
ISSN 0317-168X 
75-CNA-300 

Canadian Nuclear Association 
Fifteenth Annual 
International Conference 
Ottawa, Canada 

June 15-18,1975 

Volume 3 
THE USE OF NUCLEAR 
POWER REACTORS FOR 
APPLICATIONS OTHER 
THAN ELECTRICITY 
GENERATION 

Canadian Nuclear Association 
Suite 1120, 65 Queen St. W., Toronto, Ont. M5H 2M5 



CONTENTS 

A EUROPEAN VIEW OF THE USE OF NUCLEAR REACTORS 
FOR APPLICATIONS OTHER THAN ELECTRICITY GENERATION 

T. N. Marsham and G. Brierley, 
UKAEA Reactor Group 3 

HEAT FROM CANDU FOR CANADIAN COMMERCE AND INDUSTRY 
R.F.S. Robertson, AECL, Pinawa 
(Abstract) 31 

LONG TERM PROSPECTS FOR NUCLEAR POWER 
W. Bennett Lewis, Queen's University 
(Summary) 32 

THE USE OF NUCLEAR ENERGY IN THE STEEL INDUSTRY 
R. Littlewood, Steel Company of Canada 
(Summary) 33 





-3-

A EUROPEAN VIEW OF THE USE OP NUCLEAR REACTORS FOR APPLICATIONS OTHER 
THAN ELECTRICITY GENERATION 

T.N.Marsham (UKAEA) 
GiBrierley (UKAEA) 

CONTENTS 

INTRODUCTION 

ENERGY DEMANDS FOR PROCESS HEAT APPLICATIONS 

(A) Low Grade Heat Applications up to 300°C 

(B) High Grade Heat Applications up to 800°C 

(C) High Grade Heat Applications above 800° C 

STATUS OF DEVELOPMENT IN PROCESS HEAT AND MARINE APPLICATIONS 

Desalination 

District Heating 

High Grade Heat Applications 

Nuclear Propulsion 

ECONOMIC CONSIDERATIONS 

ENVIRONMENTAL CONSIDERATIONS 

CONCLUDING REMARKS 

INTRODUCTION 

The dramatic increase in oil prices over the last year has highlighted 
the dependence of society on fossil fuels and has served to focus 
attention on the fact that all primary fuels such as oil, coal and natural 
gas are not an everlasting commodity; reserves of such fuels are dwindling 
at a rate which implies that alternative fuels will need to be found in the 
foreseeable future, if the energy requirements of a modern society are to 
continue to be met. Although the timing for introduction of alternative 
fuels into the various energy sectors is difficult to estimate with 
accuracy, there is no doubt about the inevitability of their introduction, 
and whilst an essential feature of future energy systems will be the full 
penetration of nuclear energy into electrical power generation, this will 
still leave a large sector of the energy market to be met by alternative 
fuels for such applications as industrial process heat and transport. 

The possibility of using nuclear energy to provide heat or power without 
the intermediate production of electricity is attracting increasing 
interest. The incentives are in part those of traditional economics - can 
such schemes compete in cost with conventional processes using gas, oil or 
coal? - and in part those of energy shortages - will it be necessary to 

employ nuclear power in this way when world gas and oil supplies become 
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seriously diminished soon after the turn of the century? The alter
native sources such as solar, tide, wave or geothermal energy seem at 
best capable of supplying only a small proportion of world demand. 
While they are likely to be useful in favourable situations they are 
unlikely to do anything more than slightly delay the need for large 
scale nuclear energy. 

The paper discusses the current and future fuel requirements for process 
heat applications mainly in Europe. It also gives a technical review 
of the various schemes for combining nuclear reactors with process heat 
applications and a broad status report of the developments in this field 
of technology. 

ENERGY DEMANDS FOR PROCESS HEAT APPLICATIONS 

As a first step it is useful to examine the current range of process 
heat applications from both temperature and heat quantity aspects. The 
range of temperatures used in process heat applications is exceptionally 
broad; at the lower end hot water at 80°C for desalination and district 
heating purposes and at the upper end cement and glass manufacture require 
temperatures up to 1600°C. 

Table 1 shows the range of temperatures employed in some current in
dustrial processes (Ref.1) and these are illustrated in fig. 1 together 
with the maximum temperatures currently attainable from LWRs and HTGRs. 
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TABLE 1 

RANGE OF TEMPERATURES EMPLOYED IN CURRENT INDUSTRIAL PROCESSES 

Required Temperature 
Process 

Range C 

Desalination 50 - 200 

District Heating 100 - 250 

Process Steam 100 - 300 

Aromatics by catalytic reforming 400 - 600 

Vinyl chloride 500 - 700 

Ethylene 750 - 850 

Roasting iron sulphide ore 850 - 950 

Production of ammonia from synthetic gas 400 -1000 

Production of hydrogen 650 -1050 

Reduction of iron ore 650 -1050 

Separation of crude oil from minerals 850 -1050 

Lignite gasification 900 -1150 

Bituminous coal gasification 1050 -1400 

Blast Furnace Reduction of Iron Ore 1100 -1400 

Cement Manufacture 1400 -1600 

Glass Manufacture 1400 -1600 

In the United Kingdom in 1973 the following amounts of heat were used 
by the main industries:-

TABLE 2 

Approx, Temperature at . ^ _ ,, _ „ . 
which heat is utilized ffiHherm??** Equivalent Amount of Coal 

(.10* inermsj ^ t o n sj or Qil ^M tQns^ 

Below 30o"c 10.7 48 27 

300° C to 800° C 3.2 14 8 

Over 800°C 9.3 42 23 

These usages exclude electricity which in addition to supplying lighting, 
power and some heating is often used as a high temperature process heat 
supply in arc furnaces. The usages also exclude energy used in transport, 
agriculture, domestic purposes and public administration. 
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In Western Europe as a whole these requirements are on average in
creased by factors of about 6 or 7 and at present the percentage of 
oil used is higher than in the United Kingdom, due to the decline of 
several of the European coal industries. 

Despite these relatively large usages of fossil fuels the amount of heat 
required by the largest present day plant is usually only a fraction of 
the total heat available from a nuclear reactor of current size. Table 
3 illustrates this point. 

TABLE 3 

SUMMARY OF MAIN INDUSTRIAL PROCESSES REQUIRING HIGH TEMPERATURE PROCESS HEAT 

HEAT REQUIREMENTS 
Process 

Single Large Plant Total in UK 
MW MW 

Burning of cement 

Flat glass production » 

Glass container production 

Copper smelting from ore 

Wulff process for acetylene from naphtha 

Zinc reduction and distillation by RTZ 
process 

Steam gasification of coal 

Drying of alumina hydrates 

Soaking, reheating and heat treatment 
of steel ingots 

Firing of building bricks 

Calcining of limestone 

Methane/Steam reforming 

Naptha/Steam reforming 

Production of iron 

800* 

100* 

45* 

150* 

10 

25 

45 

150* 

1,000 

85 

75* 

80 

100 

700-1,000 

5,500 

30 

3,500 

-

100 

35 

-

250 

8,000 

5,000 

1,000 

130 

170 

9,000-12,000 

* These plants are in the United States ' 

The largest users of heat are found in the iron and steel industry where up to 
1.000MW of high grade heat can be utilised by a single plant compared with the 
usual design of reactor which produces from 2000 to 2500 MW of heat. For low 
temperature applications even large industrial complexes have only relatively 
small process heat demands, of the order of 700 MW although permission is being 
sought by the Badische Anilin and Soda Fabrik GmbH to build a 750MW(e) nuclear 
unit near Ludwigshaven in West Germany which will supply heat and electricity. 

In the present economic climate the future European demand for industrial heat 
is uncertain, but on the assumption that the present economic difficulties are 
merely temporary, an annual increase in the general growth curve of only 3% would 
double the demand by the year 2000. 
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In addition to process heat requirements there is also an increasing interest 
in the use of nuclear reactors for marine propulsion, and some indication of 
the energy requirements for this purpose is given belowr-

In 1970 bunkering requirements in Western Europe totalled about 32 million 
tons of oil representing about 8|% of the world total. These figures of 
course do not give a true representation of the amount of Western Europe's 
sea-borne trade since bunkering is usually carried out where oil is cheapest, 
and also the figure of 32 million tons includes oil for local coastal and 
fishing traffic which is unlikely to be considered for nuclear propulsion. 
Also shipping is an international business and ships often operate under flags 
of convenience, so it would appear that an analysis of European shipbuilding 
rather than bunkering figures would offer a better basis for estimates of 
possible future nuclear shipbuilding. 

From an analysis of the world orders for large ships over 120,000 tons dead
weight, placed in the last few years, it is expected that 100 to 200 such 
ships will be built in the 1980's and if world trade doubles as forecast, a 
further 200 to 400 such ships might be constructed between 1990 and 2000. 

At present Japan is constructing some 45-50% of world shipping and Europe's 
share is of the order of 40-45%. Assuming that a programme of commercial 
nuclear shipbuilding in West Europe could not be implemented before 1990, 
the possible construction of nuclear ships, each with a reactor in the range 
60 to 160 MW (th), could be 20 to 70 up to the year 2000 depending on how 
many European countries decided to go nuclear. A nuclear ship propulsion 
programme of this order would result in a saving of 3M tons equivalent oil 
per year which can be compared with those for process heat applications shown 
in Table 2. It appears that the case for nuclear shipbuilding will depend 
more on economic than resource conservation aspects. 

TECHNICAL REVIEW OF SOME POSSIBLE NUCLEAR REACTOR APPLICATIONS 

The previous paragraphs give some indication of the wide range of possible 
process heat applications, and some of these are now examined in greater 
detail with a view to identifying those which are technically feasible using 
heat from a nuclear reactor instead of conventional means. 

Process heat applications can conveniently be split into three groups, so 
that they are easier to consider in relation to different reactor systems. 

(A) Low Grade Heat Applications up to about 300°C, which can in principle 
so far as temperature is concerned, be served by any current design of 
nuclear reactor eg. LWR, SGHWR, Fast Breeder or Gas-cooled Reactor. 

Typical examples of processes in this group are:-

Desalination 

District heating 

Process steam 

Tar Sand processing 

Pulp and Paper processes 
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(B) High Temperature Heat Applications up to 800°C which can only be 
served by an HTGR type of nuclear reactor with the possible exception 
that the molten fuel salt reactor may be ultimately developed to 
provide these high temperatures. Even for an HTGR, a process tempera
ture of 800°C represents the present limit within existing reactor 
technology. 

Some typical processes which fall into this category are:-

The production of hydrogen-containing gases by the gasification 
or reforming of fossil fuels 

Oil Refinery processes 

Some Chemical Plant processes 

CC) High Temperature Heat Applications above 800 C which would require further 
nuclear reactor development, particularly in the field of high temperature 
circuit materials. Processes in this category include:-

Hydrogen production by thermochemical means 

Direct iron ore reduction 

Coal gasification 

Cement and Glass manufacture 

Before considering any of the individual processes indicated above there are, 
however, several fundamental engineering factors which need to be examined no 
matter which reactor system is used, but some of these apply more particularly 
to direct-cycle LWR's. 

Nuclear reactors require to be constructed and operated in relatively large unit 
sizes, viz.2000MW(Th) upwards to achieve their full economic potential. There 
is, therefore, a question of matching the heat demand to the size of reactor 
unit unless the heat requirement is combined with electrical power generation. 
Also the daily or seasonal diversity of heat demand must be catered for to 
enable the reactor to operate at a high continuous load factor. In a combined 
heat/electric power generation unit there must be sufficient flexibility in 
the system to permit the ratio of heat to electric power generation to be varied 
over a wide range. 

As in the case of fossil-fired steam generators it is necessary for nuclear 
reactors to be shut down for periodic maintenance and inspections, and in 
addition most types of reactor require to be shut down for refuelling at not 
more than annual intervals. This introduces the requirement for either standby 
fossil-fired plants, duplication of reactor units on one complex or the inter
linking of several heat generators on the same grid system. 

Some reactor systems such as the BWR and SGHWR when used for electrical power 
generation employ the direct-cycle principle in which the primary coolant is 
passed through the steam turbo-generator, whilst others such as the PWR and the 
HTGR use intermediate heat exchangers between the primary coolant and the 
working fluid in the turbo-generator. The use of direct-cycle reactors for 
process heat applications would require an intermediate heat exchanger to 
isolate the primary coolant from the process fluid in order to prevent any 
possible spread of radio-activity to pipelines and process vessels. Even with 
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indirect cycle systems steps must be taken to ensure that any heat ex
changer leakages do not induce the spread of radio-activity from the 
primary fluid to the process plant. 

c 
(A) Low Grade Heat Applications up to about 300 C 

Desalination 

Basically this process involves the evaporation of salt or brackish 
water and requires heat in the form of process steam at 90-120 C. 
Three processes are conventionally used,i.e. multi-stage flash 
evaporation, multiTeffect distillation and vapour compression. Of 
these multi-stage flash evaporation is currently the most reliable 
and economical. 

In principle there is no difficulty in using a nuclear reactor to 
generate the required process steam, either directly or more likely 
as reject heat from a steam turbine cycle. The size of the reactor 
in relation to desalination and electrical loads requires close con
sideration as do the load factor and availability of the reactor. 
Typically a 2000 MW (Th) reactor would produce 120 M gallons of water 
per day and 400 MW (e) of electrical power. 

District Heating 

Hot water to a district heating scheme is normally required at a 
temperature around 120°C so that thermo-dynamically the overall thermal 
efficiency of a nuclear reactor/steam turbine cycle can be considerably 
improved by using the relatively low grade reject heat from a back
pressure turbine for district heating purposes. When one considers that 
normally about 50% of the total heat generated in a steam cycle system 
is rejected to the cooling water system, considerable gains in fuel 
economy are possible by utilising some of this low grade heat for 
district heating purposes. Inevitably there are engineering problems 
involved in the transmission and distribution of hot water over large 
distances without incurring significant temperature losses. Also the 
capital costs and planning activities involved most certainly require 
any district heating scheme to be sponsored by Government or Public 
Authorities, and probably included from the outset in some new invest
ment project. 

Process Steam 

Industry requires process steam at many different temperatures and. 
pressures but generally in the range up to 300°C, and in principle 
there is no reason why this steam should not be supplied either directly 
from a nuclear reactor or as pass-out steam from a back pressure turbo
generator. 
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lt is interesting to note that the use of process steam from nuclear 
reactors was first used on one of our plants in the UK i-.e.our Calder 
Hall site (Ref. 2). Calder Hall nuclear generating station is sited 
adjacent to the windscale nuclear fuel processing complex and when 
commissioned in 1956 supplied the electrical requirements of the Wind-
scale site in addition to the public electricity supply system. Towards 
the end of 1950's it became apparent that the boiler plant at Wind-
scale was nearing the end of its useful life, and that replacement plant 
was needed. It was therefore decided to supply the Windscale site 
steam demands from the reactors at Calder and the scheme was developed 
and installed for this purpose. Process steam at Windscale is required 
at two different pressure nominally 160 psig and 40 psig, and these steam 
supplies are distributed around the site from two ring mains. 

Steam is generated by the Calder reactors at approximately 260 psig and 
50 psig in the ratio of 2J : 1. Fig.3, shows the basic arrangement of 
this system, and the control equipment installed to control the process 
steam pressures and also the ratios of high pressure to low pressure steam. 

This system has now been operating satisfactorily for many years, with
out any fossil-fuel back-up and consideration is being given to extend
ing its capacity as the Windscale reprocessing complex develops. 

Tar Sanding Processing 

The conventional tar sand process is as follows:-

(i) Mining of tar sand involving open pit mining using excavators 
and belt-conveyors to provide a continuous supply of tar sand. 

(ii) The tar sand is pulped with hot water at a temperature of 
85-95°C and the bitumen is then separated from the water and 
mineral matter. 

(iii) The raw bitumen is then converted into synthetic crude oil 
by a combination of delayed coking and hydrodesulphurisation. 

The nuclear reactor would be capable of supplying the hot water require
ments of operation (ii) above but the main problems are again the match
ing of the heat demands to reactor size and the siting of the process 
plant in relation to the reactor, particularly as the location of the 
open pit mining is not fixed for long periods. 

High Temperature Heat Applications up to 800°C 

The high temperature gas-cooled reactor (HTGR) is the only commercial 
available nuclear system which can supply heat in the range 300-800°C, 
and it is useful to review the main features and present limitations of 
this system before considering process applications. 

The HTGR was conceived at Harwell in the 1950's and was subsequently 
taken up by a subsidiary of General Dynamics in the USA. In the UK it : ;,. 
was seen as a more exotic alternative to our AGR, aimed at providing ; '. 
"standard" steam conditions and a lower capital cost. The HTGR did not'; •! 
start looking attractive until the original "fission product emitting"; 
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fuel with the vast helium clean-up plant was abandoned in favour of 
the present coated-particle fuel in which fission products are retained. 
This interesting idea seems to have had its origins on both sides of 
the Atlantic. First of all the fuel fabricators in the USA, worried 
about the contamination of their UC7 fuel granules by atmospheric water 
proposed coating these with pyrocarbon in a fluidised bed. Then the 
Dragon Project based in the UK had the idea that such coatings would 
also be impervious to fission product gases and thus the coated particle, 
which is the main feature of all modern HTGR's, was created. 

Since the advent of the idea of the coated fuel particle, a great deal 
of manufacturing development and irradiation testing has been carried 
out. The current UK particle has pyrolytically deposited SiC coatings 
as well as.pyrocarbon; in the USA, with the Uranium/Thorium cycle dev
eloped by General Atomics, both double layer pyrocarbon ("Biso") and 
multi-layer pyrocarbon and SiC ("Triso") coatings are used. Diagrams 
of these particles are shown in Figs.3 and 4. Each of the layers of 
the coatings has evolved definite functions and systematic development 
has progressively improved the effectiveness and extended the endurance 
of the coated particle. Current ideas on the functions and limitations 
of the layers in the UK particle are given in Table 4. 

SCALE SCALE 

BISO FERTILE TRISO FISSILE UK PARTICLE DESIGNED FOR 
(DESIGN BURN UP 12-14 »/o FIMA BURN UP 
ABOUT 70 %> FIMA) 

FIC.3 TYPICAL FUEL PARTICLES FOR 
URANIUM/THORIUM CYCLE H.TR. 

FIG .4 FUEL PARTICLES FOR 
LOW ENRICHED CYC.F HTR 



TABLE 4 

FUNCTIONS AND LIMITATIONS OF THE COATINGS FOR HTGR FUEL PARTICLES 

Particle Component 

U02 Kernel 800/um 

Pyrocarbon buffer layer 

Functions 

Heat generation 
Contains voidage for gases 

Arrest of fast fission fragments 
voidage for fission gases 

Known Limitations 

Assumed to experience 100% release of fission 
gases 

Must be about 35/im thick to arrest fission 
fragments 

Inner High Density Main barrier to noble gases Failure under fast dose due to an isotopic 
Pyrocarbon layer and iodine shrinkage 

(about 4,5 x 10 EDN for propylene based 
pyrocarbon] 

Pyrolytic SiC Main barrier to fission product Temperature/irradiation dependent changes 
metals also barrier allow Ag release at 1150 to 1250°C 
to fission product gases 

Outer High Density 
Pyrocarbon layer 

Protection for SiC layer Fails under fast dose as for inner layer 
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A major feature in particle development in the UK has been the use of 
theoretical models to analyse irradiation experiments and to design the 
particles for a specific endurance. Such analysis has to recognise the 
failure modes demonstrated :.n the experimental programme, these defining the 
practical performance limits for the core. The Table mentions both a tem
perature and a fast dose limit. In addition to these, failure under internal 
pressure defines the limit for burn-up, but for a given performance target this 
can usually be made non-critical by the design of the pressure retaining 
layers, the limit being the thickness of coating which can be accommodated. 

There will of course be particles which will not survive to the design limit, 
either because of defects in manufacture which have escaped detection during 
inspection or because of internal chemical reaction between the kernel and 
the buffer layer activated by release oxygen and the internal temperature gra
dients. This potential failure mode is known as "amoeba" attack which, un
checked, could possibly be the cause of a relatively high failure rate. How
ever, the experimental programme has included investigation of the use of 
oxygen "getters" within the pressure shells and the current situation is that 
satisfactory "getters" have been demonstrated which will fix almost all the 
oxygen released by fission, thus reducing amoeba attack to almost negligible 
proportions. 

Fig,5 shows the effect of ' amoeba attack, the example being chosen to show 
this in an extreme form. The gettering of oxygen also reduces' the internal 
gas pressure, about one third of the pressure being ascribable to CO2 or CO. 

In the UK, the objective of particle design and development is to achieve a 
gas circuit activity which complies with licensing authority requirements 
for release under normal operation and during credible accidents without 
recourse to a pressure tight secondary containment. The target releases are 
in fact determined by operational considerations; fcontamination of the 
boilers by caesium and silver) these requiring higher particle integrity than 
the off-site health requirements. Since secondary containments are now likely 
to be required as protection for the main pressure circuit from crashing air
craft, etct)the economic balance between on the one hand making the secondary 
containment pressure tight, together with a relaxation in fuel standards, and 
on the other retaining the "clean" circuit with a non-pressure-tight protective 
building, is difficult to determine at present. This is because, due to the 
success of the fuel fabrication techniques developed in the UK, the fuel cost 
saving which could be realised by lowering the quality is probably fairly small. 
Some savings would of course be made since a higher fraction of defective particles 
could be accepted, but in addition to the extra cost of a pressure tight second 
containment, the effect on boiler maintenance has also to be considered. Thus 
it can be seen that, in contrast with the General Atomics approach, in.the UK 
there seems to be no strong economic incentive to abandon the present "clean" 
circuit philosophy. 

What has been stated so far has been in the context of a steam cycle electri
city generating station. In addition, the HTGR offers the most promising 
nuclear source of the higher temperatures required for gas turbine generation 
and the supply of heat for various processes now using fossil fuels. The steam 
cycle HTGR is designed for helium outlet temperatures of about 750°C and to 
make the use of direct-cycle gas turbine attractive, temperatures of at least 
850°C are necessary. For process heat, naturally the higher the temperature the 
wider the application of nuclear heating, but the view in the UK is that 850°C 
sh,oiild be considered as the practical limit of present technology. 
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The limits to higher helium temperatures arise principally in the construc
tion and materials of the gas circuit rather than in the fuel itself. The 
upper limit for the current UK line of fuel particle development is probably 
1250°C and the raising of the gas temperature depends mainly upon methods 
of transferring the heat from the particle to the coolant for a smaller 
t mptraturo drop than is used for the steam cycle .'yhere t.iere is virtually 
no incentive to go over 750°C in gas temperature). The HTGR fuel design 
can obviously be refined to reduce the difference between 1200°C and 750°C 
by shortening the conduction ptth between uranium and the fuel element 
surface and by using a more sophisticated heat transfer surface. Other 
methods of obtaining a higher coolant temperature for the same particle tem
perature are axial flattening (layered enrichment or shuffling, as is effec
tively done in the German pebble bed development) or by reducing core rating. 
However, all these methods seem likely to produce some increase in fuel cycle 
costs, so the extra 200°C or so in helium temperature which is seen as the 
result will not be obtained without penalty. 

The conclusion then, in the context of process heat applications is that the 
present fuel particles and fuel element materials could, with some rearrange
ment, produce a helium gas outlet temperature of about QSO^C. Higher tem
peratures than this would require a radically new particle and while ideas 
for these exist, virtually nothing has yet been done in the field of practical 
demonstration. The fuel, however, is only the first link in the chain of 
intermeshing components which have to be studied and the situation on some 
other components is not quite so encouraging. 

Fig,6 shows a typical arrangement of the HTGR gas circuit indicating the 
areas which present critical engineering problems. On leaving the core the 
hot gas passes to the heat exchangers, and the connecting passageways must 
be kept short since the temperatures involved will probably require a re^ 
fractory lining of some sort. It is particularly important to reduce the 
temperature in the region of the steel liner to the prestressed concrete vessel 
since the temperature of the concrete has to be kept below 100°C. On a steam • 
cycle HTGR, this is done by lining the inside of the reactor vessel with in
sulation secured by metal plate covers combined with a cooling water system 
attached to the liner itself. The design and construction of this form of 
insulation are most demanding in relation to the metal cover plates which are 
prone to noise-induced fatigue produced by the gas circulators in addition to 
thermal stresses and tribology problems in the helium atmosphere. Although 
750°C is considered to be a reasonable limit for this type of insulation at 
the present time, development work is proceeding on this and modified forms 
which could improve the peak temperature capability up to about 850°C. 

The alternative to insulating against these high temperatures is to arrange 
for the cool gas (about 400°C) to sweep the structurally sensitive regions 
of the pressure circuit thereby reducing the duty of the insulation to a level 
well within the limits of present technology. To achieve a scheme of this kind 
requires a complex arrangement of gas passages and balanced gas flows which 
leads to higher construction and operating costs. 
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For process heat applications, the steam generators of the standard steam 
cycle HTGR would be replaced wholly or in part by gas to gas heat exchangers 
which means that the operating temperature of the heat exchanger tubes and. 
supports approaches the maximum reactor outlet temperature. Fortunately, 
the design can be so arranged that the pressure stresses in the tubes are 
relatively small, but even using the most promising nickel alloys available, 
a modest combination of pressure, self-weight and thermal stresses would limit 
the tube operating temperature to about 850°C. 

This brief survey serves to indicate that the first barrier to increasing 
temperatures from the HTGR lies in the area of circuit materials particularly 
for insulating the pressure circuit and for structural components of the heat 
exchangers. At temperatures above 850°C, one is beginning to move into new 
areas of technology, possibly involving radical changes from metallic to 
ceramic components, and requiring large R Ç D expenditure for the purposes of 
achieving reliability and the desired lifetime from the plant. Experience to 
date with increasing temperature has shown that it is difficult to devise 
tests which simulate the lifetime behaviour of reactor components in such 
demanding environments. 

One of the principal applications of the HTGR in the temperature range up 
to 800°C could be the production of hydrogen-containing gases from the 
present reserves of fossil fuels, ie. coal, oil and natural gas. 

Production of Hydrogen Containing Gases 

Substantial quantities of hydrogen are required as a chemical reactant for 
the production of ammonia and for oil processing. In the future, hydrogen 
could be used in large quantities as a reducing gas for iron ore and as the 
main constituent of a synthetic natural gas (SNG). 

Steam gasification of coal or lignite is one means of manufacturing SNG. 
The chemical process 

Coal or Lignite + Steam — — y H2 (CO, C02) CH4 

is well established and in principle is of considerable importance for the 
future as a means of converting relatively plentiful supplies of coal into 
a more flexible secondary fuel. The energy required in the form of steam 
and that for the reaction process could be supplied from an HTGR as a sub
stitute to simply burning part of the coal as at present. In broad terms 
it requires about 180 tons coal feed per hour and a 1000 MW(thermal) of 
nuclear heat to produce 100 x 10^ standard cubic feet per day of SNG 
(972 BTU/SCF). 

Gasification of lignite will proceed at 750°C-850 C but the higher the tem
perature the better the carbon conversion. The corresponding temperature 
for hard coal is 1050-1100°C. Thus the gasification of lignite is just 
possible in an indirect cycle linked to a current HTGR, but the gasification 
of hard coals requires further development of the reactor to higher tempera
tures. Liquid hydrocarbon gasification by steam is rather less attractive 
because of the diminishing availability of the raw material. The process is 
however reasonably well established, and the process conditions are some
what less stringent than for coal gasification, viz .750-850°C. 
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For natural gas conversion temperature and pressure conditions required are 
broadly similar to those for steam gasification of oils. Again however the 
question of hydrocarbon supply must be faced - the concept of the industrial 
scale application of HTGRs for natural gas reforming, commencing in, say, 
1990 with reactors amortised over 25 years, requires the assumption that 
natural gas supplies will be available at a reasonable price for this.^urpose 
up to at least the year 2015. 

Steelmaking • 

Considerable attention is being paid to the role which HTGRs could play in 
steelmaking. A wide range of options is available, but probably one of 
the most attractive involves the following stages. 

(i) Production of high purity H2 gas by the Toute described above. 

(ii) Direct reduction of pelletted or powdered iron ore by H2 in a 
shaft furnace or fluidised bed, at temperatures probably approach
ing 800°C, the iron of course remaining solid. The reaction will 
probably be about neutral in energy requirement, but reactor heat 
or direct-firing would be required for start-up and to make-up 
heat losses. 

(iii) Melting, purification and compositional control of the iron from 
(ii) in an electric arc furnace, to form steel. The electricity 
for this step can be provided via conventional steam turbo
generator technology from the "lower-temperature" cut of the 
HTGR heat supply. 

Oil Refinery and Chemical Plant Processes 

A refinery producing low sulphur content fuels and naptha from crude oil 
would normally use heavy residue oil as a heat source. Typically a refinery 
handling 20 million tons/year of crude oil would use the equivalent of 1500 
MW(Th) as process heat. There is a possibility that oil refinery plant could 
be redesigned to use high temperature gas provided by an HTGR as the heat 
source, but it would be necessary to ensure that there is no mismatch between 
the heat requirements of the refinery and the available heat from a standard 
HTGR. 

!) High Temperature Applications above 800°C 

These processes require temperatures above the level which is technically 
acceptable for current HTGRs. Therefore, in addition to reactor development 
for high temperatures there is a need to critically examine some of the more 
promising lines of process heat applications with a view to reducing the required 
process temperatures. 
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Hydrogen Production by Thermochemical Means 

This process is receiving considerable attention at present as a means of 
producing hydrogen by water splitting using chemical means. To perform this 
in one step requires a temperature of about 2500°C, but it is possible to 
conceive a consecutive series of chemical reactions, the net effect of which 
is breakdown with a maximum temperature in the range 900-1000°C. Suitable 
chemical reaction chains can be identified but nqne of the flow sheets'-has yet 
been shown to be technically feasible in pilot plants. 

STATUS OF DEVELOPMENT IN PROCESS HEAT AND MARINE APPLICATIONS 

Insofar as trends of national interests are apparent, Germany and the USA 
are tending to concentrate on hydrogen and methane production by coal gas
ification, and Japan and Western steelmaking companies on steel production. 
France has paid particular attention to hydrogen production and the provision 
of process steam for industry, and Sweden to district heating. There is also 
world-wide interest in the possibility of breaking-down water by thermo
chemical means to produce hydrogen. 

Desalination 

The growth of demand for desalination plant has continued steadily through
out the last decade with an acceleration in the past year in the Middle 
East market. 

The world demand has been projected forward to an installed capacity of about 
1000 M galls/day by 1990. To date water plants based on desalination have been 
less than 7.5 M galls/day per unit and even a group of 6 such units represent 
only 40 M galls/day per phase of installation at the Lok on Pai site (Hong 
Kong); the largest in the world. 

Following the example of oil-fired generating/distillation plant producing 
electricity and desalinated water, hopes ran high in the 1960s for nuclear 
powered plants to do the same. Until recently these hopes have remained un
fulfilled. The reasons for this are complex (Ref.3):-

(i) Only sizeable affluent industrial/urban communities need large 
quantities of water. 

• (ii) Only those living in coastal areas with unreliable conventional water 
supplies (ag. either through climate or dependence on foreign sources) 
will turn to desalinated water, since even at times of low oil prices, 
desalinated water by the nature of the distillation process, is 
several times more expensive than most conventional water supplies. 

(iii) Large developed communities do not settle in arid areas without some 
special attraction. Oil provided this attraction, cheap fuel for 
desalination plants, and surplus revenues with which to industrialise 
and expand desert communities. Hence, a large part of the market 
for desalination plant has been in oil producing states. Industria
lised countries such as the UK, with adequate rainfall but with dis
tribution problems, were daunted mainly by the cost of desalination, 
and are finding cheaper solutions to their supply and distribution 
problems. 
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(iv) In an era of falling real oil prices, nuclear power could not 
compete either for electricity generation or as a source of heat 
for desalination in the small units required. Attempts to reduce 
unit costs by scaling-up were self-defeating because they put the 
plants beyond the needs of most of the market (even in the USA). 

Since then improvements, particularly in design optimisation, have been made 
in the efficiency both of nuclear reactor designs and of desalination plant, 
which have made the economics of a combined plant more attractive. Added to 
this, the sudden four-fold increase in oil prices has made nuclear generating 
stations and nuclear-powered desalination plant very competitive with oil-
fired plant - although the comparison with the cost of conventional water 
supplies has not of course improved to any useful extent. 

Because they can sell their oil abroad at prices much higher than the cost 
of extraction, the oil producing countries could possibly have an incentive 
to substitute imported fuels for their own domestic purposes. There should 
thus be an expanding market for nuclear plant both for electricity and for 
desalination, and the high capital cost of these plants offers an attractive 
application for oil funds. 

Surveys of nuclear desalination requirements have indicated that the current 
interest in terms of plant size is largely in the range from about 100 MW(e) 
produced in a back-pressure turbine exhausting to a distiller producing as 
much water as is reasonably possible, to upwards of 600 MW(e) produced in 
condensing turbines with appropriate bleed-off of low-pressure steam to the 
distiller. In the first case a high water/power ratio is required, of the 
order of 0.38 M galls per day per MW(e) (nett), while in the second case a 
ratio lower by a factor of 2 to 8 is required. 

District Heating 

The first district heating schemes were laid down a century ago in Germany 
and the USA. Since then the number of schemes has multiplied in Europe and 
the USA; in Sweden particularly all cities of any size have district heating 
schemes mostly served from combined heat/electric generating stations. In 
most cases only city centres and the more densely populated parts of the suburbs 
are covered, but in the cities of Vasleras and Linkoping, family house dis
tricts have been connected to the heating scheme. In Denmark it is estimated 
that 30% of all dwellings use district heating whilst in Germany 91 district 
heating companies exist with a total combined capacity of 19000 MW(Th)• 

Development in the UK has not been as rapid as that in other European countries, 
originally because of the abundance of cheap coal and now North Sea gas as a 
domestic heating fuel, but also because of the smaller winter temperature 
differentials. The first UK district heating scheme operated in Manchester in 
1911, but corrosion of the distribution mains and heat losses resulted in ex
cessive maintenance and operating costs. There are now over 200 small schemes 
in existence in the UK and the latest is planned for Nottingham by the National 
Coal Board which is expected to heat about 6000 dwellings by 1980. 
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In most instances the heating load has been built up gradually by connect
ing small districts to temporary boilers, then interconnecting these success
ively and finally building the heat/electric generating station when the demand 
has become large enough to support a central plant. 

As yet there are no district heating schemes in Europe served from nuclear 
power stations, but in Sweden there is a proposal to erect a combined nuclear 
heat/electric generating station to supply district heating systems in the 
cities of Stockholm, Gothenburg and Malmo. 

High Grade Heat Applications 

In Germany there is an enthusiastic mood of progress towards the development 
of HTGR's and process heat applications, backed by considerable experimental 
work. A significant step forward in 1974 was the increase of helium outlet 
temperature of the experimental AVR (pebble bed) reactor to 950CC, which is 
within the range required for coal gasification. The reactor operated in this 
way for about 2 months at a power of 46 MW(Th); no particular difficulties were 
reported, and in due course an attempt will be made to reach a maximum outlet 
temperature of 1050°C. The facility is considered to be an important source 
of experience of high temperature levels for all core components, particularly 
of fuel elements in great numbers and under real conditions of operation. 

The AVR facility does not offer experience of metallic hot gas ducts or gas/gas 
heat exchangers at process heat temperatures; heat abstraction from the helium 
is by once-through steam generators situated above the core and connected to 
it by a relatively short graphite hot gas duct. The problems of conveying high 
temperature helium to process heat exchangers have still to be solved. 

It is expected however that a pebblebed reactor, particularly if embodying the 
OTTO (once through then out) fuel cycle concept currently being developed may 
well form a basis for providing the helium outlet temperatures required for 
high grade process heat applications. 

A second major feature of the German experimental programme in the area of 
nuclear process heat is the EVA pilot plant at KFA Julich. This comprises 
essentially a single "reforming tube" with the standard dimensions used today 
in modern fossil fuel plants for the steam reforming of methane to produce H2 
and CO, together with appropriate reactant and product handling facilities, 
and an electrically-heated helium supply to simulate that available from a 
reactor source. The objective is to study the kinetics of the steam reforming 
reaction under these new conditions of energy supply, and to test materials 
and operating characteristics. Results have been quoted for helium inlet tem
peratures up to 900°C, but the work is still in its early stages. A larger 
version of the EVA facility with a throughput of 200 kg/h of coal char and an 
operating pressure of 40 atm, is due to be completed this year. The next 
stage is a pilot plant with a throughput of 1-2 tonnes/h, planned to be opera
tional in 1977-79, to be followed by a demonstration unit combined with a 
750 MW (Th) reactor by 1982. 
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Japan, with a large steelmaking industry and virtually no indigenous 
fuel sources, is mounting a major Government/industry collaborative 
programme,to couple HTGR's to steel production and to provide process 
energy for a wide range of possible applications. An important feature 
of this programme is the construction of an experimental multi-purpose 
Very High Temperature Reactor, with a power of 50 MW(Th) and a helium 
outlet temperature of 1000 C. The first conceptual design is complete, 
and licensing is anticipated in 1977 for an on-power date in the early 
1980's. Current research and development for this reactor includes 
work on fuels and structural materials and the use of two out-of-pile 
pressurised helium loops operating at up to 1100°C for the study of high 
temperature technology. An in-pile loop (1000°C, 35 bar) is being con
structed in the Japan Material Testing Reactor for operation next year. 
Considerable research on high temperature heat exchangers for nuclear 
steelmaking has also been carried out by the Iron and Steel Institute of 
Japan. A heat exchanger circuit with a helium flow rate of 20 Kg/hr at 
1000°C, 13 bar pressure, in the primary system and steam, H2 or CO at 
5 bar pressure in the secondary system has been constructed. The topics 
which are being studied in this facility include (i) heat exchanger 
performance, (ii) hydrogen permeation through high temperature alloys and 
(iii) creep and carburisation of these alloys. 

The Japanese long-range programme also covers research and development 
on the supply of "reducing gas" for steelworks and the direct reduction 
process for iron ores. Beyond 1980 it is hoped to build a pilot steel
making plant and to integrate it with the experimental HTGR. Success
ful operation of the pilot plant would be followed by its expansion to 
a full scale commercial undertaking. 

Although there is no commitment to hardware, the European Nuclear Steel
making Club which has representatives from most Western European coun
tries, is undertaking an extensive study of the feasibility of combining 
steelmaking • with nuclear energy. Working Parties are investigating 
(i) energy consumption in the iron and steel industry with particular 
reference to identifying and maximising the possible nuclear contri
bution, (ii) the operating conditions and design of a steam reformer/heat 
exchanger linked to a nuclear reactor, (iii) the temperature and en
vironmental limitations to the use of metallic and non-metallic material 
in heat exchangers, and (iv) the overall technical/economic viability of 
the various possible process routes. It is to be expected that this 
exercise will produce within the next 1-2 years a definite view on the 
prospects for nuclear steelmaking in Europe. 

A decision already taken is that it is more attractive to separate the 
reactor from the steelworks rather than integrate these two components, 
because an HTGR of current size is too large to supply the needs of an 
existing or planned steelworks, and because shut-down of the reactor 
would imply shut-down of steel production which in turn implies large 
economic penalties. Hence in this scheme, the reducing gases produced 
by nuclear energy, probably on a multi-reactor site and as part of a 
larger hydrogen production industry, would be transported cold to the 
steelworks by pipeline. The reactor parameters which have been agreed 
for the preliminary study are shown in Fig.7. 
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On the American continent, Stone and Webster have joined with General 
Atomics in experimental development work to convert coal into synthetic 
gas and liquid fuels by a combined hydrogenerating and gasifying process 
utilising nuclear heat. Essentially this is a coal refining process 
analagous to the processes in a mineral oil refinery. 

Nuclear Propulsion 

Merchant ship propulsion by nuclear means has been considered over a 
comparatively long period. The success of the Soviet Union's ice-breaker 
•Lenin' brought into operation in 1959, the United States cargo and 
passenger ship 'Savannah' in 1962 and the Federal Republic of Germany's 
bulk carrier 'Otto Hahn' 1968, has enabled valuable prototype nuclear 
ship experience to be accumulated. In the context of a highly competi
tive industry however, it was difficult to illustrate sufficient economic 
advantage to the nuclear vessel to attract ship owners. The deciding 
factor in the comparison is the price of bunker fuel, and with a large 
price rise in this commodity in late 1973, the prospects of nuclear 
propulsion were radically altered, particularly as the advent of container 
ships has increased the required power output and load factor to values 
more favourable to nuclear propulsion. 

A programme aimed at the construction and operation of a nuclear lead 
ship could realistically hope to have the ship in commercial operation 
in about 7 years. The price and availability of bunker fuel in 1980-
2000 therefore seems to be the main relevant factor in assessing the 
economic viability of nuclear propulsion for ships and the case for a 
first ship, the success of which could influence the pattern of marine 
propulsion for quite a long time. The price of nuclear fuel, which can 
also be expected to rise, also affects the comparison but to a much 
lesser extent. 

Comparison of the resource cost of operation of nuclear powered ships 
with conventional container ships and tankers indicates that nuclear 
propulsion has a marked advantage over conventional propulsion at 
present day oil prices. This conclusion seems to apply for tankers in 
the range 250,000-500-000 tons (16-18 knots) and container ships of 
capacity 1800-2500 containers (27 knots), even at uranium prices as high 
as$50/lb U3O8. Most people do not anticipate a radical fall in oil 
prices from today's values (although there may be some fall in real 
terms over the next few years, before the upward trend is resumed) so 
that the nuclear advantage is unlikely to be nullified. It should be 
stressed that this comparison is based on resource cost and a shipowner 
will make different assumptions, especially regarding the cash flow of 
the investment programme. 

As well as the economic aspects, other operational features of the 
nuclear ship must be evaluated, eg. siting of operational berths, main
tenance yards, and refuelling facilities, insurance and legal aspects, 
routing, crew training, possible salvage problems, and eventual dis
mantling and disposal. Studies to remove the uncertainties associated 
with these aspects will of necessity be international in character and 
it is encouraging that steps in this direction have already been taken. 
The outcome of the evaluation of these safety and operational aspects 
would, of course, affect the economic comparisons referred to above. 
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ECONOMIC CONSIDERATIONS 

It is difficult to generalise on the economic prospects of using 
nuclear reactors for process applications, every case must be con
sidered independently and the results will depend upon numerous 
factors such as climatic conditions in the country concerned, extent 
of natural resources, cost of indigenous fuels or imported oil, 
capital borrowing rates, etc. in addition to the usual engineering and 
safety and siting considerations, 

It would seem likely that process steam could be supplied very econo
mically from a nuclear power plant site with a large electrical output 
and a sufficient number of units, say 3 or 4, to avoid the need for 
large stand-by sources to a nearby process heat requirement. The pro
blems here are of investment and organisation rather than technical. 

District heating, for example, is a more favourable economic proposi
tion in countries having a cold climate, such as Sweden, Denmark and 
Northern Germany, the main reason being that appreciable amounts of 
space heating are required continuously over long periods in these 
zones, hence a district heating system can operate at a relatively 
high load factor. 

Desalination on the other hand is only necessary at the present time, 
in relatively hot areas with limited or pronounced seasonal rainfall, 
and where there is an expanding industry and population. In most 
Western European countries, natural water resources are adequate and 
at a cost which is far below that for water obtained by desalination. 

High temperature applications are currently attracting most attention 
because of the recent increases in the cost of fossil fuels. Here 
again each type of application has to be studied independently, but as 
an example, the cost of coal gasification by nuclear heat as an alter
native to conventional means is illustrated in Fig.8. This brief study 
is for a plant producing 100 x 10^.standard cubic feet per day of gas 
from 180 tons of coal per hour, with the capital finance being borrowed 
at two different interest rates 12j% and 5% respectively. The results 
indicate that nuclear heat is already competitive with conventional 
means at low interest rates and if coal prices continue to rise as 
forecasted, nuclear heat for coal gasification will be economically 
viable at high interest rates in the next few years. 

The fairly steep rise in oil prices over the past two years has signi
ficantly affected the economics of nuclear marine propulsion. Present 
economic analyses show that the fuelling cost of a large nuclear powered 
container ship could be in the range 0.15 to 0.18 pence per shaft horse
power hour compared with 0.5 to 0.65 pence for conventional ships; the 
range depending upon the oil price and type of propulsion machinery. 
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ENVIRONMENTAL CONSIDERATIONS 

Although nothing like as much attention has yet been given to the 
safety and siting aspects of process reactors as has been devoted to 
these subjects for nuclear power stations, it is clear that the basic 
principles which have been established for the latter must also apply 
to reactors used for process purposes. There are in addition several 
other aspects which require consideration for a process plant. These 
may be summarised under four broad headings: 

(i) The possibility of hazards caused by faults on the process 
plant affecting the reactor and vice versa. 

(ii) Possible modifications to the basic siting policy adopted 
for nuclear power stations. 

(iii) The use of a nuclear reactor on a site where there is a 
concentration of non-reactor industrial personnel. 

(iv) The prevention of radioactive contamination of process 
products. 

Item (i) requires detailed analysis for every proposed combination of 
reactor and process plant. Depending on the process involved the 
analysis would have to consider a range of fault situations including 
such items as the effect of explosions in the process plant which could 
cause damage by blast or missiles to the reactor and/or its safeguards 
systems, the possibility of a cloud of gas drifting over the reactor 
in explosive concentrations, the likelihood of toxic gases penetrating 
into control room areas and affecting operators, the effect of plant 
transients on the reactor and the fission product release behaviour of 
the reactor under both normal and abnormal conditions. This analysis 
will be required at the initial design stage as the results could have 
a marked influence on a number of major decisions, for instance choice 
of reactor type, number of intermediate coolant circuits (if any), 
choice of secondary (and possibly tertiary) circuit working fluid, 
overall plant layout, control requirements and containment of the 
reactor and its essential systems. 

In connection with siting it is convenient to consider items (ii) and 
(iii) together. Concern has often been expressed at the use of a 
nuclear reactor where there is a concentration of non-nuclear workers 
in the vicinity. Our experience in the UK has shown that this is not 
necessarily a major problem. At our Heysham nuclear power station site, 
Ministerial approval and public acceptance have already been obtained 
for a twin-reactor AGR power station. Within 3 km of this site there 
are 10,000 inhabitants, and proposed development will increase the 
population within 3 km to 15,000 and within 2 km the existing 4,400 is 
scheduled to reach 5,000. Many modern highly-automated process plants 
with appropriate numbers of workers will occupy this zone, so the relative 
siting of nuclear plant and neighbouring plants is very similar to that 
which would exist around a nuclear process heat complex. However lic
ensing arrangements for any early plants will certainly receive particu
lar attention and possibly demand special measures. Consideration will 
also have to be given to the end of life situation for the reactor. 
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In the case of a non-integrated design of plant, the reactor can be 
sited well away from the process plants and not only are a large 
number of problems under (i) and (ii) removed but (iii) becomes vir
tually irrelevant. 

Item (iv) is common to all process plant, integrated or not, and must 
be given detailed consideration. It is essential that the process 
fluid ag. process steam, or synthetic natural gas, does not become 
contaminated by active species generated by the fuel and core in the 
primary circuit. 

In general, an intermediate circuit incorporating a clean-up plant 
between the primary and process circuits can be designed to deal with 
contamination caused by heat exchanger leakages, but diffusion of 
tritium through heat exchanger tubes may be a more difficult problem. 

CONCLUDING REMARKS 

1. A review of the process heat requirements in the main UK industries 
shows the largest proportion of the demand is at temperatures below 
300°C and that this heat is used in the form of either process steam, 
hot-water and space-heating. So far as temperature is concerned, these 
demands are capable of being served by any current design of nuclear 
reactor. Because of the relatively small heat demands by any particular 
industry or complex, there is inevitably a mismatch between the reactor 
output and the heat load. This coupled with the diversity factor for the 
process heat demand points to the need for a flexible type of combined 
heat/electric generating plant with several reactor units or adequate 
standby plant to allow for reactor shut-down maintenance. 

In order to reduce heat losses and the problems of transmission of steam 
or hot water over long distances, there must be general acceptance to 
the siting of nuclear plants near to large industrial complexes or resi
dential areas. 

2. Because of the high costs of producing water by the desalination 
process as compared with costs of water from conventional sources, the 
use of nuclear reactor/desalination plants is only likely to be con
sidered in the immediate future for rapidly developing countries where 
conventional water sources are inadequate and fossil fuels are either 
in short supply or expensive. 

3. Table 2 indicates that the second largest category of heat usage 
in the UK is that above 800°C which is largely accounted for by the 
iron and steel industry. Process temperatures above 800°C are beyond 
the limits of existing technology on high-temperature gas-cooled re
actors and radical changes to the primary circuit design coupled with 
the development of advanced circuit materials will be required before 
temperatures can be confidently increased. The present particle fuel 
concept should be satisfactory for primary helium temperatures up to 
950°C, beyond which further design and development will be required to 
achieve higher temperatures within the maximum fuel temperature of 
1250°C. 
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4. A probable intermediate stage before the use of direct heat from 
high temperature nuclear reactors is the gasification or steam reforming 
of fossil fuels to produce a synthetic natural gas consisting mainly 
of hydrogen, and intensive studies along this route are proceeding in 
Europe. The HTGR is capable of being used for these processes but con
siderable development work is necessary to enable the heat exchangers 
and steam reformers to be satisfactorily designed and constructed, and 
also for there to be confidence in their performance and reliability 
over the full lifetime. 

The synthetic natural gas (SNG) being mainly hydrogen can be utilised 
for the direct reduction of iron ore, and also the gas can be used as 
a substitute for conventional and natural gas. The production of SNG 
could be supplemented by pure hydrogen obtained by the well-known 
electrolysis process utilising the off-peak electricity generation 
from nuclear stations. Ultimately as the development of high tempera
tures from HTGR's proceeds, hydrogen could be produced by water-
splitting using a thermo-chemical process. This route would lead to a 
combined hydrogen and electricity economy with nuclear power as the 
main source of energy. 

5. Environmental and safety problems are unlikely to be any more 
severe than with existing nuclear stations especially if SNG and 
electricity are generated on and distributed from large power complexes. 
The only additional design safeguards will be those necessary to prevent 
contamination of the SNG or the process by active species formed in 
the nuclear reactor. 

6. The capital cost of distribution and the operating load factor will 
mainly control the economics of district heating. High temperature 
applications at about 800°C using the HTGR are receiving active con
sideration in Europe and the economics are rapidly swinging in favour 
of nuclear heat for several applications. 

7. Nuclear propulsion is decidedly more favourable as a result of 
recent oil price rises but will be limited in application to large power 
requirements such as very large tankers and container ships. The case 
will depend on economics as even taking the most optimistic view of 
the extent of nuclear propulsion by the year 2000, the amounts of oil 
saved by this means will be relatively small compared with that used 
for other industrial purposes. 

Acknowledgements 

The author appreciates the assistance given by colleagues in the Advanced 
Systems and the Technical Operations Directorates of the UKAEA in pre
paring this paper. 

References 

Ref. 1 - Survey of appropriate endothermic processes for association 
with the HTR - G Brown et al. BNES Conference November 1974. 

Ref. 2 - Private communication. W.H. Long, Planning and Technical Manager, 
British Nuclear Fuels Ltd., Calder Works. 

Ref. 3 - Private communication - GIW Llewellyn, Economics and Programmes 
Branch, UKAEA, London Office. 



-31-

HEAT FROM CANDU FOR CANADIAN COMMERCE AND INDUSTRY 

by 
R.F.S. Robertson 

Atomic Energy of Canada Limited 
Whiteshell Nuclear Research Establishment 

ABSTRACT 

The following numbers are useful to relate the data from 
Dr. Marsham's paper to Canadian needs for Canadian Industry. 

Utilization Temperature Amount of Heat (103 therms) Percentage 
UK Canada UK Canada 

Below 260°C 10.7 12.3 46 76 
Above 260°C 12.S 3.8 54 24 

The Canadian data, which were computed on the same basis as 
the UK data, come from Statistics Canada Catalogue 57-505 and from the 
EM$R documents, An Energy Policy for Canada. Although by the year 2000 
the total energy consumption will be higher, the proportion consumed 
at high temperatures will remain about the same. This indicates that 
steam from the CANDU PHW can supply over 75% of our industrial thermal 
needs and high grade heat such as that from the HTGCR is not as important 
to Canada as it may be to the UK and Europe. 

At WNRE we have been examining the potential role of the 
CANDU reactor as a supplier of thermal energy to Canadian commerce 
and industry. The results of these studies are being published. We 
soon found, as did Dr. Marsham and others, the large mismatch between 
the energy available from a nuclear reactor of typically 500 - 600 MWe, 
and the needs of even a large industrial plant. The lack of areas of 
high concentration of industry may lead to new industry migrating to 
the source of energy supply rather than vice versa. The heavy water 
industry is indicative of this trend. 

We did, however, identify one industry with very large energy 
needs - the recovery and upgrading of bitumen from the Alberta Tar Sands. 
Our studies have shown that, especially for reclamation of deeper lying 
deposits by steam injection methods, nuclear generators can provide 
economic competition to other energy sources including the burning of 
residues from the bitumen upgrading. In the overall reclamation of this 
resource the needs of nearly 200 units of 2000 MW thermal power each can 
be envisaged. 

In the presentation, the potential of nuclear heat for this 
application will be presented in more detail, together with some of 
the problem areas. 
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LONG TERM PROSPECTS FOR NUCLEAR POWER 

By W. Bennett Lewis 

SUMMARY 

The days of low cost energy are not over but lie ahead. 
If we act wisely the new low cost energy will become available as 
electric power from large scale nuclear generating stations linked 
to transmission grids. At the same time very low cost steam will 
become available close to these generating stations. The prototype 
may be seen at Bruce where Ontario Hydro is operating a heavy water 
production plant by steam generated by a nuclear power reactor. 
The cost of both this steam and electricity will be brought down, 
by extension of the scale of generation in higher power and improved 
CANDU reactors deriving most energy from thorium in association with 
special nuclear fuel derived from uranium. In the longer term of a 
century or so it is quite possible that no further uranium would be 
needed, because of the development of other nucleaT techniques such 
as fusion or spallation to produce the neutrons needed to extract 
energy from thorium. 

In competition with such low cost energy local nuclear 
generating stations are not likely to find business. It now seems 
unlikely that either fast breeders or high temperature gas cooled 
reactors would be able to hold much place because of the costs they 
will carry to overcome problems set by nickel-59 and hydrogen migra
tion. 

There will be some areas where a transmission grid will 
not be appropriate yet large scale low cost nuclear steam and 
electricity will be generated to produce synthetic fluid hydro
carbon fuel for uses such as we now still enjoy from the petroleum 
resources. Possibly such centres may be needed to stave off a new 
ice age but certainly they will combat poverty and starvation. 
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Nuclear energy is likely in the long term to become the most common 
form of energy. As the availability of fossil fuels decreases and 
their price rises, nuclear energy will become an alternative to 
fossil fuels. The steel industry's present major source of energy 
is coal, supplemented by other fuels such as oil and natural gas. 
Supplies of all these fuels are likely to become increasingly 
limited in the future with accelerating price rises. Nuclear energy, 
in the form either of electricity or of heat, will become a pro
gressively more attractive primary energy source. 

This situation will probably require radical changes in the steel 
industry's production operations; first of all, modification of 
existing processes to use the new energy source and secondly, in
stallation of completely new processes using nuclear energy. 

Using nuclear energy in the form of electricity is more attractive 
than using the heat from nuclear reactors directly in an integrated 
steelplant. Electricity is a very versatile, reliable form of 
energy, and also might be a source of other fuels such as hydrogen. 

The alternative of using heat from a nuclear reactor directly in 
iron- and steelmaking is being studied very actively in various 
parts of the world. Organizations in U.S.A., Europe and Japan have 
study groups on this subject. Attention is focussed on high tem
perature gas-cooled reactors, which have operated in England, Germany, 
U.S.A. and Japan for a number of years. However, the only develop
ment project of any consequence to be committed to study steelmaking 
is the Japanese plan to build a 50 MW (thermal) experimental reactor 
operating at very high temperatures and offering two loops for the 
testing of different process heat applications. In parallel with this 
reactor project there is a comprehensive program of materials dev
elopment and another development program being pursued by the Japanese 
steel industry. 

The ways in which nuclear energy is ultimately utilized in steel
making operations appear likely to develop along the following lines: 

i) nuclear reactors coupled with electric power plants, inter
connected with steelplants based on the use of electricity, 

ii) nuclear reactors coupled with electric power plants, interconnected 
with gas producing plants based on electric power supplying a wide 
variety of gas users with steelplants using the gas, 

iii) nuclear reactors coupled directly with big gas producing units 
distributing to many gas users, including the steel industry, and 

iv) nuclear reactors coupled with gas production units and large 
direct reduction units supplying various steelplants with cold 
reduced iron materials. 


