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Abstract
The district heat extraction system installed and commissioned at the Beznau Nuclear Power
Plant 1983 and 1984 is working successfully since the beginning. Together with a six kilometres
extension in 1994, the system now consists of a 35 kilometres main network and 85 kilometres of local
distribution pipelines. The eight founding communities as well as three networks joined later have been
connected. Today around 2160 consumers of the Refuna district heating, small and large private
buildings, industrial and agricultural enterprises are supplied with heat from the Beznau plant (1997:
141'000 MWh). The regional district heat supply system has become an integrated part of the regional
infrastructure for around 20'000 inhabitants of the lower Aare valley. Nearly 15 years of operational
experience are confirming the success of the strict approval conditions for the housing connections.
Remarkably deep return flow temperatures in the district heating network were leading to considerable
reserves in the transport capacity of the main pipeline system. The impacts of the heat extraction from
the Beznau nuclear power plant, in particular its contribution to the protection of the environment by
substituting fossil fuels and preventing CO2-production, have been positive.
1.

Swiss Nuclear power plants with Heat Extraction

Five nuclear powers plants (Beznau PWR 1 and 2, Gosgen PWR, Leibstadt BWR and Miihleberg
BWR) with a total electrical capacity of 3'077 MW net today are in operation in Switzerland. These
stations yearly account for over 40 percent of national electricity supply, only in winter time even for
as to 70 percent (Fig. 1).
Gosgen, a 970 MWe PWR plant 35 km south-east of Basel, commissioned in 1979, is since that
time supplying process steam at 220 °C to a cardboard factory nearby. Nuclear steam supply saves about
15'000 t/year of fuel oil for the factory operators. Gosgen nuclear power plant is situated in the southern
foothills of the Swiss Jura, in a bow of the river Aare, 382 m above sea level. 400 kV and 200 kV
switchyards are located only 300 m east of the site.
Beznau, a 730 MWe PWR plant, is situated about 35 kilometres north-west of Zurich. It was the
second Swiss Nuclear Plant to be adapted to combined heat and power duty, but the first to supply
district heating (Fig. 2). The two 1130 MWth reactors at Beznau commenced operation in December
1969 respectively in October 1971. Both are identical Westinghouse PWR's each supplying steam to a
pair of originally 182 MWe BBC/ABB turbines. The 1993 steam generator exchange at Beznau-1 and
subsequent improvements in turbine efficiency by settling them up with new HP-turbines in 1995 have
resulted in better overall performance of both units. After the same activities at Beznau-2 which are
planned 1999, the output of both plants together will amount to 730 MW net.
Non-electrical energy production at Beznau and Gosgen continued to function flawlessly.
Beznau in 1997 delivered 141 GWh of thermal energy to the Refuna district heating system, while
Gosgen supplied 142 GWh of process heat to the nearby Niedergosgen cardboard factory.
2.

Refuna District Heating

In April 1981 eight communities, industries, private consumers and national research institutes,
all situated in the Canton Argovia, decided to join in a project study of a district heating supply system,
using hot water from Beznau nuclear power plant of the north-eastern Swiss Electric Power Company
(NOK). Lower heat costs, saving of oil imports and lower environmental impacts were aims, which
should favour a nuclear CHP route for the future in Switzerland.
313

Leibstadt '
Beznau
Gctegen

Fig. 1

.Beznau

PWR

2x350 MWe

Gosgen

PWR'

920 MWe

Leibstadt

BWR

970 MWe

Muhleberg BWR

320 MW,

Swiss nuclear power plants

Fig. 2

Fig. 3

Beznau PWR Nuclear Power Plant

Large Heat Exchanger of the Beznau Nuclear Plant
315

ON

sire

Cascaded Heatextraction for REFUNA:
Between the HP- and the LP-turbine, steam of 128 'C
is extracted.
Extraction steam at 85 °C from the LP-turbine is
taken for preheating.
Fig. 4

Heat extraction at the Beznau NPP (schematic)
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In 1983, the eight founding communities agreed by public vote to become shareholders of the
new company and to build the Refuna district heating system. The Refuna AG was founded with a stock
capital of 10 million Swiss francs (CHF), to build and operate the main heat network. 51 percent of the
stock capital are owned by the connected communities, 49 percent are distributed among 54 private
enterprises and large heat consumers. Each community has to build and maintain its own connecting
pipes and hot water networks from the main pipes to the individual consumers. In 1985 it was agreed to
extend the Refuna system to feed additional local networks in three new communities. Some 2'100 heat
consumers should be connected in the future [1].
The district heating system includes the following components:
• Heat extraction from the Beznau Nuclear Power Plant (Beznau-1 and Beznau-2)
• Central pumping station with dispatching center
• Main pipeline system and local networks
• Oil fired package boilers for emergency back up

3.

Heat Extraction from Beznau-1 and Beznau-2

Heating steam is taken from one turbine of each pair. The two heat exchangers No. 1 and No. 2
are placed in parallel with the turbosets (Fig. 3). They obtain the steam required for heating from cold reheat crossover pipe between the high pressure - and the low pressure turbine at about 2,2/2,8 bar and
122 °C/128 °C (depending on the actual heat extraction). The heat exchanger - only one heat extraction
normally is operating - delivers heating water at 16 bar to the central pumping station (Fig. 4).
Thus heat is available from two nuclear power plants, heat supply is therefore guaranteed during
the annual inspections of Beznau-1 and Beznau-2, which were for a long time carried out one after
another in summer each year. Beginning 1994 maintenance and refueling time was extended to 18
months cycle. If no heat can be supplied from both power plants - such situations were given only once a
year in the past and were reaching seldom more than some hours - emergency boilers will feed the
district-heating network. Oil fired back-up boilers are installed in the northern network with a total capacity of 28 MWth. Other boilers with a total heat capacity of 22 MWth supply the south-eastern heating
system. On the very southern end of the network, additional boilers with a total of 16 MWth are available
for emergency back up.
A central pumping station, built nearby to the nuclear power plant, drives the northern and the
southern part of the heating system [2]. The supply temperature into the district-heating network ranges
from 125 °C in winter down to 80 °C in summer. The actual return temperature in winter 1997 is below
50 °C. Totally nine booster pumping stations are installed, for the heat consumers in the communities are
located up to 12 kilometres distant from Beznau NPP. These pumping stations have to guarantee a
minimized pressure at the top levels of the pipeline system, which has to cap a eight-difference of nearby
140 meters between the central pumping station and the most distant consumers.
With respect to the nuclear safety, pressure in the district heating system (16 bar) is strictly kept
higher than pressure in the crossover pipes of the turbine (2.2/2.8 bar). This is to avoid radioactive carry over into the distribution system through the heat exchanger due to leakage. Safety valves in the main
pipelines are installed on two points, determined by the concept of pressure- barriers. One group is
situated inside the central pumping station (Fig. 5). In case of an abruptly loss-of - circulating water in
the Refuna system, accompanied by significantly loss of pressure, they are closing rapidly at 6 bars. The
second group of safety valves installed in the pilots of the piping bridge outside of the Beznau island, are
closing next, ensuring the DH-system in the communities against loss of pressure. These valves are selfactuating. With respect to the pressure difference and the supplementary installations to ensure the
pressure-difference at each time no further monitoring is carried out.
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4.

Heat Transport System

There are two main heat transmission pipelines coming from the Beznau nuclear power plant.
One runs north supplying Dottingen, Kleindottingen, Klingnau and Leuggern, the other runs southeastwards to Wurenlingen, Station Siggenthal and Endingen with a southern branch to Villigen, Stilli,
Riifenach and Riniken. The total length of the main pipelines is amounting 35 kilometres (Fig. 6).
Heat consumers normally are connected indirectly to the heat distribution network, using exchangers to transmit the heat to building heating and domestic hot water heating loops. Only one factory with
a newly installed 16-bars heating system is fed directly without heat exchangers. All pipelines of the
main system and of the local networks have a special built- in safety system, which detects damages and
humidity within the insulating material immediately. Local networks together with the house service
connections today amount to a total length of about 85 kilometres.
To minimize the heat losses everywhere high-effectively insulated pipes are installed. Heat
losses of the main transmission system actually amount to 6 percent. Depending on the community
structure, heat losses in local networks range from 6 to 12 percent. Total heat losses of the district
heating network amount to 15 percent in full operation.

5.

Housing Connections

The first phase of Refuna began in 1983 by supplying heat from Beznau to two research
laboratories at Villigen and Wurenlingen, which are situated 1.8 kilometres from the power plant. For
this service one of the Beznau-2 turbines was converted in summer 1983. A 40 MWth (max 52 MWth)
heat exchanger and auxiliaries were installed in the turbine hall during the scheduled downtime for
maintenance and refueling [3].
Construction of the district heating network and construction of a second heat exchanger in
Beznau-1 were starting in 1984. During the winter 1984/85, after a very short time for construction and
testing of the pumping stations and pipe systems, six communities surrounding the Beznau power plant
received district heating. 100 pilot-consumers were connected with 15 kilometres of main pipelines and
local networks.
During the following heating period 1985/86 approximately 400 consumers were connected to
the local distribution system, 1986/87 the figure was amounting to 800. At the end of 1997 more than
2'100 housing connections are in operation. The contracted heat load at an ambient temperature of -11°C
is 74'500 kW(th) (Fig. 7).

6.

Double-Stage Heat Extraction

With more than 2'100 buildings connected, peak heat demand will reach 80'000 kW in the next
years. To be ready to meet this demand, which will be significantly higher than proposed in the original
system concept, a third heat exchanger has been taken in service at the Beznau-1 nuclear power plant in
November 1990 [4].
Heating the Refuna water using a double-stage extraction (first stage to 85 °C using steam of a
new low pressure extraction and second stage to 125 °C, as mentioned in the beginning) was increasing
the total efficiency of the heat recovery by almost 20 percent. The total heat extraction capacity was
increasing by 30 percent. Peak load of 60 MWth is guaranteed using only the Beznau-1 heating
extraction.
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Decreasing tendency of the return flow (2) temperatures in the Refuna network

Since the excellent exchange of the two existing steam generators in the Beznau-1 nuclear power
plant in 1993, the specific loss of electric power by the heat extraction for district heating purposes was
reduced. Better conditions (higher temperature, higher pressure) of the live steam to the turbines was
leading to a heat extraction factor below f=0.12 following commissioning the new steam generators. 88
percent of the heat load drawn by the heating network is now recovered heat, which would be normally
discharged by the condenser cooling water into the river Aare. The benefit of the new installation higher efficiency and lower heat costs - is given by the Beznau owner NOK to the Refuna district heating
system. Refuna itself has to pay back the investment of 3.5 Mill CHF within 15 years (Fig. 8).

7.

Operating experiences during 15 years
Growing heat delivery in spite of warm winters

In parallel with the year by year growing number of housing connections, heat supply from the
Beznau nuclear power plant up to now is increasing without interruption. From January 1996, to
December 1996 heat delivery reached 141'100 MWh, according to an outdoor temperature (average) of
8.5 °C. These figures are to compare with 132'567 MWh in 1995 (9.0 °C) and 128'536 MWh (9.2 °C) in
1997. The monthly course of development of heat consumption from the beginning of official heat
supply in October 1984 demonstrates a good correspondence between the increasing heat load contracted
and the heat supply (Fig. 9).
The peak load in 1995, 1996 and 1997 were registered each times at 53 MW in January, following an outdoor temperature between -8.9 °C (1995) and -12.6 °C (1997). This is to compare with the
contracted heat load of 74.5 MW. In these years we had very warm winter periods. The highest heat
delivery within one month was registered in January 1997, amounting l'140 MWh.
About 15 % of heat losses are expected normally together in the main and the local DH
networks. Significantly "reduced" losses in 1992/93 and 1996/97 were caused by measuring failures in
the power plant.
Extended reserves in heat capacity
Seven years of operating experiences with the new double-stage heat extraction are confirming
the high value of the decision to extend the heat exchange: Not only in springtime, summer and autumn,
but also under the actually moving climatic conditions with increasing temperatures and wanning winter
periods the effectiveness of the measure is obvious. The difference of loss of electric power production
between the one-stage heat extraction at Beznau-2 and the double-stage heat extraction at Beznau-1 is
amounting to more than 20 percent (Fig. 10).
Using optimized housing stations, connecting best insulated new houses and together with
additional activities, it was possible to reduce the return flow temperature of the district heating water
continuously (Fig. 11). Corresponding with this fact the pumped mass flow in the heating water circuit
and therewith the specific costs for pumping energy could be reduced each year. Following consequently
extended temperature differences between out flow and return flow the district heating network was
getting to a comfortable situation with regard to load reserves in the main pipelines. So it is possible to
extend the district heating system year by year.
The operational experience to date is confirming the success of the strict approval conditions for
the housing stations connections: very deep return temperatures in the district heating network are
leading the main pipeline system. These reserves of capacity now can be used, when specific extensions
of the DH-System are offering new dimensions of power supply in the connected areas. In the sense of a
comprehensive exploitation of the heat sources available in the region, the waste heat from a large wood
processing plant is now fed into the Refuna network.
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Enlarged capacity of emergency boilers
Connected with the growing heating load in the last years the capacity of emergency back up
boilers had to be extended. Today 80 percent of the peak load (at -11°C) are secured by boilers.
Installation of a further boiler is foreseen.
Leakage in the district heating network
The water volume of the whole district heating system is amounting 2'500 m3. Normally the
water losses vary between 1.0 and 1.5 m3 a day. In the case of higher losses - figures of 20 to 25 m3/d
were measured - a wide searching campaign has to be started, to determine the location of the leakage.
Various methods are being used, e.g. "Thermo-Vision".
Failures in measuring heat delivery
The first measurement failure in winter 1992/93 was amounting about 20'000 MWh heating
energy. From November 1992 to February 1993 measurement installations in the Beznau NPP were
influenced by polluted circulating water (Fig. 12). After that event shorter cleaning intervals on the
inductive measuring instruments were determined. On the other hand such cleaning processes can only
be executed in periods of a plant shut down for maintenance or refueling. A second failure happened in
winter 1996/97, when 1 l'OOO MWh of heat delivered were missing in the bills.
Now the installation of a second measuring system (ultra sonic) is in consideration to have a
better and quicker information in case of polluted measurement installations.
Functional tests on prevention of radioactive carry-over
Safety tests of the valves installed in the central pumping station and in the bridgehead of the
piping bridge, some hundred meters from the pumping station, will be carried out each month.

8.

Costs and economics of the Refuna district heating

The Refuna regional heat supply company, founded in 1983, today is owned by 62 stockholders.
51 percent of the stock capital of today 22.9 million Swiss francs is owned by the connected communities, 49 percent is distributed among 54 private enterprises and large heat subscribers.
Investment costs for the complete district heating network with main pipelines and local
networks amount to CHF 100 million. CHF 40 million fall to the share of the main system and CHF 60
million to the local distribution networks, including housing connections and heat measurement
installations. Additional costs of about CHF 10 million for the two large heat exchangers at Beznau
nuclear power plant including auxiliaries and the pipelines on the Beznau island (about 200 meters) were
paid by the electric utility NOK in 1983. Building costs of about CHF 3,5 million for the new lowpressure heat exchanger in Beznau 1 as discussed before and CHF 3.0 million for the central pumping
station were paid by NOK 1997 supporting the financial balance of Refuna.
NOK undertakes conversion at the power plant and delivers heat into the hot water transmission
system. Primary energy from the nuclear plant to Refuna during the last years was supplied for CHF
0.015 per kWh thermal energy. This figure depends actually on the price for the lost electric energy and
on the ratio of loss of electric energy to extracted heat energy, which, following the installation of the
new heat exchanger in 1990 and with the new steam generators in 1993, now is below f=0.12 on average.
All heat extraction services in the Beznau power plant and the service of the central pumping
station are included in the price for the heat delivered by the owner NOK. Only 3 employees are working
for the Refuna district heating main system and for three small local networks. In eight local networks,
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which are owned by the communities, the local energy commission is taking care of correct function. In
the case of extended problems in the district heating system a contract for engineering and emergency
assistance by NOK is supporting Refuna.
The total costs of heat production in the district heating system can be roughly by detailed into
capital costs (60 percent), primary energy (20 percent) and operation, maintenance etc. (20 percent). Although primary energy is fairly cheap, the high costs of the distribution network in a predominantly rural
district required careful optimisation of financing modes for the district heating system. About 40 percent
of the capital are paid by the shareholders, the balance is long-term loan capital from banks and
insurance companies.
The heat consumer pays a fixed, once only charge for connection to the local network and pays
for the conversion of his existing house heating system - if it is an existing building. The fixed charge depends on the peak heat load of the consumer's house contracted. The tariff for heat delivery is a dual rate
consisting of a basic price and a heat price. The costs of district heat for the consumers are varying
between the single local networks and are also depending on the full-load hours of the contracted thermal
power (water flow). In average, total of both components today range from CHF 0.07 to CHF 0.095 per
kWh(th). With these figures the costs of district heat in the Refuna area today are significantly higher
than oil-firing, which is still the main heat source in Switzerland. Oil heating actually costs about CHF
0.045 to 0.060 per kWh(th), including maintenance and periodical testing of the oil tanks.
All figures presented show very clearly that Refuna is not a typical district heating system with a
big market of large heat consumers near the heat source. On the contrary, distances between heat
production in the power plant and the communities are great and consumers are spread over a wide area.
75 percent of the consumers live in one - or two family houses.

9.

Contribution to the CO2 - Balance

High acceptance of nuclear district heating in the Refuna-area is at first based on very good
operating experience over many years with Beznau nuclear power plant. In 28 years (Beznau-1)
respectively 26 (Beznau-2) years of operation both plants have run with average load factors of more
than 85 percent. Successful heat supply from the beginning of district heating 1984 up to now is an
important influence, which has to be seen. Information about the actual heat load is presented to the
employees of the Beznau NPP on-line in the entry, together with the total electric output of the plant.
Every year, depending on the climatic conditions, up to 20'000 t less oil will be fired once the
schemes are completed and when the supply networks of the eleven communities connected are in full
operation. [5]
Calculation of the reduction of CO2-emission due to the operation of the heat extraction plant is
showing a yearly saving of 50'000 tons of CO2. In addition savings of 100 tons of SO2 and 50 tons of
NOx are to be considered. In addition there are some lOO'OOO MW(th)h less waste heat in the river
cooling water. [6]
The impacts of the heat extraction from the Beznau nuclear power plant Beznau, in particular its
contribution to the protection of the environment by substituting fossil fuels and preventing CO2production, are positive. Based on the successful heat extraction from Beznau nuclear power plant,
district heat supply systems in Switzerland will be favoured. With respect to its positive environmental
aspects the heat extraction at Beznau for the regional REFUNA pilot scheme serves the aims of the
World Power Conference 1989 at Montreal and other International Conferences.
District heat supply from Beznau nuclear power plant is representing a remarkable example of
efficient energy use - unfortunately, because oil is so cheep, today out of competitiveness. Although up
to now only one large consumer, a steel factory, closed their 1 MW connection of district heating, when
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the factory was closed in 1996 and each year the number of consumers is growing. Expecting a peak load
of 80 MWth at end of the century loss of electric power output at Beznau nuclear power plant will
amount to 10 MWe. Loss of electric energy generation at that time will reach about 25 GWh per year. In
2005 the participating communities are expecting the final peak load with about 91'000 kW.
It is obvious that the small contribution of the Refuna DH to the world-wide CO2 balance is
negligible. However it demonstrates a possibility how to reduce CO2 significantly in a number of
countries by heat extraction from NPPs.

REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]

330

K.H. Handl. Refuna - a case history of a nuclear powered CHP plant. CHP-Association Conference, Torquay (Great Britain), 4.-6.6.1985
P. Walter, H. Deringer. Die Hauptpumpenstation des Fernwarmesystems Refuna. Fernwarme
International 14 (1985), Vol.2
K.H. Handl. Refuna, ein unkonventionelles Fernwarmeverbundsystem in der Schweiz. 24.
Unichal-Congress, Graz (Austria), 13.-15.6.1989
K.H. Handl. Regionales Fernwarmenetz Refuna: Warmeauskopplung im Kernkraftwerk Beznau
wird erweitert. Fernwarme International 19 (1990), Vol.3
K.H. Handl. Decouplage de chaleur de la centrale nucleaire de Beznau (Suisse). RESEAUX e
chaleur, (1990) Numero 6.
K.H. Handl. 12 years of Experience with Heat Extraction at the Beznau I and II Nuclear Power
Plant for District Heating (IAEA Vienna, December 13-15, 1995)

