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PREFACE 

Analysis of the energy options open to mankind once cheap oil and gas 
resources have been exhausted is one of the main areas of research within the 
IIASA Energy Systems Programs. The known and inferred resources of coal 
are fairly large compared to present global energy consumption; they would 
support the present consumption level for several hundred years. Moreover, 
coal is a well-known traditional source of energy, currently contributing 
some 35% to the world's primary energy balance. Thus, investigation of the 
potential of coal became an important topic in the Program. 

Because of the long-term viewpoints and the global prospects of a 
"coal option", IIASA has sought to use the expertise of national groups as a 
corrective that would help to tie a possible vision of tomorrow to the reality 
of today. Thanks to the generous support given to this research proposal, 
IIASA was able to organize an informal working body, a Coal Task Force, 
to which scientists from different countries and different institutions have 
contributed. 

This report summarizes the collaborative efforts of experts from 
British and German coal bodies in investigating potentials and problems of a 
medium-term revival of coal. The two countries were chosen as,examples, 
because coal has played a central role in their industrial development and 
still possesses a major share in their supply balances. 

Based on the results of the two case studies, the ongoing work of the 
Coal Task Force will concentrate on questions of the future world coal 
market, on global environmental problems in the truly extensive use of coal, 
and in particular on the critical role of coal as an option for transition to  a 
non-fossil global energy supply system. The findings, though based on a 
quite extended time horizon, point up a number of imminent questions 
with respect to research and development programs and national energy 
policy decisions. 

If further research into a revival of coal were initiated by this report, 
IIASA would happily consider this as a small compensation for the in- 
valuable confidence and input it has received for its own Program through 
the Coal Task Force. 
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Medium-Term Aspects of a Coal Revival: 
A Summary 

This report gives preliminary results of the work of the Coal Task Force (CTF). 

The CTF was initiated by the International Institute for Applied Systems Analysis 
(IIASA) and, with respect to  the work reported here, consists of members of the following 
organizations: 

- Gesamtverband des Deutschen Steinkohlenbergbaus, FRG (F. Hoffmann) 
- IIASA (M. Grenon, W. Sassin) 
- National Coal Board, U.K. (A. Baker, M. Sadnicki, R. Ormerod) 
- Steinkohlen Bergbauverein, FRG (R. Hildebrandt). 

Organizations from other coal-producing nations are also participating in the effort to analyze 
the prospects of a revival of coal. 

The objective of the CTF is t o  outline aglobal coal option in order t o  investigate energy 
economies largely based on coal. The potential, the requirements, and the constraints of such 
an economy are explored, and possible strategies of transition are described. The comparison 
of the coal option with other primary energy options (nuclear, solar, etc.) is a further task 
within the IIASA Energy Project. 

2. METHOD O F  INVESTIGATION 

The design of any global energy system, whether it is based mainly on one form of 
primary energy or on a mix of various forms, must meet two basic requirements. 

Once achieved, the anticipated system must conform with the assumed long-term 
demand for final energy, and must not violate global constraints such as limited 
resources of primary energy, standards for emission of pollutants, availability of 
capital and manpower, land, materials, etc. 

- The future energy system must evolve from the present system. During the 
transition, additional constraints will apply, further restricting the achievable system. 

The present global energy system is essentially an aggregate of regional subsystems with 
differences both in structure and in intensity of use of scarce resources. A varying but 
generally large fraction of primary energy is at  present supplied in the form of crude oil and 
natural gas. These forms of energy are unevenly distributed, and most of the fields exploited 
today will be exhausted within 50 years. The transition phase cannot be ronsidered to be the 
same process in different countries or regions. 

T o  get some basic information about similarities and possible varianrrs among regions 
for the introduction of significant additional amounts of coal, which in a global context is a 
rich resource, we decided t o  investigate examples covering different national systems with 
varying coal consumption rates and their possible medium-term development (up to  the year 
3000 and a little beyond). For long-term development and a world view, other approacl~rs 



than those to  be desrribed may well be more appropriale. These aspects require further study 
and will be handled later in the program of the CTF. 

To analyze a more limited national coal option, we had to  select a method that is 
adapted to the medium-term view and that can be used essentially in the same way in a variety 
of geographical regions, e.g. within a country, a trading community, or a continent. 

There seem to  be two general ways to  base the method. First, one could exp1ic:itly forre 
coal into the primary energy market until it provides 50 to 70% of primary energy, by pro- 
jecting supply limitations for oil and gas and analyzing the economies of a limited list of con- 
version technologies, starting from coal, nuclear, and solar energy. However, this immediately 
raises the question of the forms of final energy in which coal is to be used. So, instead, we 
have chosen another approach. We first consider f i ~ ~ a l  energy requirements and the possiblc 
growth in each energy carrier, and then the applicability of coal as primary fuel input to 
produce these energy carriers. This approach enables us to  focus on consumer choice of 
energy carrier and on the requirements for coal extraction and conversion processes. 

Starting from the consumers' rather than the suppliers' end is the more important the 
longer the time horizon of our analysis. Compared to the energy substitution processes of the 
past (Figure l ) ,  we face a unique situation now. The sequence from wood to  coal and then, 
via oil, to natural gas not only provided ever cheaper forms of primary energy; it was paralleled 
by the availability of final energy forms that were ever cleaner and easier to handle, and to 
some extent led to technologies that are more attractive to the consumer. In contrast t o  that 
development, the driving force to introduce nuclear or solar energy or to  revive coal is not 
technological innovation leading to more attractive technical systems; the driving force for a 
transition in the future will be a shortage of attractive primary energy sources. No internal 
trend to substitute coal for liquid and gaseous fuels can be predicted in the final energy 
spectrum. 
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Figure 1. World cnergy rrlarket penelration. 
Source: Marchetti. IIASA. 



There is, of course, considerable debate about the detailed mecha~~isms for describing 
how coal-based processes can best provide an increasing share of final energy. For any region, 
we are tackling this problem by focusing attention on specific energy markets where coal 
would most readily substitute for other fuels. The penetration mechanisms of coal into these 
markets are considered not to be based directly on comparisons of costs of supplying the final 
energy from alternative sourres. Instead, the coal option conrentrales on seeing what 
resources (capital, labor, etc.) would be required, and what environmental conseqllencw would 
result, if coal were to  follow a projected rate of penetralion along the most attrac.live path- 
ways into the market--the rate assumed depending on the nature of the market and the conver- 
sion process employed. Subsequent comparison with the resources required by other energy 
options would provide a means of assessing cost in a more structured way. This cwmparison 
would then be expected to alter the assumed pcnetration rates of coal, so that a fuller analysis 
would be essentially an iterative procedure. 

Similarly, a fuller analysis should feed back into the economic system the resource re- 
quirements for a particular demandlsupply match so as t o  revise dynamically the overall level 
and individual types of demand. At this stage we have not explicitly considered this feedback 
process, and so the demand/supply/resourt:e projections are scenarios, in which changes (:an 
suhsequently be made to alter assumptions and check consequenc:es. 

To provide these sc,enarios for a region, the approach chosen comprises the following 
steps. 

A .  Projert final energy requirements in relation to consumer technologies. 

B. For each specific energy market (e.g. liquid to industrial sector, electricity to residential1 
con~mercial) in turn, identify "attraction potential" for coal-based final energy carriers 
by rcason of: 

Early availability of coal-based technology, 

Existence of a supply infrastructure to  handle the energy carrier, 

;\ possible energy gap in the supply of (indigenous) primary energy to  that carrier, 

Anticipated comparability in the possible costs of the coal-based and the alternative- 
based final energy at the time of substitution. 

C.  Introduce appropriate coal-based conversion processes into these markets, with pene- 
tration rates assessed from the nature of the proeess and of the market. The choice 
among different coal technologies will also be influenced by: 

Energy efficiency, 

- Types of coal handled. 

D. Deduce requirements of coal or coal-based energy to be extracted; consider extraction 
technologies and their rates of introduction. 

E. (:orisider likely resource requirements for c:oal extraction and c:onvcrsion. 



F. Perform feedbacks inside the economy by sensitivity analysis on: 

- Changing total demand levels and/or energy carrier substitution at  step A, 

- Changing the "attraction potentials" at step B, 

- Choosing different market penetrations for conversion processes at  step C, 

- Changing the introduction rates of extraction technologies at step D, 

- Introducing resource or environmental constraints a t  step E. 

When coal is ultimately compared with other energy options, further steps will be 
needed. Step G would be to  calculate the resources required to  meet energy demand at  point 
A by each energy source in turn. Step H would be, by selective mixing of energy sources, t o  
suggest mixed energy options that seem good in the medium term by reason of generally Iower 
resource requirements or of flexibility in relation t o  the obvious uncertainty of future 
estimates. 

3. THE CASE STUDIES 

Case studies were made for the FRG and the UK. We again emphasize that the aim of 
these studies is to demonstrate the methods, and to  show applicability to  many other regions. 
Therefore, any projections shown are for the purpose of demonstration; they do  not necessari- 
ly represent the views of the National Coal Board or the Gesamtverband des Deutschen Stein- 
kohlenbergbaus. 

Adaptation to the Specific Situation 

Both case studies follow the general procedure outlined in Section 2. There are some 
differences, mainly with respect to the availability of indigenous crude oil and natural gas; 
these fundamentally influence the timing of the development of primary energy substitutes. 
Individual steps A to  F are treated more or less extensively in the two studies. Important 
variations in approach are summarized in Table I .  

Both studies make extensive use of the technical material presented at  the first Inter- 
national Symposium on Gasification and Liquefaction of Coal, which was organized by the 
UN Economic Commission for Europe (ECE) in January 1976 in Diisseldorf, FRG. A review 
of the findings of the Symposium is given in Appendix C. The participants could issue no clear 
statement about the possible part to be played by liquid and gaseous fuels from coal, because 
of the large uncertainties in estimating future demands and in assessing the competitiveness of 
various energy sources. By drawing up long-term scenarios for the two regions considered, we 
have tried to  reduce this uncertainty as far as possible. With respect t o  many questions posed 
at  the Symposium, our method appears to be equally suited t o  a great number of other regions 
for improving an assessment of the role of specific coal technologies. 

The case studies are briefly reviewed below. Details are given in Appendices A and R.  



Table 1 .  Comparison of t h e  ana lyses  of t h e  two c a s e  s t u d i e s .  

Difference i n  approach, by s t e p  
FRG I UK 1 

B Iden t i f i ca t ion  of I " a t t r a c t i o n  potent ia l"  

A Final  energy From ECiFRG energy. 
project ion program 
Energy c a r r i e r  More d e t a i l  on 
competition population densi ty  

I 
I 

No differen'ce 

From h i s t o r i c a l  trends 
More d e t a i l  on use of 
energy 

C Iden t i f i ca t ion  of 
conversion 
processes 

I E Resource/environ- Some quant i f ied  Some quant i f ied  
mental requirements I 

P roject  timing of F i l l  t h e  energy c a r r i e r  
conversion processes; requirements. What 
i s  it su f f i c i en t?  1 timing f o r  processes? 

D Extraction 
technology 

I 1 ~ o t e n t i a l  f o r  coal I to 1 

I 

Project  the supply of 
coal; do we require 
coal imports? 

i 
I 

Scenario var iables  
F Sens i t iv i ty  analys is  chosen to yield 

I lowest market 

Supply must equal demand 
What timing required? 

Some s e n s i t i v i t y  
analyses on s t ep  A 

Summary of the  LIK (:ase Study 

1 Tine s c a l e  

The  IJK case study (described in Appendix A)  suggests how coal should develop through 
alternative final energy carriers to regain a dominant role in the  market early in the 21st cen- 
tury. T h e  approach usrd is lo cwnsidrr possible patterns of demand for five final energy rar-  
riers t o  the residenlial, industrial, and transport markets. The possible energy carriers were 
taken t o  be: 

Centrally generated rlcctricity, 

Up t o  2000 

- High Btu gas supplied by grid, 

Up t o  2 0 2 0  

- Liquid fuels. 

- Solid fuels (used directly), 

Loral distribution schemes (including combinrd electricity and hot  water and 
medium t o  low Rtu gas). 

Within the rase study various scenarios are explored. Scenario 1 is built up  from 
assumptions that could b e  described as "business as usual". Final energy grows at 1 ..'5%, all 
electricity is centrally generated, oil and gas are inc.reasirgly reserved for  premium use (as in- 
digenous supplies decline), and the nuclear industry gathers momentum o n r e  the next re;~ctor 
type is proven. The other  scenarios examine: 



Scenario 2--the increased importance of electricity generation by local combined heat and 
power schemes; 

Scenario 3--the possibility of no further nuclear power stations being built; 

Scenario 4--the effect of the different energy sectors growing at different rates. 

The results obtained reemphasize that the coal option cannot mean a total reliance on 
coal. In fact in markel share terms (see Table 2), coal use is shown as growing very slowly until 
the end of the century, but then increasing rapidly with the decline of indigenous fluid fuels and 
the availability of coal conversion technology. 

T a b l e  2 .  Market s h a r e  o f  c o a l  i n  t h e  UK c a s e  s t u d y .  

As new technologies build up, total coal demand is shown in the case study t o  grow t o  160 
to 200 million tons p.a. by the year 2000. After 2000, coal requirements increase rapidly t o  350 
to 450 million tons p.a. If nuclear is not available, a radical shift in national energy policy will be  
required (either t o  build up local energy systems or curtail demand, or t o  speed up the introduc- 
tion of renewable sources), but the demand for coal will not be affected. Even if nuclear growth 
is substantial, large coal demands result from the growth in total energy demand. 

Coal. s h a r e  
o f :  

Primary f u e l  

F i n a l  energy 

In summary, the  analysis of the LIK case study helped us t o  conclude that the following are 
the essential facets of the coal option: 

Actual  
1974 

35% 

26% 

The figures in Table 2 mask major changes in the markets for coal which are summarized in 
Table 3. 

T a b l e  3 .  P r i n c i p a l  c o a l  u s e s ,  a c t u a l  and i n  c a s e  s t u d y .  

Range from scenar ios  
2 0 0 0  

35% - 4 0 %  

3 0 %  - 3 5 %  

2 0 2 0  

Replace g a s  and 
l i q u i d  f u e l  

Combined h e a t  and 
power on l o c a l  b a s i s  

D i r e c t  use  of s o l i d  
f u e l  

Year 1974 

C e n t r a l  e l e c t r i c i t y  
genera t ion  

2 0 2 0  

50%- 6 0 %  

55% - 6 0 %  

2 0 0 0  

C e n t r a l  e l e c t r i c i t y  
genera t ion  ( f l u i d i z e d  
bed) 

D i r e c t  use of s o l i d  
f u e l  i n  i n d u s t r y  

( S u b s t i t u t e  f u e l s  and 
combined h e a t  and power 
developing b u t  
cons t ra ined)  



- Up to  the year 2000, the most important uses of coal will continue to  be electricity 
generation and direct use in industry. lncreased R&D in new conversion processes is 
required. 

- Around 2000, the conversion of coal to  substitute gas and liquid will become increas- 
ingly important. R&D in liquefaction should have the objective of producing the first 
commercially operating plant by the year 2000. 

- Existing methods of mining will support an output of around 200 million tons p.a., 
provided that there is, first, continuing research to  improve conventional mining 
methods, and, second, a continuing programme of creating capacity in new locations. 

To satisfy the full potential of coal demand, a completely new mining process will be 
required, to access resources that cannot be recovered by existing methods. A pilot 
scheme demonstrating such a method would have to  be  available by 2000. 

- The use of resources (labour, capital) in such a coal option seems, on a preliminary 
assessment, not to  be excessive. Therc will be major organization problems in mobiliz- 
ing these resources. 

The above points would add up to  an extremely demanding task for the U K  coal industry. 
The ability to develop new technologies, access new reserves, and mobilize resources of man- 
power and capital would be the limiting factor of the coal option. Such a task would have to be 
considered within a national energy strategy that might include shifts in R&D and investment 
priorities, conservation programmes, and controlled depletion of North Sea oil and gas. 

Summaw of the FRG Case Studv 

In the FRG case study (described in Appendix B), we investigated the possibilities and 
problems that would result in the FRG within the next 25 years if coal consumption were really 
pushed to its reasonable maximum. The basis for calculaling possible future coal demand is a 
scenario for the development of the demand for final energy. This scenario distinguishes between 
different consuming sectors and different final energy carriers; the assumptions were consistently 
chosen in such a way as to  yield the lowest realistic potential market whivh coal and coal prod- 
ucts can penetrate. Likely or possible deviations from the reference scenario thus would tend to  
increase the market potential for coal. 

From a large number of technological processes using coal, wc sclcc,ted those which, 
according to  the present state of R&D offer an early and cc,onomic. possil~ility for commercial 
application in important submarkets. Starting from a conservative rstimate of when these pro- 
cesses will be available and using market penetration rates typical for cavh sul)marhet, the over- 
all coal demand was derived as a function of time (Figure 2). Even with these somewhat restric- 
tirg assumptions, a significant increase in coal consumption is projec,~c:(l for the years after 1990: 
in 2000, a total of 240 million t.c.e., 200 million of it hard coal. 

A large share (60%) of the 200 million t.c.e. hard coal will br  ~iscd for elcctric,ity produc- 
tion. Iksides conventional coal-fired power plants, fluidized bed c:omt~ustion and pressurized gas- 
ifi~tation are assumed to be in operatjon by then. Roughly 17% of the coal c~or~sumption in 2000 
fec:ds into the production of synthetic natural gas. New technologies (fl~~itlizetl 1)ed combustion) 
for supplying industrial process heat require another 13% of the total. thr remainder going into 
steel protluc.tion and other conventional processes. 

In case the assumption that nuclear energy (:an provide 600 1'Wh in 2000--~,orrvspontli~~g to 
120 (;W(el) installed nuclear capacity--turns out to  Le too optimistic, the tleinand I'or t.oa1 would 



be more still than the estimated 240 million t.c.e. Another factor increasing coal demand would 
result from underscoring projected energy conservation objectives. 

80 9 0 2000 
YEAR 

Figure 2. Total coal demand (FRG). 

Seen from the demand side, a significant increase in coal consumption towards the end of 
the century seems to  be a real possibility, provided new coal-consuming technologies are intro- 
duced. Increased development efforts could improve the economics for these technologies, but 
will not significantly reduce the necessary lead times below 10 t o  15 years. 

Only rough estimates are possible at this stage of the analysis to  quantify the economic 
resources required to  implement such a coal scenario. Capital requirements for new pits, coal 
conversion, and coal transportation up to  the year 2000 would accumulate to  more than 
~ ~ 1 0 0 x 1 0 ~  (in constant prices). A large part of that capital will be needed in any case to  
secure the anticipated increased energy supply, irrespective of the primary energy source chosen. 

Massive efforts would be needed to  build up--both qualitatively and quantitatively--the 
labor force for supplying twice the amount of coal used today. Again, part of this effort is a 
consequence of overall increased energy consumption. 

In summary, the case study suggests that within 25 years an important part of the pri- 
mary energy demand could be based on coal if an early political decision were to  favor such a 
"coal option". This would not rule out other energy sources (Figure 3): on the contrary, 
nuclear energy as well as crude oil would have t o  complement coal in comparable amounts to  
meet the energy demand around 2000. Without a coal revival, an even stronger dependence on 
crude oil and natural gas than today would be an inevitable consequence. 
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Figurc. 3. Primary energy consumption (FRG). 

4. CONCLUSIONS FROM THE CASE STUDIES 

An important purpose of the work described was lo develop a methodology for explor- 
ing possible demands for coal on the basic assumption that coal will provide the key to  the fu- 
ture global energy supply problem. 'This melhodology must take into account both the long- 
term supply aspects and the erlergy system that exists today. 

We concluded that a methodology for alialysing the eoal option must start by investigal- 
ing selected geographical regions; and further, that any such study must first consider both the 
quantity and the form(solid, liquid, and networked) of energy demanded by the final corlsumer. 
The methodology comprises the followirlg steps: 

Projection of final energy carriers; 

Estimation of the "altraction polcntial" for coal-Lased teeh~iologies; 

Analysis of availability and likely penetration rates of coal tcchr~ologies; 

- Investigalion of the coal resource and sllpply position; 

- Analysis of likely general resource requirements and cnviror~mc~ilnl cotlscqurrlces. 

The two regions chosen for analysis, Ihc FRG arld l l ~ e  LIK, 1)01l1 Ilc~vc sizeal)lc esisting 
coal industries, but i r ~  the medium term face different slralcgy choices. This is a result of thc 
differences in lheir indigenous energy resources, lheir exisling erlergy systclns, and tllr r~alurc of 
demand. llence we have used approaches specific: to each c-orlnlry to l~ar~cllc ltlc ~~r~c~t- r l i~ i r~l ies  



associated with the overall energy consumption growth rate, the development of alternative 
energy sources and systems, etc. 

Starting from the projected development of final energy demand, coal can c4early reverse 
historical trends and extend its market share in both countries. In the FRG, coal may expect to 
supply 34% of the market in the year 2000, its share continuing to rise rapidly thereafter. This 
compares with a falling share of 32% in 1974. The corresponding figures for the UK are 33% in 
1974 and 35 to 40% in 2000. In both cases this entails a substantial increase in total coal con- 
sumption by the year 2000 (FRG: 240 million tons, UK 160 to 205 million tons p.a.). In both 
countries we find rapidly increasing demands for coal after the turn of the century. 

These results indicate that a coal option must be considered a real possibility in both 
countries. This statement is based on the assumption that coal concentrates on those channels 
to  the consumer of final energy where the conversion technology has already been demon- 
strated on the scale of pilot plants, and where plants either are today or will he economically 
competitive with indigenous coal or imports if they are available. 

The analysis quantifies a gradual shift in the uses of coal. In the long run, this shift leads 
to  coal being converted into final energy forms that today are more easily obtained from other 
primary energy forms (e.g. crude oil and natural gas). The introduction of new conversion tech- 
nologies is assumed in the two studies to  commence when existing R&D programs are expected 
to  achieve successful operation of full-scale commercial demonstration plants. 

We stress that in the long run the market share of coal could be increased further by in- 
tensifying the R&D effort. This would contribute to shortening the time to commercial intro- 
duction of the processes feeding into the channels considered for a medium-term coal revival. 1t 
could also extend the use of coal to other channels. (In the FRG, for example, the gasification 
of coal using the heat of a high temperature reactor is being researched; another example is the 
use of methanol derived from coal as an additive to  gasoline.) 

Turning now to  the question of how the projected demands can be met, a planned pro- 
gram for expanding the coal supply is obviously necessary. We conclude that the existing R&D 
programs in both regions should be sufficient t o  support the initial phase of a coal revival. 
lfowever, consideration of coal resource to  reserve transitions shows that the coal industries in 
both regions would find it difficult to satisfy continuing increases in demand around and cer- 
tainly beyond the year 2000. Given the long lead times involved, substantial new R&D effort 
in new mining techniques is required now. 

We are thus discussing preparations for an additional annual 100 million t.c.e. in 2000 or 
2010. (In the FRG, this is the order of magnitude to  be considered if coal should contribute to  
stabilizing and even slightly reducing the oil and gas imports towards 2000; it is also the order 
of magnitude that will have to  be added t o  coal production in the U K  by about 2010 in order t o  
replace North Sea gas, which by then will most probably be in short supply.) This means build- 
ing new mines, new transportation facilities, and harbors for imports, and providing sites for 
conversion plants--an effort of a similar order of magnitude as today's national nuclear programs. 
Some f i r e s  illustrate the resources required. Drawing on the results of both studies, t o  extend 
a national energy system capable of producing and utilizing an additional amount of 100 million 
tons of coal p.a. would require capital investments in the order of 60 billion US dollars. It is 
difficult to describe the labor problem simply in job f i r e s .  For the mining effort alone, up t o  
100,000 new, highly skilled workers are indicative; 20 new pits, some in new mining areas, 
would have to be opened; some 1 5  sites for large-scale gasification and up t o  8 0  sites for new 
coal-fired power plants would have to be found. These figures must be put into perspective by 
comparison with the efforts that will be required to  expand and adapt national energy systems 
in the face of dwindling cheap oil and gas reserves. 



Such a comparison should not distract one from the special problem inherent in a coal 
option, however. A massive effort of coordination and investment must be made at a time 
when coal consumption is stagnating or even declining. On the other hand, the existing large in- 
frastructure of the coal industry and its supporting industrial partners will form a sound base for 
expansion. 

It is premature to  prepare detailed programs for the expansion of coal on the basis of the 
case studies reported here. Nevertheless we can state that, if coal is to be promoted to  the posi- 
tion of an energy policy option, such programs should be investigated in detail as soon as 
possible. This will facilitate an objective comparison of alternative energy supply options, a step 
that must be taken at various decision levels. The major advantages and disadvantages of deci- 
sions taken today on the basis of the existing energy system can be judged only by taking a suf- 
ficiently long view. Coal is no exception: the sooner the full requirements for a coal option are 
known, the more time will be available to  address and adjust institutional constraints connected 
with the embedding of any new technological system in complex regional development plans. It 
will be necessary to  meet environmental and risk standards, t o  adjust t o  socioeconomic goals, 
and, last but not least, t o  win public support and the help of the private consumer for the neces- 
sary changes. 





Appendix A 

The Coa l  Opt ion :  
UK Case S tudy  

1  . INTRODUCTION 

Summarizing t h e  d i s c u s s i o n  i n  t h e  main t e x t ,  we c a n  s t a t e  
t h a t  t h e  purpose  of t h i s  c a s e  s t u d y  is  t o  i n v e s t i g a t e  t h e  f o l -  
lowing b road  q u e s t i o n s :  

- What migh t  b e  t h e  demands f o r  c o a l  i n  a  r e g i o n  t h a t  
f o l l o w s  a  c o a l  o p t i o n ,  g i v e n  d i f f e r e n t  l e v e l s  and 
p a t t e r n s  of  e n e r g y  demand and d i f f e r e n t  p a t t e r n s  of  
s u p p l y  ? 

- What i m p l i c a t i o n s  c a n  we draw i n  t e r n s  of  r e q u i r e d  
economics  and t i m i n g  of c o a l  p r o c e s s e s  ( e x t r a c t i o n  o r  
c o n v e r s i o n )  ? 

- What i m p l i c a t i o n s  a r e  t h e r e  i n  t e r m s  of  r e s o u r c e  r e -  
q u i r e m e n t s  and e n v i r o n m e n t a l  consequences?  F u r t h e r -  
more,  i f  l i m i t s  on t h e s e  a r e  imposed, what a l t e r n a t i v e s  
a r e  t h e r e  w i t h i n  t h i s  c o a l - b a s e d  e n e r g y  s t r a t e g y ?  

The r e g i o n  s t u d i e d  h e r e  i s  t h e  UK.  We r e e m p h a s i z e  t h a t  
t h i s  i s  o n l y  t o  g i v e  a  b a s e  f o r  a n a l y s i s ;  t h e  i n t e n t i o n  i s  t o  
show a p p l i c a b i l i t y  t o  any  r e g i o n  where a  c o a l  o p t i o n  may be  
r e l e v a n t .  Obvious ly ,  t h e r e f o r e ,  any p r o j e c t i o n s  t h a t  f o l l o w  
a r e  i n  no s e n s e  t h e  views oE e i t h e r  t h e  UK Government o r  t h e  
N a t i o n a l  Coa l  Board. 

The p r e s e n t  c o n d i t i o n s  (1976)  o f  t h e  r e g i o n  a r e  a  w e a l t h  
i n  n a t u r a l  g a s  and o i l ,  a  l a r g e  c o a l  i n d u s t r y ,  on  a v e r a g e  com- 
p e t i t i v e  w i t h  o i l ,  and a n  u n c e r t a i n l y  deve loped  n u c l e a r  i n d u s t r y .  
F i g u r e  A1 shows t h e  p r imary  f u e l  b a l a n c e  f o r  1974 and p r o b a b l e  
e x p l o i t a t i o n  c u r v e s  f o r  i n d i g e n o u s  s u p p l i e s  o f  o i l  and n a t u r a l  
g a s .  Depending on  p r e c i s e  a s s u m p t i o n s ,  demand f o r  l i q u i d  f u e l  
and n a t u r a l  g a s  e x c e e d s  i n d i g e n o u s  s u p p l y  f rom a  t i m e  somewhere 
between 1990 and 2000. A f t e r  2000 a n  " e n e r g y  g a p "  ( a t  l e a s t  
i n  s e c u r i t y  o f  s u p p l y  t e r m s )  d e v e l o p s  v e r y  q u i c k l y ,  u n l e s s  t h e  
l a r g e  i n d i g e n o u s  c o a l  r e s o u r c e s  a r e  e x p l o i t e d - - a n d  s o  t h e  r e g i o n  
i s  a  c l e a r  c a s e  where t h e  c o a l  o p t i o n  i s  a n  i m p o r t a n t  o n e .  Our 
i n t e n t i o n  h e r e  i s  t o  f o c u s  on  t h e  y e a r s  o f  t r a n s i t i o n  t o  new 
p a t t e r n s  o f  e n e r g y  s u p p l y  (1990-2020) ,  and t o  a t t e m p t  t o  d e v e l o p  
smooth s t r a t e g i e s  o f  change ,  based  bzoad ly  on  c o a l  r a t h e r  t h a n  
on  any o t h e r  p o t e n t i a l  long- te rm p r i m a r y  e n e r g y  s o u r c e .  
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Figr re A 1. L1 K primary energy consumption and production. 

S e c t i o n  2  o f  t h e  main t e x t  o u t l i n e s  t h e  methodology employed 
t o  c o n s t r u c t  t h e  demand and s u p p l y  p a t t e r n s .  T h i s  c a s e  s t u d y  
f o l l o w s  t h e  s t e p s  d e s c r i b e d  t h e r e ,  t h a t  is:  

A.  T o t a l  f i n a l  e n e r g y  and  e n e r g y  c a r r i e r  p r o j e c t i o n s ,  

B.  I d e n t i f i c a t i o n  o f  " a t t r a c t i o n  p o t e n t i a l s "  f o r  c o a l ,  

C .  I d e n t i f i c a t i o n  o f  c o n v e r s i o n  p r o c e s s e s ,  

D .  E x t r a c t i o n  t e c h n o l o g y ,  

E. Resource /env i ronmenta l  consequences ,  

F .  S e n s i t i v i t y  a n a l y s i s .  

The f o l l o w i n g  p a g e s  c o n t a i n  s e c t i o n s  on :  

- A g e n e r a l  d i s c u s s i o n  and  a m p l i f i c a t i o n  o f  t h e  method- 
o l o g y  o f  S t e p s  A t o  E  ( p .  1 5  f f . ) ,  

- A f i r s t  p a s s  t h r o u g h  S t e p s  A t o  E  making e x p l i c i t  
a s s u m p t i o n s  ( p .  26 f f  . )  , 

- A r e v i s i o r !  o f  a s s u m p t i o n s  i n  S t e p  F,  i . e .  t h e  s e n s i -  
t i v i t y  a n a l y s i s  ( p .  36 f f  . )  . 



W e  emphas ize  t h a t ,  w h i l e  t h e  f i r s t  p a s s  t h r o u g h  S t e p s  A  
t o  E  p r e p a r e s  a  s c e n a r i o ,  t h e  s c e n a r i o  is  i n t e n d e d  a s  a  b a s e  
f o r  f u r t h e r  a n a l y s i s ,  and i n  no way c o n s t i t u t e s  a  " c e n t r a l "  o r  
" b e s t "  p r o j e c t i o n .  

While  t h e  g e n e r a l  d i s c u s s i o n  ( S e c t i o n  2 )  is  u s e f u l  a s  a  
background t o  t h e  s c e n a r i o s ,  a  r e a d e r  s p e c i f i c a l l y  i n t e r e s t e d  
i n  t h e  r e g i o n a l  p r o j e c t i o n s  w i l l  f i n d  t h a t  t h e  t e x t  f rom p .  26 
onwards  i s  s e l f  - c o n t a i n e d .  

2. DISCUSSION OF METHODOLOGY 

S t e p  A: F i n a l  Energy Demand 

E s t i m a t e s  o f  f u t u r e  demand s h o u l d  b e  made i n  t e r m s  o f  use-  
f u l  h e a t  and c a t e g o r i z e d  by t h e  u s e  made o f  e n e r g y .  However, 
o u r  c u r r e n t  u n d e r s t a n d i n g  o f  t h e  u s e s  o f  e n e r g y  is  i n s u f f i c i e n t ,  
e s p e c i a l l y  i n  t h e  i n d u s t r i a l  s e c t o r .  I n  t h i s  s t u d y  w e  c h o o s e  
t o  work i n  terms o f  t h e  h e a t  s u p p l i e d  t o  t h e  u s e r s - - f i n a l  energy .  
I n  1974 t o t a l  f i n a l  e n e r g y  demand was 59 GTh, r i s i n g  t o  63 GTh* 
when o i l  f o r  p e t r o c h e m i c a l  f e e d s t o c k s  a r e  i n c l u d e d .  T o t a l  f i n a l  
e n e r g y  h a s  been growing a t  a p p r o x i m a t e l y  1 .25% p . a .  o v e r  t h e  
l a s t  15 y e a r s ;  b u t  w e  must  b e a r  i n  mind t h a t  t h i s  p e r i o d  h a s  
w i t n e s s e d  l a r g e  s u b s t i t u t i o n s  o f  e l e c t r i c i t y  f o r  c o a l  i n  t h e  
r e s i d e n t i a l  s e c t o r ,  and t h i s  h a s  t e n d e d  t o  d e p r e s s  g rowth .  

T a b l e  A1 d e f i n e s  c a t e g o r i e s  o f  demand and o f  e n e r g y  c a r r i e r  
t h a t  w i l l  be  used i n  t h i s  s t u d y ,  and g i v e s  m a t r i x  d a t a  f o r  1974. 
W e  u s e  t h e  e n e r g y  c a r r i e r s :  e l e c t r i c i t y ,  c e n t r a l  g a s ,  l i q u i d ,  
d i r e c t  s o l i d  and o t h e r  networked h e a t i n g .  We know t h a t  n a t u r a l  
g a s  w i l l  p e n e t r a t e  t h e  r e s i d e n t i a l  s e c t o r  t o  a  l e v e l  o f  a b o u t  
60% i n  1985 a t  t h e  peak o f  i n d i g e n o u s  s u p p l i e s ,  b u t  beyond t h i s  
t h e  f u t u r e  d i v i s i o n  o f  demand by e n e r g y  c a r r i e r  is  u n c l e a r .  The 
main i s s u e s  a r e :  

- W i l l  c e n t r a l  e l e c t r i c i t y  g rowth  c o n t i n u e  a t  h i s t o r i c  
r a t e s ?  

- What w i l l  happen t o  t h e  demand f o r  l i q u i d  and c e n t r a l  
g a s  a s  i n d i g e n o u s  s u p p l i e s  d i m i n i s h ?  

- W i l l  t h e r e  b e  a  r e t u r n  t o  d i r e c t  b u r n i n g  o f  s o l i d  by 
i n d i v i d u a l  consumers?  

- What w i l l  be  t h e  p o t e n t i a l  f o r  t o t a l  and l o c a l  e n e r g y  
schemes? 

*1 GTh = ( 1 0 I 4 ~ t u )  = 3 .6  x l o 6  t . c . e .  



 able Al. Energy demand: s e c t o r s  and c a r r i e r s  (pe rcen tages  o f  
t o t a l  f i n a l  energy ,  1974) .  

Source: Estimated from U.K. Digest of Energy S ta t i s t i cs  1975. 
The category "o ther  f i n a l  consumers" has been s p l i t  equa l ly  
between r e s i d e n t i a l  and i n d u s t r i a l .  T o t a l  f i n a l  energy inc ludes  
non-energy uses of f u e l .  
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INDUSTRIAL 
Space, low process heat 

1.5 13.5 5.5 1.5 

RESIDErnIAL 
Space, water, cooking 

RESIDErnIAL 
Lighting, TV, etc. 
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Electricity 

4 . 5  
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NS = Non-substitutable 
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INDUSTRIAL 
Chemical feedstock 
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Table  A1 g i v e s  some gu ide  t o  which c a t e g o r i e s  of demand 
a r e  s u b s t i t u t a b l e .  (Even tua l ly  we would wish t o  ex tend  t h e s e  
c a t e g o r i e s  a s  ou r  unders tanding  of t h e  u s e s  of energy improves.)  
For  t h e s e  s u b s t i t u t a b l e  c a t e g o r i e s  t h e  s i t u a t i o n  i s  s t i l l  u n c l e a r ;  
p r i c e  i n  t h e  market w i l l  s t i l l  be t h e  main de t e rminan t ,  bu t  
f u t u r e  economic e s t i m a t e s  a r e  very  u n c e r t a i n .  Furthermore,  even 
i f  we assume t h a t  a  p a r t i c u l a r  energy c a r r i e r  w i l l  p e n e t r a t e  a  
p a r t i c u l a r  market ,  t h e r e  i s  t h e  problem t h a t  widely d i f f e r i n g  
growth r a t e s  have been observed  i n  t h e  p a s t .  

High Btu 
Gas 

8 

TRANSFORT 

- 1950-73 Liquid f u e l  grew a t  about  10% p.a.  

Other 
Heating 

Liqu id  

- 1960-73 E l e c t r i c i t y  grew a t  about  6% p.a. 

Total 

5 

N 
s 

- 1967-73 Na tu ra l  ga s  grew from no th ing  t o  a  s h a r e  of 
15% of f i n a l  energy.  

TQTAL 

- Up t o  73 D i s t r i c t  h e a t i n g  growth was v i r t u a l l y  z e r o .  

9 
--- 

2 0 

The development o f  market  s h a r e s  i n  s p e c i f i c  energy s e c t o r s  i s  
co r r e spond ing ly  d i f f e r e n t  f o r  d i f f e r e n t  c a r r i e r s .  
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S t e p  B: A t t r a c t i o n  P o t e n t i a l s  f o r  Coa l  

W e  now t u r n  t o  i d e n t i f y i n g  t h e  p o t e n t i a l  f o r  c o a l  a s  a  
p r imary  f u e l  i n p u t  t o  t h e s e  e n e r g y  c a r r i e r s .  T h i s  p o t e n t i a l  
w i l l  depend on  a  number o f  f a c t o r s ,  some s p e c i f i c a l l y  r e f e r r i n g  
t o  p r imary  f u e l  c o m p e t i t i o n ,  o t h e r s  t o  t h e  n a t u r e  o f  t h e  e n e r g y  
c a r r i e r  i t s e l f  ( r e c o g n i z i n g  t h a t  a  comple te  s e p a r a t i o n  o f  S t e p s  
A and B would be i n c o r r e c t ) .  The main f a c t o r s  a r e :  

- A v a i l a b i l i t y  o f  a  c o a l - b a s e d  technology;  

- A p o s s i b l e  I1gap" i n  t h e  s u p p l y  o f  a l t e r n a t i v e  p r imary  
energy  t o  t h e  energy  c a r r i e r ,  e .g .  s c a r c i t y  o f  i n d i g e -  
nous hydrocarbons  o r  l a c k  o f  development  of  n u c l e a r  
t echnology;  

- A n t i c i p a t e d  c o m p a r a b i l i t y  o f  p o s s i b l e  c o s t s  o f  t h e  c o a l -  
based  f i n a l  energy  form a n d  t h a t  o f  t h e  a l t e r n a t i v e  
p r imary  energy ;  

- E x i s t e n c e  o f  a  s u p p l y  i n f r a s t r u c t u r e  t o  h a n d l e  t h e  c o a l -  
based  energy  c a r r i e r ;  

- E f f i c i e n c y  o f  t h e  c o a l  c o n v e r s i o n  t e c h n o l o g y  ( i n c l u d i n g  
t h e  f i n a l  e f f i c i e n c y  of  u t i l i z a t i o n  a t  t h e  consumer e n d ) .  

I n  f u r t h e r  work it might  b e  p o s s i b l e  t o  a n a l y s e  c o a l - b a s e d  
c o n v e r s i o n  p r o c e s s e s  i n  t e r m s  o f  a  "score1 '  o b t a i n e d  f o r  e a c h  of  
t h e s e  p o i n t s ,  a r r i v i n g  a t  a  t o t a l  s c o r e  f o r  t h e  p o t e n t i a l  o f  t h e  
p r o c e s s  under  t h e  s p e c i f i c  assumpt ions  o f  t h e  s c e n a r i o .  By 
v a r y i n g  a s s u m p t i o n s  one  migh t  a n a l y s e  whether  p a r t i c u l a r  poten-  
t i a l s  remained c o n s i s t e n t l y  h i g h .  For  t h e  moment w e  a n a l y s e  i n  
b r o a d e r  t e r m s ,  f o r  each  energy  c a r r i e r ,  a s  d e s c r i b e d  below. 

E l e c t r i c i t y  

P o s s i b l e  c o a l - b a s e d  r o u t e s  t o  e l e c t r i c i t y  a r e  ( w i t h  approx- 
i m a t e  c o n v e r s i o n  e f f i c i e n c i e s )  : 

- C o n v e n t i o n a l  p u l v e r i z e d  f u l e  combust ion ( 3 5 % ) ,  

- Atomospheric  f l u i d i z e d  bed combust ion ( 3 5 % ) ,  

- P r e s s u r i z e d  f l u i d i z e d  bed combust ion w i t h  combined 
c y c l e  (40 t o  4 5 % ) ,  

- F l u i d  o r  f i x e d  bed g a s i f i c a t i o n  w i t h  combined c y c l e  
(40 t o  4 5 % ) .  

Atmospheric  f l u i d i z e d  bed combust ion w i l l  be  a v a i l a b l e  i n  
t h e  e a r l y  1980s. I t  i s  e x p e c t e d  t h a t  t h e  v i a b i l i t y  o f  combined 
c y c l e  s y s t e m s  might  b e  d e m o n s t r a t e d  by 1985, l e a d i n g  t o  commer- 
c i a l  a p p l i c a t i o n  by 1990. 



F o r  e l e c t r i c i t y  g e n e r a t i o n ,  c o a l  i s  compet ing  w i t h  t h e  
p r i m a r y  f u e l  n u c l e a r .  A  c o a l  o p t i o n  might c o n s i d e r  two p o s s i -  
b l e  c a s e s :  

( a )  The e v e n t u a l  s u c c e s s  o f  b r e e d e r  and f u s i o n  t e c h n o l o g y  
by,  s a y ,  2020, b u t  w i t h  a  p e r i o d  o f  s low n u c l e a r  
g rowth  i n  t h e  p e r i o d  from now t o  2000. 

( b )  The c o m p l e t e  f a i l u r e  o f  t h e  n u c l e a r  programme. T h i s  
migh t  arise e i t h e r  t h r o u g h  r a p i d l y  i n c r e a s i n g  w o r l d  
uranium p r i c e s  c o u p l e d  w i t h  worldwide f a i l u r e  t o  
d e m o n s t r a t e  t h e  f e a s i b i l i t y  o f  b r e e d e r  o r  f u s i o n  
t e c h n o l o g y ,  o r  t h r o u g h  a  mora to r ium o n  n u c l e a r  power 
f o r  e n v i r o n m e n t a l  r e a s o n s .  

Both t h e s e  c a s e s  a l l o w  n u c l e a r  power a s m a l l e r  r o l e  t h a n  d o  
many o t h e r  commentators ,  b u t  t h e y  a r e  a  r e a l  p o s s i b i l i t y  i n  t h e  
U K ,  where t h e r e  i s  u n c e r t a i n t y  i n  t h e  t y p e  o f  r e a c t o r  t o  be  u s e d  
i n  t h e  n e x t  g e n e r a t i o n  o f  n u c l e a r  r e a c t o r s ,  and a c o r r e s p o n d i n g  
weakness  i n  n u c l e a r  t e c h n o l o g y .  

The p o t e n t i a l  f o r  t h e  c o a l - b a s e d  r o u t e  t o  e l e c t r i c i t y  i s :  

- I n  c a s e  ( a )  H I G H  i n  2000 LOW i n  2020; 

- I n  case ( b )  H I G H  i n  2000 HIGH i n  2020. 

C e n t r a l  Gas 

Coal  r o u t e s  t o  c e n t r a l  ( h i g h  Btu)  g a s  i n c l u d e :  

- C o n v e n t i o n a l  g a s i f i c a t i o n  t e c h n i q u e s  ( L u r g i ,  Koppers- 
T o t z e k ,  Wink le r ,  w i t h  m e t h a n a t i o n ) .  These  a r e  
l i k e l y  t o  be  a v a i l a b l e  o n  a  commercia l  s c a l e  by t h e  
e a r l y  1980s.  Improvements t o  t h e  p r o c e s s e s  ( s u c h  a s  
t h e  s l a g g i n g  L u r g i ,  b e i n g  d e v e l o p e d  a t  UK W e s t f i e l d )  
migh t  b e  a v a i l a b l e  by t h e  mid-1980s. O v e r a l l  e f f i c i e n c y  
w i l l  b e  a b o u t  65% w i t h  f u l l  by-produc t  u t i l i z a t i o n .  

- Advanced g a s i f i c a t i o n  t e c h n i q u e s  i n c l u d i n g  h y d r o g a s i f i -  
c a t i o n  ( e . g .  Hygas, B i -gas ,  C02 a c c e p t e r ) .  These  a r e  

l i k e l y  t o  b e  a v a i l a b l e  by  t h e  mid-1990s. O v e r a l l  e f f i -  
c i e n c y  migh t  b e  a b o u t  7 5 1 .  

- G a s i f i c a t i o n  w i t h  n u c l e a r  h e a t .  T h i s  p r o c e s s ,  c u r r e n t l y  
b e i n g  r e s e a r c h e d  i n  t h e  FRG i n  p a r t i c u l a r ,  would r e s u l t  
i n  h i g h e r  e f f i c i e n c i e s .  I t  i s  n o t  l i k e l y  t o  b e  a v a i l -  
a b l e  b e f o r e  2000, and is  n o t  c o n s i d e r e d  i n  t h i s  c a s e  
s t u d y ,  a s  it would a r i s e  i n  a  c o a l  o p t i o n  o n l y  i n  v e r y  
p a r t i c u l a r  c i r c u m s t a n c e s .  



I n d i g e n o u s  s u p p l i e s  o f  m e t h a n e  w i l l  b e  d i m i n i s h i n g  by 2000 
a n d  b e  z e r o  by 2020.  T h e r e f o r e ,  u n l e s s  s e c u r i t y  o f  s u p p l y  i s  
a l l - i m p o r t a n t ,  t h e  d e c i d i n g  f a c t o r  w i l l  b e  t h e  c o s t s  o f  t h e  c o a l  
p r o c e s s  i n  r e l a t i o n  t o  t h e  c o s t s  o f  i m p o r t s  o r  o i l - b a s e d  p r o -  
cesses. The c o a l - b a s e d  p r o c e s s e s  w i l l  p r o b a b l y  n o t  b e  c o m p e t i -  
t i v e  by  2000,  b u t  w i l l  b e  i n  a much s t r o n g e r  p o s i t i o n  by 2020.  

- O v e r a l l  p o t e n t i a l  f o r  c o a l :  

MEDIUM i n  2000 H I G H  i n  2020.  

L i q u i d  

C o a l  r o u t e s  t o  l i q u i d  i n c l u d e :  

- L i q u e f a c t i o n  b a s e d  o n  l i q u i d  e x t r a c t i o n .  T h e r e  i s  o n e  
c o m m e r c i a l  i n s t a l l a t i o n  t o d a y  b a s e d  o n  m i x e d - o i l  i n p u t  
( S .  A f r i c a ) ,  and s e v e r a l  c o u n t r i e s  p l a n  i n t r o d u c i n g  
s u c h  p l a n t  by t h e  mid-1980s  (USSR, P o l a n d ) .  G e n e r a l  
w o r l d w i d e  c o m m e r c i a l  a v a i l a b i l i t y  b a s e d  s o l e l y  o n  c o a l  
i s  l i k e l y  t o  b e  i n  t h e  1 9 9 0 s .  O v e r a l l  e f f i c i e n c y  w i l l  
be a r o u n d  60%.  

- P y r o l y s i s .  The e f f i c i e n c y  w i l l  a g a i n  b e  a r o u n d  60%,  
a n d  t h e  p r o c e s s  w i l l  n o t  b e  a v a i l a b l e  c o m m e r c i a l l y  
u n t i l  t h e  1990s .  

- L i q u e f a c t i o n  b a s e d  o n  s u p e r c r i t i c a l  g a s  e x t r a c t i o n .  
T h i s  p r o c e s s ,  w h i c h  c o u l d  t a k e  o v e r a l l  e f f i c i e n c y  u p  
t o  70$ ,  s t i l l  e x i s t s  o n l y  a t  l a b o r a t o r y  s c a l e .  

I n d i g e n o u s  s u p p l i e s  w i l l  l a s t  l o n g e r  t h a n  t h o s e  o f  g a s ,  a n d  
t h e  p o t e n t i a l  f o r  c o a l  i s  low i n  2000.  However,  e v e n  w i t h  ( a )  
i n c r e a s e d  f i n d s ,  ( b )  s e c o n d a r y  r e c o v e r y ,  and  (c ) r e d u c e d  e x p l o i -  
t a t i o n  i n  t h e  p e r i o d  1985-1995, t h e r e  w i l l  b e  l i t t l e  o r  no  
i n d i g e n o u s  p r o d u c t  i o n  o f  c r u d e  o i l  by 2020.  

The o v e r a l l  p o t e n t i a l  f o r  c o a l - b a s e d  p r o c e s s e s  is a s s e s s e d  
a s  

LOW i n  2000 H I G H  i n  2020 .  

Direct  S o l i d  

On c o s t  a n d  e f f i c i e n c y  g r o u n d s  it may w e l l  b e  p r e f e r a b l e  t o  
u s e  c o a l  d i r e c t l y  r a t h e r  t h a n  c o n v e r t  t o  s o m e t h i n g  e l se .  A 
r e t u r n  t o  d i r e c t  u s e  w i l l ,  however ,  b e  l i m i t e d  by r a t e s  o f  
h o u s i n g  r e p l a c e m e n t ,  t a s t e  and  c o n v e n i e n c e  f a c t o r s ,  and by t h e  
need  t o  r e s t r e n g t h e n  t h e  t r a n s p o r t  a n d  d i s t r i b u t i o n  i n f r a s t r u c -  
t u r e .  



The p r o c e s s e s  i n v o l v e d  a r e  d i v e r s e :  

- Convent iona l  a p p l i a n c e s  i n  r e s i d e n t i a l ,  

- Manufactured s o l i d  f u e l s ,  

- Convent iona l  coke  t o  i r o n  and steel  manufac ture ,  

- C o n v e n t i o n a l  b o i l e r s  i n  i n d u s t r y ;  

p l u s  t h e  new p r o c e s s e s :  

- New r e s i d e n t i a l  a p p l i a n c e s ,  

- Formed coke  i n  i r o n  and steel  m a n u f a c t u r e ,  

- F l u i d i z e d  bed b o i l e r s  i n  i n d u s t r y .  

Some o f  t h e s e  p r o c e s s e s  i n v o l v e  t h e  c o n v e r s i o n  of  mined 
c o a l  t o  a n o t h e r  p r o d u c t ,  b u t  i n  g e n e r a l  we c a n  assume a  1: l  
p r i m a r y  t o  f i n a l  c o n v e r s i o n  r a t i o  i f  we assume f u l l  u t i l i z a t i o n  
o f  by-produc ts .  

By f a r  t h e  most i m p o r t a n t  o f  t h e  new p r o c e s s e s  w i l l  b e  
f l u i d i z e d  bed b o i l e r s  i n  i n d u s t r y .  W e  have  a l r e a d y  n o t e d  t h a t  
d i r e c t  s o l i d  w i l l  d e c l i n e  i n  p e r c e n t a g e  o f  f i n a l  energy  t e r m s  
u n t i l  i n d i g e n o u s  n a t u r a l  g a s  s u p p l y  h a s  peaked ( 1 9 8 5 ) ;  it w i l l  
b e  c o n v e n i e n t  t o  c o n s i d e r  t h a t  any r e t u r n  t o  d i r e c t  s o l i d  a f t e r  
t h i s  t i m e  a r i s e s  t h r o u g h  t h e  p e n e t r a t i o n  o f  f l u i d i z e d  bed 
b o i l e r s  i n t o  t h e  i n d u s t r i a l  h e a t i n g  marke t .  

The p o t e n t i a l  f o r  c o a l  i s  a s s e s s e d  a s  

H I G H  i n  2000 H I G H  i n  2020. 

(Note  t h a t  h e r e  t h e r e  i s  no c o m p e t i t i o n  o f  p r i m a r y  f u e l s  f o r  
c o n v e r s i o n  i n t o  a n o t h e r  e n e r g y  c a r r i e r ;  we r e f e r  t o  t h e  po ten-  
t i a l  f o r  t h e  energy  c a r r i e r  i t s e l f . )  

O t h e r  Networked H e a t i n g  

Coal-based p r o c e s s e s  w i l l  i n c l u d e :  

- Low Btu g a s  ne tworks  t o  i n d u s t r y  ( a i r  g a s i f i c a t i o n ) ,  

- Medium Btu g a s  ne tworks  t o  i n d u s t r y  o r  r e s i d e n t i a l  
(oxygen g a s i f i c a t i o n  o r  p y r o l y s i s ) ,  

- D i s t r i c t  h e a t i n g  schemes from a  c e n t r a l  f l u i d - b e d  
b o i l e r ,  

- D i s t r i c t  h e a t i n g  schemes u s i n g  w a s t e  h e a t  from l o c a l  
e l e c t r i c i t y  g e n e r a t i o n .  



Growth o f  t h e s e  schemes w i l l  b e  l i m i t e d  by t h e  low l e v e l  of 
e x i s t i n g  d i s t r i b u t i o n  i n f r a s t r u c t u r e .  

The p o t e n t i a l  i s  a s s e s s e d  a s  

MEDIUM i n  2000 MEDIUM i n  2020 

S t e p  C: Convers ion  T e c h n o l o g i e s - - I n t r o d u c t i o n  and Timing 

The p r e v i o u s  s t e p  a n a l y s e d  t h e  p o t e n t i a l  f o r  c o a l - b a s e d  
p r o c e s s e s  i n  b road  t e r m s .  W e  must now b e  more e x p l i c i t  a b o u t  
how t h e s e  p o t e n t i a l s  c a n  b e  t r a n s l a t e d  t o  m a r k e t  p e n e t r a t i o n  
r u l e s  ( s e e  a l s o  Annex I t o  Appendix B) . 

The f o l l o w i n g  p a r a m e t e r s  must  b e  e s t a b l i s h e d  f o r  e a c h  c o a l -  
based p r o c e s s  i n  i t s  p a r t i c u l a r  f i n a l  e n e r g y  c a r r i e r  o r  m a r k e t :  

t l  - t h e  y e a r  o f  i n t r o d u c t i o n  of t h e  f i r s t  p l a n t  o f  com- 
m e r c i a l  s c a l e ;  

t2  - t h e  y e a r  when t h e  p r o c e s s  a c h i e v e s  a  s i g n i f i c a n t  
p r o p o r t i o n  (10% of  i t s  m a r k e t )  ; 

p  - t h e  a l l o w a b l e  p e n e t r a t i o n  r a t e  a f t e r  t 2 ;  

s - t h e  s a t u r a t i o n  l e v e l  i n  t h e  m a r k e t ,  i f  o n e  e x i s t s .  

The t i m e  d i f f e r e n c e  between t l  and t2 c a n  o n l y  b e  e s t i m a t e d  

o n c e  a  p a r t i c u l a r  s c e n a r i o  i s  e s t a b l i s h e d ,  s i n c e  we c a n n o t  
s t a t e  b e f o r e h a n d  t h e  a b s o l u t e  v a l u e  t h a t  10% of t h e  m a r k e t  
r e p r e s e n t s .  However, p r i o r  t o  t h e  p r e p a r a t i o n  of a n y  s c e n a r i o ,  
w e  c a n  u s e  t h e  a t t r a c t i o n  p o t e n t i a l s  t o  e s t i m a t e  e i t h e r  t 1  O r  

t2 ,  and  w e  c a n  o b t a i n  a n  e s t i m a t e  o f  p .  

I n  t h e  c o a l  o p t i o n  t h e  c o a l  p o t e n t i a l  i n  c e n t r a l  e l e c t r i c i t y  
i s  H I G H  i n  2000, and a  new c o a l  t e c h n o l o g y  c o u l d  a c h i e v e  10% of  
t h e  m a r k e t  by 1990. However, e s t i m a t e s  o f  t h e  a v a i l a b i l i t y  o f  
p r e s s u r i z e d  f l u i d i z e d  bed combus t ion  w i t h  combined c y c l e  show 
t h a t  t h e  f i r s t  p l a n t  o n  a  commercia l  s c a l e  s h o u l d  b e  r e a d y  by 
1990, and s o  w e  t a k e  t l  = 1990. F i g u r e  A2 shows p a s t  and  p l a n -  

ned f u t u r e  s h a r e s  o f  e l e c t r i c i t y  g e n e r a t i n g  c a p a c i t y  by t e c h -  
nology o v e r  t h e  p e r i o d  1950-1985. From t h i s  w e  f i n d  t h a t  t h e  
a l l o w a b l e  p e n e t r a t i o n  r a t e  i n  t h i s  marke t  i s  from 10% t o  50% 
i n  a b o u t  17 y e a r s .  

F o r  g a s ,  w e  o b t a i n e d  a  c o a l  p o t e n t i a l  of MEDIUM i n  2000, 
and H I G H  i n  2020. W e  t a k e  t2 = 1995,  n o t i n g  t h a t  t h e r e  s h o u l d  

b e  no problems w i t h  a v a i l a b i l i t y  of t e c h n o l o g y .  A s  a  g u i d e  t o  
t h e  a l l o w a b l e  p e n e t r a t i o n  r a t e  f o r  t h e  c o a l  c o n v e r s i o n  t e c h -  
no logy ,  it i s  b e t t e r  t o  t a k e  t h e  e s t i m a t e  d e r i v e d  above  f o r  t h e  
e l e c t r i c i t y  c o n v e r s i o n  t e c h n o l o g y ,  r a t h e r  t h a n  draw p a r a l l e l s  



w i t h  t h e  p a s t  p e n e t r a t i o n  o f  n a t u r a l  g a s  which  h a s  no need o f  
a  c o n v e r s i o n  t e c h n o l o g y .  
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Figure A2. UK electricity generation technologies. 

F o r  l i q u i d ,  we o b t a i n e d  a c o a l  p o t e n t i a l  o f  LOW i n  2000, 
and H I G H  i n  2020. W e  t a k e  t2  = 2010, and  p  a s  above .  
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F o r  s o l i d  t h e  p o t e n t i a l  was H I G H  t h r o u g h o u t .  A s  d e s c r i b e d  
i n  S t e p  B, we w i l l  a n a l y s e  t h e  g rowth  i n  t e r m s  o f  o n e  c o a l  pro-  
cess, f l u i d  bed b o i l e r s  i n  i n d u s t r y .  T h i s  p r o c e s s  w i l l  b e  
r e a d i l y  a v a i l a b l e  i n  t h e  1980s and we t a k e  t2  = 1990. F i g u r e  A3 

10.' - -  

shows t h e  s h a r e s  o f  compet ing  f u e l s  i n  t h e  m a r k e t  o f  low p r o c e s s  
h e a t  and  s p a c e  h e a t i n g  i n  i n d u s t r y  o v e r  t h e  p e r i o d  1960-1974. 
Pre-1973, o i l  p e n e t r a t e d  t h e  m a r k e t  a t  a r a t e  e q u i v a l e n t  t o  10% 
t o  50% i n  16 y e a r s ,  and t h i s  r a t e  i s  assumed f o r  t h e  new c o a l  
p r o c e s s .  

IMCLILO SLOCL FOR 
A P E N E T R A T I N G  
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Figure A3. UK competition in the industrial heat market 
(substitutable. space heating, low process heat, etc.). 

For  o t h e r  networked h e a t i n g ,  w i th  a  p o t e n t i a l  o f  MEDIUM 
th roughou t ,  w e  t a k e  t2 = 2000. I n  t h e  r e s i d e n t i a l  s e c t o r ,  t h e  

growth o f  t h i s  form of  energy  c a r r i e r  w i l l  b e  l i m i t e d  by t h e  
r a t e  o f  hous ing  rep lacement ,  and w i t h i n  t h i s  by demand d e n s i t y  
c o n s i d e r a t i o n s .  W e  t a k e  a s  a  maximum r a t e  o f  p e n e t r a t i o n  one 
q u a r t e r  o f  t h e  r a t e  o f  hous ing  rep lacement .  The l a t t e r  i s  
abou t  2 %  p.a . ,  and s o  a  p e n e t r a t i o n  t i m e  o f  80 y e a r s  from 10% 
t o  50% of  t h e  market  i s  o b t a i n e d .  

F i n a l l y ,  f o r  any l o c a l  e l e c t r i c i t y  schemes w i t h  w a s t e  h e a t  
u t i l i z a t i o n ,  t h e  a l l o w a b l e  r a t e s  o f  p e n e t r a t i o n  w i l l  b e  condi -  
t i o n e d  by t h e  c a p a c i t y  o f  t h e  s p e c i f i c  market  t o  a b s o r b  t h e  
was t e  h e a t .  Thus i n  t h e  r e s i d e n t . i a 1  s e c t o r  t h e  a n a l y s i s  w i l l  
b e  a s  i n  o t h e r  networked h e a t i n g ;  and i n  t h e  i n d u s t r i a l  a s  f o r  
f l u i d i z e d  bed b o i l e r s .  

S t e p  D: Coa l -Ex t r ac t i on  Technolog ies  

W e  t u r n  t o  t h e  q u e s t i o n  of  supp ly ing  c o a l  i n  t h e  q u a n t i t i e s  
d e r i v e d  i n  S t e p  C, and i d e n t i f y i n g  r equ i r emen t s  f o r  t h e  c o n t r i -  
b u t i o n s  of  p a r t i c u l a r  c o a l  e x t r a c t i o n  t e c h n o l o g i e s .  E x t r a c t i o n  
p r o c e s s e s  a r e  more d i f f i c u l t  t o  a n a l y s e  t h a n  conve r s ion ,  i n  t h a t  
f u t u r e  c o a l  mining may w e l l  o p e r a t e  w i t h  a  con t i nuous  spec t rum 
of  t e c h n o l o g i c a l  improvement w i t h  few d i s c r e t e  changes i d e n t i -  
f i a b l e  i n  advance.  The c h o i c e  of  method of  e x t r a c t i o n  w i l l  



depend markedly on p a r t i c u l a r  c h a r a c t e r i s t i c s  i n  s p e c i f i c  
l o c a t i o n s .  However, i f  we i d e n t i f y  t h e  most impor tan t  f a c t o r s  
a f f e c t i n g  e x t r a c t i o n ,  we can  e s t a b l i s h  a  broad l i s t  of p roces se s  
and a n a l y s e  i n  average  terms f o r  t h e  r eg ion .  

C u r r e n t l y  about  90% of  a l l  c o a l  supp l i ed  i n  t h e  r e g i o n  i s  
deep-mined, and of t h i s  about  90% is  ob ta ined  from mechanized 
longwal l  c o a l  f a c e s .  A s  c o a l  i s  e x t r a c t e d ,  t h e  c o a l  f a c e s  
become more d i s t a n t  from e x i s t i n g  a c c e s s  s h a f t s  and d r i f t s ,  and 
s o  t h e  expected i n c r e a s e  i n  " e x t e r n a l  energy p r i c e "  up t o  2020 
does  n o t  n e c e s s a r i l y  mean t h a t  f u r t h e r  mining i s  economic. The 
s o l u t i o n s  may i n c l u d e  t h e  fo l lowing:  

- Automation might be  i n c r e a s e d  and p r o d u c t i v i t y  improved 
a t  e x i s t i n g  a c c e s s  ( t h e  improvement may be i nc reased  
mechanizat ion of  face-end procedures ,  improved automa- 
t i o n  o f  c o a l  c l e a r a n c e ,  o r  s e l e c t i v e  u s e  of  a  s p e c i f i c  
t echn ique  such a s  h y d r a u l i c  c u t t i n g  o f  c o a l )  . 

- New a c c e s s  might be  c r e a t e d  where t h e r e  i s  t h e  p o s s i b i l -  
i t y  o f  ve ry  l a r g e  p r o d u c t i v i t y  improvement through 
r a d i c a l  changes i n  t h e  systems of  t r a n s p o r t  o f  men, 
m a t e r i a l s  and c o a l ;  

- A f u r t h e r  r o u t e  t o  economic compe t i t i venes s  a r i s e s  
through m a r k e t a b i l i t y ;  a  f l u i d i z e d  bed p roces s  has  l e s s  
s t r i n g e n t  c o a l  i n p u t  requi rements ,  and t h e r e f o r e  it may 
be p o s s i b l e  t o  mine c o a l  r e s e r v e s  p r e v i o u s l y  cons ide red  
unusable:  t h e  mining t echn iques  a r e  t h e  same, bu t  i n  
e f f e c t  a  new e x t r a c t i o n  p roces s  i s  c r e a t e d  t i e d  t o  a  
s p e c i f i c  m a r k e t .  

- The p r i c e  o f  p r o d u c t i v i t y  improvement has  been t h e  d r o p  
i n  in-seam r e c o v e r a b i l i t y  (90% f o r  a  handf i l l e d  f a c e ,  
c u r r e n t l y  around 40% f o r  longwal l  f a c e s  and expec ted  
t o  f a l l  f u r t h e r ) .  However, i t  may be p o s s i b l e  t o  ba l -  
ance  t h i s  t r e n d  w i t h  t h e  development of  h igh  recover -  
a b i l i t y  t echn iques  t h a t  t a k e  i s o l a t e d  p a r c e l s  of c o a l  
r a p i d l y ,  i . e .  low c a p i t a l  s h o r t f a c e  technology.  

- Another approach t o  h i g h e r  r e c o v e r a b i l i t y  can  be open- 
c a s t  mining. A s  s t a t e d  above, c u r r e n t  opencas t  o u t p u t  
i s  about  105 of t h e  r e g i o n ' s  product ion  (1 2  M t )  . T h i s  
l e v e l  might be  g r e a t l y  expanded, e s p e c i a l l y  w i t h  t h e  
adop t ion  o f  t e c h n o l o g i e s  t h a t  would ex tend  t h e  p r e s e n t  
maximum d e p t h  of 750 f e e t  t o  around 1000 f e e t .  The 
advantages  i n  r e c o v e r a b i l i t y  and p r o d u c t i v i t y  i n  open- 
c a s t  must be weighed a g a i n s t  t h e  obvious  d i sadvan tages  
o f  environmental  d i s t u r b a n c e  over  t h e  l i f e  o f  any open- 
c a s t  s i t e .  

- A t h i r d  method of i nc reased  r e c o v e r a b i l i t y  might be t h e  
proved technology of  low-pressure underground g a s i f i c a t i o n .  
However, c u r r e n t  i n d i c a t i o n s  a r e  t h a t ,  i n  v i r g i n  d e p o s i t s  



of c o a l ,  on average  it w i l l  be more economic t o  u s e  
conven t iona l  opencas t  o r  deep-mining t echn iques  (which- 
eve r  i s  a p p l i c a b l e ) .  I n  t h e  impor tan t  a r e a  of secondary 
r e c o v e r y  of  d e p o s i t s  worked once by deep  mining, t h e r e  
a r e  problems a s s o c i a t e d  wi th  recovery  of  t h e  p roduc t s  
of  g a s i f i c a t i o n  of t h e  i s o l a t e d  pockets  of c o a l .  

There remain l a r g e  q u a n t i t i e s  of c o a l  r e s o u r c e s  which can- 
not  be e x t r a c t e d  by t h e  s e t  o f  mining t echn iques  d e s c r i b e d  
above. A very  impor tan t  c o n s t r a i n t  i s  dep th ;  t h e  l i m i t  of 
working of t h e  deep-mining p roces se s  d e s c r i b e d  above i s  i n  
g e n e r a l  around 4000 f e e t .  S p e c i f i c  l o c a l  g e o l o g i c a l  o r  environ-  
mental  c o n s i d e r a t i o n s  may a l s o  p r o h i b i t  t h e  a p p l i c a t i o n  of t h e  
above techniques .  To overcome t h e s e  problems, a  comple te ly  new 
technology i s  r e q u i r e d .  Th i s  cou ld  be one o r  a  mix of t h e  f o l -  
lowing: 

- High-pressure underground g a s i f i c a t i o n ;  

- Underground l i q u e f a c t i o n ;  

- Completely automated remote-cont ro l led  mining; 

- B i o l o g i c a l  e x t r a c t i o n  o r  some e n t i r e l y  new combinat ion 
of processes .  

To b u i l d  a  mix of a l l  t h e  p rev ious ly  mentioned e x t r a c t i o n  
p roces se s  i n t o  a  supply p r o f i l e  i s  complex, e s p e c i a l l y  a s  t h e r e  
i s  l i t t l e  d a t a  on how f a s t  e x t r a c t i o n  t echno log ie s  can  p e n e t r a t e  
t h e  i n d u s t r y  i n  a  c l i m a t e  of expanding c o a l  product ion .  

S t e p  E: Resource/Environmental Consequences 

Even tua l ly  t h e  CTF would aim t o  document c o a l  o p t i o n  
energy s t r a t e g i e s  i n  terms of t h e  fo l lowing  r e sou rce  i n p u t s  and 
environmental  o u t p u t s .  

I npu t s  

- Coal r e s e r v e s  (and requi rement  f o r  r e s o u r c e  t o  r e s e r v e  
t r a n s i t i o n )  

- C a p i t a l  

- Labour 

- M a t e r i a l s  

- Land ( a r e a  used)  

- Water (u se  o f )  

- Consumer c a p i t a l  



O u t p u t s  

- A i r  p o l l u t a n t s  (C02, CO, NOx,  SO2, p a r t i c u l a t e s ) ,  
c e n t r a l i z e d  

- A i r  p o l l u t a n t s  a s  above,  d e c e n t r a l i z e d  

- Water p o l l u t i o n  

- W a t e r - - e f f e c t  on w a t e r  t a b l e  

- R a d i o a c t i v e  e m i s s i o n s  

- Heat  d i s s i p a t i o n  ( c e n t r a l i z e d )  

- Heat  d i s s i p a t i o n  ( d e c e n t r a l i z e d )  

- S o l i d  w a s t e  

- O c c u p a t i o n a l  h e a l t h  and s a f e t y  

- Subs idence .  

Such a  t a s k  i s  i m p o s s i b l e  i n  a  p r e l i m i n a r y  r e p o r t  and is  o f  
l i m i t e d  r e l e v a n c e  u n t i l  a22  e n e r g y  s t r a t e g i e s  b e i n g  e v a l u a t e d  
a r e  documented s i m i l a r l y .  What i s  f a r  more i m p o r t a n t  is  t h a t  
d i f f e r e n t  coa l -p roduc ing  r e g i o n s  a r e  c u r r e n t l y  much aware of  
p a r t i c u l a r  i t e m s  from t h i s  l i s t .  It may n o t  b e  t h e  whole r e g i o n  
t h a t  i s  r e l e v a n t ;  s u b s i d e n c e  may be a  p a r t i c u l a r  problem f o r  a  
p a r t i c u l a r  coa l -p roduc ing  s u b r e g i o n ,  o r  a l t e r n a t i v e l y  SO2 e m i s -  

s i o n  may b e  o f  p a r t i c u l a r  impor tance  t o  a  r e g i o n  w i t h  d e n s e  c o a l  
c o n v e r s i o n  and  d i r e c t  consumption.  Our g o a l  i s  t o  q u a n t i f y  
t h e s e  i t e m s  o f  p a r t i c u l a r  i n t e r e s t ,  and i d e n t i f y  p o s s i b l e  con- 
s t r a i n t s ,  s o  a s  t o  i n v e s t i g a t e  how t h e  s e t t i n g  o f  t h e s e  con- 
s t r a i n t s  w i l l  a f f e c t  t h e  supply/demand match. 

I n  t h e  s c e n a r i o s  t h a t  f o l l o w  w e  w i l l  c o n c e n t r a t e  on t h r e e  
i t e m s  of p a r t i c u l a r  impor tance  i n  o u r  r e g i o n :  manpower, c o a l  
r e s e r v e s ,  and  c a p i t a l .  

3 .  A BASE CASE FOR A UK COAL OPTION 

S t e p s  A t o  E: S c e n a r i o  1 

T h i s  s c e n a r i o  i s  i n t e n d e d  o n l y  a s  a  b a s e  f o r  f u r t h e r  a n a l y -  
s is ,  and i n  no way r e p r e s e n t s  a  " c e n t r a l "  o r  " b e s t "  p r o j e c t i o n .  
The a s s u m p t i o n s  a r e  t h e  f o l l o w i n g :  

- F i n a l  e n e r g y  w i l l  grow a t  t h e  h i s t o r i c a l  r a t e  of  
1 .25% p i a .  A s  d e s c r i b e d  i n  S t e p  A ,  t h e  h i s t o r i c a l  
r a t e  was a r t i f i c i a l l y  d e p r e s s e d ,  and s o  t h e  assump- 
t i o n  i s  a  c o n s e r v a t i v e  one.  T o t a l  f i n a l  energy  



demands of  8 6  GTh i n  2000, and 110 GTh i n  2020 a r e  
o b t a i n e d .  

- T h e r e  w i l l  b e  no change i n  t h e  r e l a t i v e  p r o p o r t i o n s  o f  
demand o f  t h e  t o t a l  s e c t o r s  r e s i d e n t i a l ,  i n d u s t r y  and 
t r a n s p o r t .  

- A s  i n d i g e n o u s  s u p p l i e s  d e c l i n e ,  demand f o r  l i q u i d  and 
c e n t r a l  g a s  w i l l  d e c r e a s e  t o  "premium use" .  T h i s  i s  
d e f i n e d  a s  t h e  n o n - s u b s t i t u t a b l e  components o f  demand, 
p l u s  some premium u s e  i n  t h e  s u b s t i t u t a b l e  s e c t o r  o f  
r e s i d e n t i a l  ( e v e n t u a l l y  f o r  g a s  40% o f  t h e  s e c t o r ,  i .e .  
11% o f  t o t a l  f i n a l  e n e r g y ,  and f o r  l i q u i d  10% of  t h e  
s e c t o r ,  i .e .  3% o f  f i n a l  e n e r g y ) .  

- S o l i d  i s  assumed t o  p e n e t r a t e  t h e  i n d u s t r i a l  h e a t i n g  
s e c t o r  a s  d e s c r i b e d  i n  S t e p  C ,  b u t  c a n n o t  p e n e t r a t e  
more t h a n  50% o f  t h e  m a r k e t .  

- An exogenous p r o j e c t i o n  o f  s o l a r  i n p u t  t o  r e s i d e n t i a l  
i s  t a k e n :  1  GTh i n  2000, and 8 GTh i n  2020. 

- Any remain ing  demand is d i v i d e d  between e l e c t r i c i t y  and 
o t h e r  networked h e a t i n g .  The l a t t e r  c a n n o t  grow f a s t e r  
t h a n  t h e  r a t e s  l a i d  down i n  S t e p  C .  

- A l l  e l e c t r i c i t y  i s  c e n t r a l l y  g e n e r a t e d .  The p o t e n t i a l  
f o r  c o a l  i n t o  c e n t r a l  e l e c t r i c i t y  is a s s e s s e d  a s  H I G H  
i n  2000 and LOW i n  2020. A s  d e s c r i b e d  i n  S t e p  B, t h i s  
means t h a t  c o a l  p l a y s  a  major  p a r t  i n  e l e c t r i c i t y  pro-  
d u c t i o n  u n t i l  t h e  b r e e d e r  ( o r  f u s i o n )  t e c h n o l o g y  i s  
s u f f i c i e n t l y  deve loped  i n  t h e  r e g i o n .  The assumpt ion  
h e r e  i s  t h a t  t h e  new (pos t -1  990) g e n e r a t i o n  o f  n u c l e a r  
r e a c t o r s  w i l l  r e a c h  10% of  t h e  g e n e r a t i n g  c a p a c i t y  by 
2000. 

- New c o a l  t e c h n o l o g i e s  w i l l  p e n e t r a t e  i n t o  t h e  e l e c t r i c i t y ,  
g a s ,  and l i q u i d  m a r k e t s  a s  l a i d  down i n  S t e p  C .  

From t h e s e  r u l e s  t h e  f o l l o w i n g  t o t a l  demands f o r  e n e r g y  
c a r r i e r s  c a n  b e  d e r i v e d  ( s e e  T a b l e  A2 f o r  a  comple te  t a b u l a t i o n  
on t h e  same f o r m a t  a s  T a b l e  A l ) :  

Year 2000 Year 2020 

96 GTh X GTh 

C e n t r a l  e l e c t r i c i t y  
C e n t r a l  g a s  
L i q u i d  
S o l i d  
O t h e r  h e a t i n g  
S o l a r  

T o t a l  



Table A2. Energy demand: s e c t o r s  and c a r r i e r s  
(Scenar io  1 ) .  
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Figure  A 4  p l o t s  energy c a r r i e r  sha res  on t h i s  b a s i s  throughout 
t h e  whole period 1970-2020. 
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Figure A4. UK energy carriers as a percentage of total final energy 
(2000 and 2020 as in Scenario 1). 



I t  w i l l  be  s e e n  t h a t  S c e n a r i o  1 t h u s  embodies  a  b road  
" e l e c t r i c i t y  g e n e r a t i o n  o n  p r e s e n t  p r i n c i p l e s "  v iew.  S c e n a r i o  2 
c o n t a i n s  a  c o n t r a s t i n g l y  Z O U  c e n t r a l  e l e c t r i c i t y  v iew,  on r a d i -  
c a l l y  d i f f e r e n t  p r i n c i p l e s .  

E l e c t r i c i t y  

I n  S c e n a r i o  1 ,  demand f o r  c e n t r a l  e l e c t r i c i t y  i s  370 TWh 
i n  2000 and  650 TWh i n  2020, a f t e r  a l l o w i n g  f o r  t r a n s m i s s i o n  and 
d i s t r i b u t i o n  l o s s e s  o f  10%.  With a  t o t a l  p l a n t  s a f e t y  marg in  o f  
20%,  t h i s  g i v e s  t o t a l  g e n e r a t i o n  c a p a c i t y  r e q u i r e m e n t s  o f  80 GW 
i n  2000 and 125 GW i n  2020. The b u i l d  o f  c a p a c i t y  o t h e r  t h a n  
c o a l  i s  b r o a d l y  a s  f o l l o w s .  

Year 2000 Year 2020 

(GW) (GW) 

N e w  ( p o s t - 1  990) n u c l e a r  10% 
i n  2000, l e a d i n g  t o  60% i n  
2020 8  7  5  

E x i s t i n g  n u c l e a r  10 .5  - 
O i l  

O t h e r s  

T o t a l  

The c o a l  o p t i o n  i s  t o  f i l l  t h e  g a p  w i t h  p r e s s u r i z e d  f l u i d -  
i z e d  bed w i t h  combined c y c l e  a s  f a s t  a s  p o s s i b l e ,  f o r  r e a s o n s  
o f  o v e r a l l  e f f i c i e n c y ,  f u e l  f l e x i b i l i t y ,  SO2 c o n t r o l ,  e t c .  

- 

S t e p  C g a v e  1990 a s  t h e  e a r l i e s t  p o s s i b l e  d a t e  f o r  t h e  f i r s t  
2  GW p l a n t ,  and it c o u l d  t a k e  up  t o  1996 t o  i n s t a l l  f u r t h e r  
p l a n t  t o  c r o s s  t h e  10% p e n e t r a t i o n  l e v e l .  By 2000, w i t h  t h e  
p e n e t r a t i o n  r u l e s  e s t a b l i s h e d ,  t h e r e  w i l l  be  12 GW o f  c a p a c i t y  
o f  t h i s  t y p e ,  and t h e  p r o c e s s  c a n  e a s i l y  grow t o  p r o v i d e  t h e  
t o t a l  o f  45 GW r e q u i r e d  by 2020. The c a p a c i t y  r e q u i r e m e n t  f rom 
o t h e r  c o a l  p r o c e s s e s  ( e . g .  p u l v e r i z e d  f u e l  o r  a t m o s p h e r i c  f l u i d -  
bed combus t ion)  i s  t h u s  28 GW i n  2000. T h i s  migh t  j u s t  be 
hand led  by d e l a y e d  decommissioning o f  e x i s t i n g  c o a l - f i r e d  p l a n t ,  
b u t  would p r o b a b l y  n e c e s s i t a t e  a  new round o f  c o n v e n t i o n a l  c o a l -  
f i r e d  commissioning i n  t h e  1980s.  

- I n  2000, a t  50% l o a d  f a c t o r  and 36% e f f i c i e n c y ,  c o a l  

b u r n  i s  70 x l o 6  t . c . e .  

- I n  2020, a t  40% l o a d  f a c t o r  and 40% e f f i c i e n c y ,  c o a l  

b u r n  i s  55 x l o 6  t . c . e .  



G a s  - 
Allowing  f o r  5% d i s t r i b u t i o n  l o s s e s ,  demand f o r  g a s  i s  17.1 

GTh i n  2000 and 15.0  GTh i n  2020. The f i g u r e  f o r  2000 compares  
w i t h  i n d i g e n o u s  p r o d u c t i o n  i n  t h e  r a n g e  7  t o  17 GTh f rom F i g u r e  
A1 . S t e p  C d i c t a t e s  t h a t  t h e  c o a l - b a s e d  p r o c e s s  p r o v i d e s  10% o f  
t h e  m a r k e t  by 1995, which a l l o w s  a growth  t o  17% o f  t h e  m a r k e t  
by 2000, and t o  75% by 2020. Thus: 

- To p r o v i d e  2.9 GTh i n  2000 a t  65% e f f i c i e n c y  r e q u i r e s  
20 M t ;  

- To p r o v i d e  11.25 GTh i n  2020 a t  70% e f f i c i e n c y  n e a r l y  
65 M t .  

The f i g u r e  f o r  1995 c o n s t i t u t e s  a p p r o x i m a t e l y  two comrner- 
3  c i a l l y - s i z e d  p l a n t s  o f  o u t p u t  250 x l o 6  f t  /d and t h i s  c o n f i r m s  

t h a t  t h e r e  w i l l  b e  no problem w i t h  t i m i n g  o f  t e c h n o l o g y .  

L i q u i d  

Al lowing  f o r  1 0 %  distribution losses, demand f o r  l i q u i d  is  
43 GTh i n  2010, and  45 GTh i n  2020. S t e p  C d i c t a t e s  t h a t  c o a l -  
b a s e d  p r o c e s s e s  p r o v i d e  10% o f  t h e  marke t  by 2010, which a l l o w s  
p e n e t r a t i o n  t o  30% by 2020. Thus: 

- At  60% e f f i c i e n c y ,  90 M t  o f  c o a l  a r e  r e q u i r e d  i n  2020. 

The 10% p e n e t r a t i o n  f o r  2010 c o n s t i t u t e s  f i v e  commercia l -  
scale p l a n t s  o f  7  M t  p . a .  c o a l - p r o c e s s i n g  c a p a c i t y  o p e r a t i n g  a t  
80% l o a d  f a c t o r .  Thus one  p l a n t  must  be  i n s t a l l e d  by 2000, 
u s i n g  5  t o  6  M t  o f  c o a l  p . a .  

Direct S o l i d  

The demand f o r  s o l i d  f o l l o w s  d i r e c t  f rom t h e  f i n a l  e n e r g y  
a s s u m p t i o n s  a n d  i s  60 M t  i n  2000 and 95 M t  i n  2020. 

O t h e r  Networked H e a t i n g  

T h i s  a l s o  f o l l o w s  f rom t h e  f i n a l  e n e r g y  a s s u m p t i o n s ,  i f  we 
t a k e  a n  80% e f f i c i e n c y .  The e n s u i n g  c o a l  demand is 20 M t  i n  
2000 and 50 M t  i n  2020. Thus t h e  t o t a l  c o a l  o p t i o n  demands f o r  
c o a l  are: 



E l e c t r i c i t y  
Gas 
L i q u i d  
Direct s o l i d  
O t h e r  h e a t i n g  

T o t a l  

Year 2000 Year 2020 

F i g u r e  A5 p l o t s  c o a l  i n p u t s  t o  d i f f e r e n t  e n e r g y  c a r r i e r s  
t h r o u g h o u t  t h e  whole p e r i o d  1970-2020. F o r  2000 and 2020 t h e  
i n p u t s  o f  c o a l  a r e  compared t o  t h e  o t h e r  i n p u t s  o f  p r i m a r y  
e n e r g y  i n  T a b l e  A3. 

I n  F i g u r e  A6 w e  b u i l d  up  a  s u p p l y  p r o f i l e  c o n s i s t e n t  w i t h  
t h e  demands c a l c u l a t e d  above.  Again,  it must  b e  emphasized 
t h a t  t h i s  i s  a  p r e l i m i n a r y  s c e n a r i o  f rom which  w e  o b t a i n  a  b a s i s  
f o r  f u r t h e r  a n a l y s i s .  Beyond 1985, it i n  no s e n s e  r e p r e s e n t s  
e i t h e r  a  f o r e c a s t  o f ,  o r  p l a n s  f o r ,  t h e  c o a l  p r o d u c t i o n  f rom 
t h e  r e g i o n  u n d e r  c o n s i d e r a t i o n .  I n  g e n e r a l ,  t h i s  s u p p l y  mix 
c a n  b e  r e g a r d e d  a s  a  " h i g h - l e v e l  t e c h n o l o g y ,  low r e c o v e r a b i l i t y "  
mix; t h e r e  a r e  o t h e r  p o s s i b i l i t i e s  which would a im a t  a  h i g h e r  
o v e r a l l  r e c o v e r a b i l i t y .  
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Figure A5. UK: The uses of coal 1975-2020 (Scenario 1 ) .  



Tab le  A 3 .  Primary f u e l  i n p u t s  (Scena r io  1 ) . 
Year 2000 Year 2020 

6 
(10 t . c . e . )  

Coal 

Indigenous gas 

Imported g a s  

Indigenous o i l  

Imported o i l  

Nuclear 

So la r  

Total  

Coal % 

Coal-based energy a s  % of 
f i n a l  energy 
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Figure A6. U K  coal supply (Scenario 1). 



The a s s u m p t i o n s  c o n t a i n e d  i n  F i g u r e  A6 t o g e t h e r  w i t h  t h e  
a s s o c i a t e d  o u t p u t s  a r e  l i s t e d  i n  T a b l e  A4. 

T a b l e  A4. P r o d u c t i o n  o f  c o a l  f o r  S c e n a r i o  1 .  

T h u s ,  a  p i l o t  m i n e  d e m o n s t r a t i n g  t h e  new m i n i n g  p r o c e s s  
m u s t  b e  a v a i l a b l e  by  t h e  l a t e  1 9 9 0 s ,  a n d  t h e  new m i n i n g  p r o c e s s  
m u s t  expand  t o  a n  i n d u s t r y  o f  170  M t  o u t p u t  b y  2020.  A l t e r n a -  
t i v e l y ,  i m p o r t s  would  b e  r e q u i r e d  t o  s u p p o r t  t h i s  c o a l  o p t i o n  
s c e n a r i o .  

Opencast b u i l d s  up t o  15 M t  p.a., and is then  
cons tan t  

Conventional mining, e x i s t i n g  access:  produc- 
t i v i t y  improvements a r e  assumed t o  be such t h a t  
t h i s  method of e x t r a c t i o n  cont inues t o  support  
100 M t  p.a. f o r  t h e  t ime period covered. (Some 
of  t h i s  ou tpu t  w i l l  a r i s e  through t h e  use  of 
f luid-bed technology i n  t h e  e l e c t r i c i t y  and 
heat  markets.  However, we cannot a s  y e t  q u a n t i f y  
what e f f e c t  t h e  increased f l e x i b i l i t y  of t h i s  
market w i l l  have on rese rves . )  

New p i t  technology: a s  planned up t o  1985; a f t e r  
t h a t  a doubling time of t e n  years ,  b u t  s a t u r a t i n g  
a t  70 M t  p.a. Produc t iv i ty  improvements maintain 
ou tpu t  a t  t h i s  l e v e l .  

New (o r  mix of  p rocesses )  : assumed 
t o  t a k e  t h e  r e s i d u a l  demand. I n  a "low recover- 
a b i l i t y "  scenar io  t h i s  may be remote-controlled 
mining a t  depth g r e a t e r  than average. 

T o t a l  

I m p l i c a t i o n s  o f  t h e  Base  C a s e  

W e  now i n v e s t i g a t e  how S c e n a r i o  1  h a s  u s e d  t h r e e  r e s o u r c e s .  

Production ( M t  c o a l )  

C o a l  R e s e r v e s  

2000  

15 

100 

55 

5 

175 

From F i g u r e  A6 c a n  b e  d e r i v e d  t h e  r e q u i r e m e n t  f o r  a d d i t i o n s  
t~ r e s e r v e s  o v e r  t h e  p e r i o d  1975-2020. I n  t h i s  p e r i o d  t h e  
c u m u l a t i v e  amount deep-mined is  a b o u t  8 G t .  To c o n v e r t  t h i s  
t o  a  r e s e r v e s  r e q u i r e m e n t  we m u s t  e s t i m a t e  t h e  a v e r a g e  

2020 

15 

100 

70 

170 

375 



r e c o v e r a b i l i t y ,  w i th ing  t h e  c o n t e x t  of t h e  "h igh- leve l"  t ech -  
nology,  l ow- recove rab i l i t y  assumptions.  

A s  quoted p rev ious ly ,  t h e  c u r r e n t  e s t i m a t e  of recover -  
a b i l i t y  i s  40%. Fu r the r  automation can  be expec ted  t o  g i v e  a 
downward t r e n d  t o  t h i s  f i g u r e ,  b u t  o t h e r  t e c h n o l o g i c a l  improve- 
ments (e .g .  s h i e l d  suppor t s  t o  a l l ow  t h e  t a k i n g  of more roof  
c o a l )  w i l l  p u l l  i n  t h e  o p p o s i t e  d i r e c t i o n .  For  t h e  moment we 
t a k e  40% a s  an  average  r e c o v e r a b i l i t y  f o r  t h e  i n d u s t r y  f o r  a l l  
pe r iods ,  t h i s  g i v i n g  a  cumula t ive  r e s e r v e  requi rement  of  20 G t  
by 2020. I f  we now d i r e c t  t h a t  a l l  r e s e r v e s  must be demonstrated 
a t  l e a s t  20 y e a r s  b e f o r e  e x t r a c t i o n ,  we o b t a i n  a  g e o l o g i c a l  
e x p l o r a t i o n  programme such t h a t  20 G t  of c o a l  a r e  l o c a t e d  and 
app ra i sed  a s  r e s e r v e s  i n  t h e  nex t  25 y e a r s .  These a r e  s p l i t  
roughly  a s  fo l lows:  

- 11.3 G t  a t t a c h e d  t o  e x i s t i n g  a c c e s s ,  i n c l u d i n g  an 
unknown pe rcen tage  o f  " i n f e r i o r "  r e s e r v e s ;  

- " i n f e r i o r "  r e s e r v e s  a t  e x i s t i n g  a c c e s s  t h a t  should 
become economic wi th  f l u id -bed  technology;  

- 5 G t  a t  new mine l o c a t i o n s ;  

- 3 . 7  G t  a t  g e o l o g i c a l  l o c a t i o n s  e.g. a t  dep th  g r e a t e r  
t han  4000 f e e t ,  s u i t a b l e  f o r  t h e  new technology.  

These f i g u r e s  can  be s e t  i n  t h e  c o n t e x t  o f  publ i shed  
proved r e s e r v e s  f o r  t h e  r e g i o n  of  4 G t ,  a l though t h a t  f i g u r e  
i s  t o  some e x t e n t  c o r r e c t e d  f o r  r e c o v e r a b i l i t y .  T o t a l  r e s e r v e s  
of  c o a l  mineable by c u r r e n t  methods ( l e s s  t h a n  4000 f e e t ,  
g r e a t e r  t han  2  f e e t  t h i c k )  a r e  about  100 G t  i n  known l o c a t i o n s ,  
and r i s e  t o  about  160 G t  i f  i n f e r r e d  r e s e r v e s  a r e  inc luded .  

Manpower 

Cur ren t  deep-mined p r o d u c t i v i t y  i n  t h e  r e g i o n  i s  an  average  
500 t manyear, a l though i n d i v i d u a l  c o l l i e r i e s  v a r y  app rec i ab ly .  
We assume t h e  fo l lowing  broad e s t i m a t e s  i n  o r d e r  t o  d e r i v e  
l abour  requi rements .  

1 .5 x c u r r e n t  i n  2000, E x i s t i n g  methods, e x i s t i n g  a c c e s s  2  x c u r r e n t  i n  2020 

E x i s t i n g  methods, new a c c e s s  4 x c u r r e n t  

New t e c h n o l o g i e s  4 x c u r r e n t  

Opencast 4 x c u r r e n t  deep 
mined. 



T h i s  l e a d s  t o  manpower requi rements  o f :  

compared w i t h  t h e  c u r r e n t  l e v e l  o f  240,000 men. 

T h i s  i n i t i a l  a n a l y s i s  must be extended i n  two ways: 

- Type o f  work: By 2020 a  l a r g e  p r o p o r t i o n  of  t h e  work- 
f o r c e  c o n s i s t s  of  s k i l l e d  eng inee r s  a t  o r  near  t h e  
s u r f  ace .  

Loca t ion  o f  work: Hidden i n  t h e  temporary d e c l i n e  o f  
t h e  workforce of  men i n  t h e  y e a r s  1975-2000 a r e  major  
r e l o c a t i o n s  of  manpower a s  i nc reased  inves tment  i s  made 
i n  new a r e a s  o f  mining. For example, f o r  t h e  new p i t s  
by t h e  yea r  2000, under t h e  p r o d u c t i v i t y  assumptions 
above, 27,500 a r e  working a t  new l o c a t i o n s .  Th i s  pre-  
s e n t s  s e v e r e  problems i f  t h e  men a r e  e i t h e r  r e l o c a t e d  
from e x i s t i n g  p i t s  (new towns, s o c i a l  i n f r a s t r u c t u r e )  
o r  a t t r a c t e d  from l o c a l  employment ( d i s r u p t i o n  o f  l o c a l  
i n d u s t r i e s ,  e .g.  a g r i c u l t u r e ) .  T h i s  problem may e x e r t  
a  s t r o n g e r  i n f l u e n c e  on  c o n s t r a i n i n g  product ion  by 2000 
than  w i l l  " t ype  of work" on p roduc t ion  by 2020. 

C a p i t a l  

Es t ima te s  o f  t h e  u s e  of  t h i s  r e sou rce  a r e  even more 
u n c e r t a i n  t han  f o r  t h e  two c a s e s  above. However, we can e s t a b -  
l i s h  t h e  o r d e r  o f  magnitude o f  c a p i t a l  i nves t ed  i n  t h e  c o a l  
o p t i o n  by looking  a t  t h e  s i x  main p roces se s  involved .  ( A l l  
f i g u r e s  a r e  approximate l a t e  1975 p r i c e s . )  

Process 

Combined cycle 
FB power 
stat ions  

Gasification 

Liquefaction 

Mining, exist -  
ing access 

Mining, new 
capacity 

Mining, new 
technology 
(no imports) 

Assumptions Total capital Total investment 
invested dur- requirement up to  
ing Scenario 1 2000 

(lo9 £1 

£75/annual ton 
coal processed 

£75/annual ton 
coal processed 

£25/annual ton;  
natural decline rate 
without investment 3 . 1  
2.5 ~t p .a . ,  30-year 
l i f e  

£3  5/annual t o n ,  
30-year l i f e  

£50/annual ton 



4. ALTERNATIVE CASES FOR A COAL OPTION: A SENSITIVITY ANALYSIS 

S t e p  F: Scena r io  2--Local E l e c t r i c i t y  Genera t ion  

Scena r io  1  ana lysed  p o s s i b l e  demands f o r  c o a l  i n  t h e  con- 
t e x t  of  p a t t e r n s  o f  energy supply  t h a t  were broadly  conven t iona l .  
I n  a  r e g i o n  fo l lowing  a  c o a l  o p t i o n  we must pose  two q u e s t i o n s :  

- Should e l e c t r i c i t y  i n c r e a s e  i n  market  s h a r e  terms? 

- Should a l l  e l e c t r i c i t y  be c e n t r a l l y  gene ra t ed?  

I n  t h i s  s c e n a r i o  t h e  i m p l i c a t i o n s  of answering t h e s e  q u e s t i o n s  
i n  t h e  n e g a t i v e  a r e  ana lysed  by making t h e  fo l lowing  assumptions:  

- T o t a l  e l e c t r i c i t y  s h a r e  of  f i n a l  energy demand is  he ld  
a t  1974 percentage  (1 1  . 5%)  . 

- Local  e l e c t r i c i t y  g e n e r a t i o n  is  in t roduced  a s  f a s t  a s  
a s  t h e  market w i l l  absorb  t h e  accompanying was te  h e a t .  

- I n  t h e  r e s i d e n t i a l  h e a t i n g  s e c t o r ,  t h e  10% s i g n i f i c a n c e  
l e v e l  i s  reached  by t h e  yea r  2000, and t h e  p e n e t r a t i o n  
r a t e  t h e r e a f t e r  i s  from 10% t o  50% i n  80 y e a r s .  

- I n  t h e  i n d u s t r i a l  h e a t i n g  s e c t o r ,  t h e  10% s i g n i f i c a n c e  
l e v e l  i s  reached by t h e  yea r  1990, and t h e  p e n e t r a t i o n  
r a t e  t h e r e a f t e r  i s  from 10% t o  50% i n  16 y e a r s ,  s u b j e c t  
t o  a  maximum p e n e t r a t i o n  of  50%. 

- T y p i c a l l y  t h e  r a t i o  o f  h e a t  o u t p u t  t o  e l e c t r i c i t y  ou t -  
p u t  w i l l  be 2 : l .  However, from load  f a c t o r  cons ide r -  
a t i o n s ,  c e n t r a l  e l e c t r i c i t y  g e n e r a t i o n  must always be 
a t  l e a s t  h a l f  o f  t o t a l  gene ra t ion .  Thus, e s p e c i a l l y  
i n  i n d u s t r y ,  t h e  schemes w i l l  be predominantly f o r  h e a t  
product ion .  

- I n  t h i s  r e s p e c t  t h e y  a r e  a k i n  t o  t h e  " d i r e c t  s o l i d "  u s e  
cons ide red  i n  Scena r io  1;  t h u s  i n  Scena r io  2, d i r e c t  
s o l i d  cannot  a l s o  p e n e t r a t e  i n  t h e  i n d u s t r i a l  h e a t i n g  
market .  

- A t  2: 1 h e a t  t o  e l e c t r i c i t y  r a t i o ,  t h e  e l e c t r i c i t y  e f f i -  
c i e n c y  i s  t aken  t o  be  25%; a t  3 :  1  20%, and a t  5: l  14%. 

- The above r u l e s  mean t h a t  c e n t r a l  g a s  and l i q u i d  do n o t  
d e c l i n e  i n  t h e  r e s i d e n t i a l  and i n d u s t r i a l  s e c t o r s  a s  
f a s t  a s  i n  Scenar io  1  . 

- F i n a l l y ,  t h e  l e v e l s  of n u c l e a r  r e a c t o r  b u i l d i n g  used i n  
Scena r io  1  a r e  r e t a i n e d  i n  t h i s  Scenar io .  

- A l l  o t h e r  assumptions a r e  a s  i n  Scena r io  1. 



T a b l e  A 5  shows t h e  r e s u l t s  o f  f o l l o w i n g  t h r o u g h  t h e s e  
a s s u m p t i o n s  i n  p e r c e n t a g e  o f  f i n a l  e n e r g y  t e r m s .  The e s s e n t i a l s  
a r e  summarized below: 

Year 2000 Year 2020 

5 of  f i n a l  $ of f i n a l  
e n e r g y  GTh e n e r g y  GTh 

C e n t r a l  e l e c t r i c i t y  
High Btu g a s  
L i q u i d  
Direct s o l i d  
S o l a r  
Loca l  e l e c t r i c i t y  
(Waste h e a t )  

T o t a l  

The c o a l  demands by marke t  a r e :  

C e n t r a l  e l e c t r i c i t y  
High Btu g a s  
L i q u i d  
S o l i d  
L o c a l  schemes 

- R e s i d e n t i a l  
- I n d u s t r i a l  

Year 2000 

( M t )  

2  5  
2  0  
10 
3 5  

Year 2020 

A p a r t  from t h e  i n t r o d u c t i o n  of  t h e  l o c a l  schemes, t h e  main 
change from S c e n a r i o  1  a r i s e s  i n  c e n t r a l  e l e c t r i c i t y .  The gener -  
a t i n g  c a p a c i t y  r e q u i r e m e n t s ,  assuming a  10% s a f e t y  marg in ,  a r e  
50 GW i n  b o t h  2000 and 2020. 



T
a

b
le

 
A

5
. 

E
n

e
rg

y
 

d
em

an
d

: 
s

e
c

o
tr

s
 a

n
d

 
c

a
r

r
i
e

r
s

 
(S

c
e

n
a

ri
o

 2
) 
. 

P
e

rc
e

n
ta

g
e

 o
f 

to
ta

l 
f

in
a

l 
e

n
e

rg
y

 



Given t h e  same l e v e l s  o f  n u c l e a r  b u i l d i n g  a s  b e f o r e ,  w e  
o b t a i n :  

Year 2000 
Gene ra t i ng  c a p a c i t y  

New (post-1990)  
g e n e r a t i o n  n u c l e a r  8 

2nd o r  3 rd  g e n e r a t i o n  n u c l e a r  1 0.5 
O i l  1 6  
O t h e r s  5.5 

Year 2020 

(GW) 

T o t a l  

Thus o n l y  10 GW o f  c o a l - f i r e d  c a p a c i t y  i s  r e q u i r e d  c e n t r a l l y ,  
and t h i s  i s  e a s i l y  p rov ided  by e x i s t i n g  c a p a c i t y  w i t h o u t  any new 
c o a l - f i r e d  s t a t i o n s .  The above c a l c u l a t i o n  o f  burn  assumes 6 0 %  
l o ad  f a c t o r  and an  ave rage  30% e f f i c i e n c y .  T a b l e  A6 l i s ts  t h e  
pr imary  f u e l  i n p u t s  f o r  S c e n a r i o  2. 

Tab l e  A6.  Primary f u e l  i n p u t s  (Scena r io  2) . 

Coal 
Indigenous g a s  
Imported gas  
Indigenous o i l  
Imported o i l  
Nuclear 
S o l a r  

Year 2000 

T o t a l  46 5 - 
Coal % 34% 

Coal-based energy 
a s  % o f  f i n a l  energy 31% 

Year 2020 
6 ( lo  t . c .e . )  



S t e p  F: S c e n a r i o  3--No N u c l e a r  

S c e n a r i o  2  d e m o n s t r a t e s  a  demand f o r  c o a l  o f  160 M t  i n  2000 
and  365 M t  i n  2020 i n  t h e  f o l l o w i n g  c o n t e x t :  

- A s i g n i f i c a n t  p r o p o r t i o n  of e l e c t r i c i t y  i s  g e n e r a t e d  
l o c a l l y  w i t h  w a s t e - h e a t  u t i l i z a t i o n .  

- The demand f o r  e l e c t r i c i t y  a s  a p e r c e n t a g e  o f  t o t a l  f i -  
n a l  e n e r g y  d o e s  n o t  i n c r e a s e  o v e r  i t s  1974 v a l u e  o f  1 1 . 5 % .  

- T h e r e  i s  a c o n s e q u e n t  low ra te  o f  g rowth  o f  t h e  " p o s t -  
1990" n u c l e a r  r e a c t o r  t e c h n o l o g y :  8 GW i s  r e q u i r e d  i n  
2000 a n d  45 GW i n  2020. 

- T h e r e  i s  no r e q u i r e m e n t  f o r  h i g h - e f f i c i e n c y  c o a l - f i r e d  
g e n e r a t i n g  p l a n t  s u c h  as p r e s s u r i z e d  f l u i d i z e d  bed  w i t h  
combined c y c l e .  

W e  now t u r n  t o  t h e  a n a l y s i s  o f  p o t e n t i a l s  i n  S t e p  B where 
t h e  p o t e n t i a l  f o r  c o a l  t o  e l e c t r i c i t y  was H I G H  i n  2000 a n d  i n  
2020, i .e .  no n u c l e a r  c a p a c i t y  was b u i l t  a f t e r  1990 either 
b e c a u s e  o f  a f a i l u r e  t o  d e v e l o p  b r e e d e r  t e c h n o l o g y  o r  t h r o u g h  
i n c r e a s e d  o p p o s i t i o n  t o  n u c l e a r  o n  e n v i r o n m e n t a l  g r o u n d s .  

The r e q u i r e m e n t s  o f  8 GW i n  2000 and 45 GW i n .  2020 c a n  
e a s i l y  b e  m e t  by t h e  t e c h n o l o g y  o f  p r e s s u r i z e d  f l u i d  bed w i t h  
combined c y c l e ,  g i v e n  t h e  p r e v i o u s  e s t i m a t e  o f  a v a i l a b i l i t y  o f  
t h e  f i r s t  commercia l  p l a n t  by 1990. T h e r e f o r e ,  i f  t h e r e  i s  no 
n u c l e a r  r e a c t o r  b u i l d i n g  a f t e r  1990, t h e  demands f o r  c o a l ,  
u s i n g  S c e n a r i o  2  a s  a b a s e ,  become: 

C e n t r a l  e l e c t r i c i t y  
High Btu  g a s  
L i q u i d  
S o l i d  
L o c a l  schemes 

- R e s i d e n t i a l  
- I n d u s t r i a l  

T o t a l  

Year 2000 Year 2020 
6 (10 t . c . e . 1  

4  0  100 
2  0  8 0  
10  100 
3 5 4 5 

Thus two b r o a d  c o n c l u s i o n s  a r e :  

- I f  no new n u c l e a r  r e a c t o r  s t a t i o n s  a r e  b u i l t  a f t e r  1990,  
c o a l  c a n  e a s i l y  f u l f i l l  t h e  r e q u i r e m e n t s  f o r  c e n t r a l l y  
g e n e r a t e d  e l e c t r i c i t y ,  w h i l e  a l s o  m e e t i n g  t h e  demands 
a r i s i n g  f rom p o t e n t i a l s  i n  o t h e r  e n e r g y  c a r r i e r s .  

- By 2020, t h e r e  a r e  l a r g e  r e q u i r e m e n t s  f o r  p r o d u c t i o n  
from a new min ing  t e c h n o l o g y ,  o r  f rom i m p o r t s  o f  c o a l  


