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Applications of Nuclear Power Other

Than for Electricity Generation

W. Hiafele and W. Sassin

1. Introduction

The original thrust for the development of peaceful
applications of nuclear power was technological innovation.
When in 1955 nuclear power started to be developed on a broader
international basis it was the spearhead of modern technology.
It was only later that electronics and space research at least
paralleled nuclear power in that function. Given that intent
it was most natural for nuclear power to concentrate on elec-
tricity production. One may reflect on the fact that the fusion
branch of nuclear power--which is very much an advanced tech-
nology--almost automatically and without hesitation concentrates
on the production of electricity. In spite of a very intense
competition with artificially cheap fossil fuel, nuclear elec-
tricity generation became commercially competitive and thereby
feasible during the second half of the 1960s.

Since only a few years ago the scope of development has
included not only technological innovation but equally the
broader question of providing enough and secure energy for our
decade and the decades thereafter. As everybody knows this
requires more than just the production of electricity. 1In
Western Europe 55-65% of the primary energy demand is met on
the basis of imported 0il and only a lesser part of it goes
into the production of electricity. And this is where the

problem is. This paper will therefore follow the general question

of what is implied if more than nuclear electricity is to be
produced. Eight specific contributions by distinguished authors
are appended to this paper, and reference to these is made
throughout. Also, due account is taken of the fact that other
papers on the subject are to be found in volume XIII of the
Proceedings of the European Nuclear Conference on Nuclear Energy
Maturity.

2. Primary Energy Shares and End Use of Energy

Marchetti has studied the energy shares in the US from
1850 onward. The results are given in Figure 1. F is the
relative market share. One can observe the steady decline of
wood which had a share of practically 100% in 1850. It took
60 years to reduce its market share to about 50%. At the same
time the more convenient primary energy, namely coal, penetrated
the market, and it took coal 66 years to gain a market share of
50%. The advent of o0il gradually forced coal out of the market.



0il is now experiencing a maximum and is about to decrease its
market share. Natural gas is in progress; it has had a steadily
increasing market share since the beginning of this century.

It may be important to observe that this market behavior does
not reflect concerns about reserves or resources. 0il, for
example, pushed coal out in spite of the fact that there is

less 0il than coal. Rather, the dynamics of this behavior of
primary energy shares is governed by market features and price
mechanisms.

Data of the Federal Republic of Germany confirm this
behavior of the market [1]. 1In Figure 2 only the data from
1950 onward are given. One can still see the rest of the
market share of wood, but the projections as announced by the
German Government are also presented. For nuclear, a market
share of about 15% is expected upon the assumption that all of
it would go into the production of electricity. The market
trend for coal continues to point downward. But there is the
component that is labeled "additional coal".

This means a qualitatively new approach to the uses of
coal that has been induced by the energy crisis. In contrast
to the past, therefore, not only market forces but also explicit
planning and exogenous influences may come into the picture.
The problem of adequate resources and a sufficiently secure
supply is of importance here. To the largest possible extent,
however, this additional coal must be made to fit market ten-
dencies and features. This poses a major problem for coal and
requires much analysis and attention. The point is to assure
an approach to what is labeled additional coal which is suffi-
ciently different from the downward-trending traditional uses
of coal. This is probably very difficult to achieve, mainly
from an organizational and institutional point of view. But
this is not the subject of this paper [2].

We here follow the applications of nuclear power other than
for electricity generation. This is not reflected in the curve
of Figure 2 labeled "nuclear power"; but like "additional coal"
it arises from the necessity to ease the energy crisis.

Let us therefore consider the final uses of energy, again
by the example of the Federal Republic of Germany. Figure 3
gives data of 1970. 40% of the final uses, which are equivalent
tc 227 M tons of coal equivalent, go into the industrial sector.
Only 6.4% are electrical; 24% are for thermal applications at
more than 200°C, 9.5% at less than 200°C. The sector of resi-
dential and commercial applications is the largest, with 42%.
Here 37.4% go into thermal applications at less than 200°C, and
only 4.6% are electrical. The remaining 18% go into transpor-
tation, with electricity constituting only 0.4%. The electrical
application only makes up 11.4% of the final uses.



3. Vvarious Industrial Applications and District Heating

Now, if there is so much need for thermal power below
and above 200°C, why not produce that energy by nuclear
reactors? Vendryes (see Appendix A) gives a quick survey of
non-electrical applications in general. Also De Beni gives
such a survey (see Appendix B). Llewelyn (Appendix C) has
elaborated on the total power demand and size of the various
applications of industrial heat in Great Britain, as outlined
in Figure 4. The total capacity is as high as 81 GW. The
breakdown is given. Food, engineering, chemicals and iron and
steel make up the largest shares. But most of these demands
for process heat are in small, geographically widespread, bits
and pieces. This is most obvious in the case of food and
textiles. Only in the not so large 4.1 GW of the cement sector
are these average unit sizes of 70 MW. As is well known, these
sizes are too small for nuclear power. Only iron and steel
offer larger establishment sizes, and indeed, the high tempera-
ture gas cooled reactor community has looked into this possible
application quite extensively. Hryniszak (see Appendix D) has
elaborated on such applications. But this is no more (and not
less) than 7% of the final uses of energy. Important as the
nuclear share of these 7% may be, it cannot alter significantly
the profile of the general energy problem. There is also much
talk about the use of nuclear energy for district heating,
particularly so if waste heat from nuclear electric power
stations could be used. Bonnenberg (see Appendix E) has studied
the related questions in greater detail for the case of the
Federal Republic of Germany. Again it appears that only a
fraction of the demand is sufficiently concentrated to allow
for the application of nuclear energy, whose overriding feature

is its high density. Bonnenberg gives 30 Gcal/kmzh as the
lower limit for the applicability of district heating. This,

by the way, equals 35 W/m2 while the radiation received from
the sun averaged over all latitudes and longitudes (and thereby

also over day and night) equals 160 W/m2. Roughly 80 W/m2 of
these 160 W/m2 are used to drive the rain/evaporation cycle

and 70 W/m2 to make up for the net IR radiation from the sur-
face. It may be useful to keep such figures in mind as a
yardstick.

The figure of 30 Geal/km°h implies that communities with
fewer than 20,000 inhabitants usually do not fall into this
category. But these communities make up 48% of the total in
case of the F.R.G. MNuclear district heating therefore is
linked to larger urban complexes (conurbations). In Figure 5
this fact is illustrated. 1In 1972 there were only five such
conurbations in Germany that were thus suitable for nuclear
district heating. Their total power capacity is 18.6 GW with
a load factor of 0.2. This is consistent with the distances
to be bridged by thermal energy transportation. It is seen
that distances up to 30 km can be bridged economically.



Besides district heating, a small heat supply and industrial
uses can also be adapted to that (Figure 6 illustrates this).
Bonnenberg anticipates a potential share of 32% for heat at
temperatures smaller than 200°C to be transported over distances
up to 30 km or so. Under present circumstances (1975) the
potential share would be 26% instead, which would make up 13%
of the total end use of energy. The requirement for capital
investment in case of the F.R.G. is in the order of §$75 B.

The present tendency to use waste heat from nuclear electric
power stations therefore have a solid background. It must be
kept in mind, however, that this requires the adaptation of
these plants--at present the waste heat temperatures are still
too low. The centralized supply of hot water so envisaged is
already consistent with the main feature of the market for the
end use of energy. The market prefers easily applicable forms
of energy, and because of this trend has become specialized and
highly fragmented. 1In fact, this is why the market forces
referred to when primary energy shares were considered created
pressures to go from coal, a solid fuel, to oil, a liquid fuel,
and now to natural gas, which by its nature is a gaseous fuel.

4. Secondary Energy Shares

In Figure 7 these trends are presented for the case of the
Federal Republic of Germany. One easily recognizes the increas-
ing shares of electricity and gas and the decrease in the shares
of liquids and particularly of the solid forms of energy end
uses. Consistent with the marks above, there is the special
case of hot water from dual-purpose nuclear power stations.

The column "end uses" makes somewhat qualitative (not fully
self-consistent)} implications about the use of these secondary
forms of energy in the various sectors of demand.

At this point in our reasoning we can already see better
the conditions for nuclear power if it is to be applied to more
than the generation of electricity: it must fit the future
features of the end uses of energy as closely as possible. And
this means that a substitute for natural gas must be produced.

In line with the earlier argument about "additional coal":
coal must also offer its potential in its gaseous rather than
in its solid form. All of the above analysis equally applies
to coal. 1In addition there is the fortunate feature that coal
and nuclear power together are able most naturally to produce
such a substitute for natural gas. Again we refer to the con-
tribution by Hryniszak (see Appendix D).

At Brookhaven Hoffman et al. [3] have studied the question
how large the electric share of the final energy demand might
be. They did this in great detail using an extended linear
programming procedure. The results of the study are given in
Figure 8. While in 1970 the share is as low as 10%, it might
essentially double by the year 2000 and thereby automatically



increase the use o0f nuclear power. The interesting thing is
that even if it were intended to put more weight on electricity,
its share would not be larger than 24%. This tentatively under-
lines the necessity to look into other applications than the
generation of nuclear electricity. From what has been said, it
follows that such applications must overwhelmingly come through
a gaseous secondary energy system that complements electricity.

Let us therefore consider the consumer costs in such
secondary energy systems. 1In Figure 9 consumer costs for
electricity and for natural gas are compared. Natural gas is
at present still very much cheaper than electricity. If we
allow a certain increase of consumer costs, gas production costs
at 2 $/M BTU for such a substitute of a natural gas seems to
be acceptable. The gasification of coal has to be oriented
towards that figure. Coal gasification means the addition of
hydrogen to coal. So far hydrogen prices have been too high
to make this approach a smooth one. The high price for hydrogen
today inhibits not only the commercially easily acceptable coal
gasification, but also the more explicit push forward of a
consumer technology adapted to pure hydrogen as a secondary fuel.
Today one has to expect hydrogen production costs at 4-6 $/M BTU.
Here is the place for a fairly fundamental observation and
suggestion: the average load factor of nuclear power stations
may be 0.7 (or even lower). This is so because electricity in
particular cannot be stored. But the production capacity has
to be designed for more than full load requirements. Therefore
there is a free built-in production capacity in the generation
of nuclear electricity.

5. Off-Peak Electrolysis

The proposal now is to make use of that capacity for the
production of electrolytic hydrogen. For a nuclear plant the
marginal fuel costs may be as low as 2 mils/kWh. Assuming a
2500 hr/yr off-peak situation and 80 $/kW capital costs for
such electrolysis, at 12% interest and 93% efficiency an energy
price for the hydrogen output is obtained which amounts to
1.6 $/M BTU. This picture is outlined in Figure 10. One
realizes the big difference as compared to the other hydrogen
production processes. The key here, of course, is to consider
only the marginal costs for the production of electrolytic
hydrogen from off-peak power. For a nuclear power station this
figure is small. The other key is the low capital figures
that were assumed for electrolysis. We will elaborate on that
shortly. The point is that such an approach makes things move
smoothly in the right direction, namely the fostering of a
substitute for natural gas. Cheap hydrogen from off-peak
electrolysis expedites the modern uses of "additional coal" and
at the same time slowly but steadily prepares the use of
hydrogen as a secondary fuel. Such an approach does not pre-
clude the possibility of producing hydrogen for instance by
thermochemical water splitting or other means; instead, it
prepares the way for other means as they are conceived.




Such preparation should be started early as it requires
the penetration of markets by new technologies. Fisher and
Pry of General Electric have studied this kind of market
penetration [4]. They found that an exponential logistic
curve (Figure 11) fits such market penetrations by new tech-
nologies exceedingly well. The logistic curve used by them
is the ratio of market-penetrated (F) to non-penetrated (1 - F)
as a function of time. 1In fact the market penetrations of
primary energy also fit that logistic curve behavior, and this
is why they were plotted in terms of the ratio F/1 - F. It is
then important to realize the time periods for the gain or loss
of a market share of 50%. Marchetti has evaluated these time
constants. They are given in Figqgure 12 for the United States.
All of them are longer than 50 years; they are even longer for
the world. 1If, because of the energy crisis, we want to accel-
erate matters and stay in tune with such market forces, we must
obey and anticipate these market features as closely as possible.
While this has been exemplified for primary energy it essentially
applies also to secondary energy systems. It is therefore a
key consideration that hydrogen be introduced in the secondary
energy market as early and as smoothly as possible. This could
be stimulated by electrolytic hydrogen from off-peak nuclear
electricity.

How much enerqgy can therefore be expected from nuclear
sources at the end of this century? Figure 13 gives a pro-
jected answer to that question. Let us assume that electricity
has a share of 20% of all secondary energy, and that all of it
is provided from nuclear sources. Then roughly 7-8% could be
gained by electrolysis from off-peak nuclear electric power.
Conservatively, about 5% could be taken from waste heat (al-
though the potential is larger, as we saw); 6-7% could be local
nuclear process heat. The total would be at 40%. Thus there is
a potential for applications of nuclear power other than for
electricity generation which is essentially equal to that of
electricity generation without going to drastically new ap-
proaches on the nuclear side--in other words, merely by extrap-
olating the present situation.

A question that has been left open is the following: Where
does electrolysis stand?

So far electrolysis has been applied only for special
purposes, mostly in cases where extremely clean hydrogen was
required. La Roche has made a contribution to this paper on
this subject (see Appendix F). The experience of Brown Boveri
in Baden, Switzerland, is that the present capital costs are at
300-500 $/kW, including electrical equipment such as transformers,
rectifiers, etc. The scale to which such capital costs apply
is in the few MW range. One of the largest electrolysis plents
built so far has been that for the Assuan Dam. It has a capac-
ity of 140 MW. La Roche expects capital costs for units of
a few hundred MW to be in the order of 100-150 $/kW if three
or four years of development work are put into it. Nuttall and
Titterington of General Electric recently reported [5] 334 $/kW
capital costs as of today; for 1985, they expect capital costs



to be as low as 70 $/kW. Capital costs will of course also
depend on the efficiency of electrolysis. At present, figures
of 70% are often referred to, but 85%, 90% and more appear to
be within reach.

We have made the observation that an extrapolation of the
present technological situation would yield secondary energy
shares of as high as 40%. As indicated in Figure 13 the re-
mainder would have to be covered by fossil sources unless a
new and large scale effort were made to pave the way for a still
wider application of nuclear power.

6. Large Scale Production of Hydrogen

One possible route of extension without taking the power
from off-peak at the low level of marginal costs would, of
course, be electrolysis. Instead, it would be a base load
approach. Because hydrogen could be stored, a load factor of
close to 100% could be anticipated and might help to ease the
situation. A market for oxygen might help as well. 1In any
event, such an application of electrolysis requires a much
more rigorous development program than the mere gradual improve-
ment of the present electrolysis technology discussed.

The other major route for the production of hydrogen is
thermolysis as pioneered by De Beni and Marchetti at Ispra
[6,7]. The basic idea is the following. The chemical binding
energy of water is such that a temperature of about 3000°C is
required to split the molecule. For nuclear heat a temperature
of 3000°C is not feasible. If instead the chemical binding
energy were applied in stages, however, nuclear process heat
could make it. This of course implies a staged chemical process
whose net result would be the production of hydrogen and oxygen
from water, requiring chemical agents whose function is to
transfer free enerqgy. De Beni identified the first chemical
scheme as early as 1969 [8]. It implied the use of bromine,
mercury and calcium. The maximum temperature required was
730°C, and that means 850°C at the core outlet of the reactor.
The drawbacks were obvious: high inventory costs, and the
possibility of leakages and thereby pollution, corrosion and
material circulation.

It can be expected that more than one scheme for the
thermolysis of water could be identified. Knoche and coworkers
at Aachen, Germany, have computerized the combinations of
chemical processes in order to search for feasible combinations.
The feasibility of such combinations has been much increased by
the fact that recently the attainable temperature of high
temperature gas-cooled reactors has been raised significantly.
Throughout 1974 the German AVR reactor at Julich successfully
operated at an outlet temperature of 950°C, and further improve-
ments have to be expected [9]. The German effort in the high-
temperature gas-cooled reactor field is significant and has
been more and more closely connected with the effort of General



Atomic in the United States [10]. At the International Insti-
tute for Applied Systems Analysis, Manne and Marchetti have
looked into the question of optimal RéED policies for more than
a thousand chemical processes, and the optimal allocation of
funds [11].

Marchetti (see Appendix G) gives the latest thinking in
this field, and we follow this contribution, here partly
verbatim. The aim must be to identify a process that avoids
scarce and expensive elements, that is consistent with environ-
mental requirements, that is acceptable from the corrosion
point of view, and especially, that deals with gaseous or
liquid chemical agents only; and last but not least, a process
that is simple.

In view of what is at stake, namely the potential of 60%
of future secondary energy demands, it seems obvious that
much more effort should go into this kind of chemistry. The
race has just started. Nevertheless it may be useful to consider
the recently proposed Mark 9 process, which is depicted in
Figure 14. The advantages of Mark 9 as compared with the early
proposals are the following:

- Only cheap and abundant materials are used;

- There is a large body of experience for handling
chlorine and iron compounds.

The stumbling block still is that Mark 9 also requires
the manipulation of solids and makes this kind of process
questionable. There are proposals from Jilich (Schulten) that
indeed require no solids, except perhaps as catalysts. Also,
at Los Alamos (Bowman) a very simple process has been proposed:

1
ZSOM thermal HZO + 802 + 5 O2 (1)

2 H,0 + SO electrolysis HZSOu + H2 . (2)

Step (1) is a thermal decomposition of sulphuric acid; it is
produced in industry and is not too difficult. It occurs
gradually from about 400°-800°C. It provides 85% of the free
energy needed to decompose a molecule of water. Only the
remainder must come in the form of electricity, that is through
electrolytic cells which have to be developed ad hoc as the
economy of the cycle requires a high concentration of sulphuric
acid for step (1).



7. A Scenario for an All-Nuclear Supply of Energy

In view of these long range considerations, let us now
go to the extreme and follow the idea of supplying all second-
ary energy on the basis of nuclear energy. Let us further
assume that in the long range the reguirement will arise to
make use only of abundantly existing isotopes, that is U238
and Th232. This necessarily implies breeding. Fortunately
combinations of developed reactors exist that allow for an all-
nuclear supply of energy. Figure 15 shows a combination of
fast breeders with high-temperature gas-cooled reactors. The
net requirements for U233 of the HTR are met by the production
of such U233, for instance in the radial blankets of fast
breeders. Such crossing of the fuel cycles has been proposed
by Fortescue at General Atomic, and at Karlsruhe.

The scheme given in Figure 15 assumes that an approximately
equal share of energy goes into the production of electricity
and into that of hydrogen (or another gaseous secondary energy).
A rapid expansion requires for instance the Pu output of LWR's,
and to that extent the use of cheap uranium (outlined in Figure
16). At the International Institute for Applied Systems Anal-
ysis, reactor strategies for the transition from fossil to
nuclear fuels have been studied by Hafele and Manne [12]. The
scenarios that were envisaged provide for 360 million people
and an asymptotic demand of 10 kW/capita or 20 kW/capita.

Figure 17 identifies certain features of the fuel cycle of such
an all-nuclear scenario society. Under asymptotic conditions
751 tons of U238 and 951 tons of Th232 per year have to be
processed. This implies the processing of 924 tons of Pu and
363 tons of U233. The total power provided is 2 x 1800 GWth

or 3.6 TWth. Altogether 1,382 tons of fission products have

to be handled, but also 17 tons of actinides and 27 tons of Pa
and Np. In using today's technology 9 tons of Pu and 4 tons of
U233 would be lost, partly as scrap and partly as effluents to
the ecosphere. It should be made abundantly clear what has

been said: these amounts are diverted from the main stream if
the scenario of an all-nuclear society with today's technology
is being considered. The possible realization of such scenarios
is, however, decades away and there is much time and opportunity
for the related technological improvement.

8. Deployment of a Large Scale Fuel Cycle

The 924 tons of Pu and 363 tons of U233 which have to be
handled within the 360 million population all-nuclear scenario
point to the high degree of meticulousness that would have to
be exercised. The principal dimension of this problem is
introduced, however, with the first few elements of the fuel
cycle. This can be exemplified by one of the crucial issues,
that of required physical protection. Figure 18 identifies four
classes of protection. Irradiated material requires almost no
protection; it is highly self-protecting, and large amounts
of such material are bound to be available as more and more
nuclear power stations are in operation. The second class is
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made up of fresh uranium with enrichments of less than 5%. It
is not self-protecting but requires enrichment for explosive
applications. Fair amounts of such material are already in

use. The third class consists of Pu and U233. These materials
are not really self-protecting and no enrichment is needed;

they therefore do require significant physical protection.

The large amounts of such material come timewise after the
reprocessing of irradiated material. The fourth class obviously
comprises 90% enriched material, which requires high degrees of
physical protection.

The large fuel cycle to be envisaged if all or a significant
share of future energy demand is to be met by nuclear power
raises the question of the sequence of decisions that are still
pending. With nuclear power reaching its maturity, we are at
the advent of nuclear power on a truly large scale, and it is
therefore appropriate to consider the decision tree for the
truly large scale and peaceful deployment of nuclear energy.

The decision tree is outlined in Figure 19. The first decision
is whether or not to employ nuclear power. If not, perhaps

coal or solar could be alternate options. The next decision is
whether or not to reprocess irradiated material. If not, storage
that can after all be of only intermediate nature must be opted
for; if yes, the decision whether or not to use Pu must be faced.
If not, Pu must be stored. If for economic as well as ecological
reasons this is considered to be infeasible and unwise, Pu must
be used and Pu fuel elements must be fabricated. Therefore the
next question is the co-location of such Pu fuel fabrication
plants with reprocessing facilities. If the answer is no,
refined Pu must be transported, which in the case of our model
society in the scenario considered above would be in the order
of 924 tons. It is material of class 3 of the four classes of
physical protection. If the answer is positive, the next
question is whether or not to eliminate also the transport of
fabricated, and to that extent protected, Pu fuel elements.

The decision tree shown follows both options. If the decision
is to transport newly fabricated Pu fuel elements, adequate
physical protection for class 3 must be provided for them on

the way to the nuclear power stations which produce both forms
of secondary energy: electricity and gas. In the long run it
may be interesting to consider the status of the implied
allocation of the fuel cycle. It could be national, multi-
national or even international. Going back to the other branch
of the decision tree, the other option would be to eliminate
transport of all class 3 materials. This necessitates the
co-location not only of the fuel cycle facilities but also of
reactors that are designed for the use of Pu. Then a type of
reactor must be chosen that accepts the Pu produced annually.

Let us consider a LWR population of 80 GWe. The yearly
output of Pu is in the order of 12 tons. This would make up
the first core inventories of four fast breeders per year. It
would therefore take roughly 20 years if, in line with the
above given scheme of LWR's, FBR's and HTR's, one wanted to
replace 80 GWe of LWR's by a corresponding capacity of fast
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breeders. Such FBR's would be co-located with the Pu fuel
cycle facilities, and in fact, also the HTR's would be
co-located, as U233 falls within the same class 3 of physical
protection, as explained above, This reasoning therefore leads
us to the concept of energy parks.

Here, too, the status of such energy parks must be con-
sidered. As with fuel cycle co-locations it may be a national,
a multinational or even an international one. Fuel cycle co-
locations or energy parks--in both cases it may be desirable
not to foreclose options and to choose the site for these co-
locations or parks in such a way that in the long run all options
are kept open as much as possible.

9. Comprehensive Co-Locations

The considerations above therefore highlight the problem
of siting. But the striving for ecological consistency also
enhances this problem. One may recall the fuel cycle data
given in Figure 17.

Figure 20 identifies the power output of such comprehensive
co-locations or energy parks. On a very large scale they would
provide both secondary forms of energy. Electricity would have
to be transported in the high GW range. On that scale the
transportation of hydrogen may be cheaper. Such hydrogen may be
used in refineries, as an additional input to natural gas pipe-
lines, or it may be transported to coal mines for coal gasifica-
tion, or, finally, to produce electricity at the level of the
substations.

Figure 21 gives a rough idea of the present pipeline system
in Western Europe. The reason for using this figure is simply
to show that already such pipelines are bridging large distances,
and that already the input to such pipelines is almost point-
wise. This is indeed consistent with the scheme of energy parks.
It further, somehow suggests a split. The nuclear power stations
of such parks may preferably be used for the production of hydro-
gen--but it is obvious that much more analysis is required
before a firmer statement of this kind can be made.

Before this reasoning is continued, one should recall that
these considerations are for a medium-term and long-term range,
and definitely go beyond 1985. Their background is the tran-
sition from fossil fuels to nuclear fuels and the applications
of nuclear power other than for electricity generation.

10. Artificial Islands

The pipeline system of Western Europe in particular points
to Rotterdam and Antwerp.
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In a much broader context Langeraar has considered the
problem of building artificial islands for specific industrial
processes in the North Sea. Industries from the United King-
dom, France and Sweden, but mainly from the Netherlands were
interested and participated in the investigations. A pre-
liminary study was concluded in March 1972. Langeraar has
made a special contribution to this paper (see Appendix H),
which will be followed closely and partly verbatim in the
following.

The main subject of this investigation was a relatively
small island which was to be used for the handling of specific
waste materials of different origins, such as urban, chemical,
steel, etc. One of the conclusions runs as follows:

"Technological experience, expertise and know how in
the Netherlands are sufficient and available for the
construction of artificial islands in the southern
North Sea at a price per square meter which is not
unreasonably higher than that on the mainland."

It is not the purpose of this paper to suggest that energy
parks will necessarily be built on such artificial islands.
The intention is rather to point to the wide spectrum of possi-
bilities that must be considered in the evaluation of the
location of energy parks. Also, the ideal is not to propose
such islands for nuclear waste disposal, even though Lageraar
et al. were indeed thinking of the disposal of ordinary waste.
Here the idea is rather to point out how close places in or on
the North Sea are to the sites of big refineries, particularly
in Rotterdam and Antwerp. Hydrogen produced by nuclear power
in general and that of nuclear energy parks in particular could
readily be used in these refineries. This would have a direct
impact on the oil situation as the lighter fraction could be
made to have a larger share. But the use of such hydrogen for
coal gasification must be equally kept in mind.

Following our reasoning of the deployment of large scale
nuclear power and its fuel cycle, we have been led to the
scheme of energy parks and consequently to the problem of
secondary energy. It is therefore interesting to consider a
decision tree not only for the deployment of nuclear energy
but also in more general terms for advanced energy systems.

11. A Decision Tree for Advanced Energy Systems

One again follows the decision tree as given in Figure 22
and faces the decision whether or not to employ nuclear power.
If not, then at least for Europe, the only alternative to
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nuclear power can be additional coal if a truly

large system (a few TW) is to be considered. In that

case a similar decision tree must be used. The next step is

to decide whether or not to employ nuclear power for the genera-
tion of electricity only. If yes, then the next question is
whether or not to intentionally increase the electrical share.
If not, additional coal comes into the picture again, as only

up to 20% of secondary energy can be supplied by nuclear. If
the electrical share is intentionally increased, the nuclear
share will have to rise accordingly. If instead the answer is
to produce not only electricity from nuclear sources, the next
decision to be faced is that on storage and transportation. If
there should be no large scale storage and transportation, only
local, autonomous applications can be envisaged. We saw that
only a share of 5-7% of secondary energy can be envisaged. If
the decision is in favor of storage and transportation, a network
of a gaseous secondary energy must be installed in which energy
is fed in at centralized places such as large power stations or
energy parks and perhaps a central grid for hot water. The next
question is whether or not to make the secondary energy forms
mutually convertible. If no, the answer is that the reliability
of each of these forms must be established separately and elec-
tricity remains non-storable. If yes, then hydrogen is the most
immediate choice. Electrolysis and fuel cells would allow for
such mutual conversion.

If hydrogen were the second carrier of secondary energy it
could also integrate other sources of primary energy as they
may come up. This applies to solar energy in particular. If
solar energy ever becomes cheap enough to be used on a truly
large scale then it will be in southern parts, and large dis-
tances have to be bridged. Solar power also necessarily requires
storage. Daily and yearly cycles of solar radiation must be
bridged, and this can be accomplished by a large hydrogen pipe-
line system by its very nature. But also if for instance large
scale sources for hydropower which are far away were engaged,
hydrogen is the natural partner. Such hydropower would pro-
duce ammonia and/or hydrogen, it would be transported accord-
ingly and would be readily accepted at the feeding points of
the envisaged kind of coupled secondary energy system. To that
extent such an approach allows also for the possible diversi-
fication of primary energy.

12. Modes of Geographical Deployment

Both from the side of primary energy and from that of
secondary energy we have been led into considerations of the
geographical deployment of energy systems. Already several
years ago, when major technological developments were to be
envisaged, the dimension of time was well recognized. This
awareness led to technological strategies such as phased
approaches and target dates for certain identified partial
steps. As nuclear energy is maturing the dimension of space
must also be recognized. After embracing the dimension of
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time, technological strategies must now also embrace the
dimension of space. This may be illustrated in Figure 23
which tries to summarize this reasoning. It shows modes for
the geographical deployment of nuclear energy.

In this scheme time is given as the abcissa and the
ordinate is the scale of primary energy. One sees the down-
ward trend of conventional coal and the maximum of the use of
0il as explained earlier in Figures 1 and 2.

LWR's using U235 as a fuel are then used in local nuclear
plants much in the way they are used today. As these stations
operate they produce Pu which poses its own problems. Pu and
U233--and that implies the Thorium cycle--somehow tend towards
the mode of comprehensive co~locations or energy parks. This
leads to centralized supplies of secondary energy in both forms,
electrical and gaseous. The gaseous carrier allows for storage
and transportation and thereby also, if feasible, to the gradual
diversification of primary energy. Other options of primary
energy therefore may or may not enter the picture.

Such a build-up and extension of a modern energy system
will probably use additional coal for purposes of coal gasifi-
cation. Accordingly, such additional uses of coal were shown
in Figure 2. Of course, all curves are qualitative and not the
result of numerical calculations.

In closing it should be stressed that the considerations
of the second part of this paper were long range ones and of
a conceptual nature. They were meant to indicate the context
within which the large scale deployment of nuclear power for
all energy needs has to be seen. The first part of the paper,
on the other hand, was meant to point to the more medium term
applications of nuclear power other than electricity generation.
But the logic of these other applications leads to the concepts
of the second part of this presentation.
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APPENDIX A

Categories of Non-Electrical Applications

of Nuclear Power

G. Vendryes
Commissariat a 1 Energie Atomique, France

- The energy crisis following the increase of the fuel
products reminded us that a nuclear reacftor can also
produce heat or vapor before producing electricity,
and that for other applications (industrial heat,
urban heating, ship propulsion...) nuclear energy was

able even now to show its competitiveness.
-~ One can distinguish two types of LWR and HTR which by
way of different qualities of the steam produced natural-

ly have two distinct fields of application.

I) Low and Medium Heat, temperature below 300°

Important percentage (75%) of the quantity of total steam

produced for the industry in France.

1) Industrial heat produced by the big mixed plants

(electricity, steam)

- Recalling characteristics of steam produced by a LWR:

L0 or 60 bars and 250 to 300°C.
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- Estimation of costs of the steam produced depends on
the distribution of the total costs to production of

electricity and of steam and on the costs of electricity.

- Comparison of the costs of steam produced and the cost
of the steam obtained from plants using fuel depends on:
- fuel price
- ratio of energy and steam produced

- total capacity (steam + electricity) of the

mixed nuclear plant.
- Present electro-nuclear plants, the order of magnitude
of the cost of steam production would be about 40% of

that of production.

2) Industrial heat produced by small plants (power 1500 MWth)

- Nuclear energy is competitive for a price of fuel of
3 centimes if the size of reactors (only heat production)

reaches 100 MWth.

- The CEA has developed two techniques with limits of
about 300 MWth.

- The integrated CAS reactor type (CAP proto-
type in Cadarache) for the range of 135,250
and 350 MWth. Production up to 500 t/h satu-
rated steam at 45 bars.

- The PRIAM steam loop reactors for more power.
Production of overheated steam at 56 bars
form 500 t/hr.



3)

4)

5)

-4 3=

Urban heating

-~ Essential characteristics of the demand for heat
- Main nuclear heating systems which can be foreseen
A. Mixed reactor (electricity-heat) supplying

big urban area of the country,

B. Hybrid plant using both nuclear fuel and oil
from the big existing networks,

C. Hybrid plant (nuclear and fuel o0il) connected
to the heating network at a low temperature(110°).

Desalination

It we accept that small nuclear plants are now competitive
from 100 MWth in the case 100% heat, the whole market of
the future distillation plants of more than 30,000 m3/day
is open to them. This includes plans for small plants

studied by the CEA:

Integrated LWR: CAS

Variable capacity 135 250 or 330 MWth
Fresh water produced 30000 80000 to 100000 m>/day
Electricity complement 20 30 to 50 MWe

Ship propulsion

In this field the CEA developed its own technique. The

PAT prototype reactor (prototype a4 terre = on land proto-
type) of the submarine reactors started in 1964 and up to
now has had 40 000 hours of operation. Inspite of the re-

cent troubles of the Mutsu, the CEA considers this field
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very important for the future. Various nuclear equipment
firms have now initiated to work together to apply this
technique to non-military purposes. With the increase of
fuel oil prices, it will be competitive at around 80 000 cv
and many possibilities are offered:

- tanker
- methane ship

- contailner.

ITI) Industrial applications of HTR

1) In the refineries

- direct heating by helium in the secondary heat loop
for heating at 750°C of the distillation and reform-

ing furnaces.
- use of steam to 480°, 80 bars.

2) In the steel industry

- transformation of methane and iron ore pre-reduction.

3) Gasification of coal and lignite

For the SNG production.
Method of less interest to IFrance than to the FRG and

the USA.

) Hydrogen production

Preliminary studies have been carried out. It is necessary
to choose among the numerous thermochemical cycles that

have been proposed.



APPENDIX B

Hydrogen and Other Energy Vectors

G. DeBeni
Eratom, CCR ISPRA

Applications of nuclear energy are in every case possible
only through an energy vector. Even the primary coolant
is a vector which transfers the heat of fission (why not

fusion?) to the utilisation.

For stationary applications many energy vectors other than
electricity can be considered: helium, steam or hot water,
reformed gas (EVA-ADAM), hydrogen (or S.N.G,).

Now we have to consider the following properties:

1) Interface between nuclear reactor and the energy vector

2) Distance at which energy can be economically transportcd
by the energy vector (and possibility of storage)

3) Maximum temperature at which energy can be made available
by the energy vector (or, more in general, kind of uses

that can be fed by the energy vector).

Hot helium

1) No interface if we consider the primary heliun

2) No distance in integrated reactors, otherwise not more
than 50 - 100 meters (gas turbine, methane steam re-
forming or other applications just outside the nuclear re-

actor). No storage possibility.
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3) Temperature of the nuclear reactor itself.

Steam or hot water

1) Very simple interface: heat exchanger
2) Distance is evaluated up to 20 - 30 km, A certaln storage
possibility: underground hot water with 1ts problems,

4} 200 - 300°C.

Reformed gas (EVA-ADAM concept)

1) Some more complex than a heat exchanger: simple chemi=~
cal reactor

2) Distance can be 50 km, may be more (transport cost per
calorie is about 11 times more than natural gas)*
A certain possibility of storage underground, but also
possibility of different leakage rate between H, and CO
with deviation from the stoechiometric ratio,

3) 500 - 600°C for CH, + H,O0 system,

Hydrogen (or S.N.G.made by H, from water splitting and coal)

1) Quite complex; sophisticated chemical plant,
2) 500 - 1000 km, Great possibility of underground storage.
3) 2000°C or more; chemical uses, local electricity production,

ete.

Let us suppose that the transportability of CO+3H., mixture
is similar to H,; its heating power is 49 Kcal, iTe. about
12 Kcal/mol, H, has ~ 60 Kcal/mol, so the transport of the
mixture costs times more than H,. H, transport costs is
1.4 times the transport cost of Cﬁu; tgen 5:¢1.4 = 7 times
the CH, transport cost. When transformed in CHy , this CH
has an "apparent heating value™ of 49 Kcal/mol, i.e. the
cost of back transport is 4 times that of CHy; the sum is
11.
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Summarizing the first two properties in a scheme we have:

Energy vector Interface Distance
Helium No interface 50 - 100 m
Hot water Heat exchanger 20 km

or steam

EVA-ADAM Simple chemical | 56 - 100 km
H, (S.N.G.) ngpéiznﬁhemi“ 500 - 1000 km

It is clear that the ability of an energy vector to trans-
port energy over long distances has to be paid by a more

complicated (and expensive)interface.

Apart from few particular regions the distribu-

tion of energy demand is such that hydrogen has the better
chances as energy vector for large power plants and tends
to be the only solution of off-shore power plants.

Compared to electricity, hydrogen has the advantages of the
storability, permitting the continuous full power operation
of the production plant; and the economic transportability

over very long distances, permitting very large production
plants inserted on the transmission network.

The production of other synthetic fuels (methanol, S.N.G.)

calls for hydrogen and coal as raw materials, and limita-

tions on siting can be caused by the coal availability.
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{Ammonia can be produced by nuclear energy, water and air,
but its use as energy vector seems not well accepted).
As a consequence: hydrogen, produced by nuclear energy and

via a thermochemical process.

A thermochemical process is a sequence of chemical reactions
running at different temperatures, in which the chemical com-
pounds are continuously recirculated, and whose overall re-
sult is the splitting of water in its elements, hydrogen

and oxygen, consuming only heat. A thermochemical process
behaves as a heat engine and thus needs a high temperature
heat source and a heat sink at low temperature; the product
of this "engine", however, is not "work", but a chemical sub-
stance, so it can be calculated that its theoretical effi-
ciency is about 10% higher than that calculated for work pro-

duction within the same temperature conditions.

A comparison has to be made with hydrogen produced by water
electrolysis. The frame of this comparison is simple because
the theoretical efficiency for the transformation of heat into
hydrogen is the same for both processes. The comparison will
be made on the basis of practical efficiency, fixed and ope-

rating costs.

The efficiency of water electrolysis is quite low in spite
of all the efforts made during the many years of industrial

exploitation of this technique.
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Ameliorations can surely be obtained, but water electrolysis
is still a process with low efficiency and with relatively

low power density.,

In thermochemical processes causes of inefficiency are present
because the properties of elements and compounds do not match
with the ideal working compound, The choice of elements and
reactions is limited by the necessity of a complete recircu-

lation of the chemicals.

Nevertheless a wider choice is available if it is possible
(and convenient) to close the cycle with an electrochemical
reaction. The convenience of hybrid cycles (partially chemi-
cal and partially electrochemical) is also motivated by the
frequent availability of electricity in hydrogen production
plants because the thermochemical process consumes often

only the hottest part of the heat available from the nuclear
reactor, the remaining heat being used for electricity pro-

duction,

A simple scheme is the following:

coolant eodlant
—> —>
thermcche- chemical
mi.cal reactions | Hy-
cycle brid
N.R. N.R. CV'-
cle
?electricity %ele%§rici-
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Fixed and operating costs can be evaluated only very
roughly because information on the behaviour of construc-
tion materials and on reaction kinetics is still insuffi-

cient.

Nevertheless we can say that, in order to be competitive,
the chemical plant can cost, within a large approximation,

two times the cost of the nuclear reactor source of heat.
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The Possible Market for Nuclear Process Heat

G.J.W. Llewelyn
U.K.A.E.A., Economics and Programmes Branch

London, England

Definitions

Industrial process heat 1s taken to be the energy content
of all primary fuels consumed by industry. It therefore
excludes electricity provided from an external source. In-
dustry in this context means manufacturing industry and ex-

cludes the service sectors and the energy "industries".

This definition must be regarded as a very general one as
some industries generate electricity from their fuel input

and all industries use part of their fuel for space heating.

The overall UK energy scene

The following comments apply to the UK but are probably also

broadly representative of other industrialised countries,

The total UK primary energy usage is some 9 X 106 TJ of which

some 3% is consumed by the energy sector itself, 45% is con-
sumed in energy conversion processes (mainly electricity and

coke ovens), and 52% or 4.5 x 106 TJ is consumed directly in



-52-

such sectors as domestic heating, transportation, industry,

etc.

6

The total industrial consumption is some 2.3 x 10~ TJ of

6

which 0.6 x 10~ TJ is taken by the iron and steel sector

6

which is considered separately. The remainder (1.7 x 10°TJ)

may be divided as below.

Engineering (including non-ferrous metals) 19.0
Food, drink and tobacco : 12.0
Chemicals 20.0
Textiles 7.5
Paper and printing 8.5
Bricks, tiles, etc. bh.s
China, glass k.o
Cement 6.0
Others 18.5

How nuclear energy could meet industrial needs

Industrial needs for heat embrace a wide range of processes

but the majority fall into one of two categories:

1) processes involving the removal of water or the heating
of a wide variety of materials. This in general involves
steam at conditions up to about 250 p.s.i.saturated, i.e.

temperature of up to 2OOOC; and

2) processes involving the firing of kilns, melting of
metals, heat treatment, etc. where temperatures general-

ly in excess of 1,OOOOC are necessary.,
y
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These industrial needs must be considered from two view-

points, viz.,

a) the present process technologies and spectrum of products,

b) new processes and products.

In the case of a), nuclear plant which may be regarded as
having been developed and available could meet the technical
needs of the low temperature category 1) above. In general
these are the AGR, PWR, BWR and SGHWR. The needs of category
2), however, require further development of nuclear technology
or alternatively the linking together of nuclear and fossil
sources to "top-up" the quality of energy from the nuclear

source.

In the case of b) such activities as coal gasification and
liquefaction and hydrogen production can be envisaged. 1In
addition to the requirements to develop suitable nuclear

heat sources, the technology of the production processes
themselves require development, and work would also be needed

to develop the interface between the reactor and process sides.

These considerations suggest that nuclear energy could be ex-
pected to penetrate the industrial field initially by meeting
the low temperature requirements with existing proven concepts
and, on a larger timescale, begin to meet the higher temperature
required. The rate of penetration would be determined, in large
measure, by the cost of the development work and the resultant
process as mentioned above. Few reliable cost estimates yet

exist.
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If it were nevertheless assumed that nuclear energy could
eventually meet the whole of the present needs of the above
industrial sectors at an annual load factor of say 0.8, the

aggregate capacity required would be about 65 GW(H) distrib-

uted as follows: MW (H) MW(H) .
aggregate averapge establishment
Engineering 12,300 1-2
Food, drink, tobacco 7,600 0.1
Chemicals 13,300 10
Textiles 4,900 0.3
Paper and printing 5,600 15
Bricks, tiles, etc. 3,000
China, glass 2,600 3
Cement 4,100 70
Others 11,700 -
TOTAL 65,100

If we made some further broad assumptions on 1ife of plant
and growth of demand the annual requirement would be some
b-6 GW(H) as a maximum. Such a requirement would in fact not
be much less than the anticipated annual nuclear capacity for

electricity consumption.

If, however, the distribution of energy consumption within a
sector is considered the second column above may be derived.
This indicates the average consumption by establishments and

it is evident that the application of nuclear erergy "in house™
in industry would involve very small units. Such average
figures obviously conceal wide variations but availlable evi-

dence indicates that there are probably fewer than ten estab-
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lishments with demands in excess of 200 MW(H) in the UK.

This difficulty has led in the past to consideration of
nuclear/industrial complexes where it is envisaged that
industry would be located near nuclear plants to provide
the necessary demand. Industry however selects its loca-
tion for a number of reasons, i.e. raw material, supply,
labour demand, market considerations, etc. and such a pro-

posal involves major infrastructural changes.

Consideration would therefore be given to the concept of a
localised "thermal utility" in which steam, generated at a
nuclear source, is distributed by pipe line to a number of
industrial establishments. A one metre pipe can transport
some 300 MW(H) with a heat transfer oil, 700 MW(H) with hot
water and more than 1,000 MW(H) with steam at SGHWR condi-
tions. The information available suggests that the technolo-
gy exists to transport steam of BWR/SGHWR conditions, i.e.
pipe manufacture, accommodation of expansion, traps and valves
and that thermal losses can be limited to low levels with
practical insulation thickness. A current U.K.A.E.A.-spon-
sored study is examining this concept for distances up to

20 km or so, This study may be extended to higher steam
qualities where the consumer may elect to generate electrici-
ty in back pressure or condensing plant in addition to meeting

his process steam needs.
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For the new process applications, work is currently 1n
hand to establish overall energy balances for the large
number of potential processes and the quality of energy

required.

A major problem in studying industrial energy requirements
is the paucity of statistical information, The Federal
German Government proposal to derive an energy atlas is an

approach which deserves wider consideration.

Nuclear steelmaking

Of the heat used by industry reference has been made above

to the high proportion that is consumed by the iron and steel
sector, where the units could be of sufficient size to justi-
fy consideration of nuclear heat application to single produc-
tion sites. Apprehensions regarding the price and avallability
of coking coal in the long-term increase the apparent attrac-

tions of a nuclear steelmaking route,

Activity to assess and optimise the possibilities of this
application of nuclear heat has intensified over the last

four years. The European Nuclear Steelmaking Club was ini-
tiated in 1973 and has already reported on studies on energy
consumption patterns in steelmaking processes, and on reducing
gas production options, and embarked on further studies.
Feasibility studies have been arranged by the German Iron

and Steel Institute, and a Task Force on Nuclear Energy in
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Steelmaking has been set up by the American Iron & Steel
Institute. In Japan, the Research Association for Nuclear
Steelmaking Engineering is conducting a six-year develop-

ment programme,

The analyses of the first working party of ENSEC indicated
that the blast furnace/oxygen steelmaking route could acquire
up to 80% of its total energy requirement from nuclear sources.
Processes based upon direct reduction followed by electric arc
steelmaking could draw almost 100% of their energy require-
ments from a high temperature reactor integrated with the
gas-making plant. However, a steelmaking complex has to ope-
rate at a high availability level, and the decision was made
by ENSEC at its first general meeting in November last year
that if nuclear heat is to be based on integration of the
nuclear and steelmaking stages, the additional nuclear role

then becomes one of ensuring availability of reducing agent.

Introduction of a nuclear contribution to steelmaking must
essentially be a long-term proposition and at best a demonstra-
tion plant is unlikely to be in operation before the mid- to
late-1980"s. If all the problems of scale, plant availability,
materials and reactor performance can be overcome and the eco-
nomics of the route demonstrated on this timescale, it has been
estimated that in the early years of the 21st century the cu-

mulative potential UK market for nuclear plant for the pro-

duction of reducing gases will be about equivalent to one year’s
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installation of nuclear plant for electricity generation

at that time.

Nuclear desalination

Following the example of oil-fired generating/distillation

plants producing electricity and desalinated water, hopes

ran high in the 1960°s for nuclear-powered plants to do the

same. Until recently these hopes have remained unfulfilled.

No nuclear powered desalination plant has been constructed

outside Russia.

The reasons for this are complex:

1)

2)

3)

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

Only those 1living in coastal areas with unrealiable con-
ventional water supplies (e.g. either through climate or
dependence on foreign sources) will turn to desalinated
water, since even at times of low o0il prices, desalinated
water by the nature of the distillation process, is several
times more expensive than most conventional water supplies.
Large developed communities do not settle in arid areas
without some special attraction. 0il provided this attrac-
tion, cheap fuel for desalination plants, and surplus rev-
enues with which to industrialise and expand desert communi=
ties. Hence, a large part of the market for desalination
plant has been in 01l producing states. Industrialised
countries such as the U.K., with adequate rainfall but with

distribution problems, were daunted not only by the cost
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of desalination but also by the problem of managing a
large integrated power/water system, and are finding

other solutions to their distribution problems.

4) 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. 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 U,S.A.).

Since then improvements, particularly in design optimisation,
have been made in the efficiency both of nuclear reactor de-
signs and of desalination plant,which have made the economics
of a combined plant more attractive, Added to this, the
sudden fourfold 1increase in o0il prices has made nuclear gene-
rating 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 oourse

improved to any useful extent,

Because they can sell their oil abroad at prices much higher
than the cost of extraction, the o0il producing countries have
an incentive to substitute imported fuels for their own do-
mestic 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.,
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Power consuming rather than heat consuming desalination plant
using high efficiency techniques like Vapour Compression
Evaporation will give lowest water costs, with the added ad-
vantage of greater flexibility of siting, of design optimisa-
tion and of independent operation. To assess the possibilities,
individual economic studies are needed using "shadow"prices for
imported capital goods and real interest rates appropriate to

each country concerned.

Nuclear propulsion

Merchant ship propulsion by nuclear means has been considered
over a comparatively long period. The successful operation

of the Soviet Union”s ice-breaker "Lenin" brought into opera-
tion 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 competitive 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 pro-

pulsion were radically altered.

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
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availability of bunker fuel in 1980-2000 therefore seems to

be the main relevant factor in assessing the economic viability
of the first ship, the success o¢f 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 af-

fects the comparison but to a much lesser extent.

The most promising initial applications of marine nuclear pro-
pulsion on a significant scale seem to be in fast container
ships and/or in large oil tankers. Comparison of the resource
cost of operation of these ships when powered by nuclear means
with that of conventional such container ships and tankers in-
dicates that nuclear at present-day oil prices has a marked
advantage. This conclusion seems to apply for tankers in the
range 250,000-500,000 tons (16-18knots) and container ships

of capacity 1800-2500 containers (~ 27 knots), even at uranium
prices as high as & 50/1b U308‘ 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 ad-
vantage 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, e.g. siting of opera-
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tional berths, maintenance yards, and refuelling facilities,
insurance and legal aspects, routing, crew training, possible
salvage problems, and eventual dismantling 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 could, of course, affect the economic

comparisons referred to above.
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Process Heat from Reactors
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1. Coal and the high temperature gas cooled reactor. Important factors

in evolving a future energy pattern.

In view of the importance of deciding on a short, medium and long
term erergy policy, the highly industrialised as well as industrialising countries
are at present engaged in comparing different "energy models" so as to establish
their advantages and discdvantages. Different ways of producing, converting,
transporting and finally distributing energy carriers on a regional as well as naticnal
basis are studied so as to decide on policy as well as strategy. In such endeavour
the importance of using an optimum "mix" of fossil as well os fissile fuels becomes
increosingly clear, whereby it is understood that such optimum will change with
time. For short and medium term applications making the most purposeful use of
indigenous as well as imported fuels is apparent in this context, The importance of
blending nuclear energy into the established conventional energy pattern is definitely
realised.

Such emphasis could for instance be on electricity generation (Fig.1)
ard transmission over long distances. An adequate number of large, highly efficient
fossil and fissile fuel burning powerplants can give a multifuel capability, especially
if a regional or national grid is available. However, it must be remembered that
only about a quarter of the OECD powerplants for instance are polyvalent, i.e. can
alternatively burn one or two different fuels in addition. Planning ahead with regard
to achieving the optimum fuel mix may therefore prove difficult not least because of
the long time it tckes to complete such powerplants.

At present about one third of the total energy required of highly
industrialised countries like the UK is provided for by electricity. Although the
contribution of nuclear powerplants is still relatively small, a gradual increase in
their number is foreseen in many countries which could in due course change the
pattern.  Whenever electricity is taken from the mains it should be remembered that
about three quarters of the energy provided for by the fuel burned in the powerplant

has alrecdy been wasted, making employment of such electricity where further enzrgy
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losses must be expected rather uneconomical. Seeing that the difference between
maximum and average efficiency of modern plants ori one hand and this efficiency
and the average efficiency of all plants on the other hand can be more than six
percentage points each, the importance of raising this efficiency by bringing more
modern powerplants into operation and by using them as far as possible at maximum
efficiency becomes obvious.

Such operation can be facilitated by employing electric heating,
although less economic when compared with other systems, as well as extending the
usage of electricity to cover energy requirements of transport. As far as the latter
application is concerned, difficulties encountered when trying to store electricity
either in batteries or in the form of hydrogen makes progress rather slow. However,
provided that compact light-weight batteries could be furthei developed to a
satisfactory state, electric propulsion of road vehicles may become economic, but
it has to be remembered that not all energy requirements can be met by electricity,
air transport being a typical example. Therefore for this and other reasons the future
usage of hydrogen not only as a fuel but also an essential for many important
chemical processes, is becoming more evident.

At present nuclear heat produced in different types of reactor is mainly
used for generating either saturated or superheated steam, which in turn is employed in
furbogenerators for electricity production. Additional application of the steam produced say for
district heating or process purposes such as desalination is possible. In view of the
relatively low temperature level at which the reactors are opercting, hydrogen could
only be produced by electrolosis of water, Even when employing the most advanced
methods, the cost of hydrogen, especially when used as a fuel would be at present
prohibitive. However, this picture may change if the advantages with regard to fuel
costs claimed for the fast breeder reactor are realised.

Achieving stability in energy supply is essential for further raising the
standard of living on a world-wide basis. It is therefore necessary to aim for a fuel mix,
where the possibility of endangering its supply is reduced to a minimum. Even if only

one half of the present known coal deposits can be eccnomically exploited by using
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proven mining methods, they may last for at least a century if all present-day energy
demands have to be met. (Fig.2). However, it is assumed that the actual deposits may be
more than ten times larger than ihose already known. This could mean that long

after deposits of crude oil and natural gas have been exhausted, even when employing
improved methods of exploitation, there could still be coal available. As such coal

is indigenous to most industrialised as well as industrialising countries, using it on an
increased scale seems to be worthwhile considering, especially if in addition and

possibly in combination, nuclear fuels can be employed. Such fuel strategy could

in all probability be continued until the time when other sources of energy (e.g.

solar) can gradually affect the energy pattern,

Gaoseous fuels burn with the highest efficiency, leading to minimum
demand of energy as well as minimum air pollution.  Short necessary residence time
for the fuel in the combustion space allows high volumetric, rating, thus compactness
with all its consequential advantages. High thermal loading is facilitated by the use
of modern engineering ceramics,

Proven processes for the gasification of coal are known. Their further
development, partly already in a pilot stage is proceeding. During such gasification,
agents contributing to air pollution can be removed to @ large extent, The calorific
value of the gaos produced can be increased considerably by hydrogenation, the result
is a synthetic gas very similar in property to that of natural gas. The hydrogen required
can in turn be produced either by reforming say such goses or splitting water, either
thermochemically or thermally. An important characteristic affecting economy is the
high temperature level at which such processes have to be operated. Under normal
circumstances the heat required to perform such gasification is derived from the coal
itself. If however nuclear heat is employed, then the investment of cocl can be
almost halved. By doing so coal reserves can be stretched, and at the same time
pollution of the atmosphere further reduced.

It is anticipated that in raising the operating temperature of the HTR,
nuclear energy can be employed for such a purpose.  Other advantages of the HTR
have already been highlighted. Possibility of using both uranium as well as thorium,
of thermal as well as fast breeding, of simplification as well as improvement in

efficiency by using a single closed gas turbine cycle, especially when the development
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to a higher tempercture level succeeds, have been mentioned in this context. It has
also been pointed out that the technology develcped could find further application if
fusion becomes a reality in the future. Furthermore, advantages when converting heat
directly into electricity have been underlined.

Thus, as an alternative, emphasis could be on gaseous fuels transported
in a network of pipelines to the centres of usage. (Fig.1). Such transport being less energy
consuming than that of electricity. When supply of natural gas starts to decline,
synthetic gas could gradually subsidise it. If in the final stage of such development
hydrogen only has to be used, appropriate adjustment to the pipelines would be
required. Such gaseous fuels can be employed for domestic and industrial heating.
The usage of very compact light-weight ceramic space heaters could lead to a considerable
increase in their efficiency, especially if they are combined with a waste heat
recovering hea! exchanger of a similar type. Reduction in air pollution is another
important advantage. Univalent powerplants burning either oil or coal can be converted
to gaseous fuels without undue difficulty., However such conversion does not lead to a
powerplant making the best use of the advantageous properties of gaseous fuels. They are
a "natural” for gas turbines capable of further improvement in their efficiency by raising
their maximum operating temperature. Very high temperatures could be achieved if
ceramic engineering materials are employed. Combining such gas turbines with waste heat
recovering steam turbines can raise the efficiency of the combined powerplants by up to
ten percentage points when compared with present-day powerplants using solely steam
turbines. Combined gas/steam turbine plants could in due course consist of standardised
modules produced in workshops thus reducing considerably construction time as well as
improving availability and reliability.

In the transport sector a gradual switching from present-day liquid fuels
to those produced say by liquifaction of gaseous fuels and finally to those derived from
hydrogen, as for instance methanol, could be envisaged.

Decisive for the choice of an energy pattern, which could be an optimised
combination of the two patterns mentioned, must be amongst others reduction in waste
in energy and resources as well as of pollution of environment. In the former endeavour
widened outlook comparing total erergy output with total energy input must affect
economic considerations. In the latter, emphasis on either economic or ecological
advantages cculd affect decision making. In this connection, and as far as nuclear
energy is concerned, minimising inherent risks by further advancing technology so as to

moke it acceptable to the public may be affected by the desire for high living standards.
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Raising further standards, may they be related to reactors or their
fuel and waste management, will demand more, expensive research and development.
Thus expanding the use of nuclear energy irto industrial activities other than electricity
generation has to be carefully pianned so as to minimise costs as well as time taken.

In all these development trends a safer and at the same time more extensive use of
nuclear energy will require international collaboration. Although the need for such
collaboration is obvious, achieving it on the basis of an agreed international operation
backed by an adequate organisation will not prove easy. However, the first and
foremost requirement for success will be a specific development aim from which the
necessary research and development requirements will arise.

It seems important that as early as possible a selective method can be
employed so as to reduce the number of development alternatives to @ minimum. The
step from a pilot to a commercial plant stage, especially in view of the large amount
of heat which has tc be generated in a nuclear reactor so as to become economical,
will prove both money as well as time consuming. Reaching as soon as possible a state
where such selection can be made is therefore imperitive.

There are basically three approaches feasible when deciding on the
development route of process plants employing nuclear heat:

1, Iintegration of all three processes, nuclear heat generation, production of
hydrogen and its employment in say gaseous fuel conversion of coal in one plant.

2. Separation of the nuclear process from the nom-nuclear processes resulting
in two plants in close proximity so as to minimise temperature and pressure losses of the
helium linking these plants.

3. Separation of all processes whereby the nuclear and the hydrogen plant
would have to be next to each other because of the above reason, although the third
plant linked with the latter by piped hydrogen could be situated wherever convenient.
In this case hydrogen could also be used by those industries needing it, but not in
quantities large enough to justify @ nuclear plant for sole use.

It seems on reflection that plant arrangements which permit a separation
of the nuclear from the non nuclear part of the process plant ave at present preferred.
In this case not only development time, but costs can be minimised. The different
separate plants concerned can be developed in parallel applying the kind of technology
required and in part at least already established. Initial operational risks can also be
reduced by sepcrating the nuclear part of the plant from the rest. Furthermore, especially
when a gaseous fuel such as hydrogen is used as the link there seems to be a greater

versatility, an extension of application.
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If the employment of separate plcnts for each of the three processes is
acceptable, then the following development programme could be envisaged.

1. Nuclear heat generating plant.

Such plant will consist of an HTR ccre, heat exchangers to transfer
the heat from the contaminated helium to the heat transporting gas preferably helium
as well, and the gas circulation system.

Important development goals will be to increase the temperature
capability of the core from 800 fo 1000°C. To facilitate an early start of the
development, the possibility of using initially additional electric or gas heating to
increase the temperature of the helium until such time when it finally can be heated
in the core only to its ultimate temperature is contemplated.  Furthermore, a reliable
heat exchanger operating at such high temperatures has to be provided for, This means
producing a compact design minimising heat losses as well as accommodating in the plant
the core, the heat exchangers and the circulation system in a useful manner.

To a large degree the development aims of both the core as well as
the heat exchangers are closely linked with the application of advanced ceramic
engineering materials.

2. Hydrogen generating plant.

A great deal of development work hos already been undertaken,
especially with regard to finding suitable thermochemical processes. A large number
of such processes seem to exist, demanding different temperature levels for their
operation. In all these processes the final product is hydrogen and oxygen. Although
the main aim is to produce the former, finding a suitable usage of the latter in a way
which improves economy is an important development goal as well.

The thermochemical processes employ chemicals of different kinds. Again
application of ceramic materials may be asked for as many of such materials can resist
corrosion at even high temperature levels.

3. Actual process plant.

Many processes can benefit from nuclear heat. Apart from fuelmaking
as already mentioned, steelmaking but also smelting, chemistry of basic materials and

others come into the picture in this context. Especially in view of the energy situation
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there is a continucus trend of development mainly towards reducing energy required

as well as resources. |t may well be that the possibility of employing nuclear heat
will accentuate such trends, as a matter of fact there are alreaay signs of increased
activities, some of them having reached pilot plant stage, whereby apart from

reliability and availability, improvements in process efficiency is one important goal.

Although each of the three developments mentioned is necessary so
as to realise a process plant employing nuclear heat, the development of the part
producing this heat is essential. When assessing requirements concerning research
and development but also design and production aspects, the overwhelming importance
of developing @ ceramic engineering capability becomes obvious.

Operation of the gas cooled reactor in question demands materials,
being reliable over extended periods under very high temperatures and pressures, as
well as suffering no adverse effects due to the attack from the heat transporting gas
helium, with which the structures are in contact. The essential parts of the nuclear
heat producing system are heat exchangers which have to be developed to high

efficiencies as well as reduction in size in order to ascertain economy.

The usefulness of metals decreases as operating temperature increases.
Thus, with the high temperatures being demanded, the use of metals must come to an
end, particularly if - as in the case of heat exchangers - artificial cooling of most
of their structure is out of the question, hence metals have to be replaced by ceramics,
and it seems of great importance that such ceramics are not only indigenous to, but
also available in large quantities in industrialised countries. Most of the ceramics have
the additional advantage that investment in energy to produce them is considerably
lower than that for high' temperature metals. (Table 1) Such advantage has a favourable effect

on cost.

2, Non metallic materials and reactor core development.

It has been stated that the core of the HTR is a particular type of non
metallic heat exchanger. The materials used are, apart from graphite, oxides, carbides

and nitrides of the fuel as well as of silicon. These materials can stand up to 1600°C
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in @ non oxidising atmosphere such as helium.

On one side of the matrix, i.e. the heat exchanging part, the fuel
provides the "heating medium", on the other the helium absorbs the heat released
by this fuel. This matrix may consist of stationary, hexagonaliy shaped graphite
elements penetrated by suitably arranged circular fuel and flow channels (Fig.3). The fuel
oxide - carbide or - nitride, is used in the form of a multitude of very small
particles surrounded by graphite as well as silicon carbide shells. The matrix can
also be made up from mobile spherical elements with such coated fuel particles
suitably dispersed in the graphite. Such elements being randomly arranged in the
form of a pebble bed.

Consistency of quality, matching the cifferent properties of the
ceramics employed, as well as dimensions to ensure safe operation under very high
temperatures (and internal prassures) is an important development trend. Improvement
in graphite properties by further advancing methods of forming, baking and impregnating
as well as graphitising during the processing of low ash petroleum cokes, binders and

resin materials and reduction of porosity are other development aims.

3. Compact ceramic helium to helium heat exchangers.

(a) Operational considerations.

Adhering to the principles of maintaining small pressure differentials
between the two heat exchanging gases facilitates the design as well as the operation
of the heat exchangers at the high temperatures required. In the case of such a pressure
balance it seems possible to consider not only the recuperative (heat exchange performed
continuously by conducting heat through the material separating the heat exchanging
gases) but also the regenerative (heat exchange performed periodically due to charging
and discharging of heat by the material surrounded by the heat exchanging gases) mode
of heat exchange as well. Such considerations must be favourably affected by the
relaxation in the performance required from the seals separating the gases at similar
rassure. However, the carry over of the contaminated into the non contaminated gas

must be prevented by a suitable system of scavenging.
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b) Ceramic Material Considerations.

Silicon carbide is one of the best known carbide ceramics. 'n recent
years it has been recognised as a leading candidate for advanced technology, and
it has already made inroads into some areas of general engineering application.

Of all the known ceramics silicon nitride has probably the most
favourable engineering properties. It has a high strength, its value depending on
the manufacturing process adopted. It is excellent as far as corrosion resistance
at high temperatures is concerned, and exhibits a superior thermal shock resistance
when compared with most other cewamics.

Recent work in the fieid of nitrogen ceramics has led to the development
of sialones, i.e. silicon - aluminium - oxygen - nitrogen compounds. These materials
seem to have ottractive properties which are still being evaluated.

Engineering components (Fig.4) can be produced from these advanced ceramic
materials by a number of fabrication routes which have received much attention.in
recent years, The engineering properties of these ceramics, such as their strength,
their impermeability are somewhat dependent upon density, and it is therefore desirable
to achieve its maximum value. Thus there is a constant search for new processing

techniques which could meet this requirement.

c) General Design Considerations.

Designing with ceramics requires a different approach than when
designing with metals. Most designers due to their education and training are "metal
minded" and as the use of ceramics spreads, design methods may have to change.
Great strides have been made in evolving such methods.

The size as well as the shape of the helium to helium heat exchangers
affect possibilities of location as well as ways and means of support. Size, location
and support in turn affects containment as well as costs.

The size of the matrix, i.e. the heat exchanging and thus by far
largest part, depends on the area and length of flow paths for the heat exchanging
gases and the volume of walls separating them, say in the case of a recuperator.
The flow path area is inversely proportional, the flow path length is proportional to
the operating pressure. As this pressure is very high, emphasis must be on reducing

the length of the flow path. This affects the choice of the type of matrix considerably.
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Adopting the regenerative mode of hect exchange offers the
advantage of a wider choice. The rotary type of regenerative heat exchanger (Fig.5)
can in addition lead to a simple space saving duct and header system, important where
high temperature operation is required. As a result, some attractive solutions to the
problem of designing a compact heat exchanger suited to work in conjunction with the
core of an HTR can be envisaged. On the other hand, in the case of such a
regenerative heat exchanger, the provision for the rotor drive can add to the problem
of containment.

For ducting as well as insulating purposes the non metallic materials

which can also be produced in the form of foams could play an important role.

c) Historical Technological Development.

At an early stage the UK took the initiative to develop advanced
ceramic engineering materials. These materials are not only important for the core
cf the HTR, but their application is also the key to the successful employment of
nuclear heat for essential industrial processes. Studies relating to direct conversion
of heat into electricity were undertaken by the Central Electricity Generating Board,
the National Coal Board, International Research Development Company, and industry.

For direct conversion, heat exchangers are required which have to operate at temperatures
as high as 1600°C. It was therefore imperitive to investigate the possibility of using
ceramic materials. Thus an extensive study concerning the behaviour of most of the
known ceramics as well as ways and means for their application was mounted. Tests

werz undertaken for 1000 hours duration under the expected operational conditions (Fig.6)
Based on such tests, design studies, extensive if their exploratory nature is taken into
account, led to the establishment of at least a basic knowledge as far as large,
recuperative and regenerative ceramic heat exchangers are concerned.

The experience gained in these studies has proved valuable in connection
with the development of advanced ceramic materials for a number of engineering
applications (Fig.7), important to energy conversion such as further development of piston
engines as well as gas turbines. Under the auspices of the National Research and
Development Corporation and the Atomic Energy Research Establishment in Harwell,
industry in the UK is involved in the development of compact, recuperative and
regenerative ceramic heat exchangers similar in design if not in size to the proposed

helium to helium heat exchanger in question. To avoid duplication of effort, to reduce
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outlay, it may prove advantageous to extend development to include such nuclear
applications, especially as some international collaboration is already progressing. The
USA and the Federal German Republic are already supperting industry in the advancement

of the ceramic material technology.
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FIG 2. RESERVES OF FOSSIL FUELS
RESERVES (in 10?9 tons coal equivalent)
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APPENDIX E

District Heat from Nuclear Power Plants -

Adjusting to Customer Needs?*

H. Bonnenberg
Aachen, Germany

Due to a long term shortage of the energy sources o1l

and natural gas, as well as to economic reasons (possible
price rises, particularly of the fossil energy sources),
rational use of energy is gaining increasing importance.
With regard to power plants, this means a more comprerensive
use of waste heat, particularly relevant to district heating

of private and public households and for industrial purposes.

This also applies to the future use of waste heat from nuclear
power plants, perhaps to an ever greater extent for other

reasons than those given above. The FRG is one of the most

intensely used areas in the world: Dboth with regard to po-
pulation density and to industrial and agricultural use,
this country ranks among the first together with Belgium,
the Netherlands and Japan. On the average, all the other
important industrialised countries are less intensely used,
sometimes to a considerable extent, such as the US, which is

used to a lesser degree by a factor of fifteen. Therefore and

*
Translation from the original German version "Fernwirme aus
Kernkraftwerken - eine marktgerechte Forderung 2"
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also in the light of the planned additional nuclear
installation programs, the FRG will have the highest energy
density in the world besides Japan. The energy progran

of the government of the Federal Republic of Germany

projects power geuneration from nuclear reactors of approxi-
mately 50 000 MW for 1985 - 1988. Forecasts for 1995 - 2000
estimate a production of ahout 100 000 MW, which, according

to the present siting policy, would necessitate

about 50 nuclear power plant sites with one, two, three

and four units. This means that the FRG will, on the average,
have one nuclear power plant every 70 km by the end of the
1990"s. Furthermore this implies [1] that in our small country
approximately 3000 tons of heavy metal would have to be
reprocessed annually and that vast amounts of radioactive
material would have to be transported. For 100 000 MW the
annual amounts to be transported have been estimated as
follows: 5800 tons of spent fuel elements (80% LWR, 20% HTR),
about 325 tons of fission products, about 790 tons of cladding
material, and about 15000 tons of operational wastes from
nuclear power plants and reprocessing plants. These high
figures do not only point out the general significance of
energy saving, but also show clearly that nuclear energy

has to be used in an optimal way and that the planning of

"unnecessary" nuclear power plants must be avoided.

Table 1 shows the waste heat capacity and the waste heat

energy of the nuclear power plants calculated for given

full load operation hours.
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Table 1: Installed capacity, waste heat capacity and

waste heat energy used of the nuclear power

plants
Installed waste heat waste heat energy Mio tSKE*
capacity capacity used
GW GW Tcal/h 1500 h/a 3000 h/a 6000 h/a
50 100 86 19 38 76
100 190 163 36 72 144

The question arises as to whether these amounts could be
employed in the Federal Republic of Germany through the

use of district heating. On the one hand this is a question
of the market structure, on the other hand it is a question
of the distances of nuclear power plants from the district

heating markets.

The market structure is characterised by the type of customers
as well as by the customer density. The market for low-
temperature heat up to about 200°C, is divided into two
spheres: room heating and hot water supply for house-
holds and small scale users, and process heat for industrial
purposes. The temperature range for room heating and hot
water supply lies between about 70°C and 11000, that of pro-

cess heat between 1OOOC and 2OOOC.

As to households, the only potential customers of district
heating are collectively heated flats in multi-family houses -
new and old alike provided they are restored under reorgani-

* 1 ¢ SKE ("coal units") = 2.73 *1016 Watt seconds
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zation schemes and/or switched over from single to collec-
tive heating. As to the customer density mentioned above,
its present lower marginal value for district heating
applicability 1lies at about 30 Gcal/kmg. This marginal
value cannot be reached in low housing areas. This parti-
cularly applies to rural areas and to regions where single-
family houses prevail. Such regions would not come into

the scene even if the marginal value were lowered due to a
possible rise in fuel prices. Thus communities with

less than 20 000 inhabitants do not fall into this category
since the percentage of stove-heated flats (about 61% in
1975) as well as that of single-family houses (about 75%

in 1975) is very high. In 1975, communities with less than
20 000 inhabitants account for about 48% of the total housing
stock of the FRG. So, if we return to the assumption that
these communities can be neglected and that district heating is
applicable only to collectively heated flats in multi-family
houses, and 1f we take into account the declining heat de-
mand in new buildings and the rising average number of full-
load operative hours of 2900 h/a as a maximum, we obtain a
realistic district heating potential of private house-

holds for room heating and hot water supply of 21 Tcal/h
(8.85 Mio tSKE/a) for 1985, and of a maximum of 41 Tcal/h
(17.1 Mio tSKE/a) for the year 2000. For the years 1985

and 2000, this corresponds to a share of 14% and almest

of 26%, respectively, of the total heat demand of households

to be foreseen for the years in gquestion [2].
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In the sector small scale users we assume that all public

buildings and about 60% of the other small scale users are
potential customers of district heating. Given the same
period of use as with the households, the 1985 maximum
district heating potential of this sector is 63 Tcal/h

(26 Mio tSKE/a), while that for the year 2000 is 79 Tcal/h

(%33 Mio tSKE/a).

Thus the total district heating potential of the sector

households and small scale users appears to be - at best -

84 Tcal/h (35 Mioc tSKE/a) for 1985, and 120 Tcal/h (50 Mio

tSKE/a) for the year 2000.

It is difficult to assess the district heating potential

of process heat below 2OOOC for industrial purposes because

of uncertainties in production forecasting and the intro-
duction of new production methods. The following industries
are relevant to the temperature range in question: the
chemical, textile, synthetics, woodpulp and paper industries,
as well as the production of food and luxuries. The chemical
industry cannot realistically be connected to communal heat-
ing systems because of the high degree of operation reliability
required, because of the plant internal intereactions

and because of the high percentages of self-produced

and/or utilized waste heat energy. As to the other industries,
there are certain restrictions on account of their seasonal

fluctuations (e.g. the sugar industry).In view of these aspects,
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and given an assumed average period of use of the maximum

load of 4950 h, we may predict a district heating potential

for industrial purposes of 11 Tcal/h (7.7 Mio tSKE/a) for

1985, and a potential of 14 Tcal/h (9.6 Mio tSKE/a) for

the year 2000 [2].

In all,

the maximum district heating potential calculated

for 1985 amounts to

95

Tcal/h (42.7 Mio tSKE/a), while

for the year 2000 it would be 134 Tcal/h (59.6 Mio tSKE/a).

For 1985, this corresponds to about 27%, and for 2000, to

about 32%, of the total demand for heat below 200°C.(Fig.1)

Jd _share of d.h.p.
1400 in total demand:

1670: 187.8 {25.7 %)

heat demand[10°Tcal] —wm

Fig.
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The heat demand outlined above is subject to seasonal
and daytime fluctuations. The so-called ordered annual

demand line broadly reflects these fluctuations.

The real customer potential will be smaller than the calcu-
lated district heating potential since in many cases energy
supply systems connected to a network have already been in-

stalled.

As to the question of sites for future nuclear power plants
with regard to the regional distribution of potential district
heating customers, the following can be said: as mentioned
above, about 4E8% of the flats in the FRG = and this nercentage
is similar to that of the population - are to be found in
communities with less than 20 000 inhabitants where district
heating is not considered applicable. Of the remaining 52%,
around 81%, i.e. 42% in all, are in the so-called conurbations,
which account for only 6.3% of the total area of the Federal
Republic [3]. The Federal Republic of Germany has, in all, 24
areas which are defined as conurbations, plus West-Berlin. In
1972 [4] the sum of the ratings for district heating in the
Federal Republic, including West-Berlin, was 16.1 Tcal/h; of
this percentage, only 11,8% was intended for industrial heat.
The feed for that was 32+10% Tcal/a (4.5 Mio tSKE/a), the max-
imum thermal load was 10.5 Tcal/h, and the period of use of the
maximum load was about 3000 h/a. In 1972, 86% of the sum of the

ratings for district heating was to be found in the 24 conurba-
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tions mentioned above, including West-Berlin (84% without West
Berlin). The remaining 14% or 16% respectively, referred
to communities which, although not located in the conurba-

tions, have clearly more than 20 000 inhabitants.

Thus district heating up to now has primarily been used

in the densely populated areas of the Federal Republic;

this confirms the above statements on customer density.
Another application of district heating will also primarily
take place in these areas only in which - as mentioned above -
42% of the population is concentrated in 6.3% of the total
territory. Therefore, with regard to the use of nuclear
power plants for district heating the question arises of

what can be the maximum distance between the nuclear power
plants and the densely populated district heating areas,

for reasons of nuclear safety on the one hand, and for
economic reasons on the other. An analysis [5] of the sites
of nuclear power plants primarily designed for power gene-
ration which are to be expected by the middle of the 1980°s
and which are now being operated, built, planned or discussed,
shows that of the 38 000 MW under consideration already 65%
are less than 30 km from the regions with considerable demand
for district heating. U42% are nearer than 20 km. Detailed
studies have shown that such a distance certainly is still accept-
able from an economic point of view as far as the transport-
ation of hot water is concerned. If we apply this 42% share
to the late 1990°s with their 100 000 MW's - corresponding to

a waste heat capacity of 163 Tcal/h - the waste heat capacity
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of nuclear power plants would be 68 Tcal/h for the above
calculated district heating potential of 134 Tcal/h.

The initial postulate to use future nuclear power plants,
if possible, as heating plants with regard to a "minimiza-
tion" of nuclear technology is put on a realistic basis by
the deliberations addressed in this context.

At the same time it seems to become obvious that a regional
district heating network based on conurbations would be
preferable compared to a supraregional network that would
have to cross many regions without district heating appli-

cability.



[1

[2]

[3]

[4]

[51]
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APPENDIX F

Modern Technology Electrolysis

for Power Application

U. La Roche
Brown Boveri Co.
Baden, Switzerland

Introduction

There is now a very well developed literature available on
this topic which does give the impression that a fair judge-
ment of it should be possible. This is however 1in certailn
very important aspects not the case. We will try to bring
out these and show that the electrolysis route to hydrogen
has a very good potential not only to offer an immediately
available means to start with the nuclear hydrogen production
but to stay in business. It is at least an open question
whether thermolysis of water will in the end be a more eco-

nomical route.

Thermodynamical efficiencies

After some misunderstandings on thermodynamic definitions 1t
is by now again clear that both thermolysis and electrolysis
are theoretically constrained by the same relationship:
e.g. the increase in free energy in the split product is

equal to the amount of work recoverable of the heat input de-
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graded, be it directly in a thermolysis process or in the

combination of a thermoelectrical process.

A first assumption to reconsider is that the work generating
efficiency by turbo-generators is constant. Development of
helium driven gas turbines to exploit the temperature of gas-
cooled high-temperature reactors demonstrates that the turbine-
generator unit will certainly not stay restricted to compara-

tively low temperatures and low,constant efficiency.

Moreover, since high temperature stress corrosion and corrosion
in high temperature chemical reactors are intimately related,
it is at least unlikely that turbines will not climb the same
temperatures as chemical reactor vessels and heat exchangers
needed for thermolysis. A more realistic assumption is there-
fore to allow efficiencies in both cases to climb proportional

to the Carnot efficiency possible with the degraded heat.
This reduces the analysis at the situation to discussion of
the losses.
In electrolysis we incur the following losses:

- work extraction by heat engine generator

g =

- electrolyser losses g =

Yo

o
o
N

1—2L
1-‘ge

.1
Yo.1

oK)
o
~

ohmig resistance of electrolyte and structure,

including d.c. - a.c. converters

- covervoltage on electrolyser cells
concentration polarization

activation overpotential on electrode
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which gives total loss

ftot = 1_("2C . ?e ) = 0.2 + 0.5

These losses are very well understood.
Comparing to thermolysis we have there:
- heat exchanger losses

31, of the order 0.05 per exchanger

}—jl !

Z 0.1 30.4

- diffusion losses (e.g. as in coal gasification)

AT/T..which for optimum process devices
should have roughly the same order of magnitude

as heat transfer losses (Onsager-Casimir theorem)

- material transport and product separation losses

(very dependent on process, high for solid reactants)

- mismatch of thermochemical cycle to ideal Carnot
cycle (could be alleviated by combining with elec-
tricity generating system. Using not used excess

heat of different temperature levels)

A quite general statement is that the losses on the thermolysis
route do not tend by any principle to be smaller than on the

electrolysis route.

By the above discussion we tried to show that there is no
ground for a statement that one or the other route to convert
degradable heat into chemical energy, e.g. hydrogen by splitting

water, has by principle superior potential.



-96-

So let us consider where we are now: water electrolysis is

a technology that has been around for some 60 years, although
developed and used for special applications only. So the
application to power conversion is a new one. The use of
modern technology in this field is also comparatively new and
it is therefore reasonable to assume good potential for further
development down the learning curve of electrolysis for large
scale power applications. However, what we find in litera-
ture today is little more than extrapolations based on labora-
tory work, and if one does search this down to its originators

it is a very restricted body of information.

It is remarkable to what a degree real development work on the
electrolysis route is missing compared to the funds that are
being poured into the thermolysis route. The more so if one
considers that, judged from present knowledge of the electro-
lyser route to hydrogen, it appears to be feasible to reach
the goal of deployment of large power electrolysing plants

within some 5 years from now.

Of the three basic steps and technologies that comprise the
electrolysis route to hydrogen two are very well mastered al-

ready on a large scale
- power extraction from heat degradable by conventional

electricity generating equipment

- conversion of a.c. to d.c. power, e.g. equipment for d.c.

power transmission links
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The third, electrolysis of water, has been developed since
some 60 years for special applications on a very limited
scale, Major steps of hardware development incorporating
modern materials technology lie ahead and look feasible,

since the problems to be mastered are well understood.

The point we tried to make clear was not to show electrolysis
to be a superior route to hydrogen but the one of two theo-
retically equivalent methods that has good potential to show
up as combining less technological risk with a much earlier

implementation date in our energy systems,

Power applications of water electrolysis

Against this background let us put together a brief analysis
of the possibilities and constraints that the future develop-
ment of water electrolysis for power application is likely

to encounter.

The first constraint is the existence of a minimum cost-effi-
clency that does make hydrogen production attractive., Here
quite a lot of system analysis work has been done which we do
not try to reproduce here, but there may be a few points to

be made,

Depending on climate there are two fossil fuel substitution

models; e,g,

1) heavy space heating will result in a system of

electricity, district heating by waste heat and

hydrogen by daily and seasonal off~peak power,
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which will result in up to 15% or more

of the total demand in the form of hydrogen.

2) minor space heating will result in an almost dual

system of electricity and hydrogen only. Then
hydrogen will have to be produced by dedicated

plants in addition to off-peak plants.

The first case will be predominant in Europe, where incidently
also the time scale of fossil fuel substitution 1s much more
urgent than in other regions, e.g. the USA, where moreover the

second case is predominant.

Calculation for the minimum cost constraint is very dependent
on the substitution model, and it is easy to see why an analy-
sis made elsewhere cannot be applied, if the breakdown of

energy and heat demand by the end user differs.

If hydrogen by off-peak power may well be an important feature
in Europe, a full load factor dedicated plant technology could

be the answer elsewhere.

Costs

Present cost of electrolysis is another statement which needs
clarification. By the figures given in the table below it is
seen that the information based on laboratory work tends to be
optimistic, Costs for present hardware show that still a deter-
mined effort is necessary to realise the development potential

of the ageold special application technology.
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1 $§ =3 SFr.

1 MW 3 MW 100 MW
BBC-electrolysis 1.3 72 Mio SFr.
(74)
Allis-Chalmers * 20
(68)
Allison, Energy Depot ** 10 (110)
(65)
GE *** (85) ( 45)
(2000) ( 15)

* based on laboratory, Costa & Grimes
** based on laboratory, project energy depot
*%* based on laboratory and small scale special appilic.

BBC figures prices of actual hardware

4]
el
™
O
.

(...) with scale up factor 0.93 extrapolated to 100 MW plant

Yet still another point is that not necessarily all substi-
tution energy for fossil fuels is delivered by nuclear heat,

even in the immediate future there are potentials 1like hydro-
electric power in Greenland, which appear to be of a size
approaching 1 TW at bus-bar electricity costs around 3-7 mils/kWh.
This in our opinion is a case where only electrolysis with its
direct coupling to electric energy is applicable. It will be

also the essential means that solves the problem how to collect,
store and transport these huge amounts of hydroelectric energy

available.
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Again reference is made to the work done on energy depot for
the U.S. army in the sixties. Hydrogen is made transportable
either by liquefaction, which costs about 27% of the energy
content, or by synthesis of ammonia, which costs some 5-87%

of the original energy content. The cost estimates presently

available are shown in the table below.

100 MW plant size

electrolyser (110) 70%
project "energy depot"

NHB—synthesis (47) 30%

In a worst case assumption, taking the NHB—synthesis cost to
stay constant at about 3 300/eb NHB/hr, this will give with
8000 hr full load operation about 2 to 3 mils/kWh additional

cost compared to about 6 mils/kWh for the liquefaction.

So even with the electrolysis hardware available at present
this would result in ammonia f.o.b. Greenland at about 10 -
- 14 mils/kWh, which as a rough estimate already is not way
off a comparison with distilled oil products. (The present

OPEC net rent is around 5-8 mils/kWh energy content.)
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APPENDIX G

On Thermochemical Watersvlitting

C. Marchetti
IIAsSA
Laxenburg, Austria

Fission and fusion, which appear to be the most reliable
relay to the fossil fuels, generate energy in form of heat.

In order to make this energy transportable and storable, and
give it maximum flexibility in use, it has been proposed to
transform it into two energy vectors, electricity and hydrogen.

For making electricity from heat, from almost a century of
laborious invention and development market forces have selected
a few variants of a simple methodology, that of producing
mechanical energy with a thermomechanical cycle, to be transformed
into electrical energy in an AC-Generator.

A1l other methods have been ruthlessly eliminated by the
rules of competition, or relegated in quantitatively unimportant
biological niches, or still awaiting their chance in the labora-
tories (see the MHD).

Hydrogen, on which the consensus of the energy community has
concentrated for the second energy vector, has to be produced from
water, and the methodology of its production is still an open
question, as it was for electricity a century ago, and it may
well take a few tens of years before selection will indicate the

final winner.
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We will resume here the reason why we think thermochemical
(or hybrid) cycles, have the best chances of being finally victorious,
even if the intermediate phases may well be better played by other
concepts (Edison heartily preferred DC to AC for many good reasons.
The only bad one, the absence of a static transformer, did finally
prove to be the Achilles heel of DC).
What the system is demanding:

1) To decompose water into hydrogen and oxygen. In chemical

terms, this problem can be stated as that of transferring

free energy (58Kcal/mole) into the water molecule. Now the
shortest route to transfer free energy from a high temperature
heat source to a chemical system is to heat it, and use
chemical reactions with separation of the products in order

to impede the loss on cooling of the free energy acquired by

heating the system.

2) To decompose water on an immense scale. The analysis of the

hydrogen system, due to the flexibility in use, and trans-
portability of the vector, leads to systems of continental
scale, if hydrogen is gaseous, or of world scale, if hydrogen
is liquid.

The consequence of that will be the concentration of the
generation in fewer and fewer points in order to reap the
benefits of the economies of scale which may be huge if the
technology can follow the demand for size.

Now chemical plants appear, in the last two centuries, to have
grown with demand, to sizes overshadowing all other techno-
logy in terms of materials processed, energy manipulated,

mass of machinery or investment per plant and so on.
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To minimize capital investment.

The problem of investments in the energy system will appear

as central in western economies as soon as they will move out
of the relatively cheap oil. Hydrogen will insure maximum
utilization factor of this capital independently of the process
used, but it must be clear that the process has to be genuinely
adapted to scale up. Multiplying modularly small plants does
not really help. The economies of number never won over the

economies of scale.

To be compatible with nuclear technology, if possible the one

already existing. This means first that the spectrum of heat
vs. temperature available from a reactor matches snugly with that
required from the process. Second that the interface does not

require a too complex chemistry and metallurgy.

An obvious internal condition in order to activate the potential
indicated 1in points 1-3 is that a champion process can be found,
satisfying the principles of simplicity and fitness which is

the key to success. Now as every trainer knows, in order to
find a champion one has to have a large population base. Also
this point is satisfied by thermochemical cycles, of which at
least four thousand are known today and many more are possible.
It 1s in the natural resistance of nature that the good one will
be found after some effort, but it is very improbable that the

good one does not exist.

Thermochemical cycles have been studied in Ispra since 1969,
and perhaps in a dozen places now, in Europe, US, and Japan.
The time past and the experience gained start to be sufficient

for a first look at the evolutionary lines.
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The first process studied in Ispra, Mark I:

750°

1) CaBr‘2 + H2O == CalO + 2HBP2
o

2) Hg + 2HBr 100, HgBr, + H,

25°

3) HgBr, + Ca0 ——=— HgO + CaBr,
500°

4y HgO — Hg + 30,

has the merit of being the first, and compatible with High
Temperature Reactor technology, at least for what concerns the
quality of the heat required. But the defects are numerous and
they will be listed here in order to define desirable targets

for the new processes.

a) It uses scarce and expensive elements, Hg and Br

b) It uses poisonous and environmentally objectionable

elements and compounds

¢) It uses very corrosive compounds for which the proper

metallurgy has to be developed
d) It requires manipulation of solids which have to be separated
from liquids, dried, and transferred to high temperature

reactors and back

e) It is generally speaking, too complicated.
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It must be clear that all points are daily bread for the chemical
industry, but they have always been a hindrance to very large
scale very low cost operations we are aiming at.

A lot of work has been spent in delving into the physical
chemistry of Mark-1, and the first consequence of weight

has been that the data for a rough design of a plant have been
made available. This design has shown that in spite of the

many drawbacks a process like Mark-1 may fall in the right

ball park economically speaking. A very stimulating result

for further searching.

The second process I will quote, in order to give a feeling
for trends, is Mark-9.

1) 6Fe<312 + 8H20 -—> 2Fe 0, + 12HC1 + 2H,

3

2) 2Fe OM + BCl2 + 12HC1 -—» 6FeCl, + 6H2O + O

2

3 3

3) 6FeCl —) 6FeCl2 + 3012

3
The advantages of Mark-G over Mark-1 are that:

point (a) is solved as Fe and Cl are cheap and abundant.

Points (b) and (c) are eased in the sense that a large body

of experience exists in the manipulation of Cl and Fe com-
pounds.

Point (d) is still open as lot of solids exist and this has in
fact proven to be a stumbling block for kinetic reasons. This
is perhaps a more important point than the problems of mani-
pulation., Fluidized beds and fluidized transfer are reasonably

efficient, but a reproducible kinetic for a solid cycled through
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a chemical process thousands or million of times may be
a pure dream.
Point (e) 1is eased by three reactions only and a lower maximum

temperature.

The third process I am quoting (Jiilich) has no solids, except,

if necessary,as catalysts.

1) CH, + H,0 — CO * 3H,
2) CO + 2H, — CHBOH

3) CHOH + SO2 —> CHM + S0

3 3

1) S0, —> S0, + 10,

Water has not been explicitly indicated but it exists all
over the process.

This process is superior to Mark-1 on all points (a) to (d).
It is still a bit too complicated. Reactions tend to be
incomplete with some need for separations. Reaction (3) is
thermodynamically possible but its kinetics and univocity

is still to be explored.

The fourth process (Los Alamos), 1s the quintessence of simplii-

city, at a cost.

thermal +
— H2O + SO2 5 O2

Electroly31% H2SOM + H

1) HZSOH

2) 2H.0 + SO

2 2 2
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The step 1, thermal decomposition of sulphuric acid, is
practiced in industry and it is not too difficult. It

occurs gradually from about 4500° to 800°C. It provides

85% of the free energy to decompose a molecule of water.

The rest should come in form of electricity, through electro-
lytic cells which have to be developed ad hoc as the economy

of the cycle requires high concentrations of H,30, for step 1.

A hydrogen acceptor with a free energy of formation at room
temperature of perhaps 1Okcal/mole H,, could substitute electro-
lysis according to the formula

2b) 2H2O + SO, + 2(Me) — H2SOM + 2(MeH)

2

(500°C)
-

3) 2(MeH) 2(Me) + H :

2 b]

various laboratories are engaged in the closure of reaction 1

via 2 or 2b plus 3.

The separation of oxygen from reaction 1 does not appear too
difficult, through condensation and washing with feed water.
Electrolysis may provide H2 already at high pressure from
reaction 2. Sulphur compounds have to be properly interfaced
with the environment, but they belong to the natural cycle.
Not to count the hundred million of tons of SO, produced in

the combustion of fossil fuels.
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My opinion is that this fourth process already shows the
signs of convergence in the search of thermochemical water
splitting and perhaps most of the R&D for the next five

years should concentrate around that core.

The basic criticism has been raised against thermochemical
water splitting, that the amount of materials to be manipulated
largely exceeds existing chemical operationg, and that even
small fractional losses can have important effects on the

economy and the environmental embedding of the systemn.

It is certainly true that the circulation of materials is
terrific, but it is in the same ballpark of the materials
circulated to produce electricity or to cool a reactor for
similar power outputs. E.g. in case of process 4, if the
electrolytic step can produce H2SOM at sufficient concentration,
the amount of H,S0, circulating in the heat exchangers will be
less, molewise, than the circulation of steam in a power plant

of similar output.

Concerning the losses, a similar analogy can be identified.
The leaktightness of an HTGR reactor system or of the steam
system of a boiling water power station provide an example of
technologically and economically achievable tightness largely

sufficient for a thermochemical plant.
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Artificial Islands for Waste Disposal

W. Langeraar
Maritime Institute
Rotterdam, Netherlands

During the summer of 1971 the Board of Directors of Bos
Kalis Westminster Dredging Group NV decided to initiate

a study of the possibility and viability of the construc-
tion of an artificial island in the North Sea. This pre-
liminary study was concluded in March 1972; it was presented
to the Netherlands Government at the end of that month. The
main subject of this investigation was a relatively small
island to be used for the disposal of waste of different

origins, such as urban, chemical, steel, etc.

Two conclusions of this preliminary study must be highlighted:

1) Technological experience, expertise and know-how in the
Netherlands are sufficient and available for the construc-
fion of artificial islands in the southern North Sea at a
price per square meter which is not unreasonably higher

than that on the mainland.
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2) Provided the Netherlands Government has at its disposal
comprehensive environmental legislation with the control
organization inherent thereto, it might be purposeful to
create on the island a large national waste disposal and
recycling industry, outside urban concentrations and

easier to control.

In a conservative cost-effectiveness analysis this study

has shown that such a waste disposal and recycling industry
would be preferable from a general environmental point of
view and would be able to operate at a lower price and more
efficient than is possible under the present situation where

government and industry proceed independently.

Quite a number of industries became interested in the possi-
bilities mentioned in the study and asked about the modali-
ties of participation in further investigations. These in-
dustries came from the United Kingdom, France, Sweden, but
mainly from the Netherlands. During the summer of 1972 pre-
liminary discussions took place between interested industries
and after having understood the Government’s viewpoint to be
that a further feasibility study was a task for the industries
concerned, Bos-Kalis was asked to act as the project manager
for such a further study. On 27 February 1973 the North Sea
Island Group was officially established. At present this
Group has 26 industrial participants. Government observers

in the Group come from three ministries, i.e.



-113~-

- the ministry of transportation and waterways,

- the ministry of economic affairs,

the ministry of national health and environmental hygiene.

Also some embassies of countries around the North Sea are

represented as observers in the Group.

Participation and cooperation between members of the Group
is based on the fact that any industry or institution can
adhere to it, provided they bring in experience and know-how
complementary to those already present in the members of the
Group, or when their participation may be expected to in-
fluence positively the realization of the aims and purposes

of the Group.

These aims and purposes can be described as follows:

"to investigate the possibilities of construction and ex-
ploitation of an island for industrial purposes in the North
Sea, through the concerted action and efforts of the partici-
pating members; also with a view to enabling the realization

of such construction possibly through government contracts",

A1l participating industries have one representative in the
General Meeting of the Group. Professor W. Langeraar is

the Chairman of the General Meeting.

The Steering Committee under the General Meeting consists of
seven members and has as its Chairman the past-President

of the Chamber of Commerce of Rotterdam, Mr. W.H. Fockema

Andreae.



-114-

The Steering Committee is assisted in its task by a

number of Working Groups.

During the first session of the General Meeting a prelim-~
inary outline for the feasibility study was accepted as
well as a budget of 2,000,000.- guilders. At a later ses-
sion the Engineering Bureau of Hydronamic BV at Sliedrecht
was charged with the overall management of the feasibility
study, The study started in June 1973. It consists of two

phases.

The subjects to be studied during phase A were:
- Juridical aspects, international law questions
- Economic considerations

-~ Technical considerations, construction and location.

For those who have occupied themselves with the question

of construction of artificial islands in the sea, possibly
outside of territorial waters and consequently beyond the
limits of national sovereignty, it will not come as a sur-
prise that the international law questions are coming first
on the 1list of problems to be investigated. If, under inter-
national law, the construction of such islands either within
or outside territorial waters under no circumstance were per-

mitted, the whole feasibility study could be discontinued.

It was decided to ask a small group of well-known interna-
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tional lawyers to prepare the report on the juridical prob-
lems. The North Sea Island Group was pleased to find avail-
able Dr. L.J. Bouchez (University of Utrecht), Prof. R.Y.
Jennings Q.C. (Cambridge), and Prof.Dr., G. Jaenicke (Heidel-
berg), to prepare this study. Their report is now available
for those interested outside the North Sea Island Group and
can be obtained from the Secretariat of the Group at 20 Ros-

molenweg, Papendrecht, Netherlands.

This extremely valuable and highly interesting report starts
from the assumption that the North Sea Island Group would

not venture upon the construction of an artificial island

in the North Sea without the authorisation and sponsorship

of the appropriate government as such authorisation would,

in their view, be a legal requirement. One would hardly con-
template making, without government backing, so large an in-
vestment in a venture which would manifestly entail interna-

tional responsibilities and repercussions.

However, as there is as yet no body of international law
which expressly regulates the construction of artificial is-
lands, even though it is one of the subjects in the very long
agenda of the ongoing international Conference on the Law of
the Sea, it has been necessary to discover the legal position
by a process of deduction from the corollaries of general
principles of international law and from the rules of inter-

national law applicable to analogous situations and activities.
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On the basis of these deductions the juridical report comes
to the conclusion that since the North Sea has continuous
continental shelf, an artificial island in the high seas

of the North Sea can only be constructed on the continental
shelf of one of the coastal states. And since an artificial
island may substantially affect the "sovereign rights" of the
coastal state in respect of the natural resources of the con-
tinental shelf; and since the coastal state”s interests are
directly affected by permanent structures before its coast;
it follows that the coastal state has the right to give or
refuse its consent to the construction and use of such an

island.

Following this it is clear that the report continues to state
that the coastal state may take the necessary measures to
protect its exclusive competence to authorise the construc-
tion of an artificial island and to prevent, in the last re-
sort with appropriate enforcement measures, any unauthorised
construction of an artificial island on its continental shelf.
The coastal state has jurisdiction to regulate, in its muni-
cipal law, the procedure under which such authorisation may
be obtained, and to apply criminal sanctions to any unautho-
rized construction. 1In exercising its legislative and en-
forcement jurisdiction over artificial islands, the coastal
state may in principle extend any rule of its municipal law
to activities taking place on the island if it considers such

extension necessary.
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It is evident that the report goes into a number of other
questions as well, such as the need for safety zones during
the construction stage, the construction of islands within
territorial waters, the problems of liability of the autho-
rizing coastal state, unjustifiable interference with other
permitted uses of the seas by third states or their nationals,
but for the time being the most important outcome of the re-
port for the North Sea Island Group was the certainty that

no major legal obstructions exist prohibiting the construc-

tion,

In March 1974 the Interim Report on phase A of the feasibility
study was completed and its three volumes were given restric-
ted circulation because of the preliminary nature of the re-
port. Only the fourth volume, the Juridical Report, can be
considered final. 1In phase A the conclusion is reached that
on the basis of technical and economic considerations three
locations are to be studied further, i.e. West of Hook of
Holland, East of Great Yarmouth, and the location on the
Brown Ridge near the tidal amphidromic point in the southern

part of the North Sea.

Phase B of the study has now started in which social aspects

and the inherent labour problems, e.g. the cost factor of the
labour aspect, will be studied, together with management and

exploitation problems as well as environmental questions.Also
the problem of financing will be gone into and the economic

aspects related to the establishment of a cluster of different
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industries on the island, enabling to make provisions for

collective infrastructural layout and arrangements.

It is especially the environmental problem, not only re-
lated to the construction of the island itself, but also
to its occupation and the need of the industries thereon
to dispose of their waste and effluents, that has to be
studied carefully. Related thereto is the establishment

on the island of a multi-purpose waste disposal and re-
cycling plant and its influence on the total environmental

impact of the island.

For this reason the North Sea Island Group has set up a
Working Group consisting of a number of "user-industries"
which consider construction of plants on the island. They
could invite whoever they deemed necessary to guide them in
their deliberations and in proposing applicable and adequate
measures to reduce the negative impact of the island on the
environment to a minimum. At the same time a governmental
Working Group started its work and as this group comprises
representatives from all ministries which are in one

way or another responsible for certain environmental aspects,
it is justified to express the hope that their findings will
reflect the viewpoint of the Government as a whole. At a
later stage it may be necessary to reconcile what is politi-
cally and governmentally desirable, with what is scientifi-

cally justified and industrially feasible. This "user-in-
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dustry" group and the governmental group together carry
out the required technology assessment necessary to enable
us to foresee what will be the impact on the environment
of such an artificial island in the chosen location. The
required technological-economic~social-juridical assess-

ment is carried out by the North Sea Island Group as a

whole.

Now that phase B of the study has proceeded for eight months
it looks as if the location West of Hook of Holland becomes
the most interesting. There are four political mainstreams
which influence the West Hook of Holland location in a posi-

tive way. They are:

1) the deepening of the approach channel to Rotterdam and
Europoort and the need for construction of an offshore
shelter harbour for damaged ships,

2) the future full occupation of the land around the Europoort
harbour for which an artificial island will become a com-
plementary, if not also a supplementary, aspect,

3) the problems related to the acceptance of LNG tankers in
harbours with a constant high-density traffic stream, and

4) the necessity of nuclear energy for the Netherlands and
the fact that an off-shore power plant will find unliimited
amounts of cooling water with little impact on the environ-

ment.
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It is the viewpoint of the North Sea Island Group that after
the termination of the feasibility study in the spring of
1975, industries interested to carry the concept of an arti-
ficial island further into the stage of actual construction,
should pool their resources in a development and exploitation
company of which the form and modalities are now under con-
sideration. It is already clear, however, that government
support and participation in one way or another, 1is degirable.
After the termination of the feasibility study the North Sea

Island Group may cease to exist or may be asked to carry out

further complementary studies. At the same time, however,
a new body should be in existence consisting of industrial
partners who want to be financially involved in the possible
realization and exploitation of an artificial island, which
body should have legal status and should carry on the delib-

erations with the government authorities.

The construction of an artificial island in the North Sea

is legally acceptable and technologically possible. The
feasibility study already has shown that it is economically
interesting. Social and labour implications will prove to

be most important parameters on which further cost-benefit
analyses are to be based, whereas the environmental impact
will influence our well-being for better or for worse, butun-
less I am very much mistaken, for the better. Government
support, participation and protection, however, are needed,

especially in this very first endeavour in the North Sea.





