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INTRODUCTION

i

Background to the study

[

The energy cricis is at present the mein ccncern of economists and
politicians, probebly because it questions many of the structures of
industrialized societies, but also - and above all - because it has
highlighted the interdependence between the industrialized and the
developing countries. The energy question therefore affects the world
order as a whole. We may also legitimately wonder if it is (or wili be)

possible *n alleviate this crisis.

All hope is in fact not irrevocably lost, thanks to the possibility
of a fresh start provided by the emergence of new sources of energy. But
under what conditions the transition can be made, to what extent and

for the benefit of whom are still very debatable guestions.

Some of these new technologies disturb the existing energy production
framework: scme, such as nuclear production, because of a very high
concentration of potential; others, such as solar energy or the biomass,
because of their very specialized, even personalized productiou. It may
then be wondered if the changes in or at least the diversif: cation of
sources of energy will not shatter the old industrial structuires. Must
we therefore be prepared for recomversions in industry? Or on the centrary,

will these new technologies not t ing reneved acti+ity to industry?

Here we come to the question which is the subject of this study:
can the development of new scurces of energy nave an influence on the

demsnd for steels?

I+ is clear how diversified the reply to *“his cuestion vill be and
how many parameters it must take into account. Although a global study
can give an indicetion of trends, a true idea of the situation can be
obtained only in so far as account is taken, on the one hand, of the
differences between the technologies and, on the other, of their geo-

graphical ani economic inpact.

There is also a tnird point, related to these two approaciles: the
quality of the steels. Advanced technolrgies are more likz2ly to demand

special steels tnan traditional technologies. This again pns2s the




question of the interaction between epergy producers and industrialized
-ountries. In other words: what will be the developing countries' share
in the demand for energy, in relation to that of the industrialized

countries in the production of steel (especially special steels)?

It is quite obvious that the limits of such & study will not parmit
consideration of prcblems of political economy; the essential otject will
be to determine the problems connected with the production of enmergy. from
both the objective and scientific points of view, bearing in mind beth the
merits and the limitations of such an approach. It is clear, however,
that a final assessment, especially at the world level, should take into

account much more uncertair. lactors than those to be considered here.

2. Presentation of the gquestion

The framework of this study therefore deals with only one aspect of

the protlem, which we shall 1ow define.

The general question with which we are concerned is simpie to formulate -

"to study the influence of the development of new forms of energy on the

demand for steel" - but much more complex in its implicatioms. In fact,

it involves not only making a global calculation of fcrecast demand for
steel, but also defining the importance of each parameter involved. We
must therefore begin by replying to a series of special quesiions, before
producing a balanced reply in the form of a synthesized evaluation. The
belaace of this final reply obviously depends on the calculated results
of each preliminairy study. In order to balance this reply by dealing
with each parameter, a small model has been developed for computerized

treatment.

Before defining the me+hod of work, however, let us try to define

the questions *o be tackled.

(a) 1Is there a foreseeable global evolution of world demand

for steel aroused by the energy szctor?

{b) What will be che share of the new energy production

technologies in this evoluti-n?

(¢c) What will be the geographical distribution of thece technologies

and treir impact on the iron and steel industry?




(d) Is the evolution of energy production developing towards

an ever-increasing demand for special steels?

These are the four preliminary gquestions which must be answered
before deciding whether or not the demand for steel can be reactivatad
by world energy developments; they are therefore “he four sections irto
which this study will be divided.

3. Bibliographic research

To obtain material for this st dy two kinds of bibliographical

research were necessary:

A collation of objective data expressed in figures, to be

used in preparing basic numerical calculations;

An analysis of works of synthesis and special studies done on
the subject.

Although there are plenty of figires in the energy and industrial
statistics of the various countries, as well as the studies undertaken

by Sovernments, basic works on the subject have been found to be very rare.

In addition to the bibliography available at ITASA, the PASCAL data
bank of CNRE, Paris, was also consulted. We were, however, able to obtain
only one title: "Envirsi~1:71 Resource Assessment Programme. Department
of Encrgy, pub. No. D 0.&./57-0020/1" (2).

On the cther hand, the bibliography consulted has always listed a
profusion of studies and assessments concerning the influence of the
energy crisis on iron and steel, or on the energy requirements of this

industry.

All the literature available at the time of this study is listed
in Annex 1. The discvszion of individual publications will be focund in the
body of the study. The small number of works makes it unnecessary to

undertake a critical confrontation of the different argumerits.

The basis of the study is therefore the report by the Rnergy
Systems Program Group of IIASA (Laxenburg, Austria) entitled: Energy in a
Finite World: A Global Systems Analysis (2 volumes, 827 pages),
Wolf Héfele, Programme Leader, Ballinger, 1681 (1}
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It is in fact the only global study which can suprly energy scenarios
at present. The c¢alculations are therefore based on the data given in
these scenarios. The information the report contains can also te completed
by the special study by Arnulf Gruebler (IIASA) on the energy chains

approach (6).

For the data in figures both quantitative and qualitative, the basis
is the data of the annual report prepared for the "Jnited States Department
of Energy, published by Bechtel National Inc. (3an Francisco) entitled:
"Resource Requirements, Impacts and Poiential Construints Associated with

Various Energy Futures", 1978 (3).

Specific data will be added for solar <nergy (7).

It will easily be understood that a hierarchy in the importance of these
dota becomes established by the very nature of their content, but that
their qiality irrespective of this hierarchy is not 2lways equal. Jne
example is the absence of tables setting out the global results approach
in the IIASA study; or agzin certain percentage errors in the Bechtel
report. A critical eye must therefore be kept on the data throughout this
study.

L, Explanation of the metnod

As shown in the summary at the beginning of this report, the study
itself is based on four chapters analysing the different parameters with
a fipal chapter synthesizing them. The four analytical chapters are

constructed as follows:

- A study at the world level of the demand for ferrous metals,
directly based on the report. of the IIASA Energy Systems
Program Group (1). The aim of this study is not to set
guidelines for the subsequent znalyses but on the one hand
to establish some basis for comparison between a broad assess-
ment and the partial ccmeclusions reached in a detaileu study
and, on the other hand, while serving as a starting point for
critical reascning, to highlight the crucial elements in the
interaction between the evclution of energy production and tae

iron and steel incustry.

- An analysis of the Bechtel data (3), 1ncluding the justificatior
of their use and their conversion to & standard unit usable in a

more general comparative framework. Here this analysis pleys

Do | ‘ ‘ : ‘ C : ‘




the role of a data bank. Orn it will be based all subsequent
calculatiors. It is in fact a matter of zollating the Tigures,
classified according to the type of technology and the quality

of the steel used.

This analysis of data forms part of the pre-assessment work,
just as the ITASA global scenarios (1) will define the cpera-
tional structure of the evaluation, this snalysis will provide

the indispensable numerical elements.

- A comparative analysis of some simplified chains. With this
chapter, we approach the structural situdy; in fact, it int.on-
duces the idea of secondary enmergy, i.2. it deals with vhat
happens to crude ore from its extraction until its final con-
sumption. This is called the "energy chain". Consideration

of this factor makes it possitle to correlate gross results,

since we then take into account the productivity of conversion
plants. This also introduces the by no means negligible

factor of the transport of primary sources of energy and secondary
converted sources, the former to the conversion plants and the

latter to the final user.

The analysis of simplified chains applied to the "high' ITASA
scenario. This is as it were the crossroads of the preliminary
analyses. It is in fact here that the main body of the evalua-
tion is centred, on the structural basis of the ITASA scenarios,
taking into acenunt the idea of an energy chain and parameters
taken from Bechtel (3): the types of steels, the types of
technology. '

This analysis enables a micro-model applicable to any scenario
to be developed on these same bases. This should make it
possible to vary the replies according to the scanario chosen,
without forgetting, bowever, that whatever the scenario the
reply obtainad will e indicative only in the framework of the

scenaric and not "the" true one.

This analytical method has been applied to the example of the
IIASA "high" - there-x re cptimistic - scenario, in ord:r to

base the asgsessment on a quaatifiable scale of values.




A "regionalizad" example applied to oil has also been included,
providing an indication of the relations between consumers and
producers of sources of energy and steel. The lack of usable

data has restricted this factor to a single exauple.

The last chapter ¢éraws conclusions from this study as regards
methodology, the over-all view and the regionalization of the vproblem.
The principal lessons provided by this study will be giv:n urder the
heading "Note".

The bibliography, the Bechtel data and those fc* solar energy and
the development of the micro-model referred to above wiil be found

annexed.

II. GLOBAL EVALUATIOR

5. The spirit of the ITASA study

The following principles underlie IIASA's approach to the energy

guesticn:

Generalized vision and analyses, i.e. not yielding to the
constraints of short-term views, which are necessarily affected

by a political context:
Systemized analytical methods;
Homogeneity in takinz account of factors.

It should be borne in mind that IIASA's approach was intended to be
objective, and consequently without any pragmatic consideration or

political, economic or other competitive spirit.

It therefore adopts the geographical framework of the whole world

and the time frame of the next 50 years.

The countries of the world are split up into seven regions

according to the following criteria:
R.I: North America - rich in resources, developed market economies

R.II: USSR ana Eastern Europe - rich .n resources, developed

centrally planned ezonomies
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R.III: Western Europe, Australia, Israel, Japan, New Zealand,

South Africa - poorer in resources, developed market economies
R.IV: Latin America: rich in resources, developing market economies

R.V: South and South-Eas* Asia, Central Africa - relatively few

resources, generally market economies, developing

R.VI: Middie East and Nort.. \frica - rich in resources (oil, gas).

economies in transition

R.VII: China and Asian countries with centrslly planned economies,

developing, modest resources.

Within these geographical and time frameworks, the ITASA study makes
. special point of investigating a selection of constraints at the world

level, alcng the following lines:
Relative development of regions;

Availeble resources (for the period under comsideration) for the

different forms of energy;

Global constraints (human or technological) relating to each

main type of technology.

The results of ‘hese aralyses will be taken into account as objective
indices, which will serve as sgvoss (and constant) calculation factors in

order to make the final evaluations homog:@neous and comparabie.

6. The results published by IIASA

On the basis of the global study published by IIASA (1) the materials
requirements have been evaluated for eacii of the energy strategies envisaged.
These assessments of course take intc account the regionai.zation
described above and the demographic evolution related to it. The strategies
described are also based on: on the one hand, a "high" scenario which
considers that energy consumption will attain 35.7 TW-years/year in the
year 2030, or approximately four times that of 1975 (8.2 TW-years/year);
on the other nand, a "low" scenario, which is less optimistic and evaluates

at some 22.4 TW-years/year the energy consumption in the year 2030.

These two sScenarios make it possible to foreses two perspectives in
the future, one relatively optimistic, the other less favourable. In no

case does either claim to be anv sort of a provhecy.




Thus, if the "high" scenario is ‘aken as a basis, wity the aim of
contemplating - rather favourable future, the figures for the world
demand for ferrous metals compered with those of world ec-onomic growth
seem of little significance. Table . shows this comparison tased on

the estimates on pages 645 and 433 (1):

Table 1

Comparison of the growth rates of the demand for
ferrous metals and cf the world economy

Year 1975 1980 | 1985 | 1990 | 2000 | 2015 | 2030
Ferrous metals
index - base TS 100 -} 135 180 250 4Co 530
Growth of the demand
for ferrcus metals - 5 2.5 3 2
% per year
World economic :
growth - % per year 4.7 3.8 3 2.7
T. Comments on these results

In *he light of this table, two comments should be made:

First: 1I% can be noted that in general the growth of the demand
for ferrous metals is less than that of the world economy. In
other words, even the "high" scenario does not appear at all
odtimistic about the development of the iron and steel industry =~
in general, that is. This would tend to show that even if the
energy sector could have a stimulating effect on the iron and
steel industry, that effect would not be significant at the

world level.

Second: The world economic growth rate decreases regularly
(4.7 per cent for 1975-1985, 2.7 per cent for 2015-2030), where-
as that of the demand for ferrous metals is irregular, since it

snows an increase {or the peiiod 2000-2015. We may justifiably




assume that over this period somc stimulating factor

+ill maxe itsel: felt.

The result is that the growth of th. demand for ferrous metals
Tor energy requirements will remain lower over all than that of the world
economy. Coasequently, it does not seem that the global impact of
energy production on the iron and steel sector should be siguificant

before the period 2000-2015.

Tt remains to be considered not on.y on what Zactors this supposed
"revival" for £000-201. depends, but also whet_.ar it will be confined to
one specially fortunate sector or will extend to steel production as a
whole. In other words, it is important .o ask ourselves what production
technologies will justify this revival ~ unless it is a mass factor
parallel to demography - and what “ypes of steels are required for each

of them.

LYSIS OF BECHTEL DATA

: of the data

_% should be remembered that here it iz a question of setting up a
kind of data bank which could be used in the framework of the analyses.
These data must be both sufficiently diversified and reliable.
Corsequently it is necessary on the one hand co collect figurss for each
technology, on the other to find out to what 2xtent they are reprz2senta-
.ive at the world level. The data are arawn from "Resource Requirements,
Impacts sad rotential Constraints Associated with Various Futures" (3).

We shall refer principally to appendix B to this report.
The main points are:
(2) As regards petroleum production:

1. Onshore extraction;
2. Offshore extraction;
3. Extraccion in North Alaska;

(b) As regards gas production:

1. Conventional onshore extraction of natural gas;
2. Assisted onshore extraction;
3. Offshore extraction;




(c)
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As regards coal production:

1. Opencast mining (East);

Opercast mining (West);
As regards coal gasification:
1. High BTU gasification;
As regards the liquefaction of coal:
1. Heavy fuel liquefaction;
As regards electricity production:

1. O0il-fired power-station: 800 Mw(e);

2. LWR (1100 MW(e)) nuclear power-station;
3. Breeder reactor (1000 MW(e));

L. Hydroelectric project (200 Mw(e));

5. Solar power-station (100 MW(e)).

These production references for primary and secondary sources of

energy must be completed by data concerning their transport or distribution:

(a)

)

As regards oil:

1. Traditional pipeline;

2. Pipelire for the transport of petrol from Alaska;

As regards gas:

’-—J

Gas pipeline;

n

Distribution plant;

As regards electricity:

._J

High-tension line : 230 kV alternating
2. 345

3. 500

L. 765

5 LOO kV direct
&

Overhead distribution line.

The data concerning a solar power-station with a capacity of 100 MwW(e)

planned for central Spain in the year ?010, the coefficients of which have

been calculated from the information given by Mitre Corp. (7), will also

be taken into account.




- 1Lk -~

The *cnnages of steel required for each of these categories are

givern under three headings:
Carbon steel;
Alloy steel;
Stainiess steel.

These gross data will therefore be reduced to percentages; then their
total will be compared with the production or transport potential, giving
a ratio between a standard production and the corresponding demand for

steel for each .echnology.

The characteristics of these plants, as well s the unprocessed dats,

will be found in annex 2.

9. Conversions to the standard unit: IW-years/year

In order to make the values of all these data homogeneous and
comparable, they must be converted to a standard unit, valid for calcula-

tions all over the wo—l1d, the terawatt-year per year (TW-year/year).

We give below the conversion factors which have been used for the various
units.
(¢) 0il production or pipeline flow are given in
(M)BpD ({millioms of) barrels per day)
9

1 TW-year = 5.2 x 107 barrels
»
therefore 1 TW-year/year = -ELJLJZ%g £ given in barrels/day
5.2 x 10

(b) The production or flow of gas pipelines are given in

M cu £t (millions of cubic feet)

30 x 1012 cu ft

»
X x 365 X given in millions of
30 x 10 cubic feet/day

1 TW-year

therefore 1 TW-year/year

(¢) Coal production is given in Mt/year
(millions of tonnes per year)

9

1 TW-year = 1.1 x 10” tonnes
therefore 1 TW-year/year = X 3 X given in Mt/year
1.1 x 10

* Depends nn “he uumber of operative days per year.




Note:
to ST (short ton)

1 ST

therefore 1 tonne

907.2 kg

X x 0.9772

Tlectricity production is given in MW(e)/year

1x 106 MW(e)

Sometimes, especislly for steel demand, the reference is

X given in sbkort

tons

1 TW-year =
therefore 1 TW-rear/year = E—E—JLK- X given in Mi(e)
1x10 A = availability of
the nlant
10. Tg .25 of data
Table 2 A. 0Qil production
1. Onshore 1.281 x 1o'h 67,064,012 8,59G.5 91.77 8.09 0.1k
2. Offshore 1.40k x 1073 33,334,053 46,871.211 93.50 6.3 0.16
3. North Alaska  1.263 x 1072 1,487,922.9 18,799.906 94.50 L4.9T 0.53
Total steel/ y4
Prcduction production Totel 7 % stain-
TW-years/ steel/TW=- steel carbon alloy less
Units year years,/year tonnes steel steel steel
Table 2 R. Gas production
1. Corventional -
onshore 3.65 x 10 41,998,135 15,329.319 92.k1 T7.k6 0.13
2. Assisted -3
onshore 2.533 x 10 10,287,211 206,057.206 91.93 T7.98 0.08
3. Offshore 3.042 x 1073 32,821,136 99,841.89€ 94.13 5.77 0.09
Units Idem Idenm Idem Idem Idem Idenm
Tap'e 2 C. Coal production
1. Opencast -3
East 3.636 x 10 4,882,736.8 17,753.631 92.0L 7.52 0.bb
2. Opencast -3
West 5.455 x 10 1,509,926.5 8,23€.6L9 93.53 6.02 0.L6
Units Idem Tdenm Idem Idem Idem Idem




Table 2 DE. Gasification ané
liquefaction of coal

1. Gasifica-~ -3
tion 2.750 x 10 56,591,680 155,627.119 8€.7h  8.81  k.LS
2. Liquefac- -3
tion 1.505 x 10 30,245,565 45,519.575 87.93 T7.97 L.1o
Units Idem Idem Idem Idenm Idem Ifam
Table 2 F. Electricity production
1. Oil-fired L
pover-station 4.4 x 10 56,390,515 24,811.827 92.37 5.56 2.07
2. LWR nuclear L
pover-station 7.81 x 10 63,682,766 L9,736.2k0 87.41 8.8 3.70
3. Breeder o
reactor 7.10 x 10 L6 ,02L ,683 32,677.525 35.48 9.7k 4.T7
h. H}'dro- —-h
electricity 1.12 x 10 89,922,1L3 10,071.280 97.10 2.59 0.3
5. Solar 4.0 x 107 1,675,000,000 67,000 90.00 9.00 1.00
Units Idem Tdem Idem Idem Idem Idem
Table 3 A. 0il transport
1. Traditional -2
crude oil 5.5385 x 10 377,419.291 57,569.000 99.73 0.21 (.02
2. Alaska 0.13461538 430,595. 360 654,132.913 99.39 C.S5 0.06
Total steel/trans- 11
Transport port tonnes steel/ Total % staip
TW-years/ TW-year:/year for steel carbon aliloy Lless
Units year 100 km tonnes steel  steel steel
Table 3 3. Gas transport
Pipeline 9.96 x 1073 2,b19,757 58,179.6L3 99.83 0.15 0.02
Units Idem Idem Idem Idem Ider Idem




..

Tapie 3 F. Electricity transport

230 ¥V ac.
345 kV ac.
500 kV ac.
4. T65S kV ac.
5. 2100 KV dc.

N

oW

Units

1.625 x 10"1‘ 15,146,155 19,805 98.L8 1.42
3.9 x 1o'h 7,093,16k 22,260.69 98.LkT7 1.L3
7.8 «x 10'1' 5,058,666 31,751.527 96.23 3.5k
1.625 x 107 2,648,088.2 36,626.16  9L.46 5.38
9.75 x 10‘h 5,586,576 70,127.6% 76.75 22.98

Idem Idem Idem Idem Idem

o O O
(S

.13
0.16
0.26

Idem

Comments on these data

Some comments are called for with respect to these data.
(a) Table 2 A

With regard to thne figures obtained for a plant producing

1.281 x lO-h TW-year;/vear of crude oil onshore, it must be
remembered that this refers to North Americar extraction

cor  "~ns, These data are therefore not applicable tc produc-
tiol Pia. .3 with easier conditions. In fact, it may be noted
that onshore extrsction requires nearly double the amount of
steel needed by offshore extraction to produce an equivalent
quantity. These data (table 2 A (1)) cannot be taken into
account in a global study.

(b) Table 2 C

The Justification for taking account of the extraction data for

the East as compared with the West of the United States lies in

the difference in the quality of the deposits. The recovery rate,
i.e. the ratic of the volume required to the volume of dead ground
cleared is much higher in the West than in the East, which means
that with a smaller production the mines in the Eastern United States
have a much greater demand for steel. It was therefore necessary

to have data on optimum extraction conditions and on more difficult

conditions.




(e} Table 2 DE

Although this does not appear explicitiy ia the table, the
production rates of the liquefaction plents, and especially *hose

of coal gasification cdescribed in Becntel (3), pose a problem.

With regard to liquefaction, Bechtel's figures give a productivity
of 50.20 per cent (R = 0.502) - since thers are ore inputs of
3.00 x 1073 TW-years/year for a production of:

1.505 x 10~ TW-years/year.

The production rate is therefore low, but acceptable. On the o*hes
hand. for gasification, according to the figures published, tke rate
is exceptionally lcw and therefore unacceptable. For cre inputs of
§.25 x 107
2.75 x 1073
would then ve 33 per cent (R = 0.33). Now the average rate for

TW-years/year, Bechtel's data indicate a production of

TW-years/year only. The productivity rate of this plent

such a plant is st least 60 per cent and can even be ac nigh as

78 per cent productivity.

It mst therefore be acmitted either that there is an error in these
particular dats, or that they have veen established on the basis of

obgsoslete technology.
(d) Table 2 F

If the data on electricity production described here (cf. annex 2)
are compared with thcse published by Electricité de France, it may
be noted that the figures given are roughly comparable. Wwe shall

therefore keep to those of Bechtel.

One comment is, however, necessary concerning the hydroelectric
project installations. A typical dam can in Tact not exist since the
type of dam depends entirely on the site, so that the reserroir
capacity and the head depend essentially on the site. And it is
precisely the construction of the dam which needs most <teel. T7This

therefora is only an exsmple which can be taken as an average.

Lastly, data concerning a solar power-station have been calculated
from the information given by Mitre Corp. (7), and are to be treated

as indicative.

The figures obtained cunnot be considered sufficiently representative

of a technology to be taken into account. However, they do indicate




that a solar power-station (at the present state of technology)
requires an excessive investment in steel in comparison with the

other technologies under comsideration.
(e) Table R

With regard to transport, whether that of primary or secondary
sources of energy, the unit chosen must be as suitable as possible

if it cannot be ideal. We shall therefore adoprt an average measure-
ment of distance allowing for adjustments as necessary. We should
emphasize that there is no proportional relationship possible between
the quantity of energy transported and the length of the pipeline

or electric cable. This choice is made on the basis of convenience.
We shall therefore use tonnes of steel/TW-year/year for 100 km
(t/TW-year/year/100 km).

In the rest of the study, we shall adopt the ocvtion of specially
favouring those *technolcries with the most inteasive demand for
steel in order to make the estimate more radical in the initial
stage, since the over-all results drawn directly from the IIASA

scenarios are not decisive.

IV. COMPARAT.VE ANALYSIS OF SOME SDMFLIFIED CHAINS

12. The notion of an energy chain

The principle of an energy chain is that of following a source of

energy upstream from i1ts production and, atove all, downstream. In other

words, it is a matter of linking primary and secondary and then final energy.

A given raw source can be used as primary energy or undergo corversion
operations before being distributed as secondary or final energy. In
addition to further processing installatioms, the chain should take 1into
account the necessary transport and distribution. All these operations
are subject to various constraints (cf. Gruebler (6)), which include in

particular the demand for steel.

Let us take the example of coal:

B ——
———————
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1. The extraction requires mining installations

2. Once ex*racted, the coal may:

2 Be used as raw fuel —F¥ boilers

L. 3e used ia the production of energsy ——» turbines

5. Be liquefied and (a) have to be transported by an oil pipeline
(b) be usea as fuel oil (cf. fuel oil)

6. Be gasified and (a) have to be transported by gas pireline
(b) be used as gas (cf. gas).

It may be noted that there are intersections tetween the different

primary chains (liquefied coal —— fuel
gasified coal —————3 natural gas).

In the rest of the study we have retained only & few important inter-

sections, describing the following skeleton chains:

_ v Pan s .
Coal ) Open-cast —— Liquefaction —> 0i1
extraction v oteam coal
. Offshore N A
91l ———> extraction 7 01l
Onshore \ Gas
G .
EC 7 extraction ‘
Nuclear ———> LWR —_———
Breeder ..
L3 reactors — Electricity
Hydroeleciricity ——— Hydroelectric dam S {

Hydrcelectric power cannot be taken into account for the reasons
given above (cf. section 11.d.): the scale factor and the specific

~haracteristics of the site.
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V. AWALYSTS OF THE SIMPI.IFIED .TAINS AS APPLIED TC THE
"AIGE" IIASA SCENARIO

15. Reminder concerring the scenario

The IIASA scznarios (1) give values in figures at the wor'd level orly.
Although calculations were made for each of the seven regions of the world
(e¢f. section 5) through an energy demand model, no data for any individual
technology have been prepared from the regicnal point of view. What can be

deduced from it is therefore too imprecise to snswer our question directly.

Consequently, the work still ~emains to be done, since no equivalent
study exists - apart from that by Arnulf Cruebler (6), which deals only
with a very minor aspect of the problem. The global primary energy supply
in TW-years/year, according to tables 17-2 on pages 522 and 523 of
volume 2 and 8-10 on page 145 of volume 1, is shown in the following table:

Teble L

World demand for primary energy: TW-years/year

197¢ 2000 2030

0il 2.83 5.89 6.83
Gas 1.51 3.11 5.67
Coal 2.26 L. ok k.98
Liquefied cocal Q.00 0.00 *7.13
LWR 0.12 1.70 3.21
Breeder reactor 0.00 0.0k L.88
Hydroelectric -power 0.50 0.83 1.46
Solar 0.00 0.10 0.49
Cther 0.00 0.22 0.81
Total 8.21 16.8L 35.65

The ITASA "hig." scenario therefore ccvers two periods:

1975-2000: The structure of the primary energy supply remains
mainly comparable with that of the present day,
apart from LWR.
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With regard to new “echnologies, solar emergy does
not begin wmtil 2000; the same applies to the licue-
faction of coal, which is in its very early stages,

and breeder reactors.

Gas however will double betweern 1975 and 2000.

0il remains the priority fuel over this period.
2000-2030: Changes will be introduced at the technology level with:

The introduction of breeder reactors; an increase in

the role of electricity;

The liquefaction of coal; diversification of liquid

fuel sources;
The emergence of colar energy on a commercial scale;

The emergence of cther renewsble sources of energy,

such as biomass.

16. Raw processing of the data: global case

A diversified study by technology must therefore be made in order to
arrive at a more precise estimate of the Jemand for steel. It would also

be desirable to undertake a sensitivity analysis adapted to each region.

On the basis of the data collected and discussed in chapter III and the
indices for growth and useful life of each technology published by IIASA,
a first set of culculations has been established concerning primary energies.
The calculation principle is as follows: one applies to the typical demand
for steel Ly technology the investment coefficient established by five-year
period on the basis of IIASA growth indices.

Calculation of growth rates by five-year period:

I -
LM (¢) =M (t=1) + 5 A

where M (t) = production at time t by technology

t = year (from five to five)

>

growth in TW-years/year.

e




Calculation of gross investment by technology and by five-year

periods:

S (2) =5 A+ SHMEDL L 102 [——-“ e +A(1+5"-)]

T T T

where T = useful. life of the technology (average estimate).

The calculations conceraing M (t) and §M (t) by technology, as well
as /\ and T, will be found in annex 3.

Tne demard must then be calculated according o the types of steel,
in order to measure their importance concurrently with the development of
individual technologies. For this purpose, the percentage coefficient
obtained from the Bechtel dats (cf. section 10) will be zpplied to the
total result; this will give a distribution cf the evelution of the demand
according to the type of technology and the tyve of steel.

A first set of results applied to prinary energies will then be

obtained: see table 5 below.

17. Discussion of demands for steel

From this first unprocessed set of data, the yearly growth rate
of demand for steel due to the evolution of the energy sector can be
calculated for each period, as well as the share of each techmology in
the demand.




Evolution of worlid demsnd for steel for vrimary energies:
0il, gas, ~oal, hvdroelectricity, nuclear

in thousands of tonnes/year (average over S years)

Year: 1980 1985 199 1995 2000 2005 2010 201 2020 2025 2030

Total Carbon steel 22710 24895 27082 29266 31451 46281 50402 54522 SB642 62762 66883
Alloy steel 1668 1840 2012 2184 2356 8w 4178 4553 4529 5304  5A19

Stainless steel %R 230 2%7 289 312 977 111 1286 1380 1515 1649

Total steels 24580 26965 29351 3ITIS 34122 51060 55697 60321 L4951 69%81 Tam

011 Carbon steel 10885 11742 12600 1457 14314 13386 13712 14038 14363 14889 15016
Allcy steel 738 796 854 912 g10 908 930 952 J74 996 1018

Oftshorg Stainless steel 19 20 21 23 24 23 23 24 25 25 26
production Total stesls 11642 12538 13475 14392 15308 14317 14665 15014 153& 15710 16060
Gas Carbon steel 5662 G283 6504 T7S25 846 10105 11030 1954 12880 13305 14729
Alloy steel 457 o7 587 so7 658 816 890 965 1040 114 1189

Stainless steel 8 9 10 11 11 14 15 17 18 19 21

Total steels a7 67199 T4 8143 8815 10935 11935 12936 13938 14938 1593¢

Counl Carbon steel 28 293 38 e 169 586 641 & ™= ao7 862
Cpen-cast mine, Allocy steel 17 19 20 2 24 3 41 45 48 52 S5
Wes: USA type Stainless steel 1 1 2 2 2 k) 3 3 4 4 4
Total steels 286 m 10 i8 395 &7 8% 745 804 863 921

Liquefaction Carbon steel 0 0 0 0 [¢] 6137 12714 8a10 9%46 10683 11820
of coal Alloy steel 0 0 0 (<] 0 556 &59 16 865 966 1071
Stainless steel 0 [} 0 ] 0 286 339 R 445 498 551

Total steels 0 [+] [¢] 0 0 6979 8272 9564 10856 12149 13442

Nuclear Carbon steel 3976 4561 5148 5735 63120 6143 6610 7076 71544 8010 8478
LWP Alloy steel a04 464 523 583 643 €2y 672 T20 167 815 862
(pressurized Stainless steel 168 193 218 243 268 260 20 300 319 339 159
vater!) Total steels 4548 5218 289 6561 N 7028 7%62 8096 3830 9164 9699
Huclear Carbon steel 0 0 ] 0 0 823 7880 8938 9996 110%4 12112
breeder reactors Alloy steel 0 o] 0 0 [¢] ™ 898 1018 1139 1260 1380
Stainless steel ) 0 0 0 0 181 440 499 558 617 676

Total steels 0 ] 0 ° 0 7981 9218 10455 11683 12931 14168

Hydro- Carbon steel 1919 2018 2111 2205 2303 )00 1295 1409 3560 3713 3866
electricity a/  Alloy steel L L7} 56 89 61 83 37 Ell 95 93 103
Stainless steel 6 [ 7T 7 7 10 10 11 11 12 12

Total steels 1976 207% 2174 2n 2371 3194 3182 1510 1667 824 3981

a/ Corresponds to the Bechtel data base. Is to be taken as an indication. A

senszitivity analysis should be done on these coefficients in order to improve the
result, especially for <he developing countries.

R ——




Table 6

Growth raie of steel demand by periocd

percentage/rvear
Pericd 1980-2000 2000-2015 2015-2330
Growth of world steel demand 1.65 3.87 1.39

Grrwta of demand for special

steelx
(alloy + stainless) 1.79 5.31 1.57
Table 7
Share of =ach techrnology “n *he worlé demand for steel
in percentages

Year 1980 2000 2005 2015 2030
0il 7.3 Ly, 8 28.0 24 .9 21.6
Gas 25.0 25.8 21.0 21.u 21.5
LWR 18.5 21.2 13.0 13.k 13.1
Hydroelectricity 8.0 7.0 6.3 5.8 c.L
Coal 1.2 1.2 1.2 1.2 1.2
Breeder reactor 0 0 15.6 17.3 19.1
Liquefaction 0 0 13.7 15.9 18.1

The choice of years for establishing this table was based on the
results set out in table 6, which show clearly that there will be an
acceleration of growtih during the period 2000-2015, due above all co
the emergence of technologies with a large demand for special steels.
The precportion of special steels, due in fact to the development of
advanced technology encrgies (breeder reactors, up to .9 per cent in
2030), increases by 275 per cent over the whole of this per:iod:

0.8 per cent in 1980; 2.2 per cent in 2030.
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This first global estimate on the basis of IIASA's "high" scenario

brings out several points:
The confirmed importance of oil up to the end of the period;

The constant importarce of the share of gas (25 per cent in

1980 - 21 per cent in 2030);

The acceleration ~f the growth of demand for steel bhetween
2000 and 2015;

The role played by the emergence on a commercial scale of
advanced tochnology energies - breeder reactors, coal lique-

faction, solar - éuring the first years of the century.

This assessment, however, cannot be final, because it does not
take iato account the distribution factor steel demand/production.

That is the whole problem of a study by regionms:

1. What regions demsnd special steels?
Do threy produce them?

2. Will the development of oil or coal in developing regions
rich in resources not be accompanied by simultancous

acceleration of the growth of the local iron and steel
industry?

Or will it favour the developed countries which are poor
in rescurces?

18. Pegionalization of the discussion

Regionalization seems to be a decisive elemert in assessing the
impact of energy evolution or the demand for steel. One study per region,
however, comparable to the preceding general study (cf. sections 16-17T)
needs regional data; the IIASA report (1) gives them only in the form of
relatively imprecise diagrams. Consequently, an accurate estimate cannot

be produced on the basis of the ITASA scenarios, which is regrettable.

In order to reply to the gquestions raised above (cf. section 17)
concerning whether or aot certain regions have the capacity to produce the
steel necessary for their energy requiremerts, it would be desirable to

have access to such data.




It would in fact be interesting to look at the UNIDO steel scenarios (8)
from the point of view of the IIASA energy scenarios (1) or, more gererally,
from the point of view of any energy study. Discussion by region of
synthesized studies concerning all the technologies of the region would

provide a more dynamic view of the evolution of the demand for steel.

The study at the world level shows that there will be a period of
accelerated growth between 2000 and 2015, but on a global average. It is
obvious that this growth in the demand for steel will not affect all regionms
to the same extent. It is very probable that the customers for increasing
amounts of carbon steel will not be the same as those for special. steels,
because of the difference in the technological level. It would be important
to know, for example, whether new regions producing petroleum offshore are
not also capable of developing a self-sufficient iron and steel industry
(Latin America). It is just as important to know whether advanced
technology energies can be developed in developing regions which would not
have sufficient means to produce special steels, * concurrently with

irdustrially developed regions (regions I amnd III).

It has been feasible to undertake this study by regions for only
one strategy: oil production offshore znd by liquefaction of coal. It
must be possible to generalize it, not only for all energy strategies but

also for all strategies within each region.

19. The case of 0il: an example of a regioral study

The "o0il" strategy includes four items of data p:2r region:
The demand for oil;

The production of crude oil;

The production of synthetic oil by liguefaction of coal;
The “ransport and distribution requirements.

Only the first three are taken into account in the followiag results,
the problems of :trangport and distridbuticn being left open. Moreover, for
the reasons set forth in section 11 (a), the production of crude oil is

calculated on the basis of offshore extraction only.

* (Regions V and VII).
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In the case of region III and region V, vhich are ixporters of
crude 0il, one traditionally, the other as from 2000-2005 (if we use
the IIASA data), s sensitivity analysis must be made. The study of the
demand for steel must be basei on the demand for energy and not on
production. In this case, global demand has been transferred to

petroleum.

For region III the hypothesis has been adopted that the region
should itself supply all tne equipment aecessary to the production
of the o0il it imports.

For region V, the aim is to assess the demand for steel cor-
responding to the total demand for oil, in order to define the gaps
in ste.. production that the region cam or camnot fill. Moreover,
for Africa, where recent prospecting has led to the discovery of off-
shore reserves, the IIASA figures may be considered aomevhat low.
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Table 8

Evolution of demand for steel related to ITASA o0il strategies by region in millionsg of tonnes per year

Year: 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

0il Carbon steel 1523 1482 2713 2905 3196 2426 1415 2730 2149 874 1448
(offshore Alloy steel 103 100 104 197 217 164 96 145 148 59 98
production) Stainless steel 3 3 5 5 5 4 2 5 4 1 2
Total 1629 1585 2902 3107 g 2594 1513 2920 231 934 1540

Liquefaction Carbon steel o 0 o 0 345 581 1596 655 1042 2183 1791
of coal Alloy steel 0 (0} 0 4] 31 53 15 59 94 198 162
Stainless steel 0 C 1) (4] 16 21 14 30 49 102 U3

Total o (o} o 0 392 661 1815 744 1185 2483 2036

0il Carbon steel 1806 1669 171 1794 1856 1848 1677 1020 1519 1519 1519
(offshore Alloy stee) 122 13 17 122 126 125 14 69 10} 103 103
production)  Stainless steel 3 3 3 3 3 k) 3 2 3 k) b}
Totai 1931 1785 1851 1919 1945 1976 1794 1090 1525 1625 1625

Liquefaction Carbon steel 0 0 (o) 0 e 115 423 1244 998 1183 1321
of coal Alloy steel 0 0 0 0 0 10 38 13 90 107 120
Stainless steel o 0 o 0 (0} 5 20 58 46 55 62

Total 0 0 0 0 0 130 481 1415 1134 1345 1503

0il Carbon steel 2693 139G 899 187 583 543} 537 545 291 541 1036
{offshore Mloy steel 183 94 o1 53 40 37 36 n 19.5 3 70
production) Stainless steel 5 2 2 1 1 1 1 1 <9 1 2
Total 2881 1486 962 841 624 587 574 583 n 5719 1108

Liquefaction Carbon steel o 0o 0 0 0 517 957 2151 2387 17948 2417
of coal Alloy steel 0 4] 0 0 0 47 81 195 216 163 219
Stainless steecl 0 o] 0 0] 0 24 45 100 111 84 13

Total o 0 0 0 0 580 1089 2446 27114 2045 27119

(continued)
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Table 8 (continued)
Year: 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030
01l Carbon steel 941 1357 1382 1648 2310 2551 2984 375 A1174 4391 4078
(offshore Alloy steel 64 92 94 12 151 LYK} 202 215 203 298 331
production) Stainless steel 2 2 2 3 A 4 5 5 1 1 8
Total 1007 1451 1418 1763 241 2728 3191 3396 4464 4696 5217
Liguetac- Carbon steel 0 o 0 0 0 0 0 0 0 0 0
-tion of Alloy steel 0 0 0 0 0 0 0 0 0 0 0
caal Stainless stleel 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 (0] 0 0
0il Carbon steel 1086 1040 1003 1066 1269 595 107 616 1090 1498 25%% \
{offshore Alloy steel 14 71 68 12 86 40 13 42 14 102 173
production) Stainless steel 2 2 2 ) 2 1 0 1 2 3 4 e
Total 1662 113 1073 1140 1357 636 200 659 1166 1603 2332 )
Liquefac- Carhon steel 0 0 4 0 0o 0 207 340 2179 311 170
tion of Alloy steel o 0 0 0 o 0 26 31 25 28 15
coal Stainless steel o 0 0 ) () 0 13 16 13 19 ]}
Total o G 0 0 0 0 326 387 37 353 193
cil Carbon steel 1527 3575 3825 4357 4619 5710 6251 5094 4994 4994 5206
(~ffshore Alloy steel 103} 242 259 295 313 387 424 345 319 39 353
proauction)  Stainless steel 3 6 6 7 8 10 11 9 9 9 9
Total 1633 3823 4090 4659 a1 6107 6606 5440 5342 5342 5560
Liquefac- Carbon steel 0 0 0 0 0 0 4] 0 0 0 0
tiocn of Alloy steel 0 0 0 0 0 0 0 0 (4] 0 0
coal stainless steel 0 0 0 0 4] 0 0 0 0 4] 0
Total 0 (4] (¢] O ] (Y Q (0] 0 0 0



Table 8 (continucd)

This is abnormal and proves that the decrease in oil production between 2025 and 2030 is
too rapid and corresponds to a disinvestment.

Year: 198C 1985 1990 1995 2000 2005 2010 2015 2020 2025 203u
0il Carbon steel 132 970 1086 1323 1440 16717 1794 1740 932 341 - 2002 -
(offshore Alloy steei 50 66 14 90 98 114 122 116 63 2} - 136 -
production) Stainless steel 1 2 2 2 2 3 3 3 2 1 - 3 -

Total 7183 1038 1162 1415 1540 1794 1918 1869 997 165 - 2141 -
Liquefac- Carbon steel 0 0 0 0 0 0 345 523 1413 1991 3898
tion of Alloy steel 0 0 0 0 0 0 31 47 128 180 353
~coal Stainless steel 0 0 0 0 0 0 16 24 66 93 182

Total (o] o 4] 0 o] 0 392 594 1007 2265 4433
:Notes: 1. These demands for steel correspond to the application of the micro-model in annex 3

to t.e ITASA scenarios, as presented in the TIASA study (1).
2. Negative figures appear for the demand for steel caused by oil production in region VTI,
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Table 9

Evolution of the demand for steel corresponding to an oil production (by offshore oil technology,
equal to the demand of importing regions IIT and V

Year: 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

011 production Carbon

corresponding steel 3325 UM 3829 W25 4112 451 4407 4765 4761 4765 5011
to the demand Alloy
of region IIT  steel 225 235 260 259 279 306 299 32} 32} 3213 310
Stainless
steel 6 6 1 1 7 8 8 8 8 8 B
Total 3556 3712 4095 4091 4398 4825  4T14 5096 5092 5096 5359
1651 production carvon ) B T
corresponding steel 608 1024 978 1365 1977 2006 2801 2984 3529 3925 4532 w
to the demana Alloy (o
of region V Ste?l 41 69 66 93 14 136 190 202 2319 266 307 !
Stainless
steel 1 2 2 2 3 3 5 5 6 7 8
Total 650 1095 1046 1460 2114 2145 2996 3191 3774 A197 4847

Notes: 1. For region 1II, the demand for steel corresponding to the production of the demand
for petroleum is always higher than the demand for steel corresponding to domestic
production of petroleum and synthetic peiroleum combined. Petroleum imports make
up the difference.

2. The same is not true of region V because it is an o0il importer only after the year
2000.
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vI. GENERAL CONCLUSIONS

20. Bibiiographical analysis

Since the literature does not approach the question from tlk2 point
of view c¢f a possible reactivation of the irom 21d steel industry by
the agency of the energy sector, the bibliographical analysis could relate
only to general studies on energy.

It has been concentrated mainly on a methodical consideration of the

report of the ITASA Energy System's Program Group (1).

As a complementary study, Arnulf Gruebler's analysis (6) on %he
comparison of eneryy chains has provided structural e¢lements, but has not
frrnished any decisive data on the question of the transport of liquid

tuels.

Throughout the study, both the virtues and deficiencies of the ITASA
report have been noted, in particular on the one hand the effort to be
exhaustive and on the other the zbscnce of tables with figures by region
indicating the approach to the global recults.

As to the other titles in the bib’iopraphy, both Bechtel (3) and
Mitre (7) are concernad with the search for raw data which is both suificiently

precise and diversified.

In this connzsction, it will be aoted that these data are gererally in
L J
line with the scurces of the ITASA study. The only exceptiouns are the

figures for onshore oil extraction and the limited nature of the solar data.

The contents of Environmental Resource Assessment Progiamme (2) have not

been analysed, because it was impossible to obtain this work in time.
The other titles (4} (S) (8) are only given for reference.

It can be seen that the bibliography used is somewhat scaniy, and
there are probably other titles that would be seful for this study which

dc not appear in the indexes consulted.

21. Problems connected with the study

We must now sum up the problems connected with 3uch a study:
The dearth of reference books available has just been emphasized.

The number of parameters means that the data are scattered and that

it 5 got always easy o 23tabliin how they correspond.
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The only usable energy scenarios are those of IIASA; they must be
accepted as a basis but is must be remembered that the results
obtained _orrespond to these scenarios. The existence and avail-
ability of other scenarios would make it possible to collate the

estimates and provide elements of comparison.

The gquestion of the transport and distribution of fluid fuels

(0il, gas) is still approached in too restricted a manner to be
integrated in the series of technologies forming the energy chains.
Only unprocessed data per country are available; the extrapola-

tion of these data at the level of a specific region of the world
brings in a scale factor which has not yet been defined. Consequertly,

the estimates according to enmergy chains ere incomplete.

Finally, the regionalization of the estimates, which is indispensable,
requires homogeneous, complete data for all the regions. The

absence of such data has hampered the work which should lead, tkrough
the development of the micro-model (cf. annex 3), to a synthesized

regional assessment.

22. The global view

The results all show that up to the year 2000 o0il is dominant. It
would, however, be interesting to study whether, in addition to oil, certain
new technologies, such as solar energy for example, have not a part to play.
Such possibilities are not contemplated by the IIASA scenario:, in which oil
and gas cover TC per cent of the demund for steel caused by the energy

sector.

Moracver, if we refer to the forecasts by Robert U. Ayres, quoted in (8),
page 21. concerning the primary consumption of iron and steel, up to the
year 2000 the ratio between the quantities of steel required in the ITASA
global scenaric, expressed in yearly terms, and the total yearly average
primary consumption of iron and steel in the world remain constant at

about 3.7 per cen*.

After 2000 the emergence of nuclear energy and synthetic petroleum
leads to an acceleration in the increase of the world demand for steel,
and in particular special steels, but the increase becomes less again

from 2015.

o
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23. The "regionalized" oroblem

If the study regionalized according to the IIASA scenario (1) is
related to the UNIDO ircn and steel scenario (3), pages 58-59, it shows
that the proportion of the demand for steel brought about by the develop-

ment of the energy sector, for 199C, where o0il remains dominant,

Is relatively small (about 2 per cent of production capacity)

in Africa and Latin America (region V and region IV),

But on the other hand is substantial in the Middle East

(region VI) (some 20 per cent of production capacity).

This is based on the IIASA hypotheses in which the demand for 0il
in region III was satisfied exclusively by region VI (Middle East -
North Africa). These hypotheses should be diversified if we want to

reach convincing regional conclusions.
2k, Note

The study has made possible the critical establishment of a data base

which can now be exploited by computer.

The ITASA energy scenarios have enabled the method to be tested.

However, certain points remain pending.

1. Estimating the size of the distribution and transpor:
networks for gas, electricity and petrolemm remains a
problem which, in the light of the data collected, may
be of considerable weight in the demand for steel,

especially for Latin America.

2. The IIASA scenarios have turmed out to be difficult to
handle because of the poor quality of the regional data.
It also appears important to be able to modify the hypo-
theses and verify their economic coherence in relation to

the scenarios developed by UNIDO (8).

The preparation of a set of energy 3cenarios which fit in with the
hypotheses of the UNIDO scerarios and take into account contrasted
hypotheses would seem to be the next stage in regionalizing the discussion.
The preparation or the data base and its computerized handling through

“he micro-model are a good starting point in this direction.
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Plant Description
. Onshore extraction of crude 365 operating days/year.
petroleum Useful lifé: 20 years.
PETROLEUM Production: 1,825 barrels per day.
Bk, Offshore extraction 365 operating days/year.
Useful life: 20 years.
PETROLEUM Production: 20,000 barrels per day.
ES. Extraction in North Al iska 365 operating days/year.
Useful life: 20 years.
PETROLEUM Production: 180,000 barrels per day.
E19. Conventional onshore 365 operating days/year.
extraction Useful life: 20 years.
GAS Production: 30 million cubic feet/day.
E20. Assisted onshore 365 operating days/year.
extraction Useful life: 25 years.
GAS Production: 208.2 million cubic feet/day.
E21. Offshore extraction 365 operating days/year.
Useful life: 20 years.
GAS Production: 250 million cubic feet/day.
E28. Open-cast mine 253 operating days/year.
East United States Useful life: 30 years.
COAL Production: U4 million tonnes/day.
E29. Open-cast mine 253 operating days/year.
West United States Useful 1life: 30 years.
COAL Production: 6 million tonnes/day.
E31l. Gasification of coal. 330 operating days/year.
Useful life: 25 years.
GAS High BTU Entry of ore: 27,500 topnes of lignite/
day. Production: 250 million cubic feet.
E34. Liquefaction of z20al 330 operating days/year.
Useful life: 25 years
Heavy FUEL OIL Entry of sre: 10,000 tonnes/day.
Production: 23,710 barrels/day.
B51. Oil-fired power- 365 operating days/year.
station JTaseful life: 30 years.
ELECTRICITY Capacity: 800 megawatts.
Production: 3,854 million xWh/year.
Availability: 55%.
E6L. LWR nuclear power- 365 operating days/year.

station
ELECTRICITY

Useful life: 130 years.

Capacity: 1,100 megawatts.
Production: 6,842 million xWh/year.
Availability: 717, ‘
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Annex 2 (continied)

Plant Description
E66. 3Breeder reactor 365 operating days/year.
Useful life: 30 years.
ELECTRICITY Capacity: 1,000 megawatts.
Production: 6,220 miilion kWh/year.
Availability: T1%
E6T7. Hydroelectric dam 365 operating days/year.
Usetul life: 60 years.
ELZCTRICITY Capacity: 200 megawatts.
Production: 981 million kWh/year.
Availability: 56%
T1. Transport by crude oil 360 operating days/year.
pipeline Useful life: U0 years.
Length: 150 miles. Diameter: 36 inches.
Transport: 800,000 barrels/day
T2. Transpoirt of oil from 350 operating days/year.
Alaska by pipeline Useful l1.fe: ULO years.
Length: 800 miles. Diameter 46 inches.
Transport: 2 million barrels/day.
T17. Transport of gas by 360 operating days/year.
pipeline Useful life: LO years.
Length: 15C miles. Diameter: 36 inches.
Transport: 830 million cuvic feet/day.
T18. Gas distribution plant 365 operating days/year.
Useful life: LO years.
Flow: 50 million cubic feet/day.
T21. HT line, 230 kV, 365 operating days/year.
alternating Useful life: 50 ears.
Length: 9500 miles.
Capacity: 250 megawatts.
T22. HT line, 345 kV, 365 operating days/year.
alternating Usefrl life: 50 years.
Length: 500 miles.
Capacity: 600 megawatts.
T23. HT liane, S00 kV, 365 operating days/year.
alternating Useful life: 50 years.
Length: 500 miles.
Capacity: 1,200 megawatts.
T4, HT line, 765 kV, 365 operating days/year.
alternating Ugeful life: ') years.
Length: 500 ailes.

Capacity: 7,500 megawatts




Annex 2 {continued)

Plant

Description

T25.

9T line, ¥ 400 LV,
direct

Overhead electric
distribution line

365 operating days/year.
Useful life: 50 years.
Length: 800 miles.
Capacity: 1,500 megawatis.

36

p

operating days/year.
Useful life: 50 years.

Total capacity:

131.6 megawatts.




Annex 3

Micro-model

Aim ~f the model

Given

(1) A net energy strategy oy five-year period (or lsvel of production

by line)

or a gross energy strategy, incresse in capacity - including the
investment to maintain the stock lovel (physical depreciation
linked to the average useful life of the equipment) by five-

year period;
(2) Technological data (cf. para. 3)

calculate the demand for steel in *tonnes by five-year period,
by type of sceel {carbon, alloy, stainless) and by type of
technology.

Data flow chart

Titles of corresponding files

Jet strategy by

Strate. n ;
e five-year period i
Net sub-
£ 14 Useful life of o programme
technologies J i’
Strateg sz'oss strateg by I‘L
five-year period
Technological
Dat
ara data ] g(
Sub-programme
Sub 1
Correspondence v
becween -
Corresp strategies and
technologies —

Demand for steelﬁ;
Exit i by 5 years, by

type of steel,

by technology
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Annex 3 (continued)

Comments

(1)

(2)

(3)

The mein programme only manages the sub-programmes and files.

The "net' sub-programme is optional and is provided by the main
programme if the answer to the question is "1". If tke answer
is "0", only sub-programme sub 1 is called on, texing the gross
strategy directly from the "strateg" file, the last line of
vhich should be void if not all the technologies of the "data'

file are used.

The "corresp” file establishes the correspondence between
strategies and technologies. For example: strategy 1l is
applied to technology 2 by having 1 in second place in

"corresp".

The conversion of a net strategy to a gross strategy operated
by the "net" sub-programme corresponds to the following
formulae:

Ir
Ml(t) is the level of strategy 1 (production at
instant t)
and,A&(t) is the increase in annual capacity
t life (1) is the useful life of equipment 1

used by strategy 1

then for five years we have:

Ml(t +1) = Ml(t) + 5A1(t) (1)

The gross investment over these five years is:

f . = + . .
SMl ) Sai(t) amortization




Diagram

M(t + 1)
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Annex 3 (continued)

Level of production

M(t)

The amortization over

in strategy 1 is:

these five years for the technology used

Amortization 1 = SM, (t) L+ By () + 3 ()
t life (1) t life (1) t life (1)
. 2A1(t) . Al(t)
t life (1) t life (t)
I B - .
=t o M ) (2)
Therefore, by assembling equations (1) and (2):
2 SMl(t)
M (t) = l'w (441) = Ml(t)-‘ (14—
1 1 d t life (1) t 1ife (1)







