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Abstract

Space heating accounts for a substantial fraction of the end-energy consumption in a
large number of industrialized countries. Accordingly, efforts have been under way since
many years to utilize nuclear energy as a source for district heating. The paper describes
the key technical and institutional issues affecting the implementation of such technology.
It is argued that the basic case for nuclear district heating is sound but that its introduction
merits and drawbacks strongly depend on local circumstances.

1. INTRODUCTION

It is well known that the largest individual fraction of all energy consumed by society
is in the form of sensible heat. Even though there are differences between different
countries, mainly due to climatic circumstances, above statement is generally valid. On a
world average, about 50% of all primary energy is used for heat, about 20% for
transportation and the remainder of 30% for generating electricity. To a very large extent
fossil fuels are used for meeting these needs for energy. In absolute terms, the world
primary energy consumption in 1992 was just below 12 TWa/a. Even in more restrictive
scenarios, the total consumption is expected to double until about the year 2020.

In contrast to the general thinking in, say, the early seventies, there is today little
doubt that there will be no shortage of reasonably priced fossil fuel resources for the
foreseeable future. But also in contrast to earlier thinking, concerns over the environmental
consequences of such a massive use of fossil fuels have increased substantially and, perhaps
more important so, are in principle shared by both the general public and the decision makers
in practically all countries of the world. Whilst there is still scientific controversy about how
serious the greenhouse effect related to burning of fossil fuels actually is, and whilst there
is still political controversy about how to curb the use of such fuels how fast, there is, again,
little dispute about the position that their use has to be limited. The key words in this
context are the big and important conferences on environmental issues held at Toronto and
Rio de Janeiro, respectively.

2. THE RECORD OF NUCLEAR POWER AND ITS CURRENT ISSUES

And this is where "we nuclear people" think that we have a good answer. The
majority of energy experts the world-over, including those with a critical position towards
nuclear energy, seem to agree that there is currently no alternative for a large scale
substitution of fossil fuels at acceptable cost, with the latter two constraints being of decisive
importance.
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Nuclear energy, however, is not without controversy, as is well known. It would
need another paper to review this complex issue because there are many facets to it which
would need detailed individual evaluation. Here only a few remarks, almost as personal
observations, will be made to fence-in, so to speak, our playing field.

The first one is that, by and large, nuclear does have an excellent record. According
to the IAEA Power reactor Information System (PRIS), by the end of 1993 there were 430
reactor units connected to the grid with a total capacity of 337.8 MW(e). The accumulated
experience amounts to about 6,900 reactor-years. During 1993, 9 reactors (8988 MW (e))
were connected to the grid in Canada, China, France, Japan, Russia and in the USA, and
another 8 reactors with 5627 MW(e) are expected to achieve grid connection in 1994.
Today, 17 % of the world's electricity consumption is supplied by nuclear power. In absolute
terms this is more than the world consumed in total at the time when the first nuclear reactor
produced electricity.

As Fig 1 shows, we have accumulated the 6900 reactor-years of operation with,
essentially, only two very severe accidents, of which only one resulted in very severe
consequences to the environment. Fortunately, this latter one can, with some qualification,
be considered as a singularity which is not representative for the vast majority of currently
operating reactors. In other words, staying with the accepted design approaches and safety
principles, a point addressed in another paper of this conference, to which most operating
reactors have been designed gives confidence that the future record will be at least as good
as the present one. At least as good implies better than today, as the goals for the future
strive for even better performance, also in safety.

This then leads to the second point which is only now becoming apparent in a way
that is still somewhat diffuse. Much of the criticism about nuclear energy seems to be
shifting away from the concern about immediate personal injury associated with severe
accidents to questions of collective "damage", mostly in terms of affecting the environment,
rather than health injuries, to questions regarding long-term waste disposal, or rather, the
predictability of its consequences, and, finally, to questions of misuse of civilian nuclear
technology, namely proliferation. In either case, the (relative) position does not seem to be
hopeless for nuclear, in fact, it looks very promising. In regard to environmental concerns
and to long-term waste disposal, a comparison with fossil fuels would seem to give nuclear
a decisive advantage. Again, this paper cannot deal with the proof, the statement has to
remain as such. This would also apply to the question of non-proliferation. Diverting
plutonium from the fuel cycle of commerical reactors and manufacturing it into crude, low-
yield and rather unreliable explosive devices would just seem to be too cumbersome.

The third, and in many ways most important point is as follows. Although the above
may give the impression that nuclear "has little to fear" because its benefits seem by far to
outweigh its drawbacks, it should not be overlooked that economic viability, that is
competitiveness, is the key criterion. If that is not fulfilled, there will be no nuclear power.
This is a point that some within the nuclear community seem to neglect. They argue that in
view of nuclear's benefits it would not matter much if it were "a little more expensive". To
a certain extent they seem to be justified by the presumption, a topic for research, that even
though energy cost rose in the past, its share in the "bread basket" has fallen. As a
consequence, they argue, additional cost, whatever for, safety or special applications, should
not be a point of great concern. The resulting question is not an easy one to answer. But
prudence would require not to assume this "additional degree of freedom". To paraphrase
a word ascribed to U.S. President Lincoln: you can fool the market for some of the time,
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FIG. 1. Cumulative commercial NPP experience in reactor-years.

but you cannot fool the market all of the time. Nuclear has to maintain its economic
advantage in spite of its environmental benefits. This then would be an overriding premise
for the following discussions.

3. RATIONALE AND BOUNDARY CONDITIONS FOR NUCLEAR
DISTRICT HEATING

3.1. The basic rationale

The idea of using nuclear energy for district heating is by no means a very new one,
be it for economic or for environmental reasons. At least for the West, and for civilian
applications, it dates back to the sixties when, e.g., in Sweden the Agesta reactor, in
operational terms, very successfully supplied 55 MWth to heat a suburb of Stockholm for a
number of years. On account of the then very low oil prices, this type of nuclear application
was not expanded, however. Renewed interest arose after the first oil crisis in 1973/1974
in a number of countries. This lead, inter alia, to the investigation of different types of
dedicated nuclear heating reactors as well as to studies and, more important so, to the
realization of projects where heat is extracted from the low pressure stage of a turbine fed
with steam generated by a nuclear reactor (nuclear co-generation).

A most successful example for the latter approach is the REFUNA Project in
Switzerland where about 100 MWth are being extracted in winter from the Beznau Nuclear
Power Plant. REFUNA is also interesting in that it seems to show that district heating is not
just a domain for areas with a very high agglomeration of dwellings as is characteristic for
big cities with high-rise appartment buildings.
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Nuclear co-generation for district heating is being practiced to a larger extent in many
countries of the former Eastern block (e.g. Bilbino and Beloyarsk in Russia, or Bohunice and
Bukovany in former Czechoslovakia). There is thus much precedent and experience. It is
also complemented by the experience with supplying nuclear process heat for industrial
applications in many countries (e.g. Douglas Point in Canada, Stade in Germany, or Goesgen
in Switzerland).

The basic rationale was, and still is, always the same: fulfilling a need in the most
competitive way and doing so in an environmentally beneficial manner. As was already
pointed out earlier, this latter aspect is nowadays becoming more and more important.
However, its proper assessment in terms of its always present twin condition, namely
economic competitiveness, still suffers from not having a generally accepted methodology
that helps in making the proper decisions.

If one studies the many proposals for dedicated nuclear district heating plants, as
members of the more general class of small or very small reactors, one often comes across
yet another rationale. It is seldom clearly spelled out, but it does seem to center around the
following argument. Turning to small reactors, for purposes where they have to be small
on account of the characteristic application, could help to give a needed boost to the
revitalization of nuclear in general. In support of this rationale it is said that the seemingly
less demanding technical requirements, including those related to assuring adequate safety,
would open up the opportunity for many more entities to participate in the nuclear business
and to contribute to its revival. Be this for smaller countries with a weaker infrastructure,
or for smaller customers with limited needs, or be it for smaller companies with limited
resources, or for appropriate combinations of these key elements is the essence of the
argument. A final argument often quoted in support for smaller reactors derives from a
general tendency in many countries to "do things at the local level by the local institutions"
in an apparent diffuse dissatisfaction with "centralized activities".

Whilst many of the above arguments seem to have some merits, it is currently very
difficult to assess their respective weights and to draw general conclusions.

3.2. Boundary conditions for dedicated heating reactors

In this context it is useful to recall what is already in existence in terms of fossil
fueled district heating. Figures 2 and 3 show for some selected countries the installed
capacity, absolute and per capita, of district heating. The figures would provide a first
feeling for what nuclear could contribute and under what conditions.

In a general way the figures show two things. First, installed capacities are relatively
large in total capacity. Second, there seem to be distinct differences between the countries
looked at, and even between different regions for a given country. These differences already
point to something which would have to be considered later under the heading of
"Prospects". To anticipate the most general finding: it is difficult to generalize!

The first figure on installed capacity shows that the total capacities are by no means
negligible. To work with the figure for Germany, almost 56,000 MWth installed is a large
capacity even when considering mat the average load factor is less than 2500 hours per year
because of climatic conditions, as opposed to 6000 or 7000 hours per year for typical
electricity generating plants. What this figure does not show, however, is that these 56000
MWth (peak) are supplied by more than 600 individual, that is non-connected, hot water, or
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in some cases, hot steam grids. This already points to a first very important aspect of the
present discussion: since hot water is expensive to transport per unit useful energy, grids,
and thus heat sources, have to be small.

But even that cannot really be generalized as it depends much on demographic factors
that can vary largely in a given country. To stay with Germany, the city of Munich has four
grids that, if combined, would amount to more than 1500 MWth, thus far more than the
average of about 100 MWth per grid that can be inferred, on the average, from the figure
given before. The same is true for other cities like, e.g. Hamburg and Berlin. In other
words: there is a very large spread in installed capacities.

The city of Moscow, to look to another country as an example, is reported to have
about 10,000 MWth of installed capacity. On the other extreme, detailed studies made in
Switzerland (or in Canada) point to optimal grid, and thus reactor sizes of distinctively less
than 50 MWth, typically 10 to 20 MWth. To repeat: generalization is very difficult from
the point of demographics.

But this is not all. Matters become even more difficult as heat, particularly of low
temperature as for space heating, can be produced in a number of ways, each relatively close
to the other as far as overall economics are concerned. The spectrum ranges from
centralized sources, either as pure heat boilers, to co-generation (see fig. 2) for good
economic reasons, to "oil-via-truck", or "natural gas-via-pipe", or electric heating, either
directly by resistance heating, or indirectly by heat pumps. Direct furnace-heating with solid
fuels is almost negligible in many Western countries. For people thinking in terms of
electricity generation, with the "relatively cheap big grid" these alternative and quite
competitive means of providing residential heat is a circumstance that needs to be
appreciated.

The main result of this discussion on the boundary conditions which affect district
heating is this: beware of generalizations, even though this is a temptation in any overview.
To further illustrate this point, look at fig.3 showing the per capita installed capacity of
district heating. The somewhat surprising conclusion is that many countries with a relatively
low average population density seem to have a high per-capita installed heating capacity, with
the obvious commonality of belonging to "cold clima" zones (e.g. Finland, Sweden, Russia).
Again, general conclusions are not easy to arrive at. It is obvious that a case-by-case
analysis is needed for any individual heating district. This would seem to be the most
important conclusion for the present meeting as will be emphasized later.

3.3. Current status

The preceding sections dealt primarily with general observations in an attempt to
explain the many boundary conditions nuclear district heat applications have to face. It was
stressed several times that, primarily on account of the multitude of such boundary
conditions, it would be difficult to come to specific conclusions that are universally
applicable.

A brief historical review of the many approaches reveals this situation. Starting in the
optimistic sixties, reinforced and accelerated after the first oil crisis, a large number of
approaches and concepts were proposed. Some of them have been investigated to a
considerable detail, both analytically and experimentally. And, most important, a very few
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even reached the status of an integral test and/or construction of a full-sized prototype
(China, Canada, Russia).

Above development work was not done in secrecy. In fact, many concepts were
presented and discussed at the different fora the IAEA provides within its charter of
responsibilities. Table 1 gives a condensed overview covering about the last 15 years. As
most of the participants to this Advisory Group Meeting are experts in the field, there is no
need to elaborate much on it.

This table is simply meant to lead to the question that we should not avoid, because
if we do not ask it, others will. Why, except for China and Russia mainly, has the
enthusiasm for dedicated heating reactors almost vanished in other countries? An answer to
that question -if a good one can be found- is not only necessary for the next chapter of this
paper which is entitled "Prospects", but also, and perhaps even more so, to help that the
general nuclear pessimism, abounding in many parts of the Western world, does not creep
into those countries that still have or want to maintain a strong nuclear program.

A tentative answer to above question, to be considered mostly as a personal
observation of the author, may be given on the basis of the experience in Germany.

To anticipate the answer: the reasons for not actively continuing the Siemens
NHR-200 were a mix of economic factors, political considerations, aspects of infrastructure,
a certain negative feedback from the difficult situation "normal" nuclear power is currently
exposed to, and to something that could perhaps best be described as unfortunate timing. It
may be argued that, except for economics, none of the previous factors would have been
sufficient alone to cause the current hiatus of the NHR, but in combination they did.

Two things are important in this context. Firstly, except again for economics, all
above factors are very country (or even region) specific. Much in line with was said earlier,
although within a different context, it is difficult to generalize. In particular, the German
situation cannot be representative, for instance, for China or for Russia. The second
important point is that both, developers and potential customers had (and still have) no doubts
in the general technical feasibility and in the task of demonstrating adequate safety for the
German NHR concept. This is an important aspect in the context of the current meeting.

All the factors mentioned so far presumably also exist as topics in other countries.
However, both their specifics and their relative weights may be significantly different such
that a generalization is not possible. This will be illustrated with some further remarks on
the German situation.

To start with the most important factor of energy economics, the conditions in the late
seventies were very favourable for dedicated nuclear heating in comparison to fossil
alternatives. Coal was, and still is, notoriously expensive (several times world market price).
Because of a national policy to keep German mines open, import of foreign coal is severely
restricted. Oil was also very expensive and was generally expected to rise even further, quite
in contrast to what actually happened (Fig. 4). Gas prices tended to follow those of oil and
where thus no threat. In this context it should be noted that the comparison was made on
the basis of what was earlier termed "oil-via-truck" and "natural gas-via-pipes" to the
individual dwelling, as these modes are dominating in space heating in Germany. Finally,
the developers were convinced that they could come up with a heating reactor that would be
only marginally more expensive in terms of DM/kW-thermal than a big electricity producing
NPP.

31



Table 1: International Meetings on District Heating Reactors

Meeting

ENS/ANS/Finnish Nuclear
Society, "Low Temperature
Nuclear Heat"

IAEA-TCM, "Nuclear Heat
Application"

IAEA-AGM, "Potential of Low
Temperature Heat Application"

IAEA-AGM, "Low Temperature
Heat Applications: Nuclear
Power Plants for District
Heating"

IAEA-AGM, "Small reactors for
Low Temperature Heat
Applications"

"Nuclear Applications for Steam
and Hot Water Supply"

Location/Publication

Helsinki, Finland

Cracow, Poland

Topical Report

Wiirenlingen, Switzerland

TECDOC-397

Prague, Czechoslovakia

TECDOC-431

Winnipeg, Canada

TECDOC-463

TECDOC-615

Date

August 1977

December 1983

September 1985

June 1986

1987

1987

1991

Reactors Discussed

SECURE-200 (Asea Atom), Thermos-100 (CEA),
CAS-50 (Technicatome), IPWR-200 (Interatom),
CNSG-400 (B&W), DHAPP-500 (Kurchatov
Institute), HTGR-Steamer (General Atomic)

AST 300-500, NHR-200 (KWU), Slowpoke-10
(AECL), HHR-10 (EIR), Various HTRs for
process heat application (FRG, USA, Japan)

AST-500, SHR 10-50 (EIR), Slowpoke-10, AST-
300 (USSR & Czechoslovakia), CAS, Thermos,
SECURE

Slowpoke-10, NHR 5-200 (INET, PRC), CAS,
Thermos, NHR-200, SHR-10, Geyser-10 (SIN),
GHR (BBC & EIR) AST-500, HERE-200 (UNI-
Duisburg)

Slowpoke, GHR, SHR, Geyser, [Triga Power
System (TPS, General Atomic), small co-
generation plant]

Most of above concepts
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FIG. 4. Evolution of oil prices in Europe.

As to the next factor, policies, one was already mentioned in the paragraph before.
The second concerned new emission standards. Within about 10 years from the first idea of
a NHR, all fossil fired power plants had to implement expensive backfitting measures. That
affected also those plants that provide energy to the district heating grids. As there was also
at that time a certain excess capacity in electricity generation, with the consequence that
many coal fired co-generation plants were almost only used to supply heat, another rationale
was seen for dedicated heating reactors: to replace those coal stations that had to be
backfitted. But the heating reactor was not yet ready, and upgrading coal plants "won" the
time race.

Regarding the point of infrastructure, it is important to know that Germany has no
law that generally mandates which type of heating is to be provided for individual dwellings.
This in turn limits the growth of district heating (since many years of the order of 2 to 3
percent per annum) in accordance with competitiveness, and thus would also put certain
limits to an expansion of nuclear heating plants produced in series. Another infrastructure
aspect is that many residential areas are relatively new, such there is little potential for a
substantial re-construction of "old" heat sources which could positively influence the growth
of district heating.

The German NHR development was also negatively affected by the slowdown of the
nuclear business in general, which to explain would be beyond the scope of this paper. This
caused needed development funds to dry up and made potential customers hesitate to engage
themselves in a new and controversial technology. This in particular, because many district
heating facilities are owned by small communal utilities which thus far have very little, or
no nuclear experience, and which are much more exposed than private utilities to the split
that runs through the big political parties on the application of nuclear power.
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By unfortunate timing is in essence meant that the mandated implementation of
stringent anti-pollution measures fell together with a slow-down of the nuclear business and
an increased public controversy over this energy source. When taken together, all the factors
mentioned before turned out to be very detrimental to NHR development in Germany.

4. PROSPECTS

From what was said so far, two things would seem to be obvious. First,
environmental concerns, particularly regarding an unrestricted expansion of the use of fossil
fuels, almost inevitably pre-programmed, not only supports, but also necessitates expansion
of nuclear power into the dominant sector of providing sensible heat, much of it at relatively
low temperatures. It would also seem that the groundwork for such an expansion should be
taken up as soon as possible in view of the relatively long time constant associated with
establishing a proven nuclear system. The basic rationale: environmentally clean energy at
acceptably low cost is not only still valid, but is gaining weight in view of the increasing
concerns about global warming.

The second point is that laying groundwork and subsequent expansion is a process that
cannot be accomplished in more or less identical ways in all countries where (nuclear) district
heating is a meaningful option. The key factors that have to be considered in each individual
case simply vary too much with good reasons.

This should have become obvious from looking at the German case and comparing
it to the situation in China or Russia. This comparison was not made since it was neither
the purpose of the paper, nor is the author sufficiently knowledgeable on the specifics of
these two latter countries. In addition, it would seem too presumptious to do so on this
occasion where the respective experts are present.

However, this author has had the privilege to intensively work together with the
specialists of the host of this meeting, INET, on the NHR development for China. And from
the many discussions he had, he is convinced that the NHR does have a future in China,
because circumstances are very different from Germany. This would also seem to be the case
for Russia, even though the author has had only few occasions to discuss the prospects of
heating reactors in that country.

5. CONCLUSION

The conclusion can be brief. The case for nuclear district heating is sound if one
looks beyond the immediate future. Its practical implementation depends on a number of
factors that can differ largely from country to country, requiring thus a case-by-case
approach. As it currently stands, countries like China and Russia, although very different
from each other, have good opportunities, again for different reasons, to further the idea of
district heating with reactors specifically designed for this purpose.
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