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by

G.F. Lynch and I. Papp

ABSTRACT

Hungary supplies only half of its energy requirements from domestic
resources and is very dependent upon imports of oil, natural gas and elec-
tricity to meet the current demand. In planning to reduce the dependence
on imports, nuclear technology is considered an important element in the
long-term energy strategy. To this end, an aggressive nuclear electricity
generation program is being implemented with four 440 MWe units now operat-
ing and tvo 1000 MWe units committed. However, nuclear technology must be
used in other energy sectors if the goal of long-term energy independence
is to be achieved.

On the demand side, 30% of the primary energy is consumed in the public
sector, the major component being residential heating. Of the 3.7 million
apartments in Hungary, 500 000 benefit from being connected to municipal
district heating systems that use natural gas or oil as the energy base.
This is, therefore, another significant energy sector that is amenable to
using nuclear technology to substitute for imported oil and natural gas.

In assessing alternative nuclear heat sources, a joint study was undertaken
between Canada and Hungary to determine the feasibility of using the
SLOWPOKE Energy System that has recently been developed. The SLOWPOKE
Energy System is a benign nuclear heat source designed to supply 10 thermal
megawatts in the form of hot water for local heating systems in buildings
and institutions. It uses a combination of inherent safety features,
including natural convection circulation and negative reactivity coeffi-
cients, and engineered features to ensure an extremely safe system. A
SLOWPOKE demonstration healing reactor has been constructed in Canada. The
unit started operation in 1987 July and is currently undergoing an exten-
sive test program.



Since the nuclear heat source is small, operates at atmospheric pressure,
and produces hot water below 100°C, the complex high-pressure and high-
temperature systems essential for electricity production are eliminated.
As a result, the nuclear heat source can be located close to the load and
will require a minimum of operator attention. In this way, a SLOWPOKE
Energy System can be considered much like the oil- or natural gas-fired
furnace it is designed to replace.

The extensive use of hot water district heating systems in Hungary offers
the opportunity to exploit such simple nuclear systems as base load heat
sources without an extensive retrofit of the existing systems. In addi-
tion, the studies have concluded that there are many economically attrac-
tive sites for 10 MW SLOWPOKE Energy Systems within the existing networks.
The low capital investment requirements, coupled with a high degree of
localization, even for the first unit, are seen as additional factors that
facilitate the transfer of the technology to Hungary.

Simple nuclear heat sources, such as the SLOWPOKE Energy System, when
applied to the Hungarian district heating systems, offer the prospects of a
significant reduction in the dependence on imported fossil fuels in the
long term.
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Chalk River Nuclear Laboratories
Chalk River, Ontario KOJ 1J0

1989 September
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ÉNERGIE ATOMIQUE DU CANADA LIMITÉE

LES PERSPECTIVES DE CHAUFFAGE NUCLÉAIRE EN HONGRIE

par

G.F. Lynch et I. Papp

RÉSUMÉ

La Hongrie ne satisfait que la moitié de ses besoins d'énergie par des res-
sources intérieures et dépend beaucoup de l'importation de pétrole, de gaz
naturel et d'électricité pour satisfaire la demande actuelle. Dans le
projet de réduction de la dépendance vis-à-vis de l'importation, la techni-
que nucléaire est considérée comme élément important de la stratégie éner-
gétique à long terme. À cette fin, on y met en oeuvre un programme agres-
sif de production d'électricité nucléaire par quatre réacteurs de 440 MWe
en exploitation et deux autres réacteurs de 1 000 MWe engagés. Toutefois,
il faut se servir de la technique nucléaire dans d'autres secteurs de
l'énergie si on doit atteindre le but qui est l'indépendance énergétique à
long terme.

Du point de vue de la demande, le secteur public consomme 30% de l'énergie
primaire, la majeure partie étant le chauffage d'habitations. Des 3,7 mil-
lions d'appartements, il y en a 500 000 qui bénéficient du raccordement aux
réseaux de chauffage urbain au gaz naturel ou au mazout produisant l'éner-
gie de base. C'est donc un autre secteur important de consommation d'éner-
gie prêt à utiliser la technique nucléaire pour remplacer le pétrole et le
gaz naturel importés.

Pour évaluer d'autres sources possibles de chaleur nucléaire, le Canada et
la Hongrie ont effectué une étude en commun permettant de déterminer la
possibilité d'utiliser le Système Énergétique SLOWPOKE réalisé récemment.
Le Système Énergétique SLOWPOKE est une source de chaleur nucléaire bénigne
conçue pour fournir 10 mégawatts thermiques sous forme d'eau chaude à des
systèmes de chauffage locaux d'édifices et établissements. Il comporte une
combinaison de caractéristiques inhérentes de sûreté, dont la circulation
par convection naturelle et des coefficients de réactivité négative et des
caractéristiques incorporées (technologiques) afin d'assurer un système de
haute sûreté. On a construit un réacteur SLOWPOKE de chauffage de démons-
tration au Canada. Il a commencé à entrer en service et est en cours
d'essais poussés.

Étant donné que la source de chaleur nucléaire est petite, fonctionne à la
pression atmosphérique et produit de l'eau chaude au-dessous de 100°C, il
n'y a pas les systèmes complexes à haute pression et haute température
essentiels à la production d'électricité. On peut donc installer la source
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de chaleur nucléaire près des utilisateurs de la charge et cette source
demande un minimum d'attention de la part de l'exploitant. On peut ainsi
considérer un Système Énergétique SLOWPOKE tout comme la chaudière au
mazout ou gaz naturel qu'il est destiné à remplacer.

L'emploi répandu de systèmes de chauffage urbain à l'eau chaude en Hongrie
donne la possibilité d'exploiter de tels systèmes nucléaires simples comme
sources de chaleur à charge de base sans apporter de grandes améliorations
aux systèmes existants. En outre, les études ont permis de conclure qu'il
y a de nombreux sites possibles, intéressants économiquement pour implanter
un Système Énergétique SLOWPOKE (SES) de 10 MW dans les réseaux existants.
On considère que le faible investissement de capitaux nécessaire ainsi que
le haut degré d'implantation, même pour le premier SES, sont d'autres
facteurs facilitant le transfert de la technique à la Hongrie.

De simples sources de chaleur nucléaire, telles que le SES, donnent des
possibilités de réduire de façon importante la dépendance vis-à-vis des
combustibles fossiles importés, à long terme.

Groupe commercial des Systèmes Énergétiques Locaux
Laboratoires nucléaires de Chalk River

Chalk River, Ontario KOJ 1J0
1989 septembre
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1. STRATEGIC SIGNIFTCANCK OF NUCLEAR HEATING

The demand for economic and reliable energy sources is driven by the growth
in the world's population and the essential role which energy plays in
industrial development. Global energy requirements, expected to double
over the next 40 years (1), will seriously challenge suppliers in their
ability to meet the demand. Ultimately, efficient energy utilization will
become singularly important.

Industrialization and economic development manifest themselves in urbaniza-
tion. Such is the case in Europe and, in particular, Hungary where 60% of
the population live in towns and cities exceeding Ib 000 inhabitants. Urban
dwellers consume significantly more energy per capita compared with their
rural neighbours (2). Consequently, concentrated and environmentally accept-
able energy sources, combined with efficient distribution systems, are now
recognized as essential to meet urban energy demands.

A substantial part of '.he energy load in cities provides thermal energy for
heating buildings and 'their accompanying hot water supply. District heat-
ing systems are considered an appropriate form of technology to supply
energy to a significant part of this energy sector. In Eastern and
Northern Europe, a large number of individual, intermittent, small heating
systems have already been replaced by large-scale distribution networks
confirming the benefits of district heating technology.

Over the last 30 years, hot water has demonstrated its economic superiority
over steam as the preferred heat distribution medium for the residential
market (3). Recent development programs now focus on the trend to lower
temperature water systems.

In determining the hot water heat sources for Hungarian district heating
networks, energy sustainability and environmental acceptability are now
emphasized in addition to the cost effectiveness of energy supply. Eco-
nomic development and protection of the environment must go hand in hand.
However, with the increasing energy demand has come increased pollution, in
the form of acid gas and greenhouse gases, caused by the combustion of
fossil fuels. Governments and, more importantly, the general public are
beginning to recognize this as the major environmental problem facing the
world as we move toward the next century (4,5).

Nuclear energy meets the challenges of sustainability and environmental
acceptability. It can compete economically with current fossil fuel prices
and can be readily accommodated into existing district heating networks,
provided the nuclear heat source is appropriately sized and specifically
designed to meet the technical requirements of this application.
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For these reasons, Hungary and Canada have collaborated for three years in
evaluating the prospects for nuclear heating in Hungary and assessing the
appropriateness of the SLOWPOKE Energy System (6) in this application. The
results confirmed that these systems offer the prospects of a significant
reduction in the long-term dependence on imported fossil fuels. In addi-
tion, many economically attractive sites for immediate implementation were
identified within the existing district heating networks.

2. HUNGARIAN ENERGY SITUATION

Hungary supplies only half of its energy requirements from domestic
resources and is very dependent upon imports of oil, natural gas and elec-
tricity to meet the current demand. Nuclear technology is considered an
important long-term strategy in reducing the dependence on imported fuels.
Consequently, an aggressive nuclear electricity generation program is being
implemented. However, nuclear technology must be used in other energy
sectors if the goal of long-term energy independence is to be achieved.
Nuclear heating offers the prospects for such further diversification.

2.1 Growth in Demand

Total energy consumption in Hungary doubled between 1960 and 1978, with an
average annual increase of 4.3%. In the period from 1978 to 1987, the rate
of growth dropped considerably to an annual value of 0.8% over the nine-
year period. Annual changes in consumption fluctuated between increases
and decreases and the dynamic, steady increases in the total energy con-
sumption becane a relic of the past.

The total energy consumption for 1987 was approximately 30 million tons of
oil equivalent. Of this total amount, approximately 50% was used in indus-
try, 30% by the general public and 20% in agriculture and transportation.

A modest growth rate of 2% per year is considered essential to support the
industrial reforms that are now being implemented.

2 . 2 Supply Situation

During this same period, there has been a considerable shift in the balance
between the pr^'ision of energy from domestic resources and that from
imports. While in 1960, the share of imports in the energy consumption was
only 26%, by 1978 it had reached 48% and it is currently exceeding 50%.

The change in the mix of fuel types has followed a trend that has been
experienced in other nations. In 1960, solid fuels--mostly coal--satisfied
7''.; of the energy demand. The increased use of hydrocarbons reduced the
consumption of solid fuels to 32% by 1978 and to 25% by 1987. Not only has
the share of solid fuels been decreased but the actual total quantity con-
sumed has also contracted during the period.
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By 1987, the energy supply balance was as follows:

30% from oil
29% from natural gas
252 from coal
8% from nuclear electricity
7% from imported electricity and other sources.

These figures indicate the significant dependence on hydrocarbons and the
growing importance of nuclear electricity. Almost 80% of the oil consump-
tion is imported, while imports of natural gas amount to approximately 40%.

Nuclear energy was introduced in 1983 with the commissioning of the first
440 MWe pressurized water reactor at Paks. By 1987, four units were fully
operational, supplying 25% of the total electricity requirements. A fur-
ther 50% is met by oil- and coal-fired generating stations and the balance
derived from imports. Further expansion of nuclear generated electricity
is considered strategically important for Hungary.

Although the overwhelming part of nuclear energy is currently used for
electricity generation, a small but significant portion is used for dis-
trict heating in residential communities close to the Pales station. This
use has established the precedent for nuclear technologies to fulfill a
strategically important role in municipal district heating systems.

3. THE ROLE OF DISTRICT HEATING

District heating has already achieved a significant role in meeting process
heat, building heating and hot water production demands in Hungary. Before
describing the heat source options and the potential role for nuclear heat-
ing, it is important to have an appreciation of the evolution of the dis-
tribution systems.

3.1 Installed Systems

The development of district heating in Hungary began in the 1950's with the
use of coal-fired power plants in cities to provide process heat for
industry. Initially, the heat demands were satisfied by reduced live steam.
Later, as the number of consumers using district heat increased, back-
pressure steam turbines were substituted for condensing turbines in the
power plants. Through this development, direct heat supply was replaced by
co-generation in district heating. In some communities this fuel saving
reduced the volume of combustion products discharged, thereby leading to
cleaner air.

The dynamic growth of district heating started in the 1960rs with the con-
struction of large residential communities consisting of multi-storey
apartments. Because of the design and construction techniques used, the
heat had to be supplied from central heating units.
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In the 197O's, the development of district heating was rapid, exceeding
substantially the rate of Increase in total energy consumption. The actual
rave of increase averaged 8.6% per annum for the first half of the decade
and 6.4% per annum for the second half. As can be seen in Table I, a
special feature of the development in this period was that the rates of
increase for the communal sector were much larger than that experienced in
the industrial demand. In fact, for the first half of the period, growth
rates in the communal sector averaged 18% per annum compared to 5% in the
industrial sector.

Heat consumption in the communal sector includes space heating and hot
water demands from residential, commercial and public buildings of which
apartment complexes are the largest consumers. The heat demand of the
communal sector is provided by hot water while the industrial sector is
served by steam at different pressure levels.

1970

1980

1987

HISTORICAL

ANNUAL E

39.4

80.9

90.3

TREND

NERGY
INDUS

30.

47.

46.

TABLE I

FOR DISTRICT HEATING

CONSUMPTION (PJ)
TRIAL COMMUNAL

7 8.

5 33.

4 43.

.7

4

9

IN HUNGARY

NUMBER OF
APARTMENTS

109 000

440 000

612 000

Note: 1 Petajoule (PJ) is equivalent to 278 Gigawatt-hours
(GW.h).

By 1980, the number of apartments connected to district heating systems was
approximately 440 000. The total energy consumption by the communal sector
amounted to 33.4 PJ, which was 41% of the total energy supplied by the
installed district heating systems.

From 1980 to 1987, district heating supplied to the communal sector con-
tinued to increase but at a lower rate of 4.6£ per annum. The number of
apartments connected to district heating systems in 1987 was 612 000 and
the communal sector consumed 43.9 PJ. In this same period, the industrial
consumption dropped slightly to 46.4 PJ, or just over 50Z of the total
energy supplied, as shown in Table I.
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These developments have resulted in 102 residential communities in Hungary
having district heating systems installed. The communities range from
large cities to small towns. The total installed capacity exceeds 10 000 MW.
A summary of the distribution of the installed capacity and the annual
consumption in these communities is presented in Table II.

TABLE II

DISTRIBUTION OF DISTRICT HEATING CAPACITY
IN RESIDENTIAL COMMUNITIES

NUMBER OF
COMMUNITIES

56

24

22

PEAK
CAPACITY

(MW)

<10

10 to 50

>50

ANNUAL
CONSUMPTION

(GW.h)

<30

30 to 150

>150

The largest district heating centre is the Hungarian capital of Budapest,
which has an installed capacity of over 2 600 MW. Of this installed capac-
ity, approximately 60% is provided by co-generation facilities with the
balance being dedicated heating systems. The distribution system is divided
into five municipal district heating networks with individual boiler sizes
in the dedicated heating plants ranging from 2 to 100 MWt. The total annual
heat energy delivered is 7 000 GW.h and the system services approximately
225 000 apartments.

3.2 Fuel Sources

The structure of the fuel-base for district heating evolved in a manner
similar to the total energy supply situation of the country. The increased
use of natural gas and oil was significant. Consequently, the share of
solid fuels dropped to 30% by 1980. However, with the changes in fossil
fuel prices in recent years, the consumption of solid fuels for district
heating has remained over 30%, while its share in total energy use in
Hungary in 1987 has dropped to 25%.

The major fuel source for district heating in 1987 was natural gas (53%),
the remaining balance being supplied by heavy fuel oil (15%) and light
heating oil (2%).
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The quantity of fuels used for existing district heating production
approached 10% of the total energy consumption of the country. A further
15% of the national energy consumption is dedicated to individual building
heating systems which are not currently connected to district heating net-
works. The predominant fuel source for these individual heating systams is
natural gas.

Alternative fuel sources are required not only to replace the heavy depend-
ence on imported fuel supply but also to permit the district heating
systems to expand, and thereby provide convenient and economic heat to a
larger fraction of the population. Nuclear heating offers the potential
for cost-effective heat supply that also meets the highest of environmental
standards and provides long-term energy security.

4. THE SLOWPOKE ENERGY SYSTEM

The SLOWPOKE Energy System, developed by Atomic Energy of Canada Limited,
is a 10 MWt heat source specifically designed to satisfy the needs of local
heating systems in building complexes, institutions and municipal district
heating systems.

Although the technical and licensing criteria for the application of
nuclear technology to this important energy sector are still evolving, it
is clear the existing power reactor technology is neither required nor
appropriate (6). A low-temperature nuclear heat source in the 5 - 20 MW
range offers the best prospects for supplying the hot water required for
the existing heating systems.

4.i System Description

The SLOWPOKE Energy System is a simple nuclear heat source capable of sup-
plying 10 MW of thermal energy in water at 85°C. At this power level, a
SLOWPOKE Energy System can heat 150 000 square metres of floor area or
approximately 1 500 individual apartments with an inflation-resistant fuel
source. As shown in Figure 1, it is a pool-type reactor designed to
operate at atmospheric pressure, thus eliminating the need for a nuclear
pressure vessel. Consequently, loss-of-coolant caused by depressurization
is impossible.

The reactor core, coolant riser duct and the primary heat exchangers are
installed in the pool contained inside a steel-lined concrete vault.
Double containment of the pool water prevents loss-of-coolant caused by
leakage.

Pool water serves as the moderator, heat transfer medium and shielding.
Primary heat transport from the core is by natural circulation of the pool
water through plate-type heat exchangers. Natural circulation ensures core
cooling without the need to rely on the reliability of pumps or the integ-
rity of electrical supply for pump motors.
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SLOWPOKE ENERGY SYSTEM

FIGURE 1: Schematic Diagram of the SLOWPOKE Heating Reactor Concept

The secondary circuit delivers heat to the distribution system by way of
the secondary heat exchanger. Thermal power is then measured in the
secondary circuit for the purpose of metering and calibrating the instru-
mentation in the primary circuit.

Absorbers under computer control are used for load following. Periodic
adjustments of these absorbers, by a licensed operator, compensates for
fuel burnup. The rate of removal of absorbers is limited by the speeds of
their electric motors. Use of a fully redundant control system reduces the
probability of unwanted shutdown to an acceptable level.

Should a loss of secondary flow occur, such as by a power interruption to
the pumps, the large pool volume delays core temperature rise. Conse-
quently, thermal transients extend over many hours. This factor, combined
with unique design features that limit reactivity change rates to very low
values, eliminates the need for fast-acting shutdown systems that are
essential for pressurized power reactors.

A liquid absorber release system will shut the reactor down over a period
of five minutes. Gadolinium nitrate solution flows into the pool by
gravity alone through two temperature actuated valves.
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Pool water is continuously pumped through ion exchange columns to maintain
water chemistry and control corrosion. Ion exchange columns can also
remove fission products from defective fuel and gadolinium nitrate should
the liquid absorber shutdown system be triggered.

The reactor pool is coveted by ;ir. insulated lid enclosing a gas space over
the pool. The air and walei vapour are continuously circulated through a
purification system and hydrogen reconbinor. After filtering and monitor-
ing, a small fraction of :.he c i i cu "J a t ing > over gas is vented by way of the
building ventilation exhaust system.

The goal oi the 10 MV SLOVPOKE Energy System design was to fully automate
all essential systems, thus allowing the unit to be operated for extended
periods of time without an operator in the reactor building. Essential
instruments will be monitored at one or more remote locations and a
licensed operator will always be on call, either by telephone or personal
paging system. A single remote-monitoring centre could manage the heating
and ventilating requirements of many building complexes in a number of
towns, cities or regions. Local staff would be responsible for maintaining
and testing non-critical equipment and responding to specific alarm
conditions. It is anticipated that these local responsibi1ities can be
undertaken by the existing heating plant staff. Although local staff will
have the authority to shut the reactor dovn in the event of an abnormal
condition being observed, the licensed operator is required for startup.

The 10 MV SLOWPOKE Energy System can be housed in a separate building or
building extension that measures 10 x 15 metres, as shown in Figure 2. The
reactor core and safety systems are being designed to remain fully func-
tional during and after seismic events.

The design process paid particular attention to partitioning the various
systems into separate modules to facilitate off-site manufacturing and
testing. This approach is also convenient for joint overseas projects
where local manufacturers will be supplying much of the plant. Since the
manufacturing technology that is required is not as sophisticated as the
high-temperature and high-pressure engineering needed for conventional
nuclear power stations, a high degree of local content can be achieved for
the first unit in most countries.

Use of factory-fabricated modules contributes to the short construction
time of one year that is proposed for the commercial units.

The SLOWPOKE Energy System is a benign nuclear heat source with many
intrinsic safety features which make it one of the safest nuclear energy
sources ever constructed. This safety element allows the system to be
operated with minimum operator attention and facilitates the licensing of
the system close to the load in urban areas. In this way, a SLOWPOKE
Energy System can be considered similar to the gas- or oil-fired boiler
system it is designed to replace.
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SLOWPOKE
ENERGY
SYSTEM 10MW

POOL

POOl \WE«
FUEL STORAGE RACK
PRIMARY HEAT EICHAHOE
MOVABLE ABSORBERS
flEACTOR CORE
CORC MODULE HOUSING

9 RISER DUCT
9 REACTIVITY MECHAMI5M
tO POOL COVER

11 ROD DRIVE ENCLOSURE

I? FUEL TR4N$FEA POOL

13 ELECTRICAL POWCR PANELS
>4 POOL PURIFICATION
15 CENTRAL HEATING PLANT
16 CONTROL ROOM
17 COVER GAS RCCIftCtJLATION
18 LIQUID A K O f l t E R SHUTDOWN
19 SECONDARY C I R C i m MODULE
20 CRANE
2t CHANGF ROOM

FIGURE 2: Cutaway View of the 10 MW SLOWPOKE Energy System as a
Commercial Unit

4.2 Status of the Canadian Program

Because of the uniqueness of the design requirements for a nuclear heat
source for district heating applications, it was recognized that a funda-
mental and thorough demonstration of the technology was required before
commercial units could be committed. For this reason, Atomic Energy of
Canada Limited (AECL) has constructed the SLOWPOKE demonstration heating
reactor at its laboratory facilities at the Whiteshell Nuclear Research
Establishment in Manitoba.

(i) Technical Demonstration

Construction of the SLOWPOKE Demonstration Reactor began in the spring of
1985 and the unit started operating on 1987 July 15. The main purpose in
designing, constructing and testing this 2 MWt facility is to validate, in
a demonstrative way, the required technical, economic and safety criteria
associated with this form of heating. The demonstrator, is currently under-
going an extensive test program that will culminate with extreme transient
tests and fuel performance measurements at the end of the first core life
in 1991/92.

Following the test program, the reactor will be used to provide heat for
buildings at the research site.
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Based on the knowledge learned from the design, construction, licensing and
operation of the SLOWPOKE Demonstration Reactor, the design of the 10 MU
commercial-sized unit is veil advanced. The conceptual design is complete
and the detailed design of all systems is actively being pursued. A
parallel component development and testing program has been implemented for
those systems changed from the demonstrator. On the basis of this work,
AECL is prepared to commit the construction of the first commercial unit in
Canada.

(ii) Regulatory and Public Acceptance

Although the technological demonstration is important, it is recognized
that another crucial element is the public and regulatory acceptance of
small nuclear systems in urban areas. This is very much a social
challenge. SLOWPOKE Energy Systems will bring nuclear technology close to
the public, not as remote megaprojects, but as small energy systems located
close to the people they serve. This implies that not only must the safety
and environmental issues be thoroughly reviewed by technical experts but
they must also be expressed in a manner that can be understood by individual
members of the general public with limited or no technical knowledge.

Canada's nuclear plant approval process involves the Atomic Energy Control
Board (AECB) and the Federal and Provincial Environmental Assessment Review
Offices. The AECB, as the official government regulatory agency, has the
primary responsibility for the assessment of the safety of the reactor
facility from the technical point of view.

The approach being taken for nuclear licensing for the first Canadian com-
mercial SLOWPOKE Energy System is based on the concept of "Early-Licensing"
which was originally developed for the nuclear power industry in Canada
(7,8). In this way, the safety principles and licensing criteria are
developed early in the project life-cycle to the extent that all basic
design issues that impact on safety are resolved prior to the construction
licence being issued.

Subsequent installations will then only need to address those site-related
issues that impact on the safety of the facility at a particular location.

The environmental review process addresses the question of the impact of
the project from an ecological and social perspective.

It is intended that a complete environmental assessment review process,
including formal public hearings, will be undertaken for the first instal-
lation. Although this has an impact on the project schedule, the social
acceptability of the technology is of sufficient importance to warrant a
thorough review. Public endorsement of the concept of nuclear heating is
essential if the technology is to contribute significantly to the nation's
long-term energy needs. This requires a thorough review and explanation of
the balance between the benefits to be gained from nuclear heating and the
real risks relative to other heat sources. This assessment is best under-
taken within the framework of the existing environmental review processes.
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(iii) First Commercial Unit

Several urban locations in Canada are being assessed for their suitability
for the construction of the first commercial 10 MUt SLOWPOKE Energy System.
In 1988 March, one of these sites, the Centre hospitaller universitaire de
Sherbrooke, in the province of Quebec, announced publicly its intention to
give serious consideration to the installation of a unit. As a result of
detailed economic evaluation, the SLOWPOKE Energy System was found to be a
competitive source of heat for the hospital. However, in 1988 December,
after considerable public debate conducted mostly through the local madia,
the hospital was obliged to interrupt the studies. The consideration of
the project was therefore stopped before the formal environmental review
process could be initiated. Investigations have since been launched at a
number of alternative sites suitable for the application of a SLOWPOKE
Energy System.

This highlights the dilemma currently faced, not only by Canada but also by
many countries as they approach nuclear project decisions. How does one
address the emotional issues currently associated with a nuclear project,
with processes that are designed to assess the ecological impact, safety
aspects and economics in a logical and formal manner? It is unlikely that
this dilemma can be resolved without an effective public information pro-
gram strongly supported by the government.

4.3 Economic Analysis

In addition to fuel security and environmental acceptability, a fundamental
consideration for any heat source is its economic competitiveness. The
financial analysis should involve the initial capital investment, the fuel
costs, the operating and maintenance requirements, and load factor.

The capital cost of a SLOWPOKE Energy System built in Canada ranges from
$5M to $7M depending on the nature of the site. This capital investment,
in terms of $/MW of thermal energy, is significantly lower than the equiv-
alent cost of a nuclear system designed for electricity production. This
results from many factors, including the elimination of the complex pres-
surized systems and a short construction time. Subsequently, dedicated
nuclear heating systems can be competitive with fossil-fuelled heat sources
for base-load supply of district heating systems.

The low capital cost, combined with low operating expenses arising from
remote monitoring, results in the unit energy cost of heat from a SLOWPOKE
Energy System being $0.02 per kilowatt-hour, Canadian, for a unit built in
Canada with a load factor as low as 50Z. This levelized unit energy cost
includes the capital, fuel, operating and maintenance, spent fuel manage-
ment and the decommissioning of the facility at the end of its useful life.
The economic analysis is based on a 25-year amortization period for the
capital and a 5% discount factor.
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Until the actual cost of a SLOWPOKE Energy System localized for Hungarian
implementation has been determined, this economic analysis is based on the
costs for the Canadian reference unit, thereby eliminating the complexities
associated with fluctuating currencies.

Comparison with the <:o:U of heat i roiii fossil-fuelled systems is specific to
each country since it depends on government pricing policies including
local taxes, .subsidies, etc. To overcome these disparities, it has been
decided that the benehniaik u.-eu for the cost of alternative fuels vill be
the world price of crude oil. Furthermore, to eliminate potential confu-
sion in comparing overall costs, only the variable cost of heat from oil is
used--no allowance being taken £OJ the capital cost of the oil boiler or
the operating and maintenance costs. This approach is taken to permit a
realistic comparison oi the effect of substituting a SLOWPOKE Energy System
into an existing Hungarian district heating system and simply displacing
fossil fuel purchases.

Studies have confirm'', thai using a SLOWPOKE Energy System as a base-load
heat source in existing diats ict heating systems in Hungary can result in
load factors as high as 80%. Consequently, load factors in the range from
50% to 80% are considered. In this way, the situation foi both small and
large district heating networks is represented.

As mentioned previously, both heavy fuel oil and light heating oil are used
in Hungary. A comparison ot the heat costs from these fuels and the
SLOWPOKE Energy System, as f;hown in Figure 3, confirms that not only is
SLOWPOKE comnet;: iv;> now but the savings to be realized increase consider-
ably as the vorid or ice ot crude oil increases according to current fore-
casts (9). The oil price daia presented in Figure 3, is based on the
assumption that the world price of crude oil vill slowly rise from $16 per
barrel, US, in 1980 to $2'> pet barrel, US, in 2005. For oil prices above
$18 pei. barrel, US, the SLOWPOKE Energy System is a cost competitive heat
source.

5. SLOWPOKE ENERGY SYSTEMS IN HUNGARY

1 Me initial focus of the joint Canada/Hungary program was a feasibility
study in -xs^r:.-^; the suitability of the SLOWPOKE Energy System for Hungarian
hc-itim; needs fi .-.:•, a U'chnieal and an economic perspective. The study,
winch vas successfully completed in 1987 December, confirmed the need for a
more detailed i mo i ctu.mta t ion plan.

The current activities are guided by two basic principles, viz:

a Joint Vontii'"̂  OiM.iaay will be established in Hungary with the sole
righr. thiou'h a licensing agreement, to implement SLOWPOKE projects;
and

the first commercial SLOWPOKE Energy System in Canada will be the
reference unit for the first unit in Hungary.
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FIGURE 3: COMPARISON OF THE VARIABLE COST OF HEAT FROM OIL WITH THE
TOTAL COST OF HEAT FROM A SLOWPOKE ENERGY SYSTEM

The program is aimed at developing the design and costing information for a
system that meets the specific needs and manufacturing capabilities of
Hungarian industry. Localization of the design vill be a progressive pro-
cess with the local content increasing from the value of 30% that is esti-
mated for the first unit.

The schedule for Hungarian implementation will be dictated by using the
first Canadian unit as a reference. For example, construction of the first
Hungarian unit would not begin until the operating licence has been obtained
for the Canadian reference unit. This approach will allow Hungary to take
maximum advantage of licensing guidelines and public information programs
currently being developed for the Canadian reference unit.

Through this collaborative program, Canada and Hungary are establishing a
sound technological basis for a nuclear heating program that promises to be
an important contribution to the energy supply picture for many countries by
the turn of the century.
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