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II. REGIONAL STRATEGIC ENERGY POLICIES IN VIEW 

OF THE GENERAL FUEL-ENERGY SYSTEM DEVELOPMENT 

ALTERNATIVES 

by Wiesław Ciechanowicz 

II.1, Introduction 

The subject of this chapter is to consider how the 

lignite basin infrastructure of Bełchatów could be utilized 

in the - future when the l ignite resources are depleted. 

This productive, and, to some extent, also social 

infrastructure has been developed as a result of expansion 

of the national fue l -energy system. Therefore it is not only 

possible, but quite j u stified to look for the future Bełcha­

tów basin strategie policy within the future national fuel­

-energy system expansion that will result from the possible 

solutions of future energy problems, these solutions being 

determined most probably by the competition of coal, to be 

better utilized, and other energy sources, as well as of the 

impacts of these solutions on the national economy (Fig. 

II. 1). 

BASIC PROBLEMS 
OF FUEL- ENERGY 

SYSTEM 

I EXPANSION 

S'rRATEGIC FUTURE NATIONAL 
POLICIES FUEL-ENERGY 
FOR REGIONAL - SYSTEM 
DEVELOPMENT EXPANSION 
OF BEŁCHATÓW I COAL OR O'l'HER 

ENERGY SOURCES 
IN 

THE FUTURE 

Fig. II.1. Energy-wise framework of regional 

case study analysis, 
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Bearing in mind the above the sequence of problems 

considered will be the following: 

1. the basie problems of ~uel-energy system expansion, 

2. coal or bther energy sources in the future, 

3. remarks on the strategie policies for regional developme~~ 

of Bełchatów. 

Main emphasis will be placed on the 2-nd of the above 

problems, which involves determination of the piir'Ssible futur e 

solution~ to energy problems. 

II.2. The basie problems of fuel-energy system expansion 

The basie problems of expansion·of the fuel-energy 

system are presently: 

1. energy conservation, understood as rational manageme r 1 

of fuel and energy utilization, 

2. utilization of non-conventional energy resources, 

3. substitution of oil and natura! gas 

4. the mounting desire to preserve our environment. 

To solve any of these problems the non-conventional 

technologies are required, which, in turn, necessitates 

financial expenditures to be provided on research, developmen 

and investments. It involves particularly coal conversion 

processes or broader-scale utilization of non-conventional 

energy sources. Therefore, the problem of competition of coa 1 

and other energy sources ought to be clarified. 

II.3. Coal and other energy sources in the future 

Bearing in mind the previous statement that the solution 

of energy ~roblems lies in the non-conventional technologies 

the question arises: 

what are the impacts of non-conventional technology 

choices on economy? 

To answer this question a number of problems have to b e 

considered, involving: 

- scale of the problem, 

- consequences of expansion, 

- priority of introducing non-conventional technologies , 

- decision constraints 
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all that with respect to separate national economy sectors 

and regions as well as to the whole of the national economy . 

This means that the generał question mentioned above 

should be split into the component questions to be answered 

separately at the first stage of considerations. 

The energy content of world oil and gas resources 

constitute respectively 3% and 1% as compared to the energy 

content of world coal resources. This is the reison why our 

attention will be turned to coal as the fossil fuel to be 

utilized in the future. Therefore the first component 

questions are the following ones: 

1. what should be done in order to have coal utilized better 

by the main direct coal consumers, such as electricity, 

industry and heat residential sectors? 

2. what should be dane in order to utilize coal in a 

converted form as hydrocarbons so as to substitute oil 

and gas? 

The risk of bearing the expenses of the coal technology 

development suggests the third component question, that is: 

3. which energy sources could turn out in the future to be 

the rivals and which allies of coal for direct coal 

consumers and oil-gas substitute , production7 

Our explana tion shall be performed by ans;,,ering a number 

of,subsequent questions within each of these three questions. 

II.3.1. Question 1: What should be dane in order to better 

utilize coal? 

To answer this question the following issue will be considered: 

What is the essence and mechanisms of energy conservation for 

the main direct coal consumers, i.e. 

- coal fired power plants, 

· - industry, 

heat residential receivers. 

The essence of energy conservation for these direct coal 

consumers is better utilization of useful work within the 

thermodynamic processes. This leads to the mechanisms of 

energy conservation, which should in fact be seen as non­

-conventional technologies, presented below for the sectors 

considered in subsequent sections. 
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II.3.1.1. Coal fired power plant sector 

The mechanisms of energy conservation in this sector 

are, see Fig . II.2: 

- lower~ng of combustion temperature, 

- introduction of basie steam Ilankine cycle: 

- topping cycle, 

- bottoming cycle. 

1 . THE LOWERING 
OF COMBUSTION 
TEMPERATURE 

STEAM AIR 

GASIFIER 

FLUIDIZED 

BED COMBUSTION 

2. INTRODUCTION 
TO STEAM RANKINE 
CYCLE 

TOPPING 

CYCLE 

BOTTOMING 

HELIUM TURBINE ,- -
I 
I 

L-COMBINED GAS STEAM 

I TURBINE 
I 
I 

~ _ POTASSIUM 'i'URDINE 

I 
I 

l_ -- - -~12.. 

ORGANIC TURBINE .._ ___________ ----
CYCLE 

Fig. It.2. The mechanisms of energy 

conservation in electric 

energy sector. 

To practically implement these mechanisms we must 

introduce into the processes the following non-conventional 

technologies: 

for lowering of the combustion temperature: 

- steam/air gasifier, or 
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- fluidized bed combustion techno~ogy, 

for topping cycle 

- i:otassium turbine applied together with fluidized 

combustion technology, 

- combined gas steam turbine applied together with 

steam/air gasifier, 

- MHD generators, 

for bottoming cycle 

- organie turbine. 

The time required for research and development, depending 1 

on technology to be used, is in the range of 10-25 years. 

This means, allowing for the 5 year investment cycle and at 

least 15 years of exploitation of new capacities for 

significant coal conservation, that one would have to wait 

same 30 - 45 years for the resulting economies. 

Remark. For the coal fired power plant a significant energy 

conservation _can take place at the time when fusion energy 

will probably start to be commercially available. 

II.3.1 .2 . Industry 

The ~echanisms of energy conservation within this sector 

are as follows: 

- utilization of waste heat by use of organie turbine techno­

logy, 

- better utilization of enthalpy decrease by application of 

cogeneration of electricity and steam production technology. 

II.3.1 .3. Residential heat 

The mechanism of energy conservation within this sector 

is: 

- better utilization of enthalpy decrease through application 

of technology of cogeneration of electricity and steam. 

The considerations presented above complete the answer 

to question 1, indicating th~t the key ~o bettir utilization 

of coal arc the non-conventional technologies. 
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II .3.2. Question 2: What s h ould be done in order to uti l ize 

coa l in a converted form as hydrocarbons? 

To answ e r thi s generał question we will consider the 

following more deta iled sub~uest i ons. 

2. 1. When oil run s out which subst itute could dominate within 

the tra n sport sector? 

2.2. What are the main requirements and bonstraints o f coal 

conversion? 

2. 3. What are the mo re c onvenient hydroge n and metha nol 

production methods? 

II . 3.2.1. Answer to subquestion 2.1: when oil run s out wh ich 

s ubstitute could dominate within the transport secto 1 

Cars and aircrafts n eed a portable, highly concentrat e d 

source of energy, and not heavyweight batteries or exotic 

fu e l stores. On the r oad, petrol i s unbeatable. As an energy 

store petrol packs twic e it s nearest rival i.e. methanol. 

Methane in the f orLl of liquefied natural gas has to be coo l ed 

to -163 °c . Hydrogen poses even bigger prob l ems. Be i ng the 

s ma lles t atom of a ll if l eaks through anything. Hydrogen gas 

has only a third the energy of methan e . Forg e t the i dea that 

it could be us ed in liquid form . Hydrogen will not liquefy 

until it has been coo l ed down to -253 °c. Hydroge n g a s can 

be stored chemically in the form of a hydride of exo tic metal s 

like lanthanum, titanium, zirconium and magnese. To contain 

the e nergy equival ent o f a 40 dm 3 (app r ox. 1 0 gallons) petrol 

tank would cos t severa l thousand doll a rs. 

Bearing in mind the above the answer to the subquestion 

is the following: 

There is a great poss ibility that the converted coal c a n turn 

out to be the dominating substitute within tra nsport sector 

in the future. But not necessarily fo ss il coal. The 

substitution can involve the non - foss il coa l contained e.g. 

in co 2 in the atmosphere. 
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II.3.2.2. Th e answer to subquestion 2.2: what are the main 

requirements and constraints of coal conversion? 

Le t us r evi ew a lte rnative t echnologies for the following 

e ndproduct s : 

- mct!Tc1ne, 

- liquid fu e l s. 

Methane 

Synthe tic methane can be obtained using the following 

technologies (s ee Fig. II.3): 

1. hi g h caloric value (CV) catalytic gasification, 

2. high CV gasification by use of nuclear heat, 

3. hydrogasification. 

COAL 

CATALYTIC 

GASIFICATION 

ASIFICATION 
BY USE OF 

UCLEAR HEAT 

HYDRO­

ASIFICATION 

PURIFICATION 

PURIFICATION 

PURIFICATION 

Fig. II.3. Coal-methane technologies. 

METHANE 

Ch emical reaction schemes for these technologies are 

described a s follows: 

1. High CV catalytic gasification -

gasification 2C + 2H 20 + 2H 2 + 2C0 

gas shift co + H20 + H2 + co 2 
me thanization co + 3H 2 + H20 + CH 4 

net reaction 2C + 2H 20 + co2 + CH 4 
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2. Nuclear heat application, steam methane reforming -

CH 4 + 2H 20 + co 2 + 4H 2 

2C + 4H 2 + 2CH 4 

net reaction 2C + 2H 2o + co 2 + CH 4 

3. Hydrogasification 

C + 2H 2 + CH 4 

C + 2H 2o + co 2 + 2H 2 

net reaction 2C + 2H 20 + co2 + CH 4 

It can be seen that in all the considered coal-based 

technologies for one molecule of methane produced, two atoms 

of carbon are consumed and one molecule of co 2 is produced as 

a useless byproduct. 

co 2 production is the result of the hydrogen production 

by use of the shift reaction. This means that in order to 

avoid co 2 production we need external hydrogen. 

Only high CV catalytic gasification is in the demonstration 

plan stage. Its thermodynamic efficiency is expected to b e 

71. 6%. 

Remaining technologies, whose reactions were given hcre, 

are in the pilot plant stage. 

Liquid fuels 

The three principal routes by which synthetic liquid 

fuels can be produced from coal are, see Fig. II.4: 

1. indirect liquidfraction, 

2. direct liquidfraction, 

3. pyrolysis. 

1. Within indirect liquidfraction we can distinguish two 

cycles of technologies which are presented below. 

1 cycle: Lurgi reactor - methanol synthesis - Mobil process 

of high octane gasoline production 
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INDIRECT 

LIQUIDFRACTIO 

. DIRECT 

LIQUIDFRACTION 

PYROLYSIS 

LURGI-METHANOL­

-PROCESS MOBIL 

LURGI-FISCHER 

TROPSCH 

Fig. II.4. Coal-liquid fuels technologies : 

Reactions ·: 

reactor Lurgi . output - CO + 2H 2 - synthesis gas, 

methanol synthesis 

Mobil process 

SYNTHETIC 

LIQUID 

FUELS 

The synthesis gas production gives co2 as the hydrogen by­

-production. 

Technological cycle would be close to be commercially 

available if suitable fuel cost relations existed. With a 

gasifier efficiency 70% the overall efficiency to gasoline 

is expected to be 48 %. 

2 cycle: Lurgi reactor - Fischer-Tropsch synthesis, which is 

carried out according to net reaction 

Its net efficiency is of the order of 45 %. This technology 

cycle is in operation in Republic of South Africa, due to low 

costs of coal mining. 
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2. Th e direct liquidfracti on methods utilize 30% of 

calor i e va lu e of coal whic h participate in coa l liquidfracti o n 

processes. This t echno l ogica l development is in the pilot 

plant stage. 

3. In the pyrolysis method the pyrolysis process i s the 

first stage of p rocess which produces synthe tic gas and liquiJ 

fu e l s . This technological dev e l opment is in the p ilot plant 

stage. 

Remarks: 

Production of gas and oil substitutes from coal requires 

a source of hydrogen becaus e the ratio o f hydrogen a t oms to 

carbon a toms in coal is too l ow . All coal gasification 

processes currently under deve lopmen t us e the gas shift 

r eac tio n as the basis f or producing hydroge n. 

For every molecule of methane produced two atoms of carbo n 

are consume d and one molecule of co 2 is produced as usel e ss 

byproduct. This implies tha t th e carbon source in coal will 

b e consumed twice as fast as in natural gas if the n a tura l 

gas supply is substituted by synthet i c gaf , 

The consequence of r e l ease o f co 2 into atmosphere would 

be the ecological "greenhouse effect". Th e prevailing vi e w is 

that a two-fold increase in the atmosphe ric co 2 concentrati on 

would substantially a lter global weathe r patterns. 

For most coal gasification schemes, the energy r equ ired 

for the endothermic gas s hift r eac tion i s also supp l i ed by 

burning coal, resulting in even more coal, appr ox ima t e l y 30 % 

consumed as fe ed stock. 

If an external source of hydrogen were available, the 

contents of carbon in coal could be hydrogened, at l east 

theretically, to any hydrocarbon desired without unneces sary 

was te of carbon by producin.~ co2 . 

Bearing in mind the above we conclude: 

I. The main requirement o f coal conversion is _~x t ernal 

hydrogen availability. 

II. The main constraint of coal conversion is the ecol ogica l 

effect of emitting co 2 into atmosphe re. 
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II.3.2.3. Answer to subquestion 2.3: What are the more 

convenient hydrogen and methanol production 

methods? 

Hydrogen 

A source of hydroge n other then the gas shift reaction, 

can be wa ter decomposition, 

Energy can be provided for water decomposition in the 

form of: 

- work, 

- heat, 

- neutron energy, 

- pairs of above. 

To these form s of energy provision the following water decom­

position me thQ:Js correspond : 

- electrolysis, 

- t ermochemical cycle, 

- radiolysis, 

- pairs of above. 

Efficiency of electrolysis of water 

Ev e n though the electrical efficiencies of current low­

t emperature electrolysis processes are high (70%), the over­

all efficiency is limited by the efficiency of electric power 

generation. Therefore the effici ency of water electrolysis is 

limited to perhaps 30 to 35 percent. 

Thus, any method of hydrogen production with overall efficien­

cies greate r than that attained by the electrolysis of water 

will have important economic advantages, see Fig. II.5. 

FISSION-~c---ELECTROLYSIS OF WATER 

THERMOCHEMICAL CYCLES 

FUSION 

THERMOCHEMICAL-RADIOLITIC~_1--H_Y_D_RO_G_EN ___ 
CYCLE 

~--HIGH TEMPERATURE ELECTRO­
LISIS OF STEAM 

Fig. II.5. Nuclear energy-hydrogen technologies . 
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Direct decomposition of water 

The direct decomposition of water, in which the e nergy 

is provided only in the form of h eat, according to r eacti o n 

5450 OK 

requires 5450 °K. Such temperature cannot be industrially 

achieved. 

Thermochemical cycles 

The temperature bottoming is possible by use of two or 

more steps-cycles, endothermic and exothermic. Suitable sub­

stances which react with water participate in these cycl e s. 

Appropriate examples can be provided by decomposition o f 

3340 OK 

and shift reaction 

750 OK 

This cycle cannot be implemented if heat is not provid ed 

to the co 2 decomposition process. The reason is the 

requirement of very high temperature source. 

Another example is the Schulten methanol cycle, which 

consists of the following four reactions: 

CH 4 + H20 + 2H 2 + co+ H2 

2H 2 + co ... CH 30H 

CH 30H + S02 + H2o ... H2so 4 + CH 4 

H2so 4 + H20 + so 2 
1 

+ ~2 

The maximum required temperature is 927 °c. This cycle c a n 

be .implemented by use of nuclear -heat. 

Preliminary estimates of this process thermal effici e ncy 

were in the range 40% - 45%. Net efficiency, when nucl ear 

heat is applied, is expected to be 37.5%.· 

A number of thermochemical cycles as well as el e ctrolyti ~ 

- thermochemical cycle have been discovered, for which t h e 

upper limit of temperature is 1000 °c. The efficiency c a n b e 

expected to be in the range of 40 %. 
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Remark: 

To increase the hydrogen production efficiency with 

r espec t to the water electrolysis process a high tempe rature 

sou rce is required. This source ~an be implemented by the 

Jli gl1 Te mpera ture Reactor. Thi s means tha t in order to 

increase the hydrogen p roduction e fficiency the nuclear 

fissile energy is requir ed . 

Radiolytic d ecompos ition 

In the r a diolysis process it is theore tically possible 

to use neu trons to be produced as fission fragments of 

fission r eactors or by the fusion reaction. 

The fundam e ntal difficulty in th e use of fission fragm ents 

direct ly is, of course , contamination of the proc e ss fluid. 

In th e fu s ion reac tors th e r ad iolysis of H2o or co 2 to 

produce r espec tively H2 or CO on a comme rcial scale would be 

based on uti l izatio n of the 1 4 Mev n eutrons. Review of the 

expe rime ntal data for H2o or co 2 radiolytic decomposition 

indicates relatively l ow efficiencies of conversion compared 

to other processes discussed previ ously. 

Rcmarks: 

On the b as is of coosiderations here pres e nted we can 

forward the following genera ł conclusions, of importance for 

technology chcice: 

1. Any me thod of hydrogen production with overall e fficiencies 

grcater the n water e l ec troly s is (30 - 35 %) will have 

im por tant economic advantages. 

2. Utili za tion of fissi o n energy in the form of high tempera ­

turc hcat wou ld cnable achievement of the 40 % - 45 % 

e ffici e ncy of hydrogen production, constrained by tempera­

ture level of IITG!r eq ual 927 °c. 
Lct u s look at the potential of fusion reac tors as energy 

s ources at tcmperatures in the rang e of 1377 to 1827 °c. 

llydrogen from high - t emperature electrolysis of steam 

Fusion appears as a very promising e n e rgy source for 

synthetic fuels. Very high temperatures can b e generated in 

fusi o n blank e ts f o r production of hydrogen from d e composition 

of wate r. 

Y.lli g h Tcmpc r aturc Gas - coolcd Rcactor 
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The most promising appears to be the process of high 

temperature electrolysis (HTE) of steam. De pe nd in g on HTE 

cell temperatures a nd overa ll powe r cycle efficiency , ov e rall 

synthetic f uel efficiency is expected to be in the range of 

5 0 to 70 percent. In Brookhaven National Laboratory ( IW L) the 11'1', 

process technology has b een successfully dernonstrated on a 

relatively sma ll scale a nd ca n be dcm6nstrated on the pilot 

scale. 

The high temperature electrolysis of s t eam is one of th e 

most promising ways o f fusion energy utilization in th e 

syn thet ic hydrocarbon production in the future. 

Another way is the radioly tic-elec trolytic cycle. 

Fusion energy to be utilized in the process of radioly­

tic- e l ec trolytic decompos ition may appear not onl y t o be t he 

hydrogen source but also an inte re s ting approach to th e pro b ­

l em of providing a r enewab le supply of liquid hydrocarbon 

fu e ls . A very attractive possibility is t o derive raw ma­

terials only from air and water, tha t is, the sourc e of 

supply can be the carbon dioxide in the a tmosphere and th e 

hydrogen from water. Th e following advantages would be obtain ­

e d: 

1. Elimination of deep coal mining hazards. 

2. Eliminati on of ecological problems o{ st rip mining. 

3. Elimination of sulfur and trac e element pollution 

prob l ems du e to burning of f oss il fuels. 

4. Maintenance of the co 2 balance in the atmosphere a nd the 

possible greenhouse e ffect avoided. 

5. Plants will no longer be res tric t ed to sites close t o 

large d epos its of f oss il fu e l s. 

By analogy to photosynthetic-fuel cycle t here ma y a ri s e 

the fusion energy-methanol cycle. Th e fir st converts so l ar 

energy to cellulose (wood) as a result of co 2 and H2o reaction, 

namely so l ar 

energy C H O + n O 
n 2n n 2 

and shift reaction gives 



40 

Fusion energy - mcthanol cycle includes 

- rQdiolytic decomposition 
fusion 
energy 

- elec trolytic decomposition 

fusion 
energy 2 2!1 20 --~➔ H2 + 0 2 

- methanol synthesis 

then apply ing the Nobil process we can get high octane gasoline. 

In 8:,JL the economic eva luation of presented approach has 

be en performed. For production of 189 OOO bbl/d in one plant 

1 GJ should cost 2 units. For 63 OOO bbl/d in one plant the 

cos t o f 1 GJ has been estimated on the level of 3.5 units. At 

that time (1974) these l evels were comparable with the gasoline 

pricc (3.05/GJ). Conclusion wa~ that utilization of fusion 

e nergy for provision of independent source of liquid fue l s 

has an economica lly interesting potentia!. 

Now l ct u s answer subquestion 2 .3. 

1. The mare convenient hydrogen production method will be the 

high tcmpe raturc electrolysis of steam by use of _fusion 

energy . The expected efficiency can be by same 50% higher 

than the effic i ency which could be obtained by use of 

nuclear fission energy. That is , in the case of hydrogen 

as well as synthetic hydrocarbon productions fusion energy 

can appear as a rival of fissile energy. 

2. Vcry promising method of methanol production , and therefore 

synthetic liquid fuel production, could be fusion e n ergy -

- metllanol cycle. In this methoc1 _the raw materiał would be 

the nonfossil coal. Th e source of th i s coal is atmospheric 
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II.3.3. Question 3: Which energy . sources could turn out to b e 

the rivals and which - allies of coal in the future ~ 

I 
The energy sources other than coal to be considered are:I 

- solar and wind energy, 

- nuclear fission, 

- nuclear fusion. 

In order to answer this question we will consider the 

following subquestions, namely: 

Subquestion 3.1.: To which extent the solar and wind energy 

could turn out to be allies or rivals of coal? 

Subquestion 3.2.: What can turn out to be the limiting facto~ 

in the growth of nuclear fission energy? 

Subquestion 3.3.: What can be the possible nuclear system 

choices? 

Subquestion 3.4.: What are the perspectives of nuclear system 

development after- year 2020? 

II.3.3.1. Answer to subquestion 3.1.: Solar and wind energy a s 

allies or rivals of coal 

The solar and wind energy can be utilized by respective 

application of: 

- central solar thermal power plant or solar collectors, (as 

well as satellite power plant in the case of highly indus­

trialized countries), 

- rotor wind generators or wind generator farm. 

The solar and wind energy can not become rivals of coal 

in our country because they will not be able to satisfy anti­

cipated power demand in the desired time intervals. 

On the other hand there are possibilities of applying 

them: 

- to produce hydrogen by use of water electrolysis technology, 

- to supplement the basie energy sources, which would satisfy 

the power demand requirement, for electricity and heat re­

sidential production. 

Besides coal it is the nuclear fission energy that would 

satisfy the power demand requirement by the condition that 

there would not be limiting factors in the growth of this 

energy. That is the subject of subquestion 3.2. 
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II.3.3.2. Answer to subquestion 3.2.: what is the limiting 

factor in the growth of commercially available 

nuclear fission energy. 

Supply of uranium 235 at reasonable prices will be the 

limiting factor in the growth of fission nuclear energy 

systems if the breeders are not introduced at the beginning 

of next century. Breeder reactor is a device which produces 

the fissile materials, Pu-239, U-233, from the fertile materials 

U-238, Th-232, respectively. 

This means that the development of nuclear energy production i 

system whose elements would be burners of fissile fuel and 

breeders of fissile fuel from fertile materials, will be the 

limiting factor of nuclear fission energy growth. 

II.3.3 . 3. Answer to subquestion 3.3.: what are the possible 

nuclear system choices? 

The breeder which has been under development through last 

25 years is Liquid Metal Fast Breeder Reactor, LMFBR. The 

obstacles for commercial availability of LMFBR are determined 

by the following aspects: 

1. safety, 

2 . economics, 

3. weapons proliferation, 

4. social acceptance. 

The estimated cost of the prototype breeder, planned for 

Clinch River, Tennessee, has escalated from USD 700·10 6 in 

1972 to well over USD 2·10 9 in 1978, equivalent to a capital 

cost in excess of USD 5300 per kW. Futhermore, expected costs 

for the breeder fuel cycle have risen to the point where 

significant savings from the mare efficient use of uranium 
· .. ~ . 

resources can no longer be depended upon. 

Bearing in mind the above the question arises: what are 

L , the other possible nuclear system choices? 

'They are the following: 

1. accelerator breeder, 

2. fusion breeder called hybri~ reactor, 

3. synergetic muon catalized "COLD" fusion breeder. 

Description of nuclear processes 

The accelerator breeder is thought as a special purpose 
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accelerator designed for neutron production in the target and 

associated fissile breeding in the blanket surrounding the 

target according to the following course of reactions occurri n 

therein; in standard notation : 

Fi 
- _t 
I 

: p 

+ n + vn 
t_ - - - ...., 

+ z + vn 
r-----.4 

' 
1 Fe + ~ + Fi L ________ J 

Fission reactor 

Accelerator target 

Blanket surrounding 
accelerator target 

The hybrid reactor can, 

the following scheme: 

on the other hand, be described by 

~T + D +n+ He 
I ,---------J 

Fusion core 

I : 

1 , { Fe + n+ Fi 
I I 
I + 
1 Li + n+ T + He I _________ J } Fusion blanket 

The above concepts may be viewed as systems characterized 

by the selective integration of three technologies: 

1. fission, 

2. fusion, 

3. accelerator. 

Fission and accelerator are commercially available. 

Fusion is presently in the technology development stage. 

The synergetic concept based on the principle of muon 

catalized "COLD" fusion in a deuterium - tritium mixture is 

presently on the scientific stage of development. COLO means 

here the range of temperatures up to 1000 oK. 

The proton accelerator is used to produce muons which 

thereupon enter a D-T chamber to initiate a series of fusion 

reactions during the lifetime of muon. The reaction coupling s 

may be represented by the following reaction scheme: 

p +z+\/µ r _____ J 

"' µ + D + T + µ +n+ He 
't--------J I r----------' 

"' Fe+ n+ Fi 
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The development stage 

The accelerator breeder, AB consists of: 

1. proton acceleator, 

2. uranium thorium target which can be considered as 

a subcritical assembly, 

3. balance of plant. 

The total cost of development of an AB is estimated at 

roughly USD 100·10 6 (1982) and completion is expected for 

2015-2025. 

AB are: 

- safe as being subcritical assemblies, 

- economically competitive with any other proposed means of 

fissile fuel production. 

Current projections suggest that commercialization of 

fusion reactors will not be .reached before 2020. But hybrid 

concept is an approach alternative to pure fusion that could 

shdrten the time required for commercialization. A reactor of 

this type would operate at less then breakeven, producing 

copious quantities of high energy neutrons that are required 

to produce fissile materials . 

It is very speculative to estimate the development cost 

of the hybrid reactor. One should mention only that the 

financial cornnitnEnt of nations to fusion exceeds presently 

two billion dollars a year. 

The muon serves as a catalyst, permitting the fusion 

reaction to proceed rapidly and at "COLD" temperatures up to 

1000 °K. The present status of studies of the muon catalysis 

allows us to believe that in the nearest future a complete 

theretical and experimental description will be achieved for 

this extremely beautiful phenomenon. Currently, research 

groups are working on this problem in many national and 

international scientific centers: in such countries as USSR, 

USA, Canada and Switzerland. 

The information presented above shows that in the worst 

case the breeder technology would be commercially available 

around the year 2020. One can expect that from that time on 

there will be no constraints on the fissile nuclear energy 

expansion if this energy source .is the winner in the competi tion 

with other energy sources. 
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Moreover, by using high energy neutrons the development 

of fusion energy can importantly contribute to solution of 

the radioactive waste problem haunting fission reactors. In 

this way fusion energy could become in future the ally of 

fission energy. 

Neutrons, being the products of D - T reaction, which 

is expected to be implemented by fusion devices such a ~. 

1 . magnetic fusion confinement represented by tok.amak and 

mirror reactor, 

2. inertial fusion confinement with laser fusion and particl e 

beams reactors, 

are the very source of many problems associated with the 

civil use of nuclear energy. These ptoblems can be classified 

as follows: radioactivity, reactor design problems, direct 

and latent nuclear weapons proliferation, materiał problems, 

wall limits, life-time of reactor components. These consi­

derations lead us to subquestion 3.4. 

II.3.3.4. Answer to subquestion 3.4.: what are the per­

s p ectives of nuclear system development after year 

2020? 

The probiem of D-T fusion utilization, mentioned above, 

motivates careful investigation of nuclear systems which 

would enable minimization of the appearancc of neutrons in 

the first place i.e. in the power generating process. This 

suggests the use of nuclear fuels which are neutron-free in 

their primary reactions and which are also radioactivity free. 

Up till now two solutions to this problem are known. 

One of the problem solutions is the (D, 3He) fuel which 

participates in the fusion reaction 

There is a concept of symbiotic fusion-fission systems; 

see Fig. 11.6, consisting of: 

1. the core of the system to be visualized as a large, 1000 

to 5000 MW, D-D fusion reactor, and 

two types of core satellites, namely 

2. small D - 3He fusion reactor satellites in the 1 to 10 Mw · 

range, and 

3. fission reactor satellites which can be built and ope~ated 
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at any reasonable size from GW to small size units in the 

kW range as the pool-type reactors. 

REACTOR SA'l'l'LLITES REACTbR SATELLITES 

Fig. II.6. Concept of symbiotic 

fusion-fission system, 

The symbiotic reactor systems could produce electricity 

and thereby they could provide electricity and also low 

temperature heat for localized space heating. In the far 

future they could turn out to be rivals of coal in the heat 

residential sect6r. 

The second problem solution appears to be the potential 

poss{bility of implementing the "elear" nuclear energy source. 

This idea is hidden in the utilization of elementary particles 

- muons as catalysts in fusion of proton and baron 11 B. 

The fusion process represented by 

p + 11 B ~ 3a + 8.7 Mev 

has long been recognized as the most appealing advanced fuel 

fusion reaction. The reasons for this are three - fald: 

1. the reaction is neutron free, 

2. identical monoenergetic reaction products are released, 

3. terrestrial resources of fuels appear sufficient. 

Such an approach will obviate the need for high temperatures 

and therefore also eliminate the associated radiation losses. 

The above considerations complete the answer to sub­

uestion 3.4; 

II.3.5. Answer to question 3 

Summarizing, on the basis of presented considerations we 

may now assume that the following stages of nuclear energy 
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development are possible from the point of view of theoretic~ i 

technical, and partly also economic aspects: 

1. nuclear systems producing fissile materials, such as 

LMFBR or AB, are available, 

2. D-T -fUsion reactors are commercially available, 

3. muon catalized "COLD" fusion is accessible. 

Within these development stages we will try to answer 

question 3 with respect to: 

- electricity and heat residential production, 

- synthetic fuel production. 

Stage 1 

The answer to the question whether fissile nuclear energy 

can turn out to be the rival or ally of coal in the elect_ri­

city and heat residential production sectors will depend 

mainly upon the two following factors: 

- production cost relations, 

- availability of coal. 

The fissile nuclear energy ought to be coal ally in the 

synthetic fuel production under the condition that HTGR 

becomes commercially available on time. If this condition is 

not satisfi ed the coal-based synthetic fuel technology coulf 

be the winner with appropriate ecological consequences, 

weaken these consequences one would be obliged to apply exce • . , 

hydrogen in the synthetic hydrocarbon production. 

In the stage 1 assumed availability of nuclear systems 

means the availability of equipment being able of producing 

fissile materials. When fusion reactors are not tak e n into 

consideration as nuclear systems, there remain LMFBR or 

accelarator breeder. At the moment there is no answer when, 

if ever, could LMFBR be commercially available. If accelerato 1 

breeders are applied then on could expect no limit in the 

fissile energy growth probably after 2020 year. 

Stage 2 

The competition cf fusion energy with fissile energy or 

coal would be somehow related to the kind of technologies 

used for synthetic fuel production. We can distinguish among 

them the following two: 

1. high temperature electrolysis of steam, 
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2. fusion energy - methanol cycle. 

In the first case fusion energy would be the ally of 

coal. By applying this technology as bypass production large 

quantities of medium temperature steam would be obtained. 

This means that fusion energy could turn out simultaneously 

to be the rival of fission energy in the electricity production 

sector. 

The second technology would make the fusion energy to, be 

the rival of coal as well as of fission energy. 

On the other hand if fissile energy is applied then 

fusion energy could be the ally of fission energy solving two 

main fission energy problems: 

- fissile materiał breeding, 

- radioactive waste management. 

Stage 3 

The muon catalized fusion could offer less sophisticated 

technology then D-T fusion reactors. As a consequence the 

"COLO" fusion energy could be developed not only by the very 

.1ighly industrialized economies but also by medium industria- · 

lized economies. 

There is a possibility of using muon catalized fusion for 

the fissile materiał breeding, too. This means that it could 

turn out to be the ally both of coal and fission energy, 

particularly in the medium industrialized economies. 

II.4. Remarks on the strategie policies for regional 

development of Bełchat6w 

Five scenarios of nonc6nventional technology utilization 

within energy sector are discussed. 

In all the scenarios considered it is assumed that the 

main energy system expansion problem is the development of 

synthetic hydrocarbon production. 

For each scenario we will distinguish those nonconventio­

nal technologies which, we assume, will be introduced to na­

tional economy energy sys·tem with first and second priority. 

It will be the basis for answering the question of choice of 

Bełchatów future strategie policies. 

I, 
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Scenario 1 

The national economy energy system 

we assume that: 

x the most efficient nonconventional technology for hydro­

carbon production will be used, 

which is equivalent to the assumption that 

x the fusion reactors will be available to apply the high­

-temperature electrolysis of steam. 

By these assumptions we have the following set of first 

priority technologies to be introduced to the energy system, 

namely: 

1. hydrogen production by the high-temperature electrolysi s 

of steam in the blanket of mir·ror reactor, 

2. methane production by hydrogasification of coal, 

3. methanol synthesis, 

4. Mobil M-gasoline process, in which .methanol is 

converted to high octane gasoline, 

5. technology of tryt breeding from lithium as a ~onsequen c • ' 

of fusion reactor utilization . 

The second priority technologies would then be as follows: 

1. nonconventional coal fired power plant technologies, 

2. solar energy technologies to be utilized for low tem­

perature heat production, 

3. wind energy technology, 

4 . organie turbines. 

The strate gie policy for Bełchatów 

Because technology 1 of the first priority set requircs 

large quantities of water it may turn out convenient to local­

ize this technology at the Bełchatów basin if the mine pits 

are filled with water soon enough. Therefore, the potential 

regional development of the Bełchatów power centre would be 

the following: 

1. installation of fusion reactor for hydrogen production, 

2. utilization of the medium-temperature heat, being the 

by-pass production, 

3. installation of coal hydrogasification technology, under 

assumption that coal will be transported to the Bełchatów 

region. 
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Advantage of strategie policy - utilization of water resour~cs 

and Bełchatów infrastructure when lignite resources are 

dcpleted*. 

Disadvantage of strategie policy - requirement of coal trans­

portation. 

Scenario 2 

The national economy energy system 

The ex~ansion direction of the national economy energy 

system for scenario 2 is assumed to be the same as in the 

case of scenario 1, except for technology 3, i.e. methanol 

synthesis. Namely, in scenario 2 methanol is assumed to be 

produced by use of 3' - fusion energy - methanol cycle 

technology. 

The strategie policy for Bełchatów 

We assume that technology 3' will be located in the 

Bełchatów region. Then the possible regional development is 

determined by: 

~ installation of fusion reactor for methanol production, 

Advantage of strategie policy: 

- application of only one technology to utilize water 

resources and infrastructure, 

- no requiremcnts for coal transportation, 

- possibility of decreasing the expected energy deficit of 

national economy because of utilization of the nonfossil 

coal resources. 

Scenario 3 

National economy energy system 

It is assumed that the basie primary energy ca~riers used 

will be: 

- coal, and 

- fiss~ nuclear energy. 

From this assumption there results the following set of 

first priority technologies: 

*being disadvantageous when there is not enough water (ed.) 
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1. high tcmpcrature rcactors, 

2. accelarator brceders, 

3. mcthane production by usc of the nuclcar hcat coal ga s i-

fication technology, 

4. methano l synthesis, 

5. Mobil proccss technology, 

G. fluidized bed combustion, 

7. nonconventional coal fired power plant technology. 

Second priority technologies: 

1 . solar energy technologies to be utilized for low temperatur~ 

heat production, 

2. wind energy technology, 

3. organie turbines. 

Strategie policy for Bełchatów 

Because of water availabi lity at Bełchatów it is most 

convenient to locate there: 

- high temperature reactor, 

- methane production by nuclear heat co~a l gasification tech-

nology. 

Advantage of strategie policy - utilization of water resources 

and infrastructure. i.e. the same as in the case of sccnario 1. 

Disadvantage of scenario 3: 

r~quirement of coal transportation to Bełchatów region, 

lower efficiency of hydrocarbon production in comparison 

with scenario 1, which means that 

- more coal should be transported for the same finał hydro ­

carbon production in comparison wit h scenario 1. 

Scenario 4 

National economy energy system 

It is assumed that the basie primary energy carriers 

will be: 

- coal, 

- fissile nuclear energy utilized for electricity and 

medium-temperature heat production by use of Light Water 

Reactors. 

The set of first priority technologies are: 

1. hydrog en production by the electrolysis process and wind 

energy, 

2. hydrogasification of coal, 
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3. me thanol synthesis 1 

4. Mobil process, 

.,,, , S.,.J._luidized bed combustion, 

6. nonconventional coal fired power plant technologies . 

Strategie policy for Bełchatów 

The Bełchatów basin is not a windy region. Therefore in 

order to locate coal gasification technology there hydrogen 

should be transported to this region. On the other hand there 

is sma ll probability that hydrogen transport technology will 

be available in the future. 

Bearing in mind the above the only strategie policy for 

Bełchatów in the future seems to be utilization of Bełchatów 

infrastructure for: 

- fluidized bed combustion, 

- nonconventional technology of coal fired power plant 

under assumption that coal will be transported to the Beł­

chatów basin. 

Advanta9e of scenario 4 - utilization of water r esources 

a.i,,.d infrastruct.l,lre, the same as in the case of scenario 1, 2 

and 3, 

Disadvantage of scenario 4 - requirem~nt of coal transporta­

tion to Bełchatów region, i.e. the same as in the case of 

scenario and 3. 

Scenario 5 

National economy energy system 

Assumption: the basie primary energy carriers will be coal 

and fissile nuclear energy as in the case of scenario 4. 

The set of first priority technologies: 

1. technology cycle: Lurgi reactor - methanization, 

2. technology cycle: Lurgi reactor - methanol production -

synthetic gasoline production using the Mobil process, 

3. fluidized bed combustion, 

4. nonconventional coal fired power plant technology. 

Strategie policy f o r Bełchatów 

Because of water availability it is proposed to locate 

technology cycle at Bełchatów 

- Lurgi reactor - methanization - methanol production. 

- - ---
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Advantage of scenario 5 - same as in the case of scenarios 

1 , 3, 4. 

Disa dvantage of sc e nario 5 : 

- r equiremen t of coal transportation, 

- mare core should b e transported fo r the same finał produc-

tion quantity in comparison with scenarios 3 and 1. 

FINAL REMARK 

All proposed scenarios for Bełchatów futur e strateg i e 

policy, based upon the generał framework of t e c hni ca l po­

ssibilities, make it possible to utili ze the potential water 

resources as well as infrastructure. From among the scenarios 

outlined only scenario 2 does not require transportation of 

coal . 

The actual choice of the Bełchatów expansion scenario 

will depend mainly upon: 

- the possibility of international cooperation in developing 

the fusion energy technology, 

- the impacts of the nonconventiona l energy technologies 

chosen on economy, 

- national economic conditions. 
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