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ÉNERGIE ATOMIQUE DU CANADA LIMITÉE

PROJET DE COOPÉRATION ENTRE LE CANADA ET LA HONGRIE SUR L'APPLICATION DU
SYSTÈME ÉNERGÉTIQUE SLOWPOKE AU CHAUFFAGE URBAIN EN EUROPE DE L'EST

par

R.E. Kay, J. Halzl, G. 'Sigmond, F. Takats, I. Bakacs

RÉSUMÉ

Le système énergétique SLOWPOKE est une source d'énergie nucléaire conçue
pour fournir une énergie thermique pouvant atteindre une puissance de
10 MWt, sous forme d'eau chaude, à des réseaux de chauffage urbain de
moyenne et de grande taille.

Un groupe constitué d'entreprises canadiennes et hongroises, avec le
concours du ministère de l'Industrie de Hongrie, étudie en ce moment les
aspects techniques, économiques et commerciaux de l'application du système
énergétique SLOWPOKE au chauffage urbain en Hongrie, de même que les
questions entourant la possibilité d'octroi d'une licence d'exploitation
nucléaire à cette fin. Les résultats de ces études révèlent qu'il existe
un marché potentiel important pour les systèmes énergétiques SLOWPOKE au
sein des systèmes de chauffage urbain existants, que le système énergétique
SLOWPOKE peut être intégré immédiatement dans ces systèmes, qu'il est
possible d'atteindre des facteurs de charge élevés et qu'il sera
relativement facile de trouver sur place des sources d'approvisionnement
pour la plupart des composants et des systèmes.
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Abstract

The SLOWPOKE Energy System is a nuclear energy source designed to provide
up to 10 MWt of heat energy in the form of hot water to medium- and large-
size district heating systems.

An appropriate grouping of Canadian and Hungarian companies with the
support of the Hungarian Ministry of Industry is studying the technical,
economic, commercial, and nuclear licensability aspects of the application
of the SLOWPOKE Energy System to district heating in Hungary. Results of
these studies indicate that there is a significant potential market for
SLOWPOKE Energy Systems in existing district heating systems, that the
SLOWPOKE Energy System can be readily integrated into such systems, that
high capacity factors can be achieved, and that it will be relatively easy
to localize the supply of most components and systems.
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THE GEOGRAPHIC NEED FOR ALTERNATIVE HEAT SOURCES

Many countries in the northern hemisphere consume between 25Z and 50Z of
their primary energy supply to satisfy building and process heating
requirements. In these countries, the majority of the population live in
urban centres with the heat being supplied either by individual home
heating systems, or by central systems supplying a large building or a
complex of buildings, or by district heating systems which supply large
regions of a town or city.

In North America most living units are heated individually, or by central
systems in the case of large buildings or complexes, and burn natural gas
or oil as the primary fuel source; district heating systems are uncommon.
In Northern and Eastern Europe, very many towns and cities are served by
municipal district heating systems and the primary fuels burned are coal,
natural gas and oil.

To varying degrees, all countries have concerns regarding the security of
energy supply and its susceptibility to price, currency and balance of pay-
ments uncertainties, and the environmental hazards and consequences of the
emissions from burning fossil fuels.

A preliminary analysis by Atomic Energy of Canada Limited (AECL) identified
Eastern Europe as a geographic region likely to have the basic :ieeds for an
alternative heat energy source. Analysis showed that this region has a
cold winter climate of long duration; that there is a high degree of
urbanization; that most sizeable communities are served by district heating
systems, most of which use hot water as the transfer medium; and that in
many areas pollution from burning fossil fuels is a significant-to-severe
concern. Such characteristics indicate a need for an alternative heat
source which would help to solve some or most of the supply, security,
financial and pollution problems associated with the existing fossil-fuel
sources.

THE SLOWPOKE ENERGY SYSTEM

In a major departure from traditional nuclear power technology, AECL has
developed the SLOWPOKE Energy System (SES-10), a nuclear heat source
designed specially to meet the requirements of building, institutional and
district heating systems.

The SES-10 is a simple nuclear heat source capable of supplying 10 HW of
thermal energy in water at 85°C. As shown in Figure 1, it is a pool-type
reactor designed to operate at atmospheric pressure, thereby eliminating
the need for a pressure vessel. Consequently, loss-of-coolant caused by
depressurization is impossible.
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The reactor core, coolant riser duct and the primary heat exchangers are
installed in the pool, a steel-lined concrete container. This double
containment of the pool water prevents loss-of-coolant caused by leakage.

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

The secondary circuit delivers the heat to the district heat distribution
system by way of the secondary heat exchanger. To compensate for fuel
burnup, absorber plates are used for periodic core-reactivity adjustments
by the licensed operator. In addition, absorbers under computer control
are used for load following. The rate of removal of all absorbers is
limited by the speeds of their electric motors and by a timer requiring
manual reset. The use of a fully redundant control system reduces the
probability of unwanted shutdowns.

SLOWPOKE ENERGY SYSTEM

12 metres

Figure 1: Schematic Diagram of the SLOWPOKE Energy System.
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In the event of loss of secondary flow such as a power interruption to the
pumps, the large pool volume delays core temperature rise. As a result,
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 the fast-acting shutdown systems that are
essential for pressurized power reactors.

A liquid absorber system can 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.

The pool water is continuously pumped through ion-exchange columns to main-
tain water chemistry and to control corrosion. The ion-exchange columns
can also remove fission products from defective fuel and gadolinium
nitrate, should the liquid absorber shutdown system be actuated.

The reactor pool is covered by an insulated lid, enclosing a gas space over
the pool. The air and water vapour are continuously circulated through a
purification system and hydrogen recombiner. After filtering and
monitoring, a small fraction of the circulating cover gas is vented by way
of the building ventilation exhaust system.

A goal of the SLOWPOKE Energy System design is to fully automate all essen-
tial 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.
Local staff will be responsible for maintaining and testing equipment and
responding to specific alarm conditions. It is anticipated that these
local responsibilities will be undertaken by the existing heating-plant
staff.

Further details on the SES-1O, its safety and technological development can
be found in reference 1.

JOINT CANADIAN-HUNGARIAN CO-OPERATION

Although the SES-1O has been developed for applications in Canada, AECL's
preliminary analyses of other markets indicated a basic need for
alternative sources of heat energy in Eastern Europe, and indicated that
the SES-1O unit had the capability to help solve many of the problems
inherent in using fossil fuels. To better define this market, mere
detailed and localized studies were required to confirm and quantify the
value of the SES-1O to the Eastern European energy-supply systems.

Hungary was identified as an appropriate country to study from the
perspectives of climate, heat demand, degree of urbanization, the
•itilization of district heating systems, and industrial and commercial
infrastructure.
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Following senior-level discussions between AECL and the Hungarian Ministry
of Industry, AECL and three Hungarian companies agreed to co-operate in
assessing the technical, economic, and commercial aspect of the poteniial
market for SES-1O in Hungary. The three Hungarian companies are: EG!
(Institute for Energetics - Budapest), EROTERV (Power Station and Netvork
Engineering Company), and ERBE (Company for Power Plant Investment).

AECL is a Canadian company expert in a wide range of nuclear-related activ-
ities, including research and development of new and ongoing technologies,
development and design of new concepts using nuclear technology, marketing
of new technologies, and detailed design and project execution. The SES-1O
is typical of new AECL technology under advanced development being brought
to identified markets.

EGI is a contracting engineering company very active as a consultant on all
design aspects of district heating systems. The company is playing a major
role by becoming familiar with the SES-1O as a heat source, and by studying
its capability to match technically with district heating systems in
Hungary.

In this co-operative study, EGI:

assessed and analyzed the Hungarian district heating system market and
identified the sectors best suited to the use of the SES-10;
identified the prospective market for SES-10 units;
studied typical actual sites for technical acceptability;
localized the interface between the SES-10 and the district heating
system.

EROTERV, an engineering company responsible for the design of Hungarian power
plants and network systems, took part in localizing the SES-10 design to meet
Hungarian conditions. EROTERV has the experience of designing the uprated 20
MV thermal research reactor in Budapest, a training reactor, and the four
units of the Paks nuclear power plant.

The EROTERV tasks under this co-operative study were:

to participate with EGI in studies of typical actual sites;
to design the new reactor building and pool structure suited for European
soil conditions with weak soil and high ground-water level;
to localize the Canadian data packages, and get quotations from local
firms;
to serve as an interfacing architect engineering company in all matters
relating to local organizations;
to serve as the Hungarian counterpart in licensing matters assessing the
nuclear licensability of the SES-10 to meet Hungarian nuclear regulatory
requirements, based upon the methodology and documentation being
developed for licensing of SES-10 in Canada.
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ERBE has, amongst other activities, been responsible for supervising the
implementation of all Hungarian nuclear reactors and plants. Within the
framework of the co-operative program, ERBE has helped determine the
conditions for establishing the SES-10 system in Hungary, developed the
conditions for establishing a joint business enterprise, and identified and
costed local sources of supply.

THE MARKET AND TECHNICAL HATCH

Studies made by EG1 addressed the applicability of SES-10 in the residential,
industrial and agricultural sectors of the heat-demand market.

In Hungary, considerable urbanisation of the population has occurred over the
last three decades, and the necessary infrastructure of District heating
systems servicing this urban development is in place. The building of new,
big district heating systems is not envisaged and only further extensions and
upgrading of existing systems is foreseen. SES-IO must therefore be capable
of technical integration into existing .systems as u base-lend replacement for
existing fossil-fuel-burn ing boilers.

As detailed in reference two, in Hungary almost all sizeable communities have
district '.vsating systems, and there exist over 300 sue!'. :.ys terns using hot
water as the distribution medium. These systems supply space heating and
domestic hot water (DHV) needs for residential areas and commercial
buildings. About 80Z of these systems have a heat demand in the ] to 30 MV
range, with 202 in the 30 to 200 MV range.

The SES-10 unit is typical of all nuclear heat sources in that although the
unit capital cost is much higher than Chat for a fossi1-fuelled boiler, the
fuel cost is very much lower. For these reasons, maximum economic benefit is
achieved when the SES-10 unit operates at high capacity factors. For the
annual heat-demand profile of a typical Hungarian district heating system, an
SES-10 unit can achieve capacity factors in the 50% to 851 range when it
forms part of a system of maximum demand above 30 MW. In larger district
heating systems, two or sometimes three SES-10 units can achieve high annual
capacity factors, particularly when chere is a good demand for DHW supply
which is typically 10,1,' to 15% of the peak demand. These numbers make
a.i.lovar.ee tor SE3 unit availability and actual operational characteristics.

A key parameter of SES-10 relating to its integration into existing district
heating systems is the return water temperature, which should preferably not
exceed 65°C. When we compare this characteristic against typical temperature
profiles in actual large Hungarian district heating systems, we find that *he
SES-10 :o reasonably well matched for exisiing return temperatures, and that
during trie winter SES-10 voi.ld be used as a preheater in series with the
:.-;is:. :,•;• f ;,"s ll-fueiici boilers. Vi thin an integrated SES- 10/fossil system,
•.he ros.-il-i uelled boilers would act as peaking and back-up capacity- During
•.he 'j'.y.y -t month;- 1 lie SES-10 would likely provide almost all the DHW needs of
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Although an SES-10 unit may supply only 10% to 30% of the peak annual energy
demand of a district heating system, it can provide about 20% to 60£ of the
total annu?il energy demand of the system, and so replace the burning of sig-
nificant quantities of fossil fuel. For example, two SES-10 units incorp-
orated into a large system and providing year round hot water can replace the
burning of 17 000 t/a of oil.

Studies of the agricultural-sector markets have identified poor load
utilization of the heat source; consequently, large facilities are required
to provide a good capacity factor for an SES-10 unit. In the industrial
sector certain industries do require large volumes of hot water (for example,
meat processing plants, or washing facilities), although at present existing
maximum demands are modest. Both the agricultural and industrial sectors are
viewed as longer-term opportunities for SES-10 replacement of fossil fuels,
as larger complexes are developed and fossil fuel prices escalate.

In summary, there is a good potential market for the 10 MW SES-10 unit in
existing district heating systems in Hungary, with maximum demand exceeding
30 MW, and there are longer-term prospects for the use of SES-10 units in the
Hungarian industrial and agricultural sectors.

LOCALIZATION

As can be seen from Figure 1, the SES-10 is a relatively simple engineered
facility. In Hungary, the major localized engineering challenge is the pool
structure, because the reactor as designed is for typical Eastern Canadian
conditions where the pool is anchored in bed rock, whereas at almost all
sites in Hungary the unit would be constructed in alluvial soil or clay with
very high water tables.

With the exception of the nuclear core internal structure, fuel, and
associated control systems, most other system materials, components and their
assembly are readily localized in Hungary. The basic engineering simplicity
of the JiES-10 unit enhances the ability to localize the supply of most
components and systems.

Other important localized systems are the interface of the SES-10 to the
existing district heating system, and the integration of the SES-10 into the
overall control, operations and maintenance systems of the district heating
system and power plant.

COMMERCIAL ASPECTS

From a business perspective, the SES-10 is a product requiring a solid
commitment and a continual in-country presence that is able to identify the
market, sell the units, and provide financial and project execution skills
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and in-service periodic support for the district heating utility. For SES-1O
in Hungary, a jointly owned Canadian-Hungarian company having the basic
management capabilities and skills would be established which would contract
out for specialized skills.

It is proposed that this company operate under license to AECL. The license
would encourage the company to maximize Hungarian content in the product, and
would provide rights to a specific geographic area.

NUCLEAR LICENSING

The first SES-10 unit will be built in Canada and licensed by the Canadian
nuclear regulatory agency, the Atomic Energy Control Board. In Hungary, the
nuclear reactors which have been licensed include research and training
reactors and the 440 MW WER power reactors at Paks. Since there is no prec-
edent for licensing a small, safe, heating reactor, the SES-10 in Hungary
will be licensed on the basis of licensability in Canada, and will also
follow the appropriate portions of the Hungarian licensing process. Thus
AECL and its Hungarian partner EROTERV are working with the Hungarian State
Inspectorate for Energetics to develop an understanding of the SES-10 and its
safety, and the progress being made on the licensing program with the AECB;
they are thereby working with the Inspectorate to develop an appropriate
process for the licensing of SES-10 in Hungary.

A detailed presentation on this process can be found in a companion paper
presented at this conference (reference 3).

CONCLUSIONS

The need has been identified for a building-space heating energy source that
is secure, cost effective, and, above all, less polluting and environmentally
hazardous than the burning of fossil fuels. Analyses by AECL identified
Eastern Europe as one geographic region which could benefit from such an
alternative energy source. The SES-10 is a nuclear-powered hot-water boiler
of 10 MW thermal capacity offered by AECL as an alternative to the
traditional fossil-fuel-burning boilers.

AECL and three Hungarian companies, EGI, EROTERV and ERBE, with the support
of the Hungarian Ministry of Industry, are undertaking a detailed study of:
the need for SES-10 in Hungary; its ability to match and integrate with
existing district heating, industrial, and agricultural systems; the locali-
zation and the local cost of such units; the safety and licensability of
SES-10 in Hungary; and the form of commercial relationship that would most
effectively introduce SES-10 into the Hungarian energy sector.

Results to date have proved: the existence of a significant market for the
SES-10 in the district heating sector; the technical ability of the unit to
integrate into existing systems, and to operate at the necessary high
capacity factors; and the ability to localize the design and the supply of a
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large percentage of all components and systems of the unit. Ongoing studies
are investigating the localized cost and cost effectiveness of the SES-10,
and its ability to substitute for the burning of fossil fuels. AECL and its
Hungarian partner, EROTERV, are working with the Hungarian nuclear regulatory
authority to develop an appropriate licensing climate and regime for this
small, safe and unique system.

Present indications are that the most effective form of business arrangement
meeting commercial, technical and political requirements is a joint Canadian-
Hungarian business venture operating under a technology license issued by
AECL.

REFERENCES

1. Lynch, G.F., District Heating with SLOWPOKE Energy Systems, Atomic
Energy of Canada Limited, AECL-9720, 1988 March.

2. Lynch, G.F. and Papp, I., The Prospects for Nuclear Heating in Hungary,
Paper to be presented at Fourteenth Congress of the World Energy
Conference, Montreal, 1989 September.

3. Snell, V.G., Szivos, K., and Takats, F., The SLOWPOKE Licensing Model,
Paper to be presented at the Post-SMiRT Seminar on Small- and Medium-
Sized Nuclear Reactors, San Diego, 1989 August.



ISSN 0067-0367

To identify individual documents in the series
we have assigned an AECL- number to sach.

ISSN 0067-0367

Pour identifier les rapports individuels faisant
partie de cette serie nous avons assigne
unnumeroAECL- achacun.

Please refer to the AECL- number when re-
questing additional copies of this document

from

Scientific Document Distribution Office
Atomic Energy of Canada Limited

Chalk River, Ontario, Canada
K0J1J0

VeuillezfairementiondunumeroAECL- si
vous demandez d'autres exemplaires de ce
rapport

au

Service de Distribution des Documents Off iciels
L'Energie Atomique du Canada Limitee

Chalk River, Ontario, Canada
K0J1J0

Price: A Prix: A

©ATOMIC ENERGY OF CANADA LIMITED, 1989

2868-89


