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10 MWy, Heat-Pump in operation in Sweden, 1985 (see also page 14)

Editorial by K. Holzapfel*

Innovative Utility Programs
are the Key to Successful
Heat Pump Development

From November 27 to 29, 1985, about 40 heat pump experts representing manufactur-
ers, electric utilities, research institutes and governmental agencies from eleven coun-
tries will meet in Graz, Austria. For two and a half days they will discuss the problems of
heatpump applicationsin existing single- and two-family houses. An essential question
for this workshop is: How can electric heat pump systems be made so attractive thatthey
are widely used for complete or partial replacement of oil-fired boilers in existing
single-and two-family houses? Electric utilities will surely play a key role in achieving this
goal. Experience has shown that when electric utilities have fully supported the applica-
tion of heat pumps with a broad range of activities, heat pump installations have in-
creased considerably. Some examples are programs atthe EDF in France, the Swedish
State Power Board in Sweden, and, in Austria, the promising development of heatpump
installations in the OKA area (see page. 2).

In the FRG, similar programs have been started by the Rheinisch Westfélisches Elektri-
zitatswerk (RWE), Vereinigte Elektrizitatswerke (VEW), and Badenwerk. The primary
emphasis of these programs is to build user confidence in heat pump reliability and the
performance of heat pump heating systems. Careful selection of agroup of distributors,
installers, and systems ensures that the efforts for on-site installation and first costs for
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installation will be kept at an acceptable
and appropriately low level.

Activities included in these programs are:
technical consulting, selection of appro-
priate systems, offers for complete sys-
tems, system start-up by manufacturer,
installer, and utility, extended guarantees,
offers for beneficial financing arrange-
ments, and, in some cases, low electricity
tariffs.

We hope that such innovative activities will
spread and be started by other electric uti-
lities in the FRG. These programs will help
to break down many of the barriers to the
broad utilization of this beneficial techno-
logy, leading to the protection of our en-
vironment and many positive macroeco-
nomic effects.

Further details onthe new utility programs
inthe FRG will be presented inan article in

the next Newsletter, along with a summary
of results from the workshop in Graz.

*K. Holzapfel IEA Heat Pump Center c/o
Fachinformationszentrum Energie, Physik,
Mathematik GmbH, D-7512 Eggenstein-
Leopoldshafen 2

Schneeberger, M.F.

Heat Pump Activities of an Austrian Electric Utility Company

At the IEA Heat Pump Conference held in
Graz, Austria, in May 1984, the impact of
heat pump activities of the Oberdsterrei-
chische Kraftwerke AG for the time period
1978-1983 were reported /1/. The gen-
eral trends described in that paper are
continuing, and further activities are
planned to support the development of
thisimportant option for energy conserva-
tion and environmental improvement.

The Oberdsterreichische Kraftwerke AG
(OKA) is a public electric utility company,
owned by the state of Oberdsterreich.
About half of the electricity is generated by
its own capacity (hydro and thermal pow-
er stations) and by joint projects with other
utilities;the restis generated by the federal
utility. One third of the electricity is distri-
buted to small customers, one third to in-
dustry and one third to local utility com-
panies. Further data are given inthe upper
part of Table 1.

The suppiy areais characterized by areas
of low population density and a lack of big

cities, limiting the possibilities for district -

heating. The decentralized application of
heat pumps, therefore, is animportant op-
tion for cost reduction, environmental im-
provement and energy conservation.

As a consequence of the firstand second
oil price shocks and following IEA recom-
mendations, the Austrian government has
supported the heat pump through tax re-
lief since 1980. This support has been ac-
companied by supporting initiatives from
local authorities.

Heat Pumps in the OKA Area

Since 1978/79, installation of heat pumps
has increased steadily, and indeed accel-
erated. The number of residential/com-
mercial heat pumps identified by the tariff
system reached 3,281 in June 1985. The
heat pumps installed in the OKA supply
area make up about 50% of the total num-
ber of heat pumps in all of Austria, while
the OKA supply area itself is inhabited by
only 10% of the Austrian population. De-
tailed data are given in the lower part of
Table 1 and in Fig. 1. (Industrial heat

Supply of Electric Energy

Area served

Number of customers

Population served

High voltage transmission lines, total
High voltage transmission lines, cables
Low voltage transmission lines, total
Low voltage transmission lines, cables
Electricity supplied, 1984

Peak load, 1984

Peak load, January 1985 (approx)

Hot tap water units
Space heating units
Total number of units

Installed capacity, hot tap water
Installed capacity, space heating
Total residential/commercial capacity

Average size, hot tap water
Average size, space heating
Average size, all units

Heat Pump Units above 2.5 kW electric (June 1985)

10,500 km?
307,000
770,000

7,200 km
600 km
15,700 km
2,000 km
4.94 TWh
828 MW
1,000 MW

1,859
1,422
3,281
3 MW,
7 MW,
10 MW,
1.6 kW,
4.9 kW,
3.05 kW,

Table 1 Some Data for OKA

pumpsare notincludedinthefigures.) The
average size of all the identified residen-
tial/commercial heat pumps is slightly
above 3 kW electric. This corresponds to
the average unit size for all of Austria /2/.

To evaluate regional promotion of heat
pump installations, the variation in the lo-
cal 'heat pump density’ (number of heat
pumps per 1000 customers) within the
OKA region is shown in Fig. 2.

The OKA Heat Pump Program

In 1980, OKA started a heat pump pro-
gram to monitor and analyze the technical,
economic and environmental benefits of
14 projects, concentrating on ground-wa-
ter-based systems. This program has
been extended to further projects, includ-
ing air/water systems. Some ofthese pro-

jects have recently been analysed by the
IEA Heat Pump Center as representative
applications in Austria.

The present activities to promote heat
pump installation can be summarized as
follows:

@ Publication of results of heat pump pro-
grams,

@ Improvment of measurements of ther-
mal and electric parameters of heat
pump-systems,

@ Collection ofinformation about and dis-
cussions with all parties involved in the
heat pump business,

@ Energy consultation at local fairs with
special services for customers inter-

2
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Fig. 1 Total Number of Heat Pump Systems, OKA Area

@ ested in heat pumps,

@ Development of special computer pro-
grams to evaluate heat pump applica-
tions,

@ Installation of utility-owned heat pump
systems for demonstration purposes,

@ Modification of tariff structures to over-
come initial investment difficulties,

@ Financing and support of scientific re-
searchwork, concentrating on environ-
mental impacts of ground-water sys-
tems and on economic guestions,

@ Supportfor and organization of confer-
ences and workshops in cooperation
with suppliers, architect/engineers and
local authorities,

@ Foundation of a financing organization
for heat pump projects (leasing con-
tracts),

Aegional Distrcts

Fig. 2 Average 'Heat Pump Density’, OKA Area

@ Visits to operating installations in other
countries (Germany, Sweden, France)
and review of technical and economic
results, followed by adaptation of these
results to local conditions.

While it is certainly difficult to identify the
individual impacts of each of these activi-
ties in detail, it is their overall impact that
has created a positive climate for innova-
tion in the heat pump field.

Recently, the energy consulting activities
of the OKA at a local fair were analyzed
(Fig. 3). The analysis showed a dominant
interest in heat pump questions, present-
ing a challenge for the energy-consulting
departments of utilities to provide specific
information on the subject.

1 00/0 Diverse
200/0 Hot tap water
300/0 Electric heating
Heat pump
400/0 -hot tap water
-heating

Fig. 3 Breakdown of appr. 1000 Consulting Con-
tacts Made at the Local Fair at Wels, 1984

Energy Savings Program for Residential
Buildings

Energy savingsinresidential buildingsisa
main objective of the energy-consulting
activities of OKA. Detailed knowledge of
new developments in heating systems is
essential for assisting customers with de-
cision making. A large energy-consulting
program thatincludesthe energy analysis
of about 1000 small residential buildings
has been started. The primary aim of this
project is to identify weak points in build-
ing structure and energy consumption.

Analysis of this project will generate valu-
able results. Continued monitoring of se-
lected heat pump installations in residen-
tial buildings represents an important ba-
sis for consulting actvities. Below, amono-
valent water/water heat pump system is
described. This projecthas been selected
as an |IEA Heat Pump Center reference
system in Austria.

The residential building has 130 m? of
heated area and has a thermal peak load
of 11.5 kW (specific load 89 W/mz). The

3
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Fig. 4 3.6 kW Electric Water/Water Heat Pump System, Alkoven, Upper Austria

Number of pupils:
Heated area:

Total space heated:
Swimming pool surface:
Swimming pool volume:

TECHNICAL SPECIFICATIONS

169.6 kW

SUBJECT: Public school in Windischgarsten, Oberdsterreich

old system new system (since 1984)
Annual energy consumption, MJ/m? 1,860 560
Installed capacity, W/m?2 170 60

DESCRIPTION OF BIVALENT HEATING SYSTEM
- integration in existing oil-fired heating system (2 AT 400kW)
- 3 x 3 heat pump cascade, electric power 61.7 kW, thermal output

- 2 6-kW heat pumps for dehumidifying
- measured coefficient of performance of bivalent heat pump sytem
(including all auxiliary systems): 2.3

620
3,577 m?
10,000 m?®
160 m?
170 m®

Table 2. Description of OKA Pilot Project

heat pump system has been in operation
since 1982 and has shown excellent per-
formance. The 3.6 kW electric heat pump,
with 12.9 kWthermal output, showed aver-
age coefficients of performance of 4.14
(heating period 1983/84) and 3.36 (heat-
ing period 1984/85). The specific energy
cost for the hard winter 1984/85 was 78,--
AS/m?, compared to the average value for
Upper Austria of 182,--AS/m?. A diagram
of the heating and hot-tap-water system

is shown in Fig. 4.

Energy Savings Program for Public
Buildings

In 1983/84, an energy-auditing program
for schools in Upper Austria was initiated
by OKA in cooperation with local authori-
ties. Analysis of about 600 schools
showed a large potential for energy con-
servation and environmental improve-

ment through increasing the thermal insu-
lation of the building envelope, decoupling
space-heating and hot-tap-water pro-
duction, and application of bivalent heat
pump systems.

Based on this study, OKA has started a pi-
lot program for heat pumps with an elec-
tric input betweem 50 and 100 kW. Start-
ing with two installations in 1983, this past
winter (84/85) - the coldest one in years -
10 installations demonstrated their tech-
nical performance. Main areas of program
emphasis are:

@ Evaluation of heat pump units from dif-
ferent manufacturers,

@ Differenttechnical solutionsforintegra-
tion of heat pumps in existing systems,

@ Different heat sources (air, water,
ground),

@® Detailed monitoring program and ana-
lysis of results,

@® Commercial evaluation of projects.

Below, technical details are described for
a pilot project that resulted from the ener-
gy auditing program for schools in Upper
Austria.

The 620-pupil public school in Windisch-
garsten had a high annual energy con-
sumption of 1,860 MJ/m? , due to insuffic-
ient thermal msulatlon an oversized oil-
fired central-heating system, and energy-
consuming swimming pool installations.
Since the schoolis situated in arecreation
area, environmental concerns of local
authorities played an important role in de-
cision making.

On the basis of a detailed analysis, per-
formed in cooperation with the Institut fur
Energiewirtschaft, Wien, several mea-
sures have been implemented, such as
improving the thermal quality of the build-
ing, decoupling and decentralizing hot-
tap-water production, utilizing heat
pumps for dehumidification of the swim-
ming pool air and, finally, installing a bi-
valent heat pump system made up of a
cascade of nine heat pumps (air/water).
The details of the new energy system are
described in Table 2; the photo (Fig. 5)
shows the heat-pump cascade, situated
in front of the swimming pool.

After one year of operation, the new ener-
gy system performed very well. Perfor-
mance results are summarized below.

@ reduction of the peak heating demand
of the bundmg from 170 W/m? to
60 W/m?

@ reduction in local emissions of about
85% (see Fig. 6)

@ improvement of comfort and air quality
in the swimming pool area

@ an increase in regional activity in heat
pump applications due to an improve-
ment in local knowledge of this new
technique.

4
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Fig. 5 Heat Pump Cascade, Public School Windischgarsten
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Fig. 6 Public School Windischgarsten - Environmental Improvement befoere and after Installation
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Further Activities and Future Prospects

Based on the present success of OKA
heat pump activities, present policy will
certainly continue in the future. Main goals
for the future are evaluation of pilot pro-
jects, optimization of installed systems, a
generalincrease intechnical understand-
ing, development of new applications in
industrial sectors, and combination of
heat pumps with geothermal projects.

H. Taniguchi, K. Kudo, K. Kasahara*

References

/1/ Schneeberger, M.F.: The Impact of an
Austrian Utility's Heat Pump Initiatives
Proc. IEA He, at Pump Conference: Cur-
rent Situation and Future Prospects (Graz,
May 22-25, 1984) dbv-Verlag, Graz, 1984,
p. 507-513

/2/ Brandner, R.: Heat Pumps in Austria.
HPC Newsletter, Vol. 3, No. 1/2, pp 9-11,

Development of a Heat Pump-Boiler System

1. Introduction

Itis generally understood that utilization of
waste heat or cogeneration of heat and
power is an effective way of reducing
energy consumption in district-heating or
industrial operations. In actual practice,
however, heat is often supplied using a
simple, conventional boiler. Since boiler
efficiencies of over 90% have already
been achieved, there is little room for effi-
ciency improvement. Using high-temper-
ature combustion heat for low-tempera-
ture heating applications, however, al-
ways results in large exergy losses.

Supplying central heat with a cogenera-
tion system has several advantages, in-
cluding a higher heat-utilization factor,
and costreductions resulting from centra-
lization (such as lower installation and
maintenance costs). At the same time,
central systems are subject to heatlosses
in the distribution system, often cancelling
out the advantages of centralization.

A better design for a central-heat-supply
system is as follows: A heat engine gene-
rates power to drive a heat pump. The
waste heat from the engine is added to the
heat collected by the heat pump, resulting
in a higher thermal efficiency.We have de-
signed such a system, using a boiler (fired
by petroleum or substitute fuels Jand a
steam turbine as a heat engine. We have
called this system a a 'heat pump-boiler
system,'and have estimateditstheoretical
performance and efficiency. Based on the
results of our analysis, the Research and
Development Corporation of Japan gave
us a contract as part of their objective to
develop 'a highly-efficient hot-water-sup-
ply system, using both a heat pump and a
boiler’. Our research and development
work continued for three and a half years,
and was completed in February 1985. The
work and our results are described in this
article.

2. System Development

The heat pump-boiler system we have de-
veloped can be used in district-heating or
similar applications. Fig. 1 compares the
system to a conventional boiler and a co-
generation system, Fig. 2 compares fuel

consumption for each of the three sys-
tems, and Table 1 lists the capacity range
for each system. Since the heat-utilization
factor of the heat pump-boiler system is
well above the heat-utilization factor of the
conventional boiler system, significant
energy savings will result. In addition, the
heat pump-boiler system can readily deal
with variations in load.

Fig. 3 is a flow diagram of the heat pump-
boiler system; Fig. 4 shows a T-S diagram
ofthis design. The steam generated by the
boiler is led to an expander, such as a
steam turbine, and is converted into pow-
er. The power generated is used to drive
the heat pump compressor and the boiler
feed pump. Waste heat from the expander
is used to heat the hot-water supply. In a
conventional heat pump system, high-
pressure working fluid passes through an
expansion valve without making use of its

*M.F. Schneeberger, Head of the Energy
Consulting Department of Oberésterrel-
chische Kraftwerke AG (OKA), Linz,
Austria

potential energy. In order to use this ener-
gy effectively, we have replaced the exa-
pansion valve with a power-recovery ex-
pander, using the generated power as
part of the driving power for the compres-
sor and the boiler feed pump.

Our pilot plant has a capacity of 900 kW ,
with hot-water supply at 70°C and the low-
temperature heat source at 40°C. Fig. 5 is
a picture of this pilot plant. The steam ex-
pander, heat pump compressor and pow-
er-recovery expander are screw types
connected in series. The steam on the
heat-engine side is at a relatively low-
pressure/low-temperature level of about
0.98 MPa, 291°C. A displacement-type
(screw) steam exapander is used instead
of a velocity-type (turbine) for a higher
heat utilization factor at part load. Heat is
also recovered from lubricating-oil to fur-
ther improve system performance.

Calorific value
System generation Number of houses Remarks
(MW)

Conventional 100 to 100,000

boiler 0.24 ~ 240 houses Domestic record
Heat 250 to 25,000

pump-boiler 0.6 ~60 houses

Cogeneration 120 ~ 4,800 50,000 to 2,000,000 | Domestic record

houses and record in
Europe

lowing conditions:

Note: Calorific values needed for heating houses are calculated on trial under the fol-

120 W per m?; 20 m2/house are heated.

Table 1 Comparison of Scales of Various Systems

6
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3. System Performance

Tests on the pilot plant at a rated load of
910 kW show the system has a heat utiliza-
tion factor of 1.49. Considerable energy
savings result when this is compared to
the maximum heat utilization factor of 0.9
in a conventional-boiler system.

LRefrigerant

Fluid of low-tempe-
rature heat source A

50

Reduction
gear 10

Power recovery
expander

40

Compressor

Steam
expander

Steam

Hot water return
B ST

Tin

2\ 200

A T

Hot water supply
-

100 Heat-pumy
side condenser

300 @\ 400

Heat-engine
side condenser

Boiler

-

T out

Fig. 3 Flow diagram for the heat pump-boiler system

Heat pump side
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water

Tin

Fuid of low-temperature
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Fig. 4 T-S diagram for the heat pump-boiler system

System performance was measured un-
der various conditions. Fig. 6 shows varia-
tions in the heat utilization factor at part
load. The heat utilization factor decreases
with a decrease in load. One reason for
this is a lower thermal efficiency on the
heat-engine side. The performance of the
steam expander could be further im-
proved. Fig. 7 shows the impact of the the
temperature of the heat source on heat-
utilization factor. As the temperature of the
heat source falls, the heat utilization factor
decreases,duetoalowerheatpump COP.

The power-recovery expander improves
the heat utilization factor by about 5%. This

improvement is not related to system heat
losses, and cannot be explained using or-

10.075

Supply hest enargy (kW]

Fig. 6 Part-load characteristics of the pilot plant
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dinary energy analyses. Exergy analyses
become indispensable. In Figs. 8 and 9,
both energy and exergy flow diagrams are
used to analyze system performance. The
energy analysis shows only a 10% loss
from the boiler. In contrast, the exergy
analysis shows a loss of 70%, due to the
low-temperature/low-pressure steam in
the system. Increasing the temperature
and pressure of the steam can reduce this
loss and increase the heat-utilization fac-
tor. Our pilot plant is relatively small, mak-
ing it difficult to acheive this improvement.

Fig. 5 The heat pump-boiler system pilot plant

With today's technology, however, it may
be possibletodevelopasystemforlarger-
Supply heat energy 730 kW Water supply 138.68% scale applications.
4, Summary
Water supnly-piing radlaton In order to produce heat energy effective-
Di16% ly, we have designed a heat pump-boiler
system. We have built a pilot plant and
have monitored its performance. This rel-
atively small system (900 kW) has a heat-
utilization factor of 1.49. We tested the
i i Heet sngine part-load behavior of the plant and the ef-
T L fect of different heat source and heat sink
temperatures. We have shown the neces-
R sity of utilizing both exergy and energy
S gimenn ) e Haat angime sce i | analysis techniques for assessmentofim-
\ } s<Eondenser I | provements in system performance and
L ?.;’L"C?é'!?" ! efficiency.
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Fig. 8 Energy flow diagram of pilot plant K Kasahara, Mayekring Co., Tokyo
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H. Yamamoto, T. lwata, K. Yonemoto*

Heat Pump Hot Water Supply Unit in Japan

One of the earliest examples of a Japan-
ese heat pump hot water supply unit was
installed in the 1950s at a famous spa in
the Shikoku district. Abundant but low-
temperature spring water was used as the
heat source for the heat pump to produce
the water temperatures required for bath-
ing.

Inthe late 1960s, heat pump equipmentfor
producing cold and hot water was intro-
duced. In the mid 70s, heat pumps began
to be used for cooling and heating in cen-
tral air-conditioning systems. Since that
time, heat pumps have been the most
popular equipment for air-conditioning in
office buildings, for reasons of cleanli-
ness, safety, and ease of operation. For
domestic applications, however, oil- or
gas-burning hot-water supply units or
electric resistance units have been used,
due to compact size and low initial cost.

The oil crisis, however, resulted in a new
interest in heat pumps for hot-water sup-
ply. In this article, product research and
development for various applications is
described.

1. Types of Heat Pump Hot Water
Supply Units

Several types of heat pump hot-water
supply units are now on the market, and
new types are being developed to meet
the needs of different applications. Some
of these products are described below.

1.1 The Heat Pump Unit for Hot Water
Supply

Heat pump units for hot-water supply use
either water or air as a heat source.
Water-source units are available over a
wide range of capacities, and can operate
reliably with water at 10 to 20 degrees Cel-
sius. If waste heat is available as a heat
source, the performance and efficiency of
the water-source heat pump is improved.

Air-source heat pumps are of small or me-
dium capacity. While water-source types
require a nearby source of warm or hot
water, air-source heat pumps can be used
conveniently atany location. Installation of
air-source heat pumps, however, has not
been as widespread as installation of
water-source units. Air-source units must
operate at outdoor temperatures that
range from -10°C in winter and 35°C in
summer. The problem is not how to over-
come technical difficulties, but how to op-
timize system operation. In order to supply
heat at temperatures below 3-5°C, for
example, either a large-capacity heat
pump must be installed or some com-
bustion-type or electric-heater backup
system must be provided.

R12 is used as a working fluid to supply

[tem

Model UWQ 15J-S

*Heating capacity (50/60 Hz) Kcal/h 47600/61600
*Volume of hot water (50/60 Hz) I/min 159/205
*Yolume of heat source water (50/60 Hz) |/min 108/143
*Power consumption (50/60 Hz) KW 17.0/21.6

Power source

3-phase 220V 50/60 Hz

Height mm 1650
External dimensions Width ~ mm 1400

Depth mm 650
Product weight Kg 680
Compressor Hermetic, 5.5 Kw x 2

Heat exchanger in the hot water side

Multi-tube condenser

Heat exchanger in the heat source side

Multi-tube evaporator

Note) * markdenotesspecificationswhen hotwaterinlettemp.is55 °C, outlettemp. is60 °C,
and the heat source water inlet temp. is 20 °C.

Table 1 Specifications, Model UWQ 15 J-S

hot water temperatures of 55 to 60°C, and
R22 is used to supply higher tempera-
tures. Some small domestic units use can
produce hot water at 70°C by taking ad-
vantage of the temperature of the super-
heated vapor discharged from the com-
pressor.

At the present time, water-source units
are being produced with compressor out-
put ratings of 2.2 to 45 kW. Air-source
units are available with compressor out-
puts of 5.5 to 15 kW. Small-capacity units
for domestic use are being developed,
and are being field-tested in various re-
gions.

1.2 Heat Pump Combination Units for
Heating, Cooling, and Hot Water Supply

Production and development of combina-
tion units is being carried outin the Japan-
ese market. Combination units are of two
types: heat pump chilling units and separ-
ate heat pump air-conditioners with addi-
tional functions for hot-water supply. The
operational mode of these combination
units varies according to the type of com-
bination and the individual features of
each system.

During space cooling in the summer sea-
son, itis possible to utilize waste heat pro-
duced by operating space-cooling equip-

10
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ment, resulting in a higher energy-effici-
ency ratio. During the winter season, how-
ever, both the space and the hot-water
supply require heating, and mustbe given
priority or be aided by additional heating.

Combination units are equipped with
three heat exchangers that can switch to
endothermic operation or radiation
operation in accordance with each mode
of operation. In addition, the control me-
chanisms are complex, in order to allow
operation over a wide range of conditions.
Therefore, high system reliability is re-
quired.

1.3 Hot Water Heat Pumps for
Commercial and Industrial Applications

Hot water heat pumps for commercial and
industrial applications have been limited
in number (for example, in public baths,
hot spring hotels, etc.), but their use has
been on the increase in recent years.

Commercial heat pumpsthat can produce
hotwater up to 60to 70°C are basically the
same as the hot-water supply unit de-
scribed in 1.1. Many are water-source
types, but there are also some air-source
types. Most units are of medium capacity.
For units with reciprocating-type com-
pressors, outputis notgreater than 45 kW.
Some screw-type compressors have
been developed with outputs greater than
45 kW. R22, R12, and R500 are used as
working fluids. Some water-source heat
pumps with screw compressors can pro-
duce hotwater at80-110°C from low-tem-
perature waste heat of 40-70°C.These
units are have compressor outputs of 40-
1,130 kW and use R114 as their working
fluid.

Industrial heat pumps are used for heating
greenhouses, and for controlling the water
temperature of breeding ponds for fish
and shellfish. In some cases, both the
heating and cooling capacity of the heat
pump can be utilized. For example, food
processing operations require a supply of
hot water for heat treatment and washing,
and may also have cooling and refrigera-
tion requirements. System efficiency can
be improved by recovering the waste heat
discharged from refrigeration equipment.
Utilization of heat pumps for hot-water
supply in industrial applications is now in
the introductory stage, but promises to be
widespread in the future.

2. Product Descriptions

2.1 Heat Pump Unit for Hot Water
Supply

(1) Specifications and Characteristics

Fig. 1 shows and example of a heat pump
unit for hot-water supply. It is a packaged
type with a capacity range of 7.5to 15 kW.
Ituses water as a heat source, with aninlet
temperature range of 12 to 25°C. R12 is
used as the working fluid in order to pro-
duce a maximum hot-water temperature

=ses ]

Fig. 1 Heat pump unit for hot-water supply only (UWQ 15J-S/8302 @)

Suction pressure gauge

Heat source

water outlet High pressure switch

Anti-freeze
thermometer
Compressor
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Heat source side
1 heat exchanger

Heat source

rinle 3
wate ! Hot water side

heat exchanger L

Temperature -—--—-—‘—» Hot water

controller outlet

Hot water fh»

%E Fusible plug

Expansion valve Filter

Fig. 2 Piping flow Sheet (UWQ 15J-S)
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of 70°C. The unit has a high-efficiency,
hermetic compressor, and lightweight,
compact multi-tube heat exchangers for
both the hot-water supply and the heat
source. In order to increase heat-exchan-
ger efficiency, special grooves are cuton
the inner surface of the heat transfer
tubes. These components are connected
to one another with a simple working fluid
circuit, as shown in Fig. 2. The COP of this
unit is 3.3 (when the hot-water inlet tem-
perature is 55°C and the outlet tempera-
ture is 60°C, and the heat-source inlet
temperature is 20°C and the outlet tem-
perature is 15°C).

Both the heat exchanger for the hot-water
supply and the hot-water supply piping
are made with copper materials. Table 1
lists further unit specifications, such as
performance ratings, external dimen-
sions, and weight.

(2) Applications

Fig. 3 is a flowchart of the system. If low-
temperature water of 12 to 25 degrees
Celsiusis available as the heatsource and
a hot-water temperature of about 60 to
70°C is acceptable, several applications
are possible (although the water cannot
be used directly for drinking for hygienic
reasons). Some specific examples are:

@ Hot-water supply and space heating
{hotels, hospitals, plants, etc.)

@ Baths (public baths, saunas, bath-
rooms of golf-links, etc.)

@ Processes (bottle washing places,
washing places of dyeworks)

@ Heating boiler feed water
@ Drying
@ Heating greenhouses

Heat source water, hot-water supply and
feed water must undergo quality controlin
accordance with the cooling water stan-
dards set up by the Japan Refrigeration
and Air Conditioning Industry Association
(JRAIA).

2.2 Combination Heat Pump Units for
both Hot Water Supply and Space
Cooling and Heating

The following four examples of combina-
tion equipment are described below.

1. An air-source heat pump chilling unit
with a hot-water supply unit.

2. An air-source heat pump chilling unit
with a built in heat exchanger for hot-
water supply.

Ajr-source Heat Pump
Chilling Unit

heat exchanger

Pneumatic

4-vay)
valve

Air-source Heat Pump Chilling Unit
with Hot Water Supply Function

Hot water
tank

Hot water

Preumatic heat exchanger

supply
Hot water N
supply unit
[
f T L
'
> compressor [
3 Water heat !
w exchanger H
- 5
r 1
1
Exp.V | | 4-way valve
1
1
!
! i
L
Cooling/Heating

- —— : Cooling + Hot water supply

=t = — — — P> Coaling/heating

_.‘._.@__

Hot water tank

Comprassor

———3
Hot vrater
supply
- 6 !——‘ -

Hot water supply
heat exchanger

supply)

Fig. 4 System Flow Sheet - Example 1 (when operated exclusively for hot water

supply)

Fig.5 System Flow Sheet - Example 2 (when operated exclusively for hot water

Air-cooled Heat Pump Chilling Unit
with Hot Water Supply Function

Expansion unit
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13BuBysxa 1eay 11y
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Expansion unit

Outdoar Unit
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Hot water tank
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Fig. 6 System Flow Sheet - Example 3 (when operated exclusively for hot water

supply)
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Fig. 7 System Flow Sheet - Example 4 (when operated exclusively for hot water
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Fig. 3 System Flow Sheet (UWQ 15J-S)

4. Anair-source heat pump air-condition-
er with a hot-water supply unit.

Table 2 summarizes the operational
modes of each system.

(1) Example 1

This system has a hot-water supply unit
connected to an air-source heat pump for
space cooling and heating. Fig. 4 is a flow
chart of this system. Although this is a
simple system, it cannot operate in the
space cooling (or heating) and hot-water
supply modes at the same time. When
room cooling (or heating) and hot-water
supply are both required, the hot-water
supply unit must operate when cooling or
heating operation is suspended (at mid-
night, for example), storing hot water in a
tank for later use. The hot-water piping for
the hot-water supply unitis constructed of
copper or stainless steel, to prevent rust
and corrosion. Most of the products are
from 2.2 to 15 kW in compressor output
capacity.

(2) Example 2

This system is an air-source heat pump
chilling unit with an additional heat ex-
changer for hot-water supply inside the
unit. This unit is compact, simplifying in-

Operation mode

Hot water supply, cocling/heating system

Example-1

Example-2

Example-3

Example-4

Hot water supply only

Cooling only

Cooling + hot water supply

1

Heating only

Heating + hot water supply

Notes) *1

lated at midnight.

denotes that hot water supply cannot be conducted without cooling load.

*2 denotes that, with 2 refrigerant systems (2 compressors), both heating and hot
water supplying capacities become 50%.

*3 denotesthatthermostat stops during cooling and heating, and heatis accumu-

Table 2 Modes of Operation for Each System
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stallation. A flow chart of this system is
shown in Fig. 5. When space cooling and
hot water are required simultaneously, the
waste heat from space cooling is used as
the energy for supplying hot water, making
the unita so-called 'heat-recoveringtype.’
When the space-cooling load is small,
however, the capacity for hot-water sup-
ply will diminish. Furthermore, simultane-
ous room heating and hot-water supply is
possible only for a unit with two working
fluid circuits (2 compressors), and both
space heating and hotwater supply capa-
cities are diminished by about 50%, com-
paredto single purpose operation. This di-
minished capacity can be avoided if
operation for hot-water supply is per-
formed during periods when operation for
space heating is not required. Most units
are of medium capacity, ranging from 15
to 45 kW.

(3) Example 3

This system has an air-source heat pump
for space cooling and heating, and a
water-source heat pump unitfor hot-water
supply, housed in one casing. R22 is used
as the working fluid for space cooling and
heating, since a hot-water temperature of
about 55°C is sufficient for space heating.
R12 is sometimes used for the hot-water
supply circuitto obtain temperatures upto
about 70°C. High discharge temperatures
can reduce the size of the hot-water stor-
age tank. Fig. 6 shows a flow chart of this
system. Most units are small, ranging from
2.210 5.5 kW.

(4) Example 4

This system is a split-type heat pump air
conditioner with a hot-water supply unit
attached to it. Fig. 7 shows a flow chart of
this system. This sytem is different from

Example 1 in that it can utilize waste heat
produced by space cooling operation.
Like Example 1, however, space heating
and hot-water supply cannot occur simul-
taneously, unless hot-water is stored
while operation for space heating is
suspended. Site installation work pri-
marily consists of refrigerant piping work.
Many of the units are small-sized with ca-
pacities from 2.2 to 3.75 kW.

3. Plans for Future Development

As mentioned above, a number of heat
pump products for hot-water supply have
been developed. They have many excel-
lentfeatures, buthave some problemsthat
must be solved berfore their use can be-
come widespread. Air-source heat pump
hot-water supply units lose some capacity
when the outside airtemperatureis low. To
obtain sufficient capacity in low-tempera-
ture outside air, improvement of compres-
sors and heat exchangers, optimization of
working fluids, circuit construction, con-
trol method and defrosting system, and
methods for ingenious combination with
the auxiliary heat source and heat storage
are all being studied. Special efforts are
being made to reduce unit cost and size,
and to effectively combine the unit with
space cooling and heating. As a result of
these improvements, the heat pump will
surely be a more attractive option for hot-
water supply in the future.

Future work on industrial heat pumps will
include attainment of high efficiency and
high temperatures, as well as aquiring
more operating experience in differentap-
plications. To achieve a high COP, the effi-
ciency of the compressor and heat ex-
changer will be improved, and working-
fluid mixtures will be researched and de-
veloped. To achieve high temperatures,

high-output-temperature  compressors
will be developed and working fluids (con-
centrating on fluoro-alcohols) and lubri-
cation oils will be studied. The expected
increase in efficiency brought about by
these efforts will increase the economic
benefit of the heat pump, and achievement
of high output temperatures will widen the
field of possible heat pump applications.
For widespread use of heat pumps in the
industrial field, different techniques for uti-
lizing heat pumps for different applica-
tions are important. The cooperation of
users, engineering companies and manu-
facturers will allow for further accumula-
tion of know-how and operating experi-
ence. Although each heat pump s likely to
be designed specifically for its applica-
tion, development and production costs
will be reduced as the number of heat
pump installations increases.

*H. Yamamoto, T. lwata, K. Yonemoto,
Daikin Industries Ltd., Kanaoka-machi
104, Sakai, Osaka 590, Japan

Bjoern Dahlroth*

Experience with Large Heat Pumps in Sweden

In Sweden, the market conditions for large
electric heat pumps are ideal.

@ The price of electricity is very low

@ There are good heat sources in Swe-
den’s many lakes, in the sea along the
coastline, and in the waste water from
the pulp and paper industry. The best
heat source is treated sewage water.
Almost every town has a centralized
plant for cleaning and treating sewage
water.

@ District heating is very common, so
there are many large heat sinks.

@ There are no coal resources worth
mentioning in Sweden, and the distri-
bution of imported natural gas s still too
limited to compete with heat pump al-
ternatives.

We define a large electric heat pump as a
unit with a heat production capacity over
1 MWith. The first such unit was commis-
sioned in Sweden in 1981. At the end of
this year (1985), there will be about 90
units witha total capacity of approximately
900 MWth. The 1000 MWth level, which
had been the estimated market potential,
will probably be surpassed by January or
February 1986. Together, all these large
heat pumps will produce almost twice as
much heat energy than is now produced
by all the 110,000 small electric heat
pumps presently installed in single-family
houses. The largest single unit so far, in-
stalled in the city of Gothenburg, israted at
about 30 MWih.

Large heat pumps have become quite a
success in the Swedish energy system.In
comparison to the cost of oil-based heat-
ing, the first cost of a large heat pump is

paid back in three to four years, and in
comparison to coal-fired heating, in about
eight to ten years.

When a product is developed and put on
the market in just a couple of years, isn't
there a risk of operational trouble and low
availability? This question was posed
guite early by several people within the
energy business. On the initiative of the
Swedish Power Association Development
Foundation (VAST) and with cooperation
from the Swedish Heat Producers Asso-
ciation (VVF), aworking group was formed
in 1983 to answer this question. A simple
system for quarterly operation reports
was set up, and several owners of large
heat pumps immediately responded that
they were interested in participating in the
reporting scheme.
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Fig.1 Examplesof quarterly mean temperatures of district-heating and heatsource returnfor somelarge heat

pump plants in 1984.

There were preliminary results after just a
few months in 1983, but a more detailed
analysis was not made until all data for
1984 had been collected. The results of
this analysis are presented here in brief.
Results are based on reports from 22
plants with atotal of 29 large units. Some of
the machines are used for industrialappli-
cations, but most of them are used for dis-
trict heating. The 16 turbo compressors
and 13 screw compressors have an aver-
age capacity of 7.7 MWth. The screws are
generally smaller while most of the turbo
units are larger.

Temperature Levels

Examples of the quarterly-mean-return
temperatures of heat sources and district-
heating systems are shown in Fig. 1. The
district heating returntemperatures do not
vary much during the year. For the return
temperatures inthe figure, there is a maxi-
mum variation of +/- 7 K. Note that one
plant has a return temperature of about +
70°C, meaning that the condensing tem-
perature is about 80°C.

The return temperatures of the heat
sources vary with season, rather than with
district-heating demand. The maximum
variation around the quarterly mean is
+/-5 K. Of course, lake or sea water will
never fall belowthe freezing point, buteva-
porators can be designed to extract a
great deal of heat even at 1 or 2 K above
freezing.

Operation Time

Most of the heat pumps supply the base
load in district-heating systems. Average
operation time is longer than 70% of the
calendar year, or more than 6,000 hours
per year. A few heat pumps have yearly
operating times of over 8,000 hours.
Constant operation with few starts and
stopsis often considered a favorable duty
cycle. In some cases, operationtimeis re-
duced due to mechanical failures; in other
cases, due to heat source temperatures
that are too low.

Average Load

For most of the units the operating load is
fairly constant, at an average of about
80%. Some units, however, show large va-
riations in operating load, primarily due to
variations in the availability of the heat
source. Sometimes the load is reduced
duetolow heatdemand, especially during
the summer.

How well do the heat pumps perform?

The coefficient of performance (COP), or
‘output divided by input’, is the heat pump
characteristic that attracts more interest
than any other. A high COP is important,
but must not be overemphasized. With the
energy price situation as it is in Sweden,
high availability and high output are more
important factors in the economics of a
heat pump plant than are a few tenths of
variation in the COP.

Nevertheless, the large heat pumps we
studied performed very well. For an entire
plantwith turbo setand including all auxili-
ary equipment, the highest annual COP is
over 3.1. The average annual COPfor nine
large turbo units with auxiliaries is about
2.8. This is not low, considering that the
condensing temperatures of most units
are high - above +65°C - and, in some
cases, are even above +75°C. The plants
with screw compressors have an aver-
age-annualtotal-plant COPof2.3. Ifthe in-
dustrial units thatwork under the mostun-
favorable temperature conditions are
excluded, the average COP increases to
2.6.

In general, the plant COPs are slightly low-
er than figures quoted in manufacturers’
data and used in the general energy deb-
ate that is going on in Sweden. This could
be due to optimistic expectations among
suppliers and people responsible for
'energy planning’. As mentioned pre-
viously, however, a slightdecreasein COP
has little effect on the favorable econ-
omics of a heat pump plant.

Investigations have been made to find out
if there is any clear correlation between
variations in plant COP and temperature
conditions. There may be such a correla-
tion, especially in the stage of designing a
heat pump plant. The correlation is quite
small or disappears, however, once the
plant is built and in operation. In summer,
when heat source conditions are favor-
able, there may be a low heating demand.
Under these conditions, the plant runs at
part load with many auxiliaries in opera-
tion. Additionally, return temperatures in
district-heating systems have a tendency
to increase during the summer, due toim-
perfections in the heat-distribution sys-
tem.

As a first conclusion, in the early design
stages, it is reasonable to project an an-
nual total COP for the heat pump plant of
about 2.8, based on winter temperature
conditions. One can hope for getting a
plant that can do only slightly better thana
COP of 3.

Output

We found little correlation between quar-
terly-average outputin MWth and quarter-
ly-average temperature conditions. Out-
put depends more on other factors.

Availability

It is difficult to define the rated output of a
heat pump. It is not possible to use the
same definition of availability for a heat
pump as is used, for example, for a ther-
mal power station. Heat pumps either run
at the load determined by external condi-
tions or don not run at all. For this reason,
we have selected the simple availability
definition:

reported operating time
reported operating time+reported fault time
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16 Turbo

Note: figures have been rounded

13 Screw

S

Type of Trouble Outside Ancillary ;‘:i;::"g&p Total Outside Ancillary nzim‘gg" Total
Oil Leakage 0.2 |09 1.1 05| 05 0.1 1.1
Refrigerant Leakage 04|03 0.7 01|03 03| o7
Bearings 03 (01|04 0.8 0.1 03| 04
Electrical 13|19 (03|09 44 09 | 20 03 3.2
System & Design 1.0 06|04 (02 | 01 23 2.0 09| 08 37
Dirt 1.5 | 01 07] 01 24 09 07101 01 1.8
Corrosion 0.1 0.1
Miscellaneous 19 111[02]07]02]23]06]02 03] 75 09|07 ]03]05 1.7 | 04 0.4 4.9
Total 35[12]|]15]36|J08|52]27]|04]01]03]193 1.8 1 07 112 45 421 22| 01 1.1 |168
Total by category 6.2 13.1 3.7 121

Table 1 Number of reported "trouble incidents’ per 10,000 hours of unit operation.

With this definition, availability indicates
how much of possible production is likely
to be lost due to mechanical failure.
Losses due to planned maintenance are
not considered. The result is that only a
few units have not performed very well.
Half of the turbo sets have an availability
better than 97.5%, and half of the screws
are better than 94.8%. Both figures con-
firm that large heat pumps are very de-
pendable as heat production machines,
with an expected availability at least as
high as that for a boiler. Some units tested
have availability factors close to 100%.

Reliability

Availability describes the possible loss of
energy production, and a potential loss of
income. Reliability indicates how often
mechanical failures occur in the machin-
ery, but does not account for lost produc-
tion. Both concepts are important for eva-
luating plant behavior.

For our investigation, we chose to study
how many ’disturbances’ and ‘troubles’
were reported for each plant, rather than
mechanical failures only. The definition of
a 'disturbance’ or trouble’ is subjective. It
is an incident that interferes with normal
operation such that personnel find it dis-
turbing, must take some action, and must
also report it. Usually, the 'incidents’ are
due to some kind of fault that does not
cause a full stop of the machinery. Small
incidents that we have judged as ftrifles
have not been included in the evaluation,
even if they were reported.

Table 1 shows the number of ‘incidents’
per 10,000 unit hours of operation, cate-
gorized by type of problem. The quality of
the data is not high; nevertheless, some
conclusions can be drawn. The pattern of
'incidents’ is the same for both turbo units
and machines with screw compressors.

The total number of incidents is approxi-
mately 15to 20 per 10,000 hours of opera-

tion. In practice, this means between 1 and
1.5 incidents per month. This is indeed a
low figure. Between 1/3 and 1/4 of all inci-
dents are due to factors outside the plant
itself. A closer look at the reports reveals
that the most common outside factors are
insufficiency in the heat source and float-
ing rubbish. Insufficiency simply means
that there is not enough sewage water or
that the water is too cold.

In the first plants utilizing treated sewage
water, there were certain problems with
trash. The water was acceptably clean
from the hygienic point of view, but there
were still some objects such as pieces of
plastic, cork or leaves, or flocks of algae
and the like. Several plants have balls of
plastic foam circulating through the eva-
porator to keep the tubes clean, similar to
those used for power station condensers.
Atfirst, the strainers used for collecting the
balls downstream of the evaporators were
clogged by floating objects and did not
operate well. The water was ’hygienic’
from the environmental point of view, but
was not clean enough for heat pumps. In
the worst cases, the problem was solved
by installing self-cleaning strainersinfront
of the plant. It is indeed doubtful that the
circulating-ball systems are even neces-
sary; some plants do well without them.

There were not many incidents that origi-
nated inside main heavy equipment; for
instance, there were few severe compres-
sor failures. When these incidents did oc-
cur, however, the shut down periods were
very long.

Most incidents were due to failures in the
auxiliary systems. This is typical not only
for heat pumps, but for almost all kinds of
equipment used in energy conversion or
process industries. Some of these were
'system faults,’” defined as faulty design,
program error, selection of wrong equip-
ment, etc.; some failures were due to dirt.

It still happpens that relays fail, but most
'electrical incidents’ are due to computer-

system problems. Computer systems are
sensitive to transients in the mains’ frequ-
ency and short power interruptions. It
would pay well to equip a plant from the
beginning with a robust computer system
with optocouplers and with a well-filtered
power supply. It is also important to write
well-structured computer software. Pro-
gramming should start the day after sign-
ing the contract and should not be post-
poned until just before commissioning. All
this is not, of course, true only for heat
pump plants; it applies to any industrial
process. Corrosion has not been a pro-
blem, but may develop in the future.

Leakage

Leakage of refrigerant is a large concern
in Sweden, due to concerns about safety,
health effects, the cost of replenishing re-
frigerants and, last but not least, the loss of
heat production. Any reduction in heat
production from a heat pump plant must
be compensated by burning fuel oil, which
is much more expensive than the energy
cost of heat from the heat pump.

In 1984, a special investigation onleakage
was performed. All the participants in the
reporting scheme reported how much re-
frigerant they had replenished since the
commissioning date or the start of opera-
tion. The results were:

Slow leakage =31t
Large leakages in connection
with faults =221

Leakages in connection
with maintenance and repair = 7t

=60t

Of course, these figures are not extremely
accurate. When related to the estimated
quantity of refrigerantin the machines and
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the elapsed time, about20-25% of the total
annual filling has been lost. From an en-
vironmental point of view, this amount is
not very much. The amount is small, for
example, when related to the total release
of light halogenated hydrocarbons in
plastic foaming. This leakage is also rea-
sonable if compared to the leakage from
large refrigeration systems. Within the
energy business, however, it is consi-
dered to be too much.

Whatcan be done? Some ofthe slow leak-
age is difficult to reduce, such as leakage
from seals. It should be possible, however,
to reduce leakage through flanges. In
heating systems itmay happen thatthere-
turn temperature suddenly goes up for
short periods. These 'hot water short cir-
cuits’ or 'hot water plugs’ are due to vari-
ous problems and faults with the heat dis-
tribution system. Occasionally, a quantity
of very hotwater will passthrough the con-
denser, causing the safety valves to blow,
and some refrigerant will be lost. The ex-
tent of safety valves blowing due to ’hot
water plugs’ is not known, butit should be
possible to do something about that as
well.

The health effects from inhalation of halo-
genated hydrocarbons are not well un-
derstood. Many halogenated hydrocar-
bons are believed to be quite harmless.
Nevertheless, Swedish authorities have
introduced new and very low limits for ex-
posure. For instance, the maximum allow-
able concentration of R12 for long time ex-
posure is 500 ppm. With a ventilation sys-
tem of reasonable capacity, itmay be pos-
sible to keep the concentration in a plant
below this limit most of the time. It must
also be possible, however, to detect and
monitor such low levels reliably and con-
tinuously. There are very sensitive instru-
ments on the market, but they react in dif-
ferentways to almostany compound con-
taining halogens. So far, the most reliable
equipment is based on the absorption of
infrared light. This equipment is very ex-
pensive, however,and owners of average-
size plants - a few 100 kWs to a few MWs -
will be reluctant to install this equipment.

Suppliers

Most of the very large heat pump plants
have been delivered by four suppliers:

Messrs  STAL-Refrigeration, Messrs
ASEA-STAL, Messr ELAJOincooperation
with Sulzer, and finally, Gétaverken Ener-
gy Systems, a subsidiary of the
Swedyard's Group.

Summary

Large heat pump plants have beenagreat
success in Swedish district-heating sys-
tems. Due to low electricity rates, these
plants can compete not only with plants
fired by heavy fuel oil but also with plants
fired by fuels like peat, wood chips and
even imported coal. By 1986, almost 100
plants with a total thermal power of 1000
MWth will have been installed, and in a
time period of less than 5 years. Operation
with a high plant availability has been ex-
cellent so far. Leakage of refrigerant
seems to be a little high, but is likely to de-
crease in the future.

*Bjorn Dahlroth, Swedish Power
Association Development Foundation,
(VAST), Stockholm, Sweden.

M. Larsson, L. Spante*

Solar Charging of Wells for Small Heat Pump Systems

in Sweden

Introduction

The Swedish State Power Board is pro-
moting the introduction of heat pumps in
Sweden by demonstrating their perfor-
mance in different applications. The pur-
pose of these demonstrations is to en-
courage a switch from oil to electric heat
pumps for heating and domestic hotwater
production, thereby reducing Swedish
imports of oil.

The program includes just over 260 heat
pumps for single-family houses. Sixty of
these heat pumps are ground coupled

with vertical pipes in a well (a borehole in
rock) as a heat source. To increase the
temperature of the well and, with that, the
seasonal performance factor (SPF) of the
system, some of the installations are
equipped with simple solar collectors or
air convectors to charge the well. Heat is
transferred between the well, the heat
pump evaporator, and the charging de-
vice with a closed-circuit pipe filled with
brine, allowing operation below zero de-
grees centigrade. Figure 1 shows a sche-
matic drawing of the system. Twelve of the
installations are being monitored to study
the effects of charging. The heat pumps

that were installed during 1982 and 1983
are made by different manufacturers, and
have heating capacities between8and 12
kW. Before heat pump installation, oilcon-
sumption of the houses ranged from 4-8
m*/year.

The impact of well charging should be
greatest in systems with a high annual
energy extraction rate per meter of bore-
hole. One such installation has been cho-
sen for detailed discussion in this paper.
The study determines how charging af-
fects the annual-mean and the winter-mi-
nimum temperature of the well, and

Period June Dec. Annual
Insolation (kWh/mQ) 1971-80 184 7.00 980
horizontal surface
Insolation (kWh/mz) 1971-80 171 18.8 1135
tilted plane, 45°
Ambient air temperature  (°C) 1957-77 15.7 -0.6 6.6
Degree days 3700

Table 1 Climate Characteristics for Stockholm
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evaluates the economic benefit of the
charging system.

The heatpump systems are equipped with
meters for energy consumption, operating
time, heat delivery and auxiliary heat. In
addition, the temperatures in the well and
on the brine circuitare recorded. The ana-
lysis is based on weekly mean values ga-
thered during 1984. For comparison and
further analysis, especially regarding
long-term temperature effects, the com-
puter program SBMA/1/ was used,

Climate Characteristics

The heat pump system chosen for this ar-
ticle is installed in a single-family house in
Alvsjo, 8 km south of Stockholm, Sweden,
at a latitude of 59.15° and a longitude of
18.00°. The long-term climate characters-
tics for Stockholm are shown in Table 1.

Description of the Installation

The heat pump is produced and delivered
by Thermia AB. It has been in operation
since November 1983. Its capacity is
12 kW at a condensing temperature of
45°C and a brine temperature of 0°. The
air convector has a heat transfer capacity
of 400 W/K at normal outdoor conditions
with low wind velocities.

The house has a hydronic heating system.
Domestic hot water is preheated by the
heat pump and finally heated by electric-
resistance heat. Electric heat can also be
used to heat radiator water on the coldest
days of the year. The existing oil-fired
boiler has been kept as a back-up for the
heat pump, butwas not used during 1984.
The annual heating requirement is about
42 MWh, or an oil demand of 5.5 - 6 m® oil/
year. The design peak demand is estimat-
ed to be 15 kW.

Results

Recorded temperatures of the welland re-
sults from computer simulations are
shown in Fig. 2. The computer simulation
results are in close agreement with ob-
served temperatures. Results are also
shown in Fig. 2 for a simulation of the same
system without well charging. As expect-
ed, the temperature of the well is lower wi-
thout charging. The difference is small,
especially during the winter period when
the heat pump delivers the mostenergy to
the house.

The temperature of the heat source deter-
mines the evaporator temperature and,
therefore, the coefficient of performance
of the heat pump. It is most important to
have a high heat-source temperature dur-
ing the winter period, when the heat deliv-
ery from the heat pump is at its peak. The
seasonal performance factor is therefore
determined by weighting the weekly and
monthly mean temperatures (shown in
Fig. 2) with the heat-extraction rate from
the borehole.

Qil boiler —/

Supply line

Well specifications:

Total bore depth: 85 m

Ground water level: 6 m
below the ground level o
Bore-hole diameter: 115 mm Heat-Rump

Pipe specifications:

Three-hose system with plastic
pipes PEH OD =40 mm

Auxiliary heating
of DHW by electricity

Air convector for
charging of the well

Temperature (°C)

«+ Natural ground
temperature

£

-5

Measured watertemperature (at 50 m)
Simulated temperature at the wall
of the well. Charging

Simulated temperature at the wall
of the well. Without charging

I T I [ I
Jan Mar May

1984

Fig.2 Annual Temperature Distribution of the Well

In Table 2, these weighted-annual-mean
temperatures are presented for measured
values with charging, and for computer-
simulation-based values without charg-
ing. Long-term temperatures are approxi-
mated using values from the fifth year of
operation, obtained through computer si-
mulation. The results show that charging
increases the temperature of the heat
source by 1.5t0 1.9K. Estimates of perfor-

I I [ [ I
Jul Sep Nov

mance without charging for 1984 are
shown in Table 3, column 2. Operation of
the compressor and the main brine pump
requires an additional 800 kWh of elec-
tricity. The system with charging requires
800 kWh to run the circulation pump for
the air convector circuit. Installation of
charging equipment results in practically
the same system SPF, and no measurable
savings on the electricity bill.

Annual Mean Annual minimum
Charging No charging Charging No charging
Year 1 -1.3°C -2.8°C -3.2°C -4.0°C
Year 2 -2.2° -4.1°C -4.5°C -5.5°C

Table 2 Annual Temperature of the Well
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Quality: M S S
Bore depth: 85m 85m 95 m
Charging: Yes No No

Energy delivery from the {kWh) 355000 35500 35500
heat pump to the house QT
Auxiliary energy (electric power) (kWh) 5000 5000 5000
% of energy supplied by heat pump (%) 88 88 88
Electric power for the heat pump

- to the compressor (kWh) 13600 14300 13800

- to the main brine circuit pump (kWh) 1000 1100 1050

- to the air convector circuit pump (kWh) 800 0 0

- Total, ET (kWh) 15400 15400 14850
Seasonal performance factor SPF (=QT/ET) 23 2.3 2.4

Table 3 Thermal Performance for 1984, Measurements (M) and Simulations (S)

Another way to improve system perfor-
mance is to bore the well deeper. Com-
puter simulations for the Alvsjo system
show that an increase in the heat-source
temperature, producing the same re-
duction in compressor electricity con-
sumption as given above, can be reached
by extending the borehole 10 meters, from
85 to 95 m. This is less expensive than in-
stalling charging equipment, and results
ina simpler system design, free from para-
sitic-pump energy consumption.

Conclusions

The analysis of the effect of solar charging
onthe performance of a heat pump shows,
in general, an increase of less than 2° Cin
both the annual-mean and the annual-
minimum temperature of the heat source.

This leads to slightly improved working
conditions for the compressor, and a
small reductionin its consumption of elec-
tricity. Since electric power is needed to
operate the pump in the charging device
circuit, the savings are substantially re-
duced. For the installations presented, the
savings become negligible.

Computer simulations show that the same
improvement in compressor conditions
could be acheived by extending the bore-
hole from 85 to 95 meters. With this
change, simple system design is main-
tained and no parasitic pump energyisin-
troduced. For Swedish conditions, ex-
tending the bore-hole is generally less ex-
pensive than adding charging equipment.

In conclusion, it is more cost-effective to

improve a single borehole by boring fur-
ther, rather than by adding solar-based
charging equipment.

Reference

1. Eskilson P. (1985). Superposition Bore-
Hole Model (SBMA). Simulation model for
oblique or vertical bore-holes. University
of Lund, Sweden.

*M. Larsson, L, Spante, Swedish State
Power Board Alvkarleby Laboratory 81071
Alvkarleby, Sweden

E. Bollin, J. Schmid, B. Schéfer, Ch. Schmidt, T. Ebih*
New Roof-Absorber Heating Plant with Digital Energy Management

Introduction

In 1981, the electric utility Kraftwerk Lau-
fenburg commissioned the Fraunhofer In-
stitute for Solar Energy Systems (ISE) to
design a multivalent heat pump heating
plant for a factory in Engen, such that ap-
proximately 70% of the required heating
energy would be provided through a
brine/water heat pump with a roof absorb-
er, or "energy roof”.

Automatic monitoring and control of the
plantwas to be done with a microcomput-

er that, like an energy management sys-
tem, controls individual plant components
so that maximum energy savings result at
a minimum cost. Additionally, single con-
trol variables were to be modified and
adapted based on operating behavior,
building charateristics, and climatic con-
ditions. This system should allow for con-
trol modifications at any time, without con-
siderable expenditures during operation.

Since the roof-absorber designs already
on the market did not meet the specified
requirements, the Fraunhofer Institute

(ISE) developed a new absorber element.
The following goals for development were
emphasized:

@ low production cost

@ low installation cost

@ high load-bearing capability
@ high absorber capacity

® good corrosion prevention

@ good visual acceptance

19



NEWSLETTER OF THE IEA HEAT PUMP CENTER
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Fig. 1 Cross section and side view of an absorber element

1. The New Roof Absorber Concept

32
An aluminum absorber element with rear ~ W/(m?K)
ventilation was developed atthe ISE for in- 08
stallation on aluminum industrial roofs. o
The element is produced using the roll- oo |~ Tl e
bond process, already proven successful 24 a By i
for producing evaporators for refrigera- . — =
tors. The refrigerant channels are aninte- = | o—T dq
gral part of the absorber, so optimalheat £ o9 o8
transfer is important. In Fig. 1, the cross 3 /D/Ef&y a
section and the side view of the absorber £ 9}/DU ‘
elements are illustrated. On both partsof 8§ 16
the absorber, there are 36 channels that 3 }’{
run between the main vertical distribution %4 :
pipes. The element is bent at an angle of g 12 Tw = 16.3°C
102°, resulting in a large cross section for F = 62.6%
rear ventilation. The surface area of the £ 2
absorber is then 30%larger thanthe con- = 8 § = 0Wm
cealed surface area of the roof. The verti- &
cal pipes add strength, so thatthe roof ab- 2 o measured
sorber can be subject to surface loads g 4 — Bl
F <
caused by wind and snow.
The element is flexibly attached to the roof 0 1 2 3 4 5 6 7 8 9 10 1
m/s

with specially designed clamping ele-
ments, without a frame. The absorber ele-
ments are connected with bolted metal
joints. Thermal expansion is compensat-
ed for with S-curved connections. Color

Wind Speed vwis

Fig. 2 Outdoor heat transfer coefficient for an absorber element as a function of wind speed

anodization refines the surface of the alu- Ot

minum plates. The anodized surface hasa Ear

relatively high absorption coefficientof 0.7
and effectively protects against corrosion.
The absorber can be anodized with many

° Ts = 25°C
A Ts = 9.3°C
0O Ts =20.3°C
e Ts =285°C
s Ts =404°C

It
w

different colors, in order to match the
absorber with the outer wall of the build-

ing.

Pressure Drop Ap

ot
[

Construction costs can be cut in half in
comparison with conventional roof ab-
sorber construction. The absorber ele-

ments have been bench-tested onthe roof
of the ISE institute. Operation under vari-

ous climate conditions has beenanalyzed 0.1

in long-term tests of resistance and per-
formance characteristics.

i
s e

Fig. 2 shows the coefficient of heat trans-
fer, ag, as a function of wind speed for the
absorber. A design performance of 120
W/m? of absorber surface is acheived for

0.1

0.3
Flow Rate V

0.4

0.5
m3/h

Fig. 3 Pressure drop as a function of brine temperature and brine flow for 3 absorber elements in series
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Fig.5: Three operating modes of the bivalent heating plant: a) heating from storage, b) heating with heat pump

and boiler, c) storage discharge with heat pump

the following design conditions:
o= 20W/m? x K

DeltaT=Tx - Taps=6K (average tempera-
ture difference between absorber surface
and the ambient environment)

Figure 3 shows the pressure loss in the
absorber.

2. Description of the Heating Plant in
Engen

A bivalent heat pump plant with a roof ab-
sorber was designed for two buildings
operated by th% Kraftwerk Laufenberg
utility: a 500 m“ office building and a
788 m? automobile shed and warehouse.

The heating demand of the building is 140
kW. The building housing the automobile
shed and warehouse is oriented east-
west, with a roof surface inclined by 7°.
The aluminum roof is well suited for roof-
absorber installation, and the roof cover-
ing will not be damaged. On the roof sur-
face inclined to the gouth, 300 absorber
elements with 500 m*“ of surface area and
a design performance of 70 kW were in-
stalled. Fig. 4 shows the completed roof-
absorberinstallation. Fig. 5illustrates sim-
plified flow charts of the system.

The essential components ofthe plantare:

@ Two electric-motor-driven heat pumps
with a total heating capacity of 93 kW at
a brine inlet of 0°C and heating supply
temperature of 55°C. Both heat pumps
can be operated at 64% of design ca-
pacity by means of cylinder unloading.

@ Anelectric boiler with a design capacity
of 175 kW, available for meeting peak
loads.

@ A25m?® water tank for heat storage. Itis
an underground, cylindrical steel tank
with adouble-walled designthatisther-
mally insulated with 100 mm PU-foam.

@ The heat distribution system can be
broken into two parts: office building,
and automaobile shed and warehouse.
In the office building, steel radiators are
installed, whereas the shed and ware-
house are heated with air heaters. The
supply and return temperatures are
75°C and 55°, respectively.

@ Heat can be directly transferred be-
tween brine and water with a plate heat
exchanger.

In selecting materials for fittings and pipes,
care was taken to prevent contact corro-
sion in the aluminum absorber elements.
The brine system utilizes stainless steel. A
compromise had to be made for the heat
pump evaporators, which are normally
made of copper. At the outlet of the evapo-
rator a superfine filter was installed, in or-
der to prevent the circulation of copper
particles out of the heat pump evapora-
tors. The regulation valves were equipped
with bellows seals in order to prevent leak-
age in case of frost on the cold outer sur-
face of the brine system.
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| 3. Modes of Operation

N Various modes of operation can be set
with motorized valves. Some essential
modes are illustrated in Fig. 5 a)-c).
Charging of the storage with the heat
pumps or the electric boiler is preferrably
executed at night, when the tariff rate is
low. The storage can also be charged by a
plate heatexchanger. During heating ope-

N ® ration, the 'heating from storage’ mode is
BA AN _‘Q\R:\y used if possible (Fig. 5a). If the storage is
R not sufficient, however, heatingis supplied
by the heat pump. Attimes, when the heat-
ing demand is high, the electric boiler is
operated in addition to the heat pump. The
system is then operated in the bivalent-
parallel or bivalent-alternative mode
(Fig. 5b).

foy W, : 1 H it ; \ %2l The ’'storage discharge with heat pump'
@I JJS e 1 e ‘ ‘H YY“ 5 T\ . AR SN mode (Fig. 5¢) is a unique feature of this
B H oy A )T : AL AW  system. Thismodeisonly utilizedwhen, as
a result of low outdoor temperatures, no
energy supply is available from the ab-
sorber, and the storage temperatureis be-
low the required flow temperature. Water
DM/kWh from storage is directed to the plate heat
0.20 exchanger and cooled down to + 5°C. Via
o the brine system, the remaining heat in
storage will be utilized for heating pur-
\.\ poses through the heat pump cycle.
0.15 v

Fig. 4 View of the installed roof absorber with a surface of 500 m? in Engen

Electric Boiler, daytime operation

N Heating cost (DM/kWh) is the decisive cri-
N terion for selecting the mode of operation.
ey Storage charged by electric boiler at night Fig. 6 shows daytime heating costs as a

0.10 . function of heat pump performance or
S '\_\ boiler capacity for the various modes of
- ~. _HP operating with roof absorber operation. 'Heating from storage’ is the
S T~ most economical mode, where the stor-
0.05 ~ [ . ‘ age system is charged by the heat pump
i e during the night. Operation of the electric
B ek EEGE boilerduringthe day is the most expensive

Storage charged by HP with roof absorber at night ——] mode. fthe storage Sys.tem.i§ charged at
0 | | night with the electric boiler, itis more eco-

1 2 3 4 5 homic to heat directly with the heat pump
during the day when heat pump perfor-

Fig.6 Heating costsduringthe day, depending on mode of operation. Pricesare DM0.1789/kWhfrom6:00AM  mance is above 1.7.
to 10:00 PM (on peak) and DM 0.0958/kWh from 10:00 PM to 6:00 AM (off peak).

4. Central Monitoring System

--———Temperature T (13} in °C ——— Flow temperature set point
kW °C - —--Temperature T(29) in°C ——— Heat flow Q from storage in kW For recording the most |mportant plant
70 35 (—— A HP1 in kKW data, sensors have been installed and
[ o connected to a centralmonitoring system.
60 30 = A S Through four multiplex modules with 20

input channels each, data are recorded at
intervals of 5-6 minutes and are transmit-
ted to the central computer. Data can be
monitored and evaluated, stored onfloppy
disksand displayed on a screen or printer.
The following values are monitored:

50

40

30

20

@ 30 temperatures
@ 7 flow rates

: .
0 H H H
O OffSHs'TiS 1S HS HS HS HS HS HS HS H

L) e . . .
SHS HS WV WV HW HW HW HW HS HSHS Hs ks Hs swswswswewsws| @ climate data such as wind speed, inso-
sol—5 SAPOOH M lation, relative humidity and outdoor
t/ T g temperature
—20L10 5%
10 11 12 13 14 15 16 17 18 Time of @ system pressures

recording .
@ all valve positions

Fig.7 Energy flows on May 28, 1985, for the 'heating from storage’(HS) and the 'heating with heat pump’ (HW) L. .
modes (+=energyinput, - =energy output of the heating system), aswellasflowtemperature (T13)and outdoor ~ @ €lectricity Consumptlon of the heat
temperature (T29). pumps and the heating system
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Fig. 8 Influence of wind speed on absorber capacity (ABS) at a constant outdoor temperature (T29)

To determine wind speed and insloation,
40 consecutive measurements are aver-
aged. Analysis software is available for
processing data stored on floppy disks.
Time trends of temperatures, flow rates,
climate conditions and heat flow rates can
be illustrated. Heat pump performance
characteristics and energy management
and control system operations can be mo-
nitored.

5. Energy Management

In addition to standard control functions,
such as adjusting flow temperatures ac-
cording to outdoor temperature, the cen-
tral monitoring system optimizes opera-
tion of the heat pump, the heat storage
system and the modes of the entire heat-
ing system. The mode of operation is de-
pendent upon:

@ date and time
@ local electricity rates
@ outdoor temperature

@ brine temperatures

48 relays control equipment directly, us-
ing output information from the computer.
Between 6a.m.and 5 p.m., atoutdoor tem-
peratures below 20°C, heatis supplied by
the storage system, the heat pump or the
electric boiler. The storage system itself is

Cliss — e T(29 10 + 10K
kW —+— T(29)15 + 10K
50
40
e
/
A LA — . s e T
20 1 l A=t ‘ - -.—._.—-_- n p—
o ° P e
&8, L Ol AR
10
0
0 100 200 300 400 500 600 700 800
Total insolation
W/m?

Fig. 10 Influence of insolation on roof absorber capacity (ABS) at a constant outdoor temperature (T29)
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Fig. 11 Heating capacity and powerinputforthe heat pump asafunction of average heat source temperature (TM0), measured in May 1985. Manufacturers'data shown

for comparison. (TM1 = average water heating temperature)

notchargedduringthe day, unlessthereis
surplus heat from heat pump operation.
The storage tank is charged between 10
p.m. and 6 a.m., when electricity rates are
lowest. Depending on the outdoor tem-
perature, heating operation is stopped
during the night. The computer calculates
the optimal stop time for a given outdoor
temperature. On weekends and holidays,
the heating supply temperature is auto-
matically decreased by 15 K.

During the "heating with heat pump’ mode,
heat pump capacity can be automatically
adjusted to heating demand with cylinder
unloading or by cycling the heat pumps. In
this mode, the supply temperature can be
adjusted by adding cold water from stor-
age; heat that is not required to meet de-
mand is therefore directed to the storage
tank. If the temperature of the storage
reaches a given point, the storage system
alone will supply heating. Fig. 7 shows the
energy flow in each mode of operation.

Charging and discharging of the storage
system are controlled by the computerac-
cording to minimum cost and maximum
energy savings. The temperature of the
storage system can be determined at any
time by temperature sensors in the heat
storage system. The system is generally
charged between 10 p.m. and 6 a.m. for
economic reasons. The heating demand
and supply temperature for the next day
are estimated by the computer, based on
outdoor temperature and the heat collect-
ed in storage for the previous day. Re-
quired heat pump operation can be calcu-
lated based onthe heatcontentofthe stor-

age system. When the supplytemperature
requirement is above 55°C, the electric
boiler is operated in the bivalent-parallel
or alternative mode. By comparing the
heat that remains in the storage system
with the estimated consumption values,
the estimated heating requirement for the
next day is adjusted by the computer.

6. Operational Experience and First
Results

Inthe fall of 1984, the bivalentheating plant
was put into operation.

At first, the plant could only operate with
one heat pump, since tests showed that
the second heat pump did not meet the
manufacturer's specifications (73 kW at
0 °Cbrineinlet, 55 °C heating supply tem-
perature). The roof absorberwas puttothe
test during the first heating period; even
with a snow cover of 10 cm, an absorber
capacity of 120 W/m? was measured.

Fig. 8 shows the dependence of absorber
capacity onwind speed, measured during
the heating period of 1984/85. Fig. 9
shows the dependence of absorber ca-
pacity on insolation during the same pe-
riod.

Fig. 10 shows heat pump heating capacity
as a function of average heating supply
temperature and brine inlet temperature.
For comparison to measured data, manu-
facturers’ data are shown in the figure.
Both the measured heating capacity val-
ues and the measured values for power
input are below those given by the manu-

facturer. Measured heat pump coefficient
of performance is identical to that given by
the manufacturer.

Fig. 7 shows the supply-temperature con-
trol system for different modes of opera-
tion. Until 1 p.m. heating is supplied by the
storage system. When the actual flow tem-
perature (T13) and the required flow tem-
perature vary by 5 K, the heat pump sys-
tem starts operation. The temperature of
the flow water is controlled by adding
colder water from the storage tank and by
charging the storage system (from 1.30
p.m. to 3.30 p.m.). From 5 p.m. on, heating
operation is stopped.

Further results from this project will ap-
pear in an upcoming issue of the HPC
Newsletter.

*E. Bollin, J. Schmid, Fraunhofer Institut flir
Solare Energiesysteme, Freiburg,

E. Schéfer, Kraftwerk Laufenburg,
Laufenberg; Ch. Schmidl, Fraunhofer
Institut fiir Solare Energiesysteme,
Freiburg, T. Eb, Universitat Konstanz
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J. Herrmann*

The Second Nordic
Heat Pump Days

Initiated by the Energy Ministries of the
Scandinavian Countries, the Nordic
Building Research Cooperation (NBS)
created its Energy Group in 1975. This
NBS-Energy Group coordinates sev-
eral activities, one of which isthe Nordic
Heat Pump Group, which was founded
in 1979. All of the Scandinavian coun-
tries (Denmark, Finland, Iceland, Nor-
way, and Sweden) participate in this
activity, to exchange experience fromR
& D projects and to discuss future pro-
spectsin the field of heatpump applica-
tions. In addition to periodic seminars
and expert workshops, the Heat Pump
Group schedules the Nordic Heat
Pump Days every two years. The first
congress ofthis kind was held in Trond-
heim, Norway, in 1982.

Under the chairmanship of Sweden,
the Second Nordic Heat Pump Days
were held in Stockholm, August 12-15,
1985. The congress had been post-
poned by one year, in order to combine
this meeting of heat pump specialists
with the Twelfth Nordic Refrigeration
Meeting, so that both the heating and
the cooling branches could profit from
sharing mutual experiences. Both con-
ferences were held atthe Royal Institute
of Technology, Stockholm, Sweden.

The opening speech was given by the
Swedish Energy Minister, Mrs. Birgitta
Dahl. She emphasized the importance
of energy policy and the improvement
of the environment. She singled out the
acidification problem as one of the
most serious environmental problems
today and reminded the audience of
the joint initiatives taken by the Nordic
countries to reduce acid rain. Referring
to the Swedish situation, she noted that
discharges of sulphur-dioxide have
been reduced by not less than 40%
since 1980, and now amount to merely
a third of the level they were atin 1970.

Mrs. Dahl identified heat pumps and
new energy conservation techniques
asthe most promising for modern heat-
ing and cooling systems, considering
their effects on the environmentand on
the energy picture asawhole. Mrs. Dahl
assured the audience that the heat
pump will maintain its important role,
especially in municipal energy plan-
ning. She mentioned thatapproximate-
ly 100,000 heat pumps are in use in
Sweden today, compared to some
thousand heat pumpsacouple ofyears
ago. The considerable reduction in the

discharge of sulphur-dioxide has been
accompanied by a reduction in energy
consumption. Swedish energy con-
sumption has been reduced from 400
TWh/yrten years ago to 350 TWh/yr to-
day.

After the opening addresses, which
were impressively terminated by a pre-
sentation of Scandinavian folk songs,
the sessions of the two joint meetings
began. The program included three
sessions on heat pumps and four ses-
sions on refrigeration. The presenta-
tions on the first day of the heat pump
meeting focused on future prospects
for heat pumps in Scandinavian coun-
tries. On the second day three presen-
tations focused on technical
aspects.The firsttwo of these presenta-
tions described experiences with small
and large heat pumps and addressed
manufacturers. The third session add-
ressed consultants and covered ener-
gy planning and economics.

The conference also included excur-
sions to six different heat pump sites,
andavisittothe laboratories of the Insti-
tute for Mechanical Heat Theory and
Refrigeration Technique, where a va-
riety of research in heat pump techno-
logy is in progress. An exhibition, given
in conjunction with the conference, de-
scribed current government-support-
ed heat pump activities in the Scandi-
navian countries, as well as activities at
the IEA Heat Pump Center. Additional
displays arranged by 16 parties from
industry, consulting firms and research
institutions described new develop-
ments in the heat pump and refrigera-
tion sector. More than 300 participants
from utility companies, consulting
firms, manufacturing companies, re-
search organizations, and energy min-
istries were registered for both mee-
tings.

Proceedings of both meetings are
available at Svensk Byggtjanst, Box
7853, 5-10399 Stockholm,

Tel. 08/7305100.

*J. Herrmann, IEA Heat Pump Center,
c/o Fachinformationszentrum Energie,
Physik, Mathematik GmbH, D-7514
Eggenstein-Leopoldshafen 2

Heat
Pump

Study
Trip
to
Japan

Visits to manufacturing facilities and
installations of advanced heat pump
systems in Japan

A study tour to Japan and Hong
Kong from

March 8-21,1986,

is being organized by the 'Promotor
Verlag," Karlsruhe, with technical
support from the |IEA Heat Pump
Center and the Japanese National
Team.

Japanese heat pump research pro-
jectsaswellas advanced heatpump
applications will be presented. Guid-
ed tours will be conducted at Japan-
ese heat pump manufacturing facili-
ties and at heat pump installations.

Participants will have the opportun-
ity to discuss capacity control of re-
frigeration cycles with Japanese ex-
perts, particularly the recent Japan-
ese success with inverter control of
electric heat pumps.

Further details can be found in the
enclosed brochure (German and
Austrian newsletters only).

For registration, please contact the
Promotor Verlag in Karlsruhe di-

rectly (Hardtstrasse 26, D-7500
Karlsruhe 21, Tel. 0721-593053).
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Schedule of Conferences and Trade Fairs

Dec 3-5, 1985

Cape Canaveral, Florida (USA); Seminar
on Principles of Low Energy Building
Design in Warm, Humid Climates; Con-
tact: K. Sheinkopf, Florida Solar Energy
Center

Jan 19-22, 1986

San Francisco, California (USA); ASHRAE
Winter Meeting; Contact: ASHRAE Meet-
ing Dept.,, 1791 Tullie Cir.,, NE, Atlanta, GA
30329

Jan 20-22, 1985

San Francisco, California (USA); Western
Air Conditioning, Heating, Refrigeration
Exposition; Contact: International Exposi-
tion Co., 200 Park Ave., New York, NY
10166 (USA), phone 212-986-4232

Mar 5-6, 1986

Los Angeles, California (USA); West Coast
Energy Management Congress; Contact:
Ms. A. McFarland, Association of Energy
Engineers, 4025 Pleasantdale Rd., No.
340, Atlanta, Georgia, 30340 USA

Mar 10-12, 1986

Liege, Belgium; International Meeting on
the Rational Use of Energy in Industry;
Contact: Association des Ingenieurs Elec-
triciens, 31 rue Saint-Gilles, B-4000 Liege,
Belgium

Mar 11-15, 1986

Harumi, Tokyo (Japan); Exhibition of Re-

frigeration, Air Conditioning, Heating and
Solar System Equipment; Contact: The
Japan Refrigeration and Air Conditioning
Industry Association, Kikai Shinko Bldg.
201, 5-8, Shibakoen 3-chrome, Minato-
ku, Tokyo 105 (Japan), phone 03-432-
1671, telex 02422222 JRAIA J, telefax 03-
438-0308 (Presentation of IEA Heat Pump
Center)

April 3, 1986

Bristol (United Kingdom); MIREF '86 - Mi-
cros in Refrigeration; Contact: Mr. Peter
Fitt, South Western Branch Institute of Re-
frigeration, c/o Dept. of Mech. Engineer-
ing, University of Bristol, Queen’s Building,
University Walk, Bristol, BS8 1TR (UK)

April 16—17, 1986

Vienna, Austria; Aquatherm 86; Contact:
Wiener Internationale Messen, Messe-
platz 1, A-1071 Wien

June 23-26, 1986

Rome (ltaly); Third International Stirling
Engine Conference; Contact: Organizing
Secretariat; Gibi studio congessi, Via Mar-
co Basso, 40, 00191 Rome, Italy

Position Available

IEA Heat Pump Center offers a highly qualified person the position of a

Senior Engineer

At least five years experience with heat pump technology, not exclusively research, are expected. Excellent knowledge of En-
glishand German is required, as well as the capability to effectively work on the broad range of heat pump developmentand ap-
plication tasks undertaken by the IEA Heat Pump Center.

For further information contact Dipl.-Ing. K. Holzapfel, tel. 07247-82 45 41

Written applications to be addressed to Fachinformationszentrum Energie, Physik, Mathematik GmbH, PA/Personalwesen,
attn. Mr. Wuest, D-7514 Eggenstein-Leopoldshafen 2
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Selected Book and
Report Reviews

Proceedings of the CLIMA 2000 World
Congress on Heating, Ventilating and Air-
Conditioning, P.O. Fanger, Ed., Vol. 7:
Summaries and Author Index, VVS
Kongres - VWS Messe, Copenhagen,
1985, ISBN 87-88854-07-8 (in English,
German, and French)

Volume 7 of the proceedings of the 1985
CLIMA 2000 conference contains ab-
stracts in English, German and French for
all of the papers that were presented, over
400 papers from 40 nations. The confer-
ence, held 25-30 August, 1985, in Copen-
hagen, was the first World Congress on
Heating, Ventilating, and Air-Conditioning.
The conference was sponsored by the
Representatives of European Heating and
Ventilating Associations (REHVA), the
American Society of Heating, Refrigerat-
ing, and Air-conditioning Engineers
(ASHRAE), the International Council for
Building Research, Studies and Docu-
mentation (CIB), and the International In-
stitute for Refrigeration (lIR).

The abstracts in the volume cover six
broad topic areas: future perspectives,
building design and performance, energy
management, indoor climate, solar ener-
gy (active and passive systems), and
heating, ventilating and air-conditioning
systems (see review below). Under each
of these topics, papers were presented on

You should be an

IEA Heat Pump Center
NEWSLETTER Reader.
Order your Newsletter
subscription today.

For your order use the
attached card.

modelling and simulation techniques and
results, thermal comfort, performance
monitoring and measurement, actual ope-
rating experience, and environmental ef-
fects. Residential and commercial build-
ing applications are the primary empha-
sis.

The first six volumes of the proceedings
include the text of each paperinits original
language (English, French, or German).
Each volume is available from: VVA
Kongres-VVS Messe ApS, Ordrup Jagtvej
42 B, DK-2920 Charlottenlund, Denmark.
Price: DKK 220 per volume.

Proceedings of the CLIMA 2000 World
Congress on Heating, Ventilating and Air-
Conditioning, P.O. Fanger, Ed., Vol. 6:
Heating, ventilating and air-conditoning
systems. VVS Kongres - VVS Messe, Co-
penhagen, 1985, ISBN 87-88854-05-1
(each paper in English, German, or
French)

Volume 6 of the 1985 CLIMA 2000 confer-
ence includes papers on the following
topics: combustion and boilers, heat
pumps, ventilating and air-conditioning
systems, heating systems and district
heating, HVAC equipment, HVAC opera-
tion, maintenance and measuring techni-
ques, HVAC systems simulation, and ther-

Name

Company

Address

City

Country

Company Seal

mal storage. 22 papers are included on
heat pumps.

The heat pump papers include results of
theoretical, experimental, and operational
studies. Most of the papers deal with resi-
dential heat pump applications. Some
examples are:aUnited States demonstra-
tion project of aground-source heatpump
with an SPF of 2.5 - 3, an optimization stu-
dy for heat pump defrosting control strate-
gies that shows defrost on demand to be
the most energy efficient, and a review of
absorption heat pump control require-
ments that concludes that microcomputer
controls can be cost effective.

Results of performance tests are present-
ed for three heat pump water heaters, sev-
eral US. residential air-source heat
pumps (SPF range 1.79-3.32), and 33
Swedish heat pumps installed in
single-family houses (SPF range 2.0-2.6).

Other heat pump papers included in the
volume deal with multi-family, commer-
cial, and district-heating applications,
simulations of heat pump dynamics at
part-load and during cycling, and devel-
opments in absorption heat pump techno-

logy.

See review above for ordering informa-
tion.

IEA Heat Pump Center

c/o Fachinformationszentrum

Energie, Physik, Mathematik

GmbH

D-7514 Eggenstein-
lLeopoldshafen 2
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