case with the ‘Think’ battery electric car, there is clearly a substantial incentive to use 
such vehicles. It may also be possible to reduce the cost differential between the 
competing vehicle types to a manageable level. This will not be clear until the price of 

hydrogen fuel cell vehicles is known.
Another region with a significant urban pollution problem is Athens in Greece. It is 

also adopting significant incentives and legislation to improve air quality.

5.4.9 Athens
Developments in Athens are not as focused on economic incentives as in Oslo. 

However, some incentives are being introduced and other issues are being addressed by 

a mixture of measures.

(1) Policy development
The government is introducing a new law allowing CNG or LNG to be used as a fuel 

in passenger vehicles. Fuel station owners have raised some concern on the inadequacy 

of infrastructure to widely supply NG to the public, but it is expected that the new law 
will be approved by January 2000. A lot of discussion is taking place on how to convert 
almost 2,000,000 cars from gasoline to NG.

Other incentives under discussion:

• Redesign of measures to encourage the renewal of the fleet (withdrawal of old car 

with tax benefits).

• Special arrangements for cars over 20 years old.

• Decrease on taxes concerning catalysts.

• Tax incentives to promote the introduction of alternative fuel cars.
Twelve years ago the Ministry of Transport in co-operation with the Dutch ministry 

of the Environment commissioned a study looking at the feasibility of converting 
conventional passenger cars to NG cars. Unfortunately no further decisions were made 

back then. A year ago due to the renewed interest on the subject, the two ministries 

looked again at this study and made the necessary changes to adopt with latest 

developments.
The main barriers towards the realisation of the above goals are:

• Establishment of legislation to cover safety in refuelling stations, safety in fuel 

transport with freighters, even regulations on the timetable used for gas 

dissemination.
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• Creation of infrastructure capable to deal with the scale of the project. At the 

moment only 20 gas refuelling stations are operating all over Greece with an 
equivalent number of certified mechanics for the necessary conversions to the 
vehicles engine. However the situation is changing rapidly as the main gas network 

is almost operational.

5.5 Geo-political analysis of the difference between European and Japanese energy 

structures - an introduction

5.5.1 Background
Japanese energy markets are strongly controlled, with few areas of liberalisation. 

Since Japan has almost no indigenous fossil fuel resources, it relies on imports for a 
large majority of its energy - almost 100% in the transport sector. Electricity generation 
is mixed, with a significant proportion of nuclear power, though strong opposition to this 
is being voiced by the public and it is comparatively unlikely that there will be 
significant growth in this sector in the future. All energy markets are strongly regulated, 
though the electricity market will be entering the first phase of liberalisation in 2000, 
when large electricity consumers will be able to negotiate supplies for the first time. 
While this is aimed only at very large users, it accounts for close to 30% of the Japanese 
power market. This is intended to bring about further liberalisation to approach the level 
in Europe and other markets.

Europe, by contrast, is much more fragmented, currently operating on a country-by
country basis. A European directive is in place that should ensure almost complete 
liberalisation of the electricity market by 2010 for the slowest of the current member 
states; it is not clear what may happen to new entrants into the EU.

5.5.2 Energy in Japan
Electricity in Japan is supplied largely by locally monopolistic regimes, such as 

TEPCO in the Tokyo region. This means that there is an absence of competition and 
potentially enables monopolistic abuses of power. Historically, prices for electricity in 
Japan have been very high, though this is also partly due to high prices of imported 

primary fuels.
Gas companies are in the same relative position of power within Japan, though the 

use of gas is much more restricted than that of electricity. This is partly because of the 
absence of a country-wide gas grid for distribution; partly because of historical 

influences such as the limited use of central heating. Nevertheless, Japan’s gas 
companies are much smaller than the comparable electricity utilities.
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Other energy supplies are more mixed, with heating oil, kerosene and coal all used in 
various proportions for local heating and for power generation. Transport energy is 
supported almost entirely by imported oil.

Oil, natural gas in the form of LNG and other products are imported from a wide 

variety of places, with Indonesia a significant supplier. The Middle East also figures 
strongly.

(1) Pressures
The high level of energy imports is a significant driver for economic and political 

decision-making in Japan. The country made great progress in energy efficiency in the 

1980s and has a low level of energy intensity in comparison with most industrialised 
nations, especially considering that it has large steel and shipbuilding concerns. Despite 
this, Japanese building standards are comparatively poor, and home energy efficiency is 
low. Home energy use is not particularly high, however, as levels of comfort in Japanese 
homes have historically been lower than in the west.

Emissions from energy production and use are a significant problem, and efforts are 
being made to reduce these to much lower levels. Emissions from transport, in particular, 
are currently under strong pressure. Legislation is toughening in many areas, particularly 
urban ones.

The Japanese Government has a long history of research and development 
programmes with a long-term focus, and there are currently several in the energy sector 

focusing on Japan’s surprisingly low use of renewable energy. While wind, solar and 
biomass sources are not likely to be sufficient to supply all of Japanese energy 
requirements in the short term, their exploitation could provide employment possibilities, 
technology export potential and reductions in imports of expensive raw materials. In 
order to tackle some of these issues, the Sunshine, Moonlight and New Sunshine 
Programs have all addressed many aspects of renewable and alternative energy 
generation. Part of the New Sunshine Program, the WE-NET Project is specifically 
dedicated to hydrogen and fuel cell research, development and introduction - a far- 
sighted and innovative project when introduced in 1993, and looking very timely as 

developments and spending in these areas increase.
It is currently unclear as to what extent Japan is intending to restructure to try to meet 

its Kyoto commitments for 2008-12. It has signed up for a modest decrease in emissions 
relative to 1990 levels, much as Europe has, but has been non-committal about how it 
intends to meet those commitments. Renewable energy is a possible component of the 
strategy, though higher energy efficiency in buildings may be another. The transport 
component of Japanese emissions must also be significant.
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5.5.3 Energy in Europe
European energy structures are much less easy to define. They are both European and 

country-specific, with regulation and infrastructure cutting across established borders.

In general, Europe is much more energy self-sufficient than Japan, with very 

significant oil and gas reserves in the North Sea, and coal reserves of differing quality 
scattered across the landmass. The UK has large reserves of comparatively high-quality 

coal: Germany and some other countries have more brown coal which is currently 
generating considerable debate within the political system. Nuclear energy provision is 
also significant, with the majority of French electrical power provided this way and even 
exported to the UK. The proportion of renewable energy varies considerably from 
country to country, depending more on political will than available resources. Germany 
has 4GW of installed wind energy capacity while the UK, recognised as having the best 
wind resource of the whole of Europe, has closer to 1GW. Norway supplies almost all of 
its electricity from hydropower, leaving it free to export its large reserves of oil and gas, 
though it is outside the EU.

Europe is an importer of energy, largely in the form of oil products from the Middle 
East, though some oil products are also exported. However, individual countries can be 
either importers or exporters. Norway is the largest exporter, able to exploit its 
renewable resources for internal use while exporting almost all of its oil and gas 
production.

(1) Pressures
The pressures in the European market are somewhat different from Japan. As 

mentioned, the region is generally well-supplied with primary resources, though a large 
proportion of oil products comes from elsewhere. Nevertheless, energy production and 
use generates is the source of the majority of regulated pollutant emissions. European 
directives exist in many areas, with large combustion plant strongly regulated and 
smaller sources increasingly so. Transport is the centre of much new legislation 

regarding regulated pollutants, C02 emissions and fuel economy, which is particularly 
important in the light of Kyoto commitments. Transport energy use and future 

transportation fuels are also the subject of much discussion in specific countries. 
Germany, in particular, is trying to establish a strategy for future fuels which is thought 

to be focusing on hydrogen as the primary candidate.

Kyoto commitments in Europe are being managed differently from those in other 
countries and areas. All EU countries have a joint commitment, referred to as the EU 
‘bubble’, whereby European emissions will be reduced by a certain fixed amount, but 

each individual country has its own commitment, which may be more or less than that 
amount. Some of the ‘poorer’ states, such as Portugal, are even permitted an increase. In 
addition to that, some countries have a further individual commitment that may be
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stronger. In the UK, for example, the Labour Government has a manifesto pledge of a 

much more significant cut in emissions than its EU target. Few European countries have 
outlined their policies on meeting these commitments, and the majority are unlikely to 
meet the targets agreed at the Rio summit. The UK and Germany are likely to meet them, 

but purely fortuitously: Germany inherited a polluting industrial sector from the former 
East Germany and most of its industry has now closed, leading to significant C02 
emissions reductions. In the UK the liberalisation of the power sector was part of the 
drive towards gas power and away from coal, which had much the same effect.

Future European energy demand is likely to continue rising, while oil and gas 
production in the North Sea has been predicted to fall off from the beginning of the next 
century. This will result in a substantial requirement for imported energy, much of 
which is expected to be met by the developing Russian gas pipeline and by further 

development in Algeria. This is leading to a political focus on security of supply that has 
been less evident in the recent past. In addition, imports of oil are likely to continue to 
rise - primarily for use in the transport sector - which will lead to more discussion of 

dependence on the Middle East.

5.5.4 European energy market liberalisation
Both electricity and gas markets within Europe are being liberalised, with some 

countries leading as they have their own internal programmes. The Scandinavian 
countries and the UK are generally considered to be in the lead, though Germany is also 
well advanced. A programme of large-scale liberalisation has been agreed, with 
different countries entering the free market at different times. Belgium is to be one of the 
last to open up - not expected to be fully open until about 2010 - though new entrants to 
the EU may have longer schedules.

The market in the UK, taken as an example, is almost fully liberalised both for 
electricity and gas, with domestic consumers able to choose their own suppliers. It is 

even possible to buy these services from others, such as the water companies. The result 
has been severe downward pressure on prices in both sectors, with real prices much 
lower than they have been for many years. However, there are also interesting 
developments for specific market areas. The ‘green electricity’ market consists of 

consumers who are willing to pay a premium for renewably generated electricity. 

Renewable electricity providers are then able to sell at a slight premium to a small but 

developing market.
In stark contrast, the French market is still almost entirely state-controlled, with only 

one major producer/supplier and no consumer choice. Electricite de France, the 
monopoly provider, has been expanding into the liberalised markets of other countries 
by buying other generators and suppliers, but there has been no reciprocal French
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market opportunity. This is likely to cause friction in the other European markets in the 

future.

5.5.5 Summary
The European and Japanese energy markets are very different in structure, with much 

more liberalisation in Europe. However, pressures are similar, with emissions and 
security of supply both under consideration. The latter is much more important in the 
Japanese case, though diversity of sources may be a good way of meeting requirements 

rather than attempts to overdevelop the internal renewable energy market. The European 
market is likely to be considerably more flexible with a wide range of potential sources 
of supply, though in both regions nuclear generation is under strong social pressure. 
However, the phase-out of nuclear electricity is seen as a very significant potential 
problem for future C02 emissions targets, likely to bite only after the first Kyoto 

agreement has passed (most of Europe’s nuclear stations are likely to be in service 
during the period 2008-12).

In terms of future hydrogen markets, each location offers strong potential. Japan 
operates from an island base, making the development of standards potentially far 
simpler than in Europe. In other words, it is possible for Japan to introduce its own 
standards for hydrogen refuelling stations, for example, without the need to harmonise 
with countries close-by such as would be required within EU boundaries. Japan could 
also theoretically import hydrogen in the same way as it imports natural gas today. It 
could also dovetail well with future development in renewable electricity. Europe has 
the capacity to generate hydrogen in addition to importing it, and strong leadership from 
corporations in addition to some governmental research.

5.6 Preliminary conclusions

It is not yet clear exactly what conclusions should be drawn from this analysis. 

However, the indicators for energy usage are clear, and there are some interesting 
lessons that can be drawn from the policy outlines that have been investigated so far.

5.6.1 Energy use
The majority of energy use within Europe is dominated by only a few countries: 

Germany, France, Italy and the United Kingdom between them have a gross inland 
consumption of 68% of the total for the 18 countries under discussion. However, these 

statistics do not give full reference to the amount of indigenous consumption that is not 
accounted for in exports in countries such as Norway.

Transport accounts for the large majority of oil use and oil imports, with the share of 
oil-fired power stations now comparatively small. Although both Norway and the UK
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have significant amounts of oil production and some exports, the large majority of oil is 
imported in the form of crude oil for processing at local refineries. The main source for 

oil is the Middle East with about 43% of the supply, while the former Soviet Union and 
North Africa account for significant amounts - 19% and 20% respectively. These 
imports are the source of some discussion within both the European Union and many of 
the individual countries, aware of the dependency that they have and interested in being 
able to reduce this in some way. Although the trend in oil use for power generation is 
down, the increased demand for transport ensures that the total level of imports remains 
high.

Electric generating capacity is mainly fossil thermal in EU countries. Coal-based 
generation has been decreasing, while gas-based generation is on the rise. Nuclear 
power is also significant but its share varies greatly between countries. CHP is 
significantly under-exploited in across Europe.

5.6.2 Policies and policy drivers
While many countries within Europe have a limited or no energy policy, there are 

generally environmental policies in place - though these are not always strictly adhered 
to. There is comparatively little apparent understanding, however, of the inherent links 
between energy and the environment, though many specific areas of legislation address 
particular problems that link the two. Country policies are expected to broadly follow 
European Union policy, even for the countries that are still outside the union, but may 
also be stronger or be brought into practice earlier, provided that certain conditions are 
not violated.

As has been seen, the levels of many air pollutants in Europe have decreased 

dramatically over the last few decades. This means that many of the political processes 
are shifting away from even harsher regulation on pollutants and are starting to 
concentrate on other issues. Noise is one that is increasingly mentioned as a serious 
problem, with some discussion of the potential for future legislation to focus particularly

on vehicle noise in urban areas.
Other policy drivers vary throughout Europe but there are broadly similar issues in 

many areas. Emissions of greenhouse gases, particularly C02, and ways of reducing 
these emissions in line with Kyoto targets are particularly important and cut across 

energy, environment, transport and many other areas of policy. While there are few clear 
policies in place it is interesting to note that several European-based companies have 
taken a lead in the area of emissions trading, with BP and Shell each having set up an 

internal system to reduce their own emissions to 1990 levels within a specified 
timeframe. Both companies are also investing in renewable energy in a variety of ways, 
and have even developed areas of business that are specifically attempting to address 
hydrogen-related energy issues and potential future markets.
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The European Commission is still concerned with inequities between levels of 

energy and income throughout Europe, and many of its funds are targeted in this 
direction.

Hydrogen energy systems are specifically targeted under several calls for funding. It 

appears that linking these systems to renewably generated electricity or biomass fuels, 
and investigating particularly vulnerable areas, such as islands, are both considered to be 
important. Transport energy systems also come under consideration, with fuel cell and 

hydrogen demonstration projects funded in some parts of Europe. On a wider level, it 
appears that many private companies are also interested in the opportunities that 
hydrogen-fuelled fleet vehicles in urban areas may provide for growth into different 
markets. Several demonstration projects are under consideration.

Outside the European Commission’s specific requirements or projects, there are also 
initiatives to introduce cleaner or different vehicles within urban areas, in particular. One 
of the major projects is known as ‘Alter-Europe’, a voluntary co-operation between 
major and minor European cities to try and pool requirements for alternative fuelled 

vehicles and thus increase demand and thereby reduce costs. Several hundred European 
cities have signed up to the project and there may be particular opportunities for 
dedicated hydrogen and fuel cell vehicles within the framework.

5.6.3 Areas requiring detailed investigation
From the preliminary analysis of energy use and policies that has been carried out for 

this initial phase of the project, it appears that there may be areas where detailed further 
investigation may provide important clues as to the best areas for early introduction of 
hydrogen energy systems in Europe.

The analysis so far has been necessarily broad and needs to be focused on particular 
countries or regions, while certain industries should also be analysed in more detail. The 

development of scenarios can only follow this detailed examination of a few key areas. 
As outlined above, it will be important to understand several issues in more detail. These 
include:

• The likelihood for future legislation to reduce vehicle noise in urban areas and 
further reduce emissions

• Future demands for clean transport fuels and the resulting impact on both 

European refineries and on oil imports

• The potential for ‘niche market’ renewable-hydrogen based energy systems in 
remote areas or in islands

• The trends in European energy legislation within countries and what effects that 

may have on the demand for energy storage systems and fuel cell based 
applications
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• The restrictions within the European electricity networks and areas in which it 

may be useful to have local storage and generation capacity

• Prices of particular types of energy and how these vary both annually and 

diumally, to establish particular areas for new markets

Of course, it may also be the case that other issues arise during the project, and if so 
these will be considered according to their relative importance.

5.6.4 Possible early opportunities
While it is premature to comment in detail on the potential for hydrogen energy 

systems to be introduced into Europe, and particularly on the specific scenarios that may 
enable this introduction, the analysis that has been conducted to date suggests that there 
may be areas in which there is strong potential for either stationary power or 
transportation energy systems including hydrogen to be introduced.

Subject to further research it is felt that opportunities may exist, in particular, in the 
following areas:

• Remote energy systems, probably in conjunction with a renewable energy 
source. There are signs that even pre-commercial technologies may provide 
sufficient benefits to be introduced in the near term.

• Fleet transport within urban areas, particularly buses in major cities. Although 
air quality is improving there are still pollution hotspots and considerable 
political will and public pressure to introduce low or zero emission technologies 

into these areas.

• Combination systems in which local electrolysis and hydrogen storage is used to 
support weak local grid infrastructure and generate power close to the load or 
supply peak power. This may even be used in tandem with the production of 

hydrogen for transportation uses.

5.7 Progress towards targets for FY99

The targets as stated in the implementation plan for FY99 were as follows:
1) To understand and describe in a brief report the energy structure and policies of 

Europe as defined in the proposal; in as much detail as is feasible and necessary to 

pursue the further project objectives.
2) To report on the energy structure and policies of Europe as above, and to share 

information with Japan on progress and methodological issues as defined in the 

proposal.
3) To have begun to address the specific European market drivers mentioned in the 

proposal.
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Progress towards these targets has been solid, with the majority of the work 
completed. However, during the work further areas for detailed analysis have been 
identified, with some of these detailed below in the plan for FY2000. Detailed 

achievements have been:

1) The energy structure of Europe has been analysed in broad detail, with particular 
emphasis given to areas seen as particularly important, and with the objective of 

further detailed analysis of these and other areas.
2) This report gives an insight into the energy structure and the energy and 

environmental policies of Europe. During the study, information has been shared 
with Japan, and further meetings are planned for early March to enhance the 
information transfer and to plan the next stages of the work and co-operation.

3) Work has also begun on the specific market drivers mentioned in the proposal, and 
some details have been given in section 5.6.3 and subsequent sections. Further work 
will be required in this area before the relative importance of these drivers is 
understood.

5.8 Plan for FY2000

The broad research plan for FY2000 will continue as specified in the original project 
objectives. The way in which this fits into the overall implementation is shown in 
Figure5-27 in outline, but will be more detailed in implementation.
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Figure 5-27 Research implementation plan for FY 2000

In particular, fundamental work will be done in the following areas:
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• A detailed investigation into the energy use and energy and environmental 

policies of several specific countries chosen from the original 18.
The investigation to date has been broad, with overall consumption and trends for 

countries considered. For the next phase it may be important to understand the split 
between the different sectors, and the different costs of energy for different uses. A 

detailed analysis will be carried out for some of the key potential markets before all of 

them are addressed.

• An examination of energy prices and trends for those countries, both between 

types of energy and seasonal/daily variations.
The variation in prices for electricity and gas, between private and commercial 

consumers, and different prices for different times are all important when considering 
the economics of alternative energy sources. Very high peak prices for electricity have 

been recorded on trading markets, offering potentially good paybacks for hydrogen fuel 
cell system owners capable of meeting requirements at that time.

• An investigation into installed electricity capacity, spinning reserve and load 
factors for the countries in question.

It may be most cost-effective to use existing electricity generating capacity, which is 
otherwise often operated intermittently, to generate hydrogen when it is off-load. The 
spinning reserve could be used almost all of the time for this purpose, while the variation 

in load factors may have a significant impact on possible hydrogen prices.

• An examination, where possible, of the energy delivery infrastructure of the 
country, to pinpoint areas where alternative technologies may be competitive.

The use of hydrogen as a form of energy storage is under consideration in many areas. 
In the first instance it appears to dovetail with the use of renewable energy, but it is also 
possible that it may be applicable in regions where the conventional electricity grid is 
inadequate, or subsystems are beginning to become overloaded.

• An investigation into developments in transport fuels, e.g. low-sulphur diesel, 
and the implications for oil refinery products.

Increasingly, higher standards are being applied to transport fuels, either through 
legislation, public pressure, or voluntarily. Almost all diesel sales in the UK are now of 

low-sulphur diesel, though this is not yet a legal requirement. Increased demand for 
these fuels implies a higher use of hydrogen at refineries, with a knock-on effect of 
changing product streams. Understanding these requirements for hydrogen may help to 
show where they could most effectively come from, or whether alternative uses would 

be better.

• An examination of the levels of C02 emissions from vehicles and projections for 

the future.

53



In Europe there has been a voluntary limit for future vehicle C02 emissions agreed 
by the manufacturers. It is not certain that this can be met using conventional technology, 
and it may be important to consider alternative fuels as part of the fuel mix.

• A brief examination of promising niche markets for the short term, e.g. the use 
of self-contained renewable energy systems in islands.

Much of Europe has island communities, usually with poor energy service provision. 

Many have self-contained electricity generation systems, often diesel-powered and may 
benefit from the use of alternatives such as hydrogen-ftiel cell systems. In addition, they 
are often the target of specific EU research and development funding.

In addition, it may also be valuable to pick specific incentives that are offered for 
transport or power generation in certain countries, cities or regions and examine these 
for transferability to other areas. This analysis will depend upon the time available once 
the other objectives have been met, and the relative importance of the consideration as it 
appears while the other work is being undertaken.

<Comparison with Japan>
As part of the work still underway for FY99, detailed discussions with Japanese 

researchers engaged in similar analysis will take place in March 2000. These discussions 
will highlight areas of overlap and weaknesses in both sets of analyses, while enabling 
areas of research that require more or less consideration to be highlighted. It should also 
be possible to begin to understand some of the key differences between the regions 
under discussion and identify opportunities.

In many cases, however, there will be similarities. The substantial physical difference 
between the two areas under consideration is the level of indigenous energy production 
and the level of import dependency. Relative fuel costs and opportunities for hydrogen 
systems may be similar. Structure and evolution of the electricity markets will affect 
opportunities. Flexibility in meeting potential environmental targets such as C02 
reductions will also have an influence. However, of equal importance in actual 
implementation is the level of political will that can be exerted on the process, and at 

present it is not clear what commitments will be made by any of the countries, other than 

perhaps Iceland.
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