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500 m? of unglazed absorbers for a heat pump healing system on a factory roof in Engen (W.-Germany)

Editorial by K. Holzapfel*

Canada - Newest Member of
the IEA Heat Pump Center

In 1985 Canada has decidedto participate
in the [EA Heat Pump Center. Therefore, 8
countries are now supporting this impor-
tant activity: Austria, Canada, Federal Re-
public of Germany, ltaly, Japan, the Ne-
therlands, Sweden, and the USA.

Detailed information about the heat pump
situation in our newest member country,
Canada, willbe presented inthe nextissue
of this newsletter. However, some figures
presented by J.M. Bell of Ontario Hydro,
Toronto, Canada at the IEA Heat Pump
Conference in Graz, May 22-25, 1984 can
give a firstimpression about the Canadian
heat pump market [1]. 4000-5000 degree
daysinthedensely populated areasresult
in a significant heating load, 50% of which
occurs at temperatures above -2 °C. The-
se significant heating reqguirements in
combination with low electricity prices
and governmental subsidies, provided the
conditions for a successful introduction of

electric heat pumps in residential buil-
dings. By the end of 1982, a total of about
33000 heat pumps for space heating pur-
poses had beeninstalled, and recently the
annual sales increased to 10000 units per
year.

One reason for the governmental subsi-
dies and the extensive heat pump re-
search, development and demonstration
program was that 20% of the oil consumed
in the 1970s was imported. A substitution

- of these imports by electricity, domestic

fuels, and energy conservation measures
shall phase outthis dependence by 1990.

A survey among home owners, [2], publis-
hed in March 1984, showed that most of
the heat pump owners were satisfied with
their systems. The main advantage of heat
pump systems was stated to be the low
fuel costs, whereas the survey showed
that the high noise level was the main dis-
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advantage of heat pumps.

A variety of heat pump development and
demonstration projects have been sup-
ported by the Canadian government and
by the utilities in the past Information
about these projects shall be added to the
HPC’s R, D & D database and will be repor-
ted in the next update of the R, D & D Re-
port.

We hope that a fruitful cooperation with
our new member country will take place,
and that the forum of experience exchan-
ge provided by the HPC will benefitall par-
ticipants.
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Residential Heat Pump Floor Heaters
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Various types of floor heating systems are
presented in Figure 1. Heat pump floor
heaters that directly send the refrigerant
R22 through the floor heating panel have
the following advantages compared with
conventional floor heating systems:

1) The heater is a heat pump heating sys-
tem, which is highly efficient and ener-
gy-conserving.

2) When part of the floor surface radiation
is obstructed, radiation from the remai-
ning partis increased. The floor tempe-
rature remains low at all times.

3) The heat pump outdoor unitcanalso be
used for cooling.

4) It can be installed without difficulty and
rarely needs maintenance work.

1. System Configuration

The system consists of an indoor unit, an
outdoor unit, and floor heating panels.
These are manufactured inthe factory and
installed at the operating site using pipes
to connect the heating panels.

If the area of the floor heating panels is
about 70% of the total floor area of a room,
the panels can produce sufficient heat for
the room without utilizing an auxiliary hea-
ter.

The indoor unit contains the control sys-
tem, which includes a switch for selecting
the heating or cooling operation mode, a
thermostat, a timer, etc.

The room heating panels are installed as
shownin Fig. 2, They are connectedtoone
another by brazing and covered with a
floor finishing material such as carpet.

Itis very important to use sufficientthermal
insulation below the panels in order to
avoid heat losses to the space below the
floor.

Fig. 3 shows the refrigeration cycle of the
floor heating system.

The size of a heating panelis 1.7 x 0.85 m,
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and its thickness is either 12 or 8 mm. Itis
constructed so that it is strong enough for Indoor unit L‘qmd s B8 aEm Outdoor unit
use as a flooring material. Fig. 4 shows its T ([T T T
cross section. * Three-way valve
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ting properties to the floor heating panel.
Aluminum-plated steel sheets cover the

Heat exchanger
Heat exchanger

-

|
Accumulator

Compressor

circuit

strength. The refrigerant tube is thermally
connected to the surface material via the
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Fig. 4 Cross-Section of Floor Heating Panel
2. Heating Capacity of the Floor
Heating Panel — — — bO0Hz Conditions: Indoor temperature of 16°C
Since this space conditioning system utili- p——— Floor heating operation
zes a heat pump, its heating capacity dimi-
nishes as the outside air temperature 2100
drops. However, the floor heating panel 7
functions satisfactorily until the outside air 2000 — 8 panels —
temperature drops below -3 °C. Table 1 - / 7
lists an example of specifications for the i 1900. >
floor heating panel and Figure 5 gives the 2 = / P
relationship between heating charac- % < 1800 / g
teristics and outside air temperature. 8 00 z Pl
It takes about 2 to 2.5 hours for th gy’ T _ 1 %
t takes about 2 to 2.5 hours for the room e = / “
temperature to reach 16 °C and the floor % 1600 — - Bpancls___
surface temperature to reach 25 to 30 °C. @
When operating this heat pump system, = 1500
the time is preset by the timer builtinto the 1400
indoor unit. The floor surface temperature
can be adjusted within the range of 18- 1300
32 °C by means of the thermostat builtinto
the indoor unit. g
3. Economic Comparison g (g 22 B parniels T ===
Tables 2 and 3 compare a heat pump floor @ % 20 ’f;_;’ e
heating system with a conventional sys- 2 - ——
tem in terms of initial cost and monthly : - 8 —
energy cost. o 16 P Gt
4. Manufacturers g /
The heat pumptypefloor-heating systems & pdnels
are sold by the following three manu-
facturers: p—
. 11 e
1) Matsushita Electric Industrial Co., Ltd., < 6 pa‘ﬂf_ls "] I
Air Conditioning Division, Nojimachi = 10 L ===
2275-3, Kusatsu, Shiga 525, Japan @ o b— __-_-_-::"-—-' —
2) Hitachi, Ltd., International Sales Corp. 5
2, Kanda-Surugadai 4-6, Chiyoda, To- “ 8 [ g nanels
kyo 101, Japan P

3) Toshiba Corp., Intl. Operation-Consu- 0 5 7 10
mer Products, Shibaura 1-1-1, Minato,
Tokyo 105, Japan

*Hiroyuki Nakajima, Marketing Develop- Cuislds sit femperatine (G}

ment, Engineering Division Tokyo Electric
Power Co, Lid., Tokyo, Japan Fig. 5 Heating Characteristics of Floor Heating Panel
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Item Room coaling Room heating capacity Compres: Area of air
Number Power Enom cool- | Power con- | Power fac- | Room cool- | Power con- | Power fac- | sor output fg;imuned
of panels supply ing capacity | sumption tor ing capacity | sumption tor
kcal/h w % kcal/h w % w m?
6 » 100V 2020/1240 860/1050 92/99 1650/1700 900/1100 92/99 750 6_ 10
8 50/60Hz | 2000/2240 860/1050 92/99 1900/2000 970/1050 92/99 750
10 » 200V 3150/3550 | 1410/1740 90/99 2250/2500 | 1310/1610 91/99 1100 12— 16
12 50/60Hz | 3150/3550 | 1410/1740 90/99 2500/28C0 [1270/1670 91/99 1100
Table 1 Example of Specifications for Capacity
EQUIPMENT
Heat Pump 286,000 Air Conditioner 216,000
6 Floor Panels 6 Floor Panels,

Y 39,000/panel 234,000 controller type 291,900
Subtotal 520,000 Subtotal 507,900
INSTALLATION
Floor Heating Panels 50,000 Air Conditioner 20,000
and
Heat Pump Electrical Work
Electrical Work, 15,000 Air Conditioner 15,000

Floor Heating Panels 30,000

Electrical Work,

Heating Panels 25,000
Subtotal 65,000 Subtotal 90,000
TOTAL 585,000 TOTAL 597,900

Table 2 Comparison of Initial Costs for a Room 13.2 mZ in area {costs in Yen)

Heat Pump | Electrical Heating

Units Type Type
Heating Load kcal/month 360,000
Required Electrical kcal/month 171,429 360,000
Input
Energy Cost Yen/month 5,526 11,636
Comparison of % 100 210
Energy Costs

Table 3 Comparison of monthly Energy Costs

Swedish Heat Pump Training Program (VPU-83)

The accomplishments in heat pump in-
stallations during 1984 were largely a re-
sultofthe ongoing heat pumptraining pro-
gram, which began in 1983. Through the
end of 1984 about 2500 people involvedin
various aspects of heat pumps were trai-
ned in the courses. This article briefly
describes the training program.

The energy supply in Sweden relies hea-
vily onimported oil. Heat pumps have pro-
ved themselves to be useful in reducing
dependence on imported oil because of
access to inexpensive electricity from hy-
droelectric and nuclear power stations. At
present (January 1985) some 90,000 heat
pumps have been installed in Sweden.

In order to realize the heat pump installa-
tions in Sweden it has been necessary to
trainthe involved personnel. A specialtrai-
ning project, VPU-83, was established to
provide specialized information on heat
pumps and to allow for the exchange of
experiences related to heat pump use.
The project is being financed by the Swe-
dish State Power Board and the Swedish
Council for Building Research and is in-
tended to be active for a three year period.
The Swedish Society of Heating and Air
Conditioning Engineers and the Swedish
Association of Plumbing, Heating and
Ventilation Contractors are collaborating
on the project and will use their existing
project planning experience and informa-
tion channels.

The VPU-83 project was started in 19283,
and its focus is described in the following:

Analysis of training requirements and
methods for coordinating the required
training programs.

Preparation of the necessary technical
training and information materials.

A large number of organizations are in-
volved in the actual implementation of
the training and information activities.
These organizations will use the mate-
rial prepared by the VPU projectand will
operate within the planning framework
developed by VPU. The costand imple-
mentation of the specific tasks are pri-
marily the responsibility of the partici-
pating organizations.

Target Groups for VPU Training

At present, about 2,500 individuals have
participated in the courses. There are a
variety of training packages that are tailo-
red to the needs of different target groups.
Example target groups are:

@ Property owners

@ Consultants

@ Installation firms

@ Operating and maintenance personnel

@ Energy advisory personnel

@ Heating, ventilation and air conditioning
inspectors

@ Energy planning personnel

@® Teachers, lecturers

@ Health and environmental control in-
spectors

Example of Courses

Some of the various training courses offe-
red are listed below:

@® Exhaust air heat pumps in apartment
blocks

@ Heat pumps in apartment blocks

@ Planning for heat pumps in group cen-
trals

@ Installation of heat pumps in private
houses

@ General heat pump technology
@ Heat pumps and the environment

Heat Pump Training School

The heat pump courses have been offered
in a school in central Sweden equipped
with about 20 differentheat pumps. There-
fore, it has been possible to carry out ex-
tensive experiments and laboratory work
in addition to theoretical studies.

The official education authorities are also
preparing to introduce courses on heat
pumps into the normal high school curri-
cula.

Source: Swedish State Power Board,
Swedish Council for Building Research,
Stockholm, Sweden.
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R. Lazzarini*

Absorption Heat Pump Demonstration Project

in ltaly

Absorption heat pump applications for
space heating have great importance in
countries such as ltaly, where anincrease
in natural gas availability is planned. In or-
der to promote efficient use of this source
with advanced energy conserving tech-
nologies, some demonstration projects
were financed to test the actual perfor-
mance of absorption heat pump equip-
ment.

The first experimental results on an ab-
sorption heat pump application are now
available for a plant at "Musile di Piave”
(Venice), where an ammonia/water ab-
sorption heat pump (water to water type,
25 kW nominal capacity) was integrated
with a 100 m*“ energy roof.

The tests were carried out in April and
May, 1984, under exceptionally unfavor-
able meteorological conditions for the
season. As natural gas distribution is not
yet available atthe site, the heat pump was
fed with LPG, using proper nozzles ap-
plied to the burner.

The results obtained from more than 500
measurements can be summarized asfol-
lows:

@ The COP of the unit (excluding burner
efficiency) ranges between 1.4 and
1.63 (Table 1), with an average value of
1.53, while the corresponding PER (Pri-
mary Energy Ratio) ranges between
1.11 and 1.32.

@ The heating capacity amounts to 18 kW
(Fig. 1), thus being lower than the 25 kW
stated by the manufacturer.

@ The unitis reliable and no maintenance
was required during the test.

During the nextwinter season the plantwill
be monitored again to confirm the prelimi-
nary resulits.

*R. Lazzarini, Istituto Fisica Tecnica,
Facolta di Ingegneria, Universita di Padova

(ftaly)

No. Hours Qu COP COP LPG PER PER*
(kWh) (with pump) | (ka)

18 285 1.45 1.41 16.3 1.25 117

7 119 1.63 1.58 8.0 1.42 1.32

17.5 259 1.40 1.36 15.6 1.19 1.11

6.5 100 1.48 1.44 5.7 1.26 1.17

49 763 1.46 1.42 43.6 1.25 1.17

* - With electrical energy evaluated at 2500 kcal/kWh

Table 1 Useful thermal energy, Qu (kWh), thermal COP, LPG consumption (kg), and Primary Energy Ratio

(PER) during measuring periods

18 r
16 [
Output s
(kM) -
14 | R e
12 1 ! | 1 J
0 5 10 15 20 25 30

Evaporator Inlet Temperature

(°C)

Fig. 1 Useful Thermal Output vs. Evaporator Inlet Temperalure

Low Pressure Air Cycle
Heat Pump

A prototype of an air cycle heat pump
was recently presented to the press in
Filderstadt near Stuttgart (West Ger-
many).

This new concept uses air both as
working medium and as heat transfer
medium in an open cycle. Air with am-
bient temperature and pressure is
sucked in by a piston machine, and ex-
panded to a low pressure and low tem-
perature. This cold air is moved to an
absorber (the black plastic tube in pho-
tograph 1) where it absorbs heat from
the environment. In a second piston
machine it is recompressed to atmos-
pheric pressure and thereby heated up
to a useful temperature. This hot air is
now released to the space to be heated.
Both piston machines are working on
the same shaft, which is driven by an
electric motor (in the prototype pre-
sented). During the presentation, the
heat pump was set into operation, and
soon released a continuous air flow of
40-50 °C to the room operating at
about 0,5 bar in the low pressure part.

Wilhelm Haberle, the inventor, claimes
a COP of about 6 for his prototype at air
temperatures about5/40 °C.Heiscon-
vinced that considerably higher COPs
will be attained in a series development.

Photo: 1 Prototype of a low pressure air cycle
heat pump and its inventor.

Further information from IEA Heat
Pump Center, D-7514 Eggenstein-
Leopoldshafen 2.
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C.E. Bullock*

Recent Performance Investigations of Heat Pumps

Introduction

The electric, air-source heat pump has
established itself as a highly efficient and
reliable heating and cooling system, and
increasing product sales have reflected
its acceptance by consumers. Most of the
information regarding the actual installed
performance that can be expected from
such units has been developed for all-
electric, single-speed, single-compres-
sor systems, however. Information on the
more advanced designs is vitally needed
by consumers, manufacturers, utilities
and even legislators in order to properly
evaluate various heat pump systems and
to compare them with alternative heating

and cooling systems. In response to this
need, field studies have been conducted
in order to monitor forced-airas well as hot
water (hydronic) systems, dual-fuel (elec-
tric/gas, electric/oil) as well as all-electric
systems, single as well as dual-capacity
heat pumps, and domestic water heating
units.

The present paper describes four of these
field studies that are of particular interest
and provides information concerning the
selection and proper application of these
heat pumps. The emphasis willbe on heat-
ing performances.

House
Heating
Load

Heating Load, Heating Capacity

Thermal
Balance
Point

l

Heat Pump
Heating
Capacity

Qutdoor Air Temperature

Fig. 1 Thermal Balance of the Heat Pump Healing Capacity with the House Heating Load
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Heating
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~ .
-~ Economic

Balance
Point

I

Heating Load, Heating Capacity
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Balance
Point

Heat Pump
Heating
Capacity

Outdoor Air Temperature

Fig. 2 Economic Balance Point of a Dual-Fuel System

General Features of Heat Pump
Heating Systems

Fig. 1 illustrates a typical heat pump heat-
ing capacity characteristic, superim-
posed on a building heating load charac-
teristic. The intersection of the two curves
defines the thermal balance point for that
heat pump/building combination. At this
point the heat pump unit just meets the
building heating load without need for
supplemental heat. Athigher outdoortem-
peratures, the heat pump has capacity in
excess of the building requirement (and
does not run continuously). At lower out-
door temperatures, the heat pump essen-
tially runs continuously, and supplemen-
tal heat, typically from electric resistance
heaters, must be provided to satisfy the
building heating load.

An important parameter describing the ef-
ficiency of heating systems is the heating
seasonal performance factor (HSPF), de-
fined simply as the ratio of the total seaso-
nal heating output (Btu) to the total seaso-
nal energy input {Wh). The total heating
output as well as the total energy input
must include contributions from the heat
pump and from supplementary heat
sources. In the case of all-electric sys-
tems, the heat pump will have a high per-
formance factor (typically 6-10 Btu/Wh)
while electric resistance heaters will have
a low performance factor (3.4 Btu/Wh).
Thus the HSPF will be influenced by two
independent factors:

1. The efficiency of the heat pump; and

2. The portion ofthe heat load provided by
supplementary heat, which is mainly at
low outdoor temperatures.

The firstitem relates directly to equipment
design. The second item, on the other
hand, is affected by the sizing of the heat
pump. A larger, less efficient heat pump,
which will require less supplementary
heat, can develop a higher HSPF than a
smaller, more efficient heat pump, which
requires more supplementary heat. The
second item above is also significantly af-
fected by climate and the number of hours
at low temperatures in particular. A heat
pump sized for a given thermal balance
point will have a much lower HSPF in the
northern U.S. than in the southern U.S.

With dual-fuel systems, the situation is on-
ly slightly more complicated. As depicted
inFig. 2, the heating capacity (and efficien-
cy) of the fossil-fuel furnace (or boiler) is
not significantly affected by the outdoor
temperature. At temperatures below the
thermal balance point, the furnace (or
boiler) and heat pump can either operate
simultaneously or alternately, depending
on the design of the control system. Be-
cause of the differences in energy costs
and in heating efficiencies, the cost of one
unit of heating output energy will generally
be different for the two systems. Since the
efficiency of the heat pump decreases as
the outdoor temperature drops, an out-

6
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door temperature can generally be found
at which the cost of one unit of heat is the
same from either system. This is referred
to asthe economic balance point (EBP) for
that equipment combination. The EBP
may be below or above the thermal bal-
ance point, depending upon energy costs
and equipment efficiencies. At outdoor
temperatures below the EBP, the heat
pump is shut off, typically with an outdoor
thermostat.

Hot water (hydronic) heating systems in-
volve some special considerations. In this
type of system, the heat pump and boiler
are essentially in series, with the heat
pump always upstream of the boiler. Fig. 3
shows a simplified schematic of one pos-
sible arrangement. The boiler is generally
sized to match the design heating load of
the building with an outlet water tempera-
ture of 160 °Fto 180 °F. Radiators (or con-
vectors) are likewise sized for this condi-
tion, which may occur only a few times
each year. The heat pump is generally
sized to achieve a specified thermal bal-
ance point with an outlet water tempera-
ture of approximately 120 °F to 130 °F.
This lower water temperature has been
shown by field and computer studiesto be
appropriate at outdoor temperatures
above the thermal balance point since the
required heating output from the radiators
is much lower than the design load.

Field Instrumentation

A unique instrumentation system devel-
oped by the Carrier Research Division
was employed to obtain the detailed
equipment, system, and environmental
measurements needed to characterize
and assess the performance of the heat
pump systems. The instrumentation sys-
tem features on-site recording of approxi-
mately 20 channels of continuous data
onto a magnetic tape cassette. Tape cas-
settes are changed monthly by each
homeowner, who sends them directly to
Syracuse for processing and analysis.
Considerable detailregarding the capabi-
lities of this instrumentation procedure
has been published elsewhere [1] and is
not, therefore, repeated in this paper.

Results of Field Monitoring

Site No. 1 is in Minneapolis, Minnesota.
The testresidence is a single-story ranch-
style house with a fullbasementand is oc-
cupied by a family of four. The original for-
ced-air heating system employed an all-
electric heat pump with a single-speed
compressor in the outdoor unit. Analysis
of the results indicated that the original
unit was undersized for the building, re-
sulting in the use of more strip heat than
necessary and in arelatively low HSPF va-
lue of 4.1 Btu/Wh. (Remember thatthisisin
Minneapolis where low HSPFs are ex-
pected because of the severe heating
season). Subsequently, a larger, more ef-
ficient, three-piece heat pump (with com-
pressor indoors) was installed. Placement
of the compressor in a separate indoor

compartment has significant advantages
for northern climate installations because
it improves operation at low outdoor tem-
peratures, while also simplifying any com-
pressor servicing that may be required.
The larger heat pump lowered the thermal
balance point from 25 °F to 14 °F, reduc-
ing the need for resistance heatby roughly
one-half. Coupled with its higher efficien-
cy, total electric consumption was re-
duced by 30%, raising the HSPF to a more
respectable 5.9 Btu/Wh. These results il-
lustrate the point made earlier, i.e., that the
system HSPF can be increased by either
improving the efficiency of the heat pump
or by increasing its heating capacity at
lower outdoor temperatures.

Althoughitis generally true thatincreasing
the heat pump size for a given house will
increase the system HSPF, this should not
be carried to the extreme. A larger heat
pump willhave the positive effect of reduc-
ing the auxiliary heat requirement at low
outdoor temperatures butwill have the ne-
gative effect of increasing the on/off cycl-
ing losses at high outdoor temperatures.
In a properly installed system, the on/off
cycling losses are arelatively small part of
the overall picture so that the heat pump
could theoretically be increased in size
until no auxiliary heat would be needed, at
which point the HSPF would be a maxi-
mum. Larger sizes than this would have
lower HSPFs because ofincreasing on/off

Mixing
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Boiler A

Radiators
— i ——y
Water @
Pump
Heat
Pump

Fig. 3 Schematic of a Dual Fuel Hydronic System
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cycling losses. However, itwould be found
that such a large heat pump would not be
practical because of its high first cost and
also poor indoor temperature control at
light loads. A rule of thumb is that the heat
pump should be sized to meet the house
design cooling load and also provide ap-
proximately 90% of the total heating requi-
rements. The final choice, however,
should be made by comparing total ow-
nership costs (installation plus operating
costs) for several units, using local equip-
ment, labor and energy costs. Many heat
pump dealers now have microcomputer
programs which will perform this analysis
quickly and accurately.

The larger heat pump also benefited the
local electric utility by reducing the heat-
ing peak electric power demand under
heavy load conditions. For example, at -
12 °F (heating design temperature for
Minneapolis) the original unit had a power
requirement of 15.5 kW, including strip
heat, The larger unit, reduced this peak to
approximately 14.5 kW, thus reducing the
strain on the utility generating equipment
and distribution grid by about 1 kW.

Site No. 2is in Kingsport, Tennessee. This
site features a single-story ranch house
with an underfloor crawl space, where the
heat pump compressor, the indoor fan
and coil, and the hot water heat recovery
unit are located. The main electric water
heater tank is located in an attached gar-
age approximately 50 feet away. A family
of three occupies the home. Of special in-
terest at this site is the performance of the
heat recovery unit and its effect on the
main water heater. The heat recovery unit
is a tube-in-tube (coaxial) refrigerant-to-
water heat exchanger that is inserted into
the compressor discharge line. Insulated
water lines connect the unit to the main
water heating tank, and a self-contained
pump provides circulation. The unit can
only operate when the heat pump is pro-
viding space heating or cooling and then
only when the compressor discharge
temperature is sufficiently high. Fig. 4
shows the monthly water heater electrical
energy consumption for three consecu-
tive years. During the peak heating
months of December, January, February,
and March, the low outdoor air tempera-
ture keeps the compressor discharge
temperature relatively low. The heat re-
covery unitisthus notable to deliver much
water heating in this condition. During the
primary cooling months of June, July, Au-
gust and September, however, the com-
pressor discharge temperature is much
higher, yielding substantially more heat
recovery. In fact, there is little or no me-
tered electrical input to the main water
heater in August. The annual savings attri-
butable to the heat recovery unit are ap-
proximately 30-40%, a very significant be-
nefit.

The heat recovery unit increases the total
heat transfer surface on the condenser
side which, in theory, should improve the
overall heat pump cycle capacity and effi-

ciency. Analysis of the field data as well as
separate computer studies indicate, how-
ever, that the net improvements on the
heat pump cycle are small, probably less
than 5%. The heat pump thus provided
space heating and cooling with efficien-
cies that would be expected from a con-
ventional unit. The principal result from
this site, therefore, was the demonstration
that significant portions of the domestic
water heating load can be provided at little
or no extraoperating cost by conventional
heat pumps to which a compressor heat
recovery unit is added. Heat pumps pre-
sently on the market have this heat ex-
changer already built in, thus minimizing
the additional first cost.

Recent changes have been made at this
site in ordertoimprove the performance of
the heat pump and the heat recovery sys-
tem. A new, higher efficiency heat pump
with a factory-assembled, integral desu-
perheater coil was installed directly ad-
jacent to the main water heater tank, thus
eliminating the connecting line heat
losses and improving the overall effici-
ency. Preliminary results indicate that ad-
ditional "free” water heating is indeed be-
ing achieved, particularly in the milder
months.

Site No. 3 is a two-story colonial style
frame house with basement, in Syracuse,
New York. The house is heated and
cooled by a two-piece air-source heat
pump. Supplementary heat is provided by
a gas furnace with a rated output of
100,000 Btu/hr thus making this a dual-
fuel, forced-air system. Controls are setto
switch betweenthe heatpumpandthe gas
furnace at the house thermal balance
point, 25 °F. Measurements over a one-
year period showed that the heat pump
operated for 1648 hours with an HSPF of
7.4, while the furnace operated for only
310 hours with a seasonal efficiency of
58%. Note in particular that the heat pump
achieved a high overall efficiency, since it
operated only at higher ambients. This
dual-fuel system, because it operates the
heat pump under the most favorable con-
ditions, is attractive for a wide variety of cli-
mates, both south and north. Heat pump
reliability will also be very likely improved.
Another attractive feature isthe freedom of
choice of fuels. It should be noted that nei-
ther the heat pump sizing nor the heat
pump/furnace switchover point have
been optimized at this site. An economic
analysisis needed to assess both of these
items.

Site No. 4 is a single-story, ranch style
house with basement in Central Square,
New York (approximately 20 miles north of
Syracuse). The hydronic heating system
is comprised of an electric air-to-water
heat pump supplemented by an oil-fired
boiler. The control to switch between the
heat pump and the boiler is set at 23 °F,
which is above the house thermal balance
point, 16 °F. Measurements showed that
the average temperature of water sup-
plied to the room baseboard convector

units was approximately 130 °F, which is
very compatible with heat pump require-
ments. Over a one-year period, the heat
pump operated for 1169 hours with an
HSPF of 6.9, while the oil boiler ran for 221
hours with a seasonal efficiency of 49%.
Note again that, for this dual-fuel system,
the heat pump efficiency is high because
of its operation primarily at the higher out-
door temperatures. The heat pump sizing
andthe heat pump/boiler switchover point
also need to be analyzed at this site in or-
der to identify possible improvements.

Conclusions

Field tests at four separate sites have de-
monstrated that several efficient heat
pump systems are presently available,
each offering unique benefits to the con-
sumer. Single-speed, single-compressor
systems have established a good record
forreliable and efficient space heatingand
cooling. Competition among manufac-
turers has steadily improved their efficien-
cies and reliability and will continue to do
so in the future, making them very difficult
to beat. Dual-fuel systems further en-
hance the heat pump heating perfor-
mance by operating it only at higher out-
door temperatures.

With forced-air heating systems, proper
heat pump sizing is important. In all-elec-
tric systems, arule ofthumbisthatthe heat
pump should be sized to provide approxi-
mately 90% of the seasonal heating
needs, in order to minimize the use of ex-
pensive resistance heating. With dual-fuel
systems, sizing is influenced by electricity
and fuel costs. Rules of thumb are not of
much use here. Equipment selections are
best done using local energy costs and
climate data. Local heating equipment
dealers now have accurate, easy-to-use
computer programs which take much of
the guess work out of equipment selec-
tion.

With hot water (hydronic) heating sys-
tems, heat pumps have been shown to
operate very well with existing or new
boiler systems. In order to be able to utilize
a heat pump, a hydronic heating system
must have radiators or convectors which
are able to meet the house heating loads
with water temperatures at or below about
130 °F over a significant range of outdoor
temperatures. Because radiator and con-
vector systems are generally sized for ex-
treme heating load conditions, this does
not appear to be a serious limitation. The
sizing of the heat pump follows essentially
the same guidelines as for forced-air sys-
tems.

In addition to proper sizing of heat pumps,
the use of proper installation practices is
very importantin order to achieve all of the
performance advantages and reliability
improvements that are available. In parti-
cular, adequate indoor air flow (or water
flow) must be assured, refrigerant lines
must be properly sized and the outdoor
coil section must be located so that un-
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usual wind patterns or snow accumula-
tions cannot occur. Also, adequate safety
controls, in order to protect the compres-
sor from unusually high or low refrigerant
temperatures or pressures should be
added if they are not built into the original
unit.

Future improvements in heat pump de-
signs will likely involve one or more forms
of capacity modulation, such as multiple
compressors or variable speed compres-
sors, in order to achieve better load
matching as well as additional capacity at
high load conditions. Since domestic
water heating can account for as much as
half of the heating energy consumption for
a household, future heat pump designs
will likely include integrated water heating
coils which will be able to provide much of
the domestic hot water even when space
heating or cooling is not needed. Further
improvements will also be made in micro-
processor control designs to improve
overall system efficiency and reliability as
well as to provide better control of peak
electric power demands, such as during

pericds when the electric utility has its
peak loads or during recovery periods fol-
lowing room thermostat night setback.
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Heat Pumps in Austria

The residential heating situation in Austria
is still characterized by a high depen-
dence on imported oil and therefore by
strong efforts for conservation of all ener-
gy forms and for oil substitution [1]. These
aims, particularly the second, can be fur-
thered by the utilization of heat pumps. In
recent years, the application of heat
pumps for residential space and tap water
heating with air, ground water, or ground
as the heat source has been of primary in-
terest in Austria. For heating capacities
greaterthan 20 kW and as large as several
hundred kW, gas/diesel engine-driven
heat pumps are being utilized. Absorption
heat pumps have not yet been used in re-
sidential applications.

Heat Sources

Ambient air is used as the heat source
most frequently, because it is often not
possible to use ground water. Generally,
heat pumps are operated in the bivalent
mode together with a conventional heat-
ing system. In the case of operation below
+5 °C outdoor air temperature, defrosting
of the evaporator is required. Air-source
units for single-family hottap water supply
have increased in sales in recent years
and now have the greatest share of the
heat pump market. These units have anin-
put electric power range from 0.6 to 1.0
kW, have heating capacities up to about 3
kW, and are coupled to a 200-500 liter
water tank containing an auxiliary electric
heating coil. Brine-to-water heat pump
systems coupled to fanless ambient heat
absorbers (energy roof, stack, fence,

block, etc.) use air as a heat source but
transfer the heat via an intermediate brine
circuit. A number of such installations uti-
lize tubes installed in concrete walls, bal-
cony railings, garden walls, etc. ("Massiv-
Absorber"”).

Ground water varies little in temperature
over the year and therefore is a preferred
heat source if sufficient water is available
andifits utilizationis permitted. The proce-
dure for obtaining permission to use
ground water for heating purposes is ad-
ministered in different ways by appropri-
ate local authorities. Areas with a high
ground water level are the main river val-
leys, e.g. the Danube River valley.

Ground source heat pump systems have
been successful in regions with low
ground water levels and low average an-
nual air temperatures (e.g. Muehlviertel,
Oberoesterreich) [2]. These systems uti-
lize horizontal or vertical ground absorb-
ers, and the systems can employ direct
evaporation or use an intermediate brine
circuit between the absorber and heat

pump.

R, D & D Effort

Currentresearch activities in Austria were
described in the HPC Newsletter of De-
cember 1983 [3]. Emphasis is placed on:

@ design and sizing of ambient heat ab-
sorbers that can utilize heat from solar
radiation and precipitation, and theirin-
tegration into the heat pump system ei-
ther with an intermediate brine circuitor
with direct evaporation;

@ development and testing of seasonal
storage systems combined with collec-
tor systems to charge the storage dur-
ing summer operation;

@ design of compact units to facilitate the
installation of the heat pump into the
heating system;

@ integrated control of entire system.

More details on heat pump projects in
Austria are available to parties from coun-
tries participating in the IEA Heat Pump
Center from the R, D & D database [4].

Sales

Whereas in 1980 the total number of heat
pump installations in Austria was 5,800, at
the end of 1984 more than 33,000 electri-
cally-driven heat pumps were in use,
about 76% for tap water heating, 18% for
space heating, and 2% for swimming pool
heating; 4% are combined systems for
both space and tap water heating [5].

10,000

5,000

T

2,000

1,000 |—

Combinations
and Others

500

200
Swimming Pcol Heating

100 _ 1 L | L
1978 1980 1982 1984

——& No. of Units

Fig. 1 Annual Heat Pump Sales in Austria (loga-
rithmic scale) [5]

Fig. 1 shows heat pump sales figures from
1978 to 1984. The downward trend of
space-heating heat pump sales slowed in
1983 and stopped in 1984. Sales of heat
pumps for tap water heating have con-
sistently grown, and the increase between
1983 and 1984 of 45% was the largest in-
crease forthe 1980s. Fig. 2 shows the total
number of heatpumpsin use foreach year
between 1978 and 1984 and shows the
corresponding connected load of the heat
pumps. The connected load has beenris-
ing more slowly than the number of heat
pumps in use because of the continuous
decline inthe average electric power ofin-
stalled heat pumps. Larger systems cha-
racterized the earlier phase of heat pump
installations, but at present the average
heat pump for space heating has an elec-
tric power input of about 5 kW, and the
average for tap water heating units is
somewhat less than 2 kW of input. The
average forallunits, whichisabout 3.1 kW,
alsodeclines due totheincreasing market
penetration of small tap water units.

Fig. 3 gives a breakdown by heating ca-
pacity range as well as by heat source for
heat pumps sold in 1984. The figures do
not include heat pumps sold only for
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Fig.3 Heat Pump Sales 1984; Breakdown by Heat-
ing Capacity Range and Heat Source [5]

tap water heating. 61% of all units sold are
in the smallest capacity range, including
70% of air/water units, 53% of water/water
units, and 38% of brine/water units.

On the side of the manufacturers, the Aus-
trian heat pump market is still relatively
dispersed. The market shares for 1984 of
hot tap water units and of heating units by
the top six firms are givenin Table 1. Ofthe

Company Shares, %
No.
Heating Hot tap
Units water units
1 22 27
2 16 16
3 8 11
4 8 7
5 7 6
6 6 6

Table 1 Market Shares of Firms Offering Heat
Pumps in Austria, 1984 [5]

27 firms offering heat pumps in Austria,

12 firms are manufacturing heat pumpsin
Austria.

Present Market Situation

1984 was characterized by significantly
different development trends of heat
pump application in the different regions
of Austria. Heating units installed in the
federal state of Oberoesterreich, which is
inhabited by about 15% of the Austrian
population, comprised about 50% of all
such installations in Austria.

This strong growth in heat pump use,
which steadily continued in the first six
months of 1985, is mainly due to activities
by OKA, the electric utility company of
Oberoesterreich [6]. Activities include a
program for monitoring residential heat
pump installations in order to collect ac-
tual operating data and to evaluate various
heat pump systems available on the mar-
ket. Ambient air, ground, and ground
water are used as heat sources by the dif-
ferent systems, which usually operate in
the bivalent mode. Successful operation
was found to depend strongly on proper
sizing andinstallation;imperfectcoopera-
tion with some manufacturers indicated
that further effort in this direction is neces-
sary. On the other hand, the pioneer work
by OKA resulted in tremendous market
penetration in some districts and villages.
OKA intends to expand their effortin other
areas.

Based on experiences from the residen-
tial sector, another program was startedin
1983 for the public service sector
(schools, homes for the aged, etc.). At
present, ten plants with heating capacities
between 100 and 200 kW are operated by
OKA, and further projects are envisaged.
These projects are partially financed by a
leasing company [7].

Market Potential

A total of 2.75 million dwelling units cur-
rently are occupied in Austria; 1.31 million
of them are situated in single- or two-fam-
ily buildings (including farm houses) [8].
About 40,000 new dwellings are con-
structed each year. Massive construction
utilizing bricks is usually employed; how-
ever, light-weight construction (prefabri-
cated buildings or wooden houses) has
increased in its share of new construc-
tions but is still less than 10%.

Hydronic systems are 52% of Austrian re-
sidential heating systems. The remaining
48% (usually in older dwellings) are indivi-
dual room heating units. Air distribution
systems are not common in Austrian resi-
dential buildings. Fig. 4 illustrates the
strong trend towards replacement of
single-room heating by central heating
equipment.

Fig. 5 shows the fuel shares for residential
heating for the period 1970 to 1984. The
percentage of dwellings using coal has
continuously fallen, whereas the share of
gas and electricity has continuously in-
creased. Since 1980, the share of oil-
heated dwellings has decreased, and the
share for wood has increased. 6% of the
dwellings were heated by district heating
in 1984.

Electricity rates for heat pump installa-
tions vary by afactor of 1.7 for differentre-
glons in Austria. For units with a nominal
electric power not exceeding 5 kW (the
usual case for single-family houses), no
feefor connectiontothe electrical network
and no base charge for electricity supply
needs to be paid since spring 1985. Table
2 gives prices for electricity, extra-light
fuel oil, and natural gas or city gas. The
lower electricity price and the higher gas
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Fig. 4 Types of Heating Systems, cumulative (8]
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price are applicable to the western part of
Austria.
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Fig. 5 Fuels for Residential Heating, cumulative [8]

AS/kWh
Electricity 0.97...164
Fuel oil EL 0.70
Natural gas 0.60...0.80

Table 2 Energy Prices in Austria (including 20%
VAT, January 1984)

The largest potential market for electric
heat pumps is existing single-and two-
family houses. This market segmenthas a
higher than average share of central hy-
dronic heating systems; the vast majority
of these utilize radiators, although there is
a low but increasing number of floor heat-
ing systems. Most of these central sys-

tems use heating oil or solid fuels. The en-
tire market segment (including central
systems and other systems) has three
main parts:

@ Due to oil price levels, security of sup-
ply, and environmental considerations,
owners of oil-fired hydronic systems
are motivated to install an electric heat
pump. Within this market segment are
approximately 200,000 houses with
heatloads between 10 and 30 kW. Most
of these houses require a maximum
supply temperature of about 65 °c.

@® More than 400,000 houses have cen-
tral heating systems with solid fuel
boilers. Installation of a heat pump is
motivated by a desire for more conveni-
ent operation of these heating systems.

@® More than 400,000 single- and two-
family houses are heated by means of
stoves, some 50,000 ofthese by means
of oil-fired stoves. The trend towards re-
placement of stoves by central heating
systems offers the potential to install
heat pumps and low-temperature hy-
dronic distribution systems in 5,000
existing buildings per year. In the case
of oil-fired stoves, the tendency to-
wards oil substitution also encourages
heat pump use. The most important
barrier in this market segment is the
high investment cost required for the
central heating equipment and heat

pump.

@ Assuming that in the next decades a
quarter of the 400,000 stove-heated
homes and half of the 600,000 central-
ly-heated homes will change to heat
pumps, the prospective market
amounts to 400,000 small heat pump
units. The 12,000 units installed during
the lastfive years (Fig. 2) represent only
3% of this number. If the economic and
environmental benefits from use of heat
pumps are to be realized within a rea-
sonable time-frame, an accelerated
pace of development must be initiated.
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Gas Engine Heat Pumps in Japan

1. Circumstances that Led to the Devel-
opment

In 1978 R & D of gas engine heat pumps
(GEHP) began in Japan. As part of the im-
portant technology R & D program subsi-
dized by the Ministry of International Trade
and Industry (MITI), research and experi-
mentation concerning a small GEHP was
started. In 1980, a prototype was complet-
ed and exhibited at the 6th International
Good Living Show held in April of that year.
This accomplishment was highly com-
mended by MITI|. Besides considerable
energy conservation, an increased inde-
pendence from oil was expected from the

use of GEHPs. Additionally, the accompa-
nied diffusion of residential gas-fired cool-
ing would correctthe seasonal imbalance
in power and gas demand (see Fig. 1).
Motivated by these considerations, the
"Union for Technical Research on Small
Gas-Fired Cooling” was founded in 1981.

In June of that year, the union was inaugu-
rated, joined by 14 companies of three
types: engine manufacturing, heat pump
manufacturing, and gas supply. The pro-
gramwas setupfor a period ofthree years
and funded with about 3 billion yen. It was
initiated as basic R & D of technologies

used in GEHPfor residential and commer-
cial applications.

Side by side with R & D by the union, devel-
opmentof medium-and large-size GEHPs
has been increasingly pursued. The first
commercial GEHP unit in Japan was in-
stalled at the Sodegaura plant of Tokyo
Gas in 1980. It was a 30 USRT (105 kW)
heat pump unit (1 USRT =1 US refrigera-
tion ton = 3.52 kW). Subsequently, im-
proved units appeared. In 1983, a pack-
aged type 30 USRT GEHP appeared and
was awarded the 21st Air Conditioning
and Plumbing Engineers Association
Prize.
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2. Number of GEHP Instailations and
Description of Examples

Since 1980 the GEHP has drawn increas-
ing attention due to its high energy effici-
ency and economical performance, with
the resultthatthe number of units installed
has continually increased. By the end of
1984, more than 100 units were expected
to be installed across Japan. Fig. 2 shows
the number of newly installed GEHPs per
year up to and including 1983. Fig. 3 and
Fig. 4 show a breakdown of GEHP-
equipped buildings by type and a break-
down of GEHP installations by capacity.
Installations are concentrated in the vicin-
ity of big cities, and most of the installa-
tions use air as the heat source. The urban
areas are subject to severe control on the
use of ground water. In smaller cities there
are less restrictions, so there are cases
where water-source units are installed.
There are also Diesel engine-driven heat
pumps, which are employed for heating
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Fig. 2 New GEHP Installations in Japan

greenhouses, commercial fish ponds for
raising eel, etc.

A look at the realized GEHP installations
shows that many of the early installations
were intended for evaluation of GEHPs by
the manufacturers and gas suppliers, and
as demonstration plants for prospective
users. Recently, however, an increasing
number of units have been installed on a
commercial basis in applications favor

Others
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Fig. 3 Breakdown of Japanese GEHP-equipped
Buildings by Type (December 1983)
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Fig. 4 Breakdown of Japanese GEHPs by Capacity
(December 1983)

able for the use of GEHPs, in order to de-
monstrate the energy conservation and
economic benefits of GEHPs.

2.1 Installation example 1: Howa Sports
Land

In 1981, two GEHP units were installed ata
sports center with a total floor area of
13,616 m2, equipped with anindoor warm
water pool (a loop 125 m long), an ice
skating rink (60 m x 30 m), a sauna, etc.
(see Photo 1). Each of the srew-compres-

sor-type heat pumps is driven by a 6-cy-
linder gas engine with a total displacement
of 11.4 liters and a power output of 135 HP
at 1800 rpm.

The facilities of the sports center have a
continual cooling load resulting from air-
conditioning in summer and ice making in
winter. There is also a year-round heatde-
mand resulting from swimming pool and
tapwater heating in summer andtap water
and space heating in winter. Except for the
sauna heat requirements, the GEHPs can
meet all loads, supplying hot and chilled
water at the same time. They typically use
ice in winter and indoor air in summer as
their heat source.

System and Modes of Operation

The system configuration (Fig. 5) and
modes of operation of this GEHP-plantare
designed so that, responding to the vari-
ous heating and cooling loads, the plant
can be operated at a high energy utiliza-
tion rate. In addition to the gas engines’s
speed control and heat pump’s capacity
control, condensing temperatures can be
controlled corresponding to the magni-
tude of heating and cooling loads. There
are two modes for winter operation, and
three modes for summer operation.
(Table 1).

a) The summer operation mode is depict-
ed in part a) of Fig. 5. The rs of the
GEHPs provide the cooling. By utilizing
the waste heat from the gas engine and
the heat of condensation from the refri-
geration cycle, tap water, swimming
pool water, and the pool room are heat-
ed.

b) The winter operation mode is shown in
part b) of Fig. 5. The evaporators of the
GEHPs provide the cooling for the ice of
the skating rink. The gas engine’s waste
heat and the heat of condensation oc-
curringin the refrigeration cycle are uti-
lized for hottap water supply and space
heating.

Results of Operation

The Figures 6 and 7 show typical energy
flow diagrams for summer and winter op-
eration, respectively. These results rough-
ly coincide with the design values for ener-
gy utilization ratesshowninTable 1. These
rates are referenced to the energy inputto
the GEHP. Fig. 8 shows hourly load
changes in winter, indicating that the load
increases on Saturday and Sunday when
the number of visitors is high.

From December 1981 to June 1984 the
hours of operation amounted to about
10,000. After 6,000 operation hours, the
gas enginewasinspected, butnothing ab-
normal was discovered.
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heal removal 80% heat removal 82% into the open air

Fig. 6 A Day's Energy Balance in Operation Mode 5 (Average Values in kWh for Fig. 7 A Day's Energy Balance in Operation Mode 1 (Average Values in kWh for
July 1982) January 1982)

2.2Installation example 2: New Maruiwa
Hotel

A 70 USRT (246 kW) screw-compressor-
type GEHPwas installed in 1982 at a hotel
with a total floor area of 2,284 m?, includ-
ing a restaurant, a banguet hall, and a
wedding hall (see Photo 2). The heat pump
is driven by a 4-cylinder gas engine witha
total displacement of 7.13 liters and a
power output of 115 HP at 2200 rpm.

System and modes of operation

The system design allows operation in
four modes, including hot water supply
operation, which are selected according
to seasonal and load requirements. The
cooling and hot water supply modes a)
and b), and the space heating and hot
water supply modes ¢) and d) are dia-
grammed in Fig. 9.

a) Cooling/hot water supply mode (cool-
ing priority). The inside of the hotel is

: cooled by cold water of 7°C obtained

Photo 1 GEHP at Howa Sports Land from the GEHP's evaporator. The waste
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Table 2 Specifications for SGP-TCH150A

ltem Indoor Unit SGP-THS0AX3 QOutdoor Unit SGP-CH150A
h
External Height 280 2,317
dimansions Width 1,560 1,850
{mm)
Depth 675 1,000
Weight (kq) 52 950
Cooling 3 units in operation 47
capacily " .
(kW) 2 units in operation N
1 unit in operation 19
Heating 3 units in operation 48
capacity —— y
Tkw) 2 units in operation 36
1 unit in operation 19
Power supply for auxiliary components 3-phase 200V 50/60 Hz
3 units in operation 0.96/1.02 1.09/1.40
Cool-
ing 2 units in operation 0.63/0.67 1.09/1.40
Power 1 unit in operation 0.30/0.32 0.79/0.97
con-
sump- 3 units in operation 0,99/1.05 1.09/1.40
tion Heat-
(W) ing 2 units in operation 0.66/0.7 1.09/1.40
1 unit in operation 0.33/0.35 0.49/0.54
Operating [Cooling] 3 units in operation 5.4/6.6 3.1/3.7
current (A) |Heating] 3 units in operation 5.4/6.6 3.1/3.7

Starting current {A)

Cooling: 13.5/13.2 Heating: 8:7/7.7

Fuel consump- [Cooling] 3 units in operation 3.45

tion {(Nm’ /h] [Heating] 3 units in operation 3.25
Type V type, 4-cylinder, reciprocaling open type
Model C-L75G
Displacement {cc/rev) 454

Compressor Quantity of refrigerator 5.2
oil (1) :
Crankcase heater 75W
Type Upright type, 3-cylinder water-cooled type
Model x No. of unit DG1402 x 1 unit
Displacement (cc/rev) 1,395

Engine Quantity of lubricating oil (1) Total amount: 5.8 Effective: 3.3

Rated output (MP/rpm) 6/900 16.2/1,800

Range of the number of revo- 900 - 1,800

lunians {rpm)

Fuel 13A

Cell motor DC12V x 1.4 kW
Capacity control (%) 10068 — 7640
Refrigerant x quantity (kg) R22X25

Relrigarant control system

Externally equalizing teinperature lype automatic
expansion valve

Vibration preventer

Engine vibration
absorber

Sound insulater

SRA:1132-A + urethane loam

Noise Ievel (dB A)

high: 52; low: 45 69

Oetrosung

by engine waste heat

Fuel gas leakage detector

= Type: CZ-123,0C-123

Detected concentration

over LEL 1/4

Table 2 Specifications for SGP-TCH150A

heat of the gas engine is utilized for hot
water supply.

b) Cooling/hot water supply mode (hot
water supply priority). Whenthe cooling
load is small, while the hot water supply
load is large, the temperature of the hot
water delivered from the GEHP's con-
denser is raised to 65°C, and additional
heatis added by utilizing the waste heat
from the gas engine.

c) Heating/hot water supply mode. Heat
from the GEHP's condenser is utilized
for space heating while the waste heat
from the gas engine is utilized for hot
water supply. When there is an exces-
sive hot water supply capacity, the ex-
cess heat is transferred to the heating
side for back-up.

d) Exclusive hot water supply mode.
When there are no cooling/heating

loads in off-season, etc., both the heat
of condensation of the GEHP and the
waste heat from the gas engine are uti-
lized for hot water supply.

"y
Ny,

R,
2\ BV Ny

Photo 2 GEHP at the New Maruiwa Hotel

Results of operation

Cooling operation: Figures 10 and 11
show the hourly load changes and the
energy flow diagram, respectively, both
for September 10, 1982. On this day, the
hot water supply load was relatively small,
and waste heat was not sufficiently used.
Therefore, the daily average cooling COP
(coefficient of performance) was 1.05,and
the overall energy utilization rate was 1.20.

Heating operation: Figures 12 and 13
show the hourly load changes on Decem-
ber 27, 1982, and the day’s energy bal-
ance, respectively. The daily average
heating COP was 0.80, while the overall
energy utilization rate was 1.23.

Since the GEHP is installed on the roof of
the hotel above the guest rooms, special
considerations were given to noise con-
trol. According to the measurement re-
sults, the vibrations at the base were as
low as the background vibrations. The
sound was as low as the midnight back-
ground noise (38 dB).

Since the opening of this hotel, the GEHP
has run continuously, completing 8,000
hours of operation by June 1985, and is
still in good operating condition.

The effectiveness of medium- and large-
size GEHPs has been recognized, and
since their performance has steadily im-
proved along with technical develop-
ments, it is expected that an increasing
number of units will be installed in the fu-
ture. At present, however, since their first
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costisrelatively high, theirapplicationis li-
mited to cases where the heating load and
the utilization factor are sufficiently large
throughout the entire year. At present, ab-
sorption-type cooling/heating plants,
which have low first costs, are more com-
monly used in buildings. More than 60% of
office buildings having more than
3,000 m* of floor area are equipped with
this type of system.

When adopting a GEHP with its relatively
high equipment cost, it is reasonable to
install a combination system in which the
basic air conditioning load is covered by
the GEHP, and the peak loads are met by
the absorption unit. In this case, the load

(condenser|

Ol 1o
Air heat exchanger

Winter type Summer type
Mode of operation m 12) 3) 4) (5)
Primary Ice making Hot water Cooling Cooling Hot water
function supply Hot water supply
Content upply
of oper- Secondary Hot water Ice making Hot water _ Cooling
ation function supply supply
Heat of con-
densation by
refrigerator no yes no yes yes
utilized or not
Ice making 0.8 0.6 - - -
Rate of Cooling = - 1.4 1.2 1.0
utiliza- Hot water
tion supply 0.6 1.5 0.5 2.0 1.8
Total 1.3 21 1.9 3.2 28
Table 1 Design Values for the Energy Utilization Rate by Operation Mode (Howa Sports Land GEHP System)

Rate of heat utilization: 1.53
Cooling capacity: 70 USRT (246 kW)
Hot water supply capacity: 113 kW
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Fig. 9 The Operation Modes of the GEHP System at the New Maruiwa Hotel
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Fig. 11 A Day's Energy Balance during Cooling Operation (Values of September 10, 1982, in kWh)

330

sharing ratio and control system must be
designed so that the overall first cost is li-
mited and the operating costis minimized.

3. Advent of the Direct-Expansion-Type
GEHP

The majority of the heat pumps presently
on the Japanese market are electric heat
pumps for residential and commercial use
employing direct expansion. The yearly
sales of conventional cooling-only

‘ SGP-TH50A
L (EmED
|
|
|
|

YEIALALyF

SGP-CH150A
(Z=5HE)

Photo 3 The "Multi-System” GEHP
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amount to more than 2 million units for re-
sidential use and to more than 300,000
units for commercial use. This market
segment will eventually be replaced by
heat pumps. For the past few years, heat
pump sales have amounted to more than
50% of conventional sales. This may be at-
tributed to improvement of the heat pump
cycle, development of new compressors
and new indoor units that can be builtinto
the ceiling, etc., correction of problems re-
lated to heating operation, improvement of
aesthetic appearance, and low prices.

The so-called "multi-system” hasbeenre-
cently introduced, and by combining a
number of small-capacity modules (about
5 HP), this heat pump system can perform
similarly to a medium-sized unit. It will pe-
netrate the air conditioning marketfor me-
dium and small retail stores and office
buildings, which have so far been
equipped with conventional chilled/hot
water units.

Under these market circumstances, a di-
rect-expansion-type GEHP with a cooling
capacity of 13USRT (46 kW) and a heating
capacity of 41,000 kcal/h, was developed.
The major specifications are shown in
Table 2, and its appearance is shown in
photo 3. A 4-cylinder reciprocating com-
pressor is driven by means of a 3-cylinder
gas engine with atotal displacement of 1.4
liters. The refigerant (R22) is circulated
between the air heat exchangers of the
outdoor unit and the indoor unitvia a four-
way valve (for cooling/heating selection).
There are three indoor units each of which
has its separate refrigerant circuit. To
meet the users’ demand, the three indoor
units can be selectively turned on. Since
the engine/compressor speed can be
chosen according tothe number ofindoor
units in operation, the COP under partial
load operation is good.

The heatfrom the gas engine cooling sys-
tem and the sensible heat of the exhaust
gas are recovered and used to heat the
outside air acting as the heat source. Be-
cause of this, the heating capacity of the
heat pump drops only alittle at low outside
air temperatures. Also, this configuration
eliminates the need for defrosting since
the outside air is heated before reaching
the heat pump evaporator.

Between 1983 and 1984, about 50 units of
the direct-expansion-type GEHP had
been field tested to confirm their perfor-
mance. Even in the winter of 1984 when it
snowed very heavily, no evaporator frost-
ing occurred. A sufficiently high heating
capacity was maintained even when the
outside temperature dropped.

After further improvements, this GEHP
was scheduled to enter the marketin April
ofthis year. Due to the effects of mass pro-
duction, its price is lower than those of the
conventional GEHPs. Because of its de-
creased operating cost (30-40% less than
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Fig. 13 A Day's Energy Balance during Heating Operation (Values of December 27, 1982, in kWh)

an equivalent electric system), itcan com-
pete well with the electric system. It is ex-
pected that this type of heat pump will
widely penetrate the market of retail
stores, medium and small office buildings,
etc. Additionally, since it has significant
advantages with respect to heating, its
sales are expected to expand into the
areas north of North Kanto, where air
source heat pumps have been generally
regarded as unsuitable.

In addition to the 13 USRT model of the di-
rect-expansion-type GEHP, the develop-
ment of a model with smaller capacity is
under way. It will be put on the market in
the next year. Additionally, a commerciali-
zation plan stemming from the results of
the "Union for Technical Research on
Small Gas-Fired Cooling”, which was ter-
minated in 1984 after fruitful achieve-

ments, was also started. This plan aims at
the development of two models of a small
commercial unit, whose cooling capacity
is in the 5 USRT (18 kW) range, and two
other models for residential use, which are
also capable of supplying tap hot water,
The small models for commercial use will
appear on the market in 1986, while the
models for residential use will appear on
the market in 1987.

*Kazuo Yamagishi, Manager, Total Energy
System Division, Tokyo Gas Co, Ltd.
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A. Mitchell’

Heat Pump Sales in
Member Countries

1. Introduction

The IEA Heat Pump Center in Karlsruhe is
developing adatabase of heatpump sales
information from the HPC member coun-
tries. This information is useful for deter-
mining general trends in heat pump sales
and for making inter-country compari-
sons of heat pump markets. Some of the
initial data in this database will be present-
ed in this article.

Afew qualifications should be recognized
by the reader. First, the sales figures only
include electric heat pumps. Sales data
for engine-driven heat pumps and sorp-
tion heat pumps are difficult to obtain, but
interms of number of units installed, these
heat pumps are asmallfraction of the total.
Next, there are differences in the data col-
lection methods of the various agencies
supplying sales data. This problem
causes comparisons between data from
different sources to be quite approximate.
Some collection method discrepancies
are noted in the article, butothers certainly
have escaped notice. Finally, the figuresin
the article are incomplete due to lack of
data. In each figure some countries are
missing, and other countries that do ap-
pear in the figure lack data for certain
years. To the extent possible, these gaps
in the database will be filled in the future.

2. Trends in Total Sales

Figure 1 shows the annual sales of electric
heat pump units plotted on a logarithmic
scale from 1980-1984. As well as allowing
greatly differing sales amountstofiton the
same graph, the logarithmic scale facili-
tates comparisons of annual growth rates,
since the growth in %/yr is proportional to
the slope of the plotted line. The sales fi-
gures represent the sales to residents
within the stated country; heat pumps im-
ported into the country are included, but
exported heat pumps are not counted.

Japan and the US have shown the largest
total sales with both countries having sold
over a million electric heat pump units in
1984 (US figures do notinclude tap water
heat pumps and individual room units).
Qver the time period plotted, all countries
except the Federal Republic of Germany
have shown growth in sales. Sweden and
Japan recently have exhibited very strong
growth in heat pump sales, in the range of
50%/yr.

Figure 2 plots sales of heat pumps per
1000 residents and therefore adjusts the
sales figures for population differences
between the countries. This representa-
tion, however, is not the best indicator of
market saturation. The size of a country’s
heating system marketis notdirectly relat-

Units sold
Thousands
per year
4,000 -
2,000 -
1,000 Japan
800
600 - us
400 4 (without tap waler units and room air conditioners)
200 1
100
80 -
60 |
40 - ¥ preliminary
FRG .
20 -
Sweden
10
8
o Austria
4
Italy
2.
14
. Year
1980 1981 1982 1983 1984
Fig. 1 Total Electric Heat Pump Sales, 1980-1984
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and room units)
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004
002 -
001
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Fig.2 Electric Heat Puip Sales per 1000 Residents, 1980-1984. Sales figures for all years were divided by

populatlon figures for mid-1980.
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Fig. 5 Breakdown of Electric Heat Pumps for Space Heating by Capacity

ed to its population because of factors
such as average persons per household,
ratio of central to room heating systems,
and new housing construction rates. With
the population adjustment, Japan and the
US stillexhibitthe largest sales, butthe dif-
ferences between the other countries are
not as great. The population adjustment
causes the sales curves of Austria and
Sweden to move upward relative to the
other countries.

3. Heat Pump Applications

Figure 3 gives a breakdown of heat pump
sales by application. The major applica-
tions of heat pumps are tap water heating
and space heating. In the figure, applica-
tions other than these two (e.g. swimming
pool heating) are included in the space
heating category. Because heat pumps
for these other applications are few in
number, most of the heat pumps in this
category are space heating units.

The data show a significant variation be-
tween countries in the breakdown of ap-
plications. Sales of heat pump tap water
heaters are negligible in Japan, and quali-
tative dataindicates thatfew are sold inthe
US also. The tap water heaters are much
more prevalentin Europe. Thistype of heat
pump captures the majority of heat pump
sales in Austria and the Federal Republic
of Germany and has increased its market
share over time. This trend is expected to
change within the near future when heat
pumps for space heating become more
attractive in price and performance.

4. Characteristics of Electric Space
Heating Heat Pumps

Further sales data for electric heat pumps
designed for space heating are presented
inFigures 4 and 5. Figure 4 shows a break-
down by source and output heat transfer
media. Air-source heat pumps capture
the largest market share in all countries
plotted. Relatively few heat pumps utilizing
water/brine to collect heat from the heat
source are found in Japan and the US, but
these units are more popular in the Euro-
pean countries. On the heat output side of
the heat pump, air is the predominant heat
distribution media in Japan and the US,
whereas water is more popular in Europe.
Almost all space heating heat pumps sold
in Austriaand the Federal Republic of Ger-
many are intended for hydronic heating
systems.

The size distribution of electric space
heating heat pumps is shown in Figure 5.
With this type of distribution plot, the seg-
ments of the graph with the steepest slope
indicate the heating capacity ranges
where most heat pumps are sold. Actual
data points are shown on the graph; lines
drawn through these points are estimates.
Also, little information was found on the
operating conditions assumed for the gi-
ven heating capacity ratings. Conse-
quently, comparisons of heating capaci-
ties between countries must be consi-
dered approximate.
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The predominance of small, individual-
room heat pump units in Japan is clearly
shown on this graph. About 50% of the
space heat pumps sold in Japan in 1982
had a heating capacity less than 3.5 kW.
For Italy in 1983, the median heating ca-
pacity was about 7 kW, and 14 kW was the
corresponding figure for Austria and the
Federal Republic of Germany.

5. Conclusions

The heat pump sales data clearly indi-
cates wide variations in heat pump mar-
kets across the various HPC member
countries. Variations in terms of level of
sales, growth of sales, and product cha-
racteristics are all present. This article has
only presented the statistics and has not
suggested explanations for these market
differences. This important interpretation
process as well as further data collection
is necessary. The |[EA Heat Pump Center
will continue with this activity, and all as-
sistance and comments on the work will
be appreciated.
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Actual Efficiencies of Thermally-Stratified Thermal

Storage Tanks

1. Introduction

Thermal storage tanks for use in heating
and air conditioning systems have re-
ceived increasing attention during recent
years. These tanks reduce operating
costs by allowing the utilization of inex-
pensive nighttime electricity. They also
are essential for energy-conserving heat
recovery systems, because they absorb
the time-lag between the production of
waste heat and its effective utilization. This
article describes the thermally-stratified
storage tank, a type of thermal storage
tank that has gradually seen more wide-
spread use in recent years.

2. Types and Features of Various
Thermal Storage Tanks

Differenttypes ofthermal storage systems
include: sensible heat storage systems,
which utilize the heat absorbed or re-
leased as a substance changes in tem-
perature; latent heat storage systems,
which rely on the energy transfer occur-
ring when matter changes state; chemical
heat storage systems, which utilize the
heat of chemical reactions. The thermal
storage system most commonly em-
ployed at present is a sensible heat stor-
age system utilizing water as the thermal
storage medium.

The term "thermal” storage tank is used
instead of "heat” storage tank because
these tanks can be used to store cold
water for cooling purposes as well as hot
water for heating. An effective thermal
storage tank utilizing water as the storage

Low-temperature-{— i |’ ,I,
heater heater

High-temperature

medium must satisfy the following three
general requirements:

The tank musthold separate volumes of
water that differ in temperature. The
mixing of the volumes should be mini-
mal, even during charging and dis-
charging periods.

effective storage capacity should be
achieved by minimizing the amount of
dead water volume in the tank.

The heat loss/gain from the tank should
be minimized.

Dead water
zone
Effective
portion
Dead water
zone
Poor design Good design

Fig.1 Position of Inlet/Outlet and Effevctive Quantity
of Water (hatched parts)

Many types of thermal storage tanks have
been developed to satisfy these require-
ments. The principal types are listed in

store
Speciality
store
Bulk selling
store

—

Thermally-stratified
thermal slorage
tank

Fig. 2 System Diagram for the Sea Mole Building
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Table 1. The thermally-stratified storage
tank has no inside partitions and has the
following principle of operation. Warm
water has low density and floats to the top
of the tank, while cooler water with higher
density sinks to the bottom. The water
storage volume used with this type of sys-
tem can be reduced relative to other sys-
tems, because the dead water volume is
relatively low and the heat storing effi-
ciency is relatively high.

3. Design Considerations for Thermally-
Stratified Thermal Storage Tanks

When designing a thermally-stratified
thermal storage tank, the following criteria
should guide the design process.

1) Geometrical Considerations:

A deep water-storage container is de-
sirable toimprove thermal stratification.

The water inlet and outlet should be in-
stalled inamanner that produces a uni-
form, slow-velocity flow of water.

To minimize dead water volume, locate
the outlet and inlet connections as
close as possible to the top and bottom
of the storage volume.

The surface area in contact with the
storage water should be minimized.

2) Operating Considerations:

The temperature difference between
the upper and lower parts of the tank
should be large, at least 5 to 10°C.

The controls should maintain fixed
water temperatures in the upper and
lower parts of the tank.

The velocity of the water flowing into
and out of the tank should be kept low.

3) Other Considerations:

The insulating and water-proofing cha-
racteristics of the tank should be mea-
sured to ensure that the design specifi-
cations have been achieved.

Fig. 1 shows the positions of the inlet and
outlet and shows the thermally-effective
quantity of water that results from these
positions. Since the tank stores thermal
energy for a period of hours, heat loss/
gain from the tank is unavoidable. The
heat-retaining performance of the tank
should be considered during both the de-
sign and installation phases.

4. Example at Sea Mole Shimonoseki
Shopping Center

4.1 Outline of building and facilities

This building is a large shopping center
and was opened in October 1977 in front

Sch : 2
TYDE C Bmatlt-: representation of Efficiency Remarks
cross section
i Underground beam space
I | can be usgd eff_ectively.
Continuous ——— e ——— —— Insulation is difficult to
; — P | . install.
multi-tank Medium
type
N A
|
Construction is difficult.
Medium
Improved Al
dipped weir e
type
High
A
A Best suited for large-size
tank built aboveground.
Thermally —
stratified —_— /' High
type
A
A Diaphragm material is
problematical. Not easily
adapted to tanks with
M_ovable —_——— . internal pillars and beams.
diaphragm — == High
Multi-tank Underground beam space
water can be utilized to some
renewing extent. Heat loss is large.
Hee High

Table 1 Types and Features of Various Thermal Storage Tanks

Top View

Equalizing volume

6.5 m for return water
3} Vi
o . / 0 |._ L
Equalizing volume Equalizing volume -
for pumped-in water for return water =5
e
_ o
T Thermal storage
r— 1.0 tank (small)
& 1,069 m?
@ Thermal Storage Tank ©
(large) 2,344 m? 1.0 1 @
32,5 13.0
Vertical Cross-Section
| = o | ”
Flow-equalizing 4.9 _ 7 4.9 :
E porous board =
325 13.0

Fig. 3 Tank Diagram (all dimensions are in meters)
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of the Shimonoseki Station of the National
Railways Corporation.

Structure: SRC, RC, and S

Number of Stories. 7 stories above ground
and 1 story underground

Total Floor Area: 128,200 m?

The central HVAC and electrical power
equipment are installed together in one
place in the building.

Central HYAC Equipment;
2520 kW Centrifugal chiller - 2 units

2905 kW kerosene/gas absorption
chiller - 2 units

Thermally—stragified thermal storage
tank - 3,600 m

Secondary HVAC Equipment:

HVAC termjnalsinstalled for each 1,000
to 1,500 m“ of floor area

Variable water-flow system

Central Electrical Equipment:
Power receiving equipment - 22 kV

Main transformer - 7,500 kVA - 2 units

4.2 Reasons for using the thermally-
stratified thermal storage tank

Alarge thermal storage tank was installed
in this building to obtain economic bene-
fits from using inexpensive nighttime elec-
tricity and from reducing peak power de-
mand.

During the development of this proposal,
Prof. Tanaka of the Tokai University was
investigating thermally-stratified thermal
storage tanks, and his experiments were
revealing the basic characteristics of
these tanks. The results of these experi-
ments led us to believe that for tanks with a
depth of 5m or more, athermally-stratified
typetankis more attractive than atwo-sto-
ried multi-tank type. This was the reason
for utilizing this type of system.

4.3 Specifications of the thermal
storage tank

Architectural considerations restricted
the water depth in the tank to 4.9 m. Fig. 3
shows a top view and vertical cross-sec-
tion of the tank. The two walls of the tank,
which are opposite to each other, each
have a dipped weir made of a synthetic re-
sin material. Two porous boards are used
in the tank to equalize the velocities of in-
flowing and outflowing water.

Careful attention was given to the insulat-
ing of the tank in order to reduce heat gain
and to prevent condensation on the outer
surfaces of the tank. Table 2 details the in-
sulation configuration.

Tank

Schematic diagram
component

Composition of members

Qutside

Ceiling

Plastic tile

Mortar t30

Small-size gravel concrete t100
Extruded foam polystyrene board t50
Asphalt

Concrete t120

Inside

/

Wall

Outside
Inside

Additional placing of concrete t20
Concrete t350

Asphalt

Extruded foam polystyrene board t50
Asphalt

Concrete t150

Inside
Vay e
A,

Floor

OLLLXO

Concrete t100

Asphalt

Extruded foam polystyrene board t50
Asphalt

Concrete t500

Cobble stone

Table 2 Specifications for Insulaling and Waterproofing the Tank at the Sea Mole Site

Photo 1 Sea Mole Shimoneoseki Shopping Center in Yamaguchi, Japan

4.4 Results of operation

Fig. 4 shows how the vertical temperature
distribution within the tank varies with time
as cold water is stored in the tank. Fig. 5

shows how the distribution changes when
the process is reversed, and cold water is
drawn from the tank. In both cases it can
be seenthatthe thermal stratificationis not
disturbed, and the transition layer be-
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Container Reinforced concrete construction (500 mm thick) [Part of building body]
Effective capacity: 70 m*® x 2 tanks 22mx29mx11.5m)
Insulation Extruded styrene foam sheet (100 mm thick) [Installed inside tank]

Waterproofing

Waterproofing by sheeting

Flow tacilities

Distributor, flow equalizing boards

Table 3 Specifications for the Heat-Storage Tank at the Ohbayashi Site

tween the cold and the warm water vo-
lumes simply moves up or down the tank
as cold water is added or removed.

Thermally-stratified thermal storage tank -
2 units - (Cold-water tank: 70 m*; hot-
water tank: 70 m3)

Coil for heat storage in the ground -
1,200 m in length

Secondary HVAC Equipment:

Variable-air-volume system utilizing
fan coil units

Variable water-flow system

Central Electrical Equipment:
Power receiving equipment - 22 kV
Main transformer - 100 kVA - 1 unit

This energy-efficient building has setare-
cord concerning energy consumption.
The energy consumption for the building
is given below in source energy units (1
kWh electric results from 10.3 MJ source
energy).

Initial year of operation: 363 MJ/m2-yr

Second year of operation: 401 MJ/mz—yr

5.2 Reasons for using the thermally-
stratified thermal storage tank

A heat-recovering heat pump was
planned for use inthe Technical Research
Institute Administrative Building in order to
save energy and allow better utilization of
solar energy. Because of the time lag be-
tween the generation of heat and demand
for heat, it was concluded that a compact
thermally-stratified thermal storage tank
with highthermal efficiency was necessa-
ry. As a result, such a tank with a water
depth of 12 m was built in the core part of
the east wing of the building between the
first floor and the roof.

5.3 Specifications of the thermal
storage tank

As showninFig. 7, the top and bottom por-
tions of the tank are partitioned from the
rest of the tank by flow-equalizing boards.
Inthese parts, the inlets/outlets are install-
ed.

The specifications for the thermal storage
tank are listed in Table 3. Heat bridges
were eliminated by insulating inside the
tank. Aswellas providing high thermal effi-
ciency, this insulation scheme prevents
the thermal conductivity of the tank con-
tainer from disturbing the thermal stratifi-
cation of the water in the tank. Flexible
water-proofing sheets cover the insula-
tion and can mold to the insulation if defor-
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Hot Thermal
Storage
Tank

RS

Undarground heat storage

i — i
=l o .ﬁr : ﬁssf;ﬁtpﬁ |"E[|ﬁ:—_

AN

Cold
Thermal
Storage
Tank

Fig. 6 System Diagram for Ohbayashi Building

__Qverflow water level

cC—6— 1+
—1@—— Standard
11.590 water level
T [—
T . L
10740 C-6- 2+
Top level C—6— 3+
of flow
equalizing
board C—6— 4+
C—6— b+
C—-6— 6+
cC—6— 7+
C—-6— 8+
C—6— 9+
C—6—-10+
C—6-11+
C—-6—12+
C—6-13+
C—6-—14+
C—6—-15+
C—6—-16+
C—6—-17+
C—-6—-18+
Top level C—6—-19+
of flow
equalizing C—6—20+
board
1.170 C—6-21+
M
1 l
42—0ng C—-6-23+
0 C—6—-24+

11.980

10.930

9.950

8.990

7.980

7.000

6.030

5.060

4.060

3.090

2.000

1.000

280

_Overflow water level

C—4— 1+
et OO Standard
_ water level
_|11:220
10.680 C=d— 2¢
Top level C—4— 3+
of flow
equalizing C—4— 4+
RL board
— C—4— 5+
8.840 C—4— 6+
e
C—4-— 7+
C—4— 8+
C—4— 9+
C—-4—-10+
3FL C—4-11+
C—4—-12+
C—4-13+
C—4—14+
C—4—15+
C—-4-16+
C—4-17+
2FL
— Cc—-4-18+
C—4—-19+
Top level
of flow C—4-20+
equalizing
board C—4—21+
1.170
S Pl C—4—22+- -
410 c—a—23+
—— Y __o_,&
1FL || JO C—4-24+

1.110

110

a. Cold water tank

b. Hot water tank

Fig. 7 Position of the In-Tank Sensors, Inlet/Outlet, etc.
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mation results from hydraulic pressure.
Moreover, these sheets prevent metal and
concrete from coming in contact with the
water and thus improve the water quality.

5.4 Results of operation

Fig. 8 shows how the vertical temperature
distribution within the tank varies over
time. One graph shows the process of
storing cold water, and the other shows
the cold water removal process. In both
cases the temperature of water at the top
and bottom of the tank was well controlled,
and a high degree of thermal stratification
was maintained. In addition, no significant
change in the temperature gradient at the
interface was observed when the water
flow in the tank was reversed.

Temp. [°C]

29 3 33 3 37 39
L B e e o e e S R B

.
Water surface level ek

ca— 2|
c—4— 3|
cd— a4}
C-4— 5
C—d— 6
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c-4-10

c-4-11

Depth

c-4-12
c—a-13}
C—a—14f
C-4-15 |
C—4-16
c-4-17}
c-a-18}
c-4-19

Cc-4-20
c—-4-21
c—4-22

C—4-23

C—-4-24

Hot water storage by HP (Winter season)

Fig.9 Example of Vertical Temperature Distribution
for the Hot-Water Thermal Storage Tank

Fig. 9 shows the progression ofthe vertical
temperature distribution in the hot-water
tank. The heat-storing process by the heat
pump is represented, and two stages of
stratification can be seen. One layer cor-
responds to heat storage from utilization
of the ground coil, and the other cor-
responds to utilization of solar energy. In
both cases, the temperature gradient is
steep and stratification was maintained
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Fig. 8 Example of Vertical Temperature Distribution for the Cold-Water Thermal Storage Tank

ltem

Observation of winter
heat loss (for 5 days)
[Dec. 30, 1982 -

Observation of summer
heat gain (for 3 days)
[Aug. 13, 1983 -

Jan. 3, 1983] Aug. 16, 1983]
Average outside air temp. 3.4°C 26.1°C
Change in average water temp. in tank 37.8°C > 34.7°C 7.8°C—>8.7°C
(Amount of change in average water (3.1 °C/5 days) (0.9 °C/3 days)
temp. in tank)
Average temp. in tank 36.3°C 8.3°%C
Difference between average outside 329°C 17.8°C
air temp. and average water temp. in tank
Overall heat loss 227,300 kcal/5 days 65,000 kcal/3 days
1,890 keal/h 900 kcal/h

Heat loss per hour
Heat loss per unit quantity of water

Heat loss per unit surface area
(based on inside surface area)

Heat loss per unit surface area
(based on surface area through
the wall center)

25.9 kcal/m3 /h
14.0 keal/m? /h

10.2 keal/m? /h

12.3 keal/m3/h
6.9 keal/m?/h

5.0 kcal/m?/h

Coefficient of overall heat transmission
(based on inside surface area)
Coefficient of overall heat transmission
(based on surface area through

the wall center)

Theoretical coefficient of overall heat
transmission (Ktheo)

0.43 keal/m?/h/°C

0.31 kcal/m?/H/°C

0.30 kcal/m2 /h /°C

0.39 keal/m?/h/°C

0.28 keal/m?/h/°C

0.30 keal/m? /h/°C

Table4 Results from Heat Loss/Gain Measurements of the Thermal Storage Tanks in the Ohbayashi Building

well.

The heat loss/gain of the storage tanks
were measured during summer and win-
ter holidays, and the results are given in
Table 4. The results show that the actual
heat transfer (the wall center was used as
the standard) was approximately equal to
that predicted by the overall heat trans-
mission coefficient. The analysis indicat-
ed that the efficiency of the thermal stor-
age tank should be near 95%. Itis believed
that the vertical shape of the tank and the
energy-conserving insulation design
contribute to the high thermal efficiency.
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Heat-Storage Tank”, published by Ohm,
Oct. 1978, No. 11, Vol. 65 (in Japanese)

[2]Maeda, Sakai, etal., "Studies on Equip-
ment System Designed for Saving Ener-
gy” - No. 4: Assessment of Performance of
Thermally Stratified Vertical-Type Heat
Storage Tanks and Collection of Papers
Compiled by the Society of Heating, Air-
Conditioning and Sanitary Engineers of
Japan (papers presented at a meeting
held in Sapporo, in Japanese)

"Mitsuru Shimizu, Kyoichi Fujita, Building
Services Department,
Ohbayashi Corporation, Tokyo, Japan.
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Schedule of Conferences and Trade Fairs

Aug 13-16, 1985

Stockholm (Sweden); Scandinavian Heat
Pump Conference; Contact: Nordisca Kyl-
moetet och 2:a Nordiska Vaermepump-
dagarna '85, c/o Stockholm Convention
Bureau, Box 1617, S-11186 Stockholm
{Sweden),phone 468230990, telex 11556
Congrex

Aug 25-30, 1985

Copenhagen (Denmark); CLIMA 2000,
First World Congress on HVAC&R Tech-
nology; Contact: Clima 2000 - Clima Ex,
Ordrup Jagtrej 42B, DK-2920 Charlotten-
lund (Denmark), phone 01-633230, telex
16600 fotex DK

Sep 9-11, 1985

Baltimore, Maryland (USA); National
Water Well Association Annual Conven-
tion and Exposition; Contact: National
Water Well Association, 500 W. Wilson
Ridge Rd., Worthington, OH 43085 (USA),
phone (614) 846-9355

Sep 22-26, 1985

Toronto (Canada); International Confer-
ence on Energy Storage for Building Heat-
ing and Cooling (ENERSTOCK-3) and Ex-
hibition; Contact: Conference Secretariat,
ENERSTOCK-3, 275 Bay St., Ottawa K1R
525 (Canada)

Sep 30, 1985

Karlsruhe (Federal Republic of Germany);
One Day Seminar on the Use of the 1.4 kW
Heat Pump for Tap Water Heating; Con-
tact: Dr. Reichelt, Fachhochschule Karls-
ruhe, P.O. Box 6240, D-7500 Karlsruhe
(FRG)

Oct 2, 1985

Essen (Federal Republic of Germany);
BSE-Expert Meeting on the Use of Heat
Pumps in Residential, Public and Com-
mercial Areas; Contact: Bundesverband
Solarenergie - BSE, Kruppstr. 5, D-4300
Essen (FRG)

Oct 14-17,1985

Las Vegas, Nevada (USA); National Plum-
bing-Heating-Cooling-Piping  Products
Exposition; Contact: NAPHCC, P.O. Box
6808, Falls Church, VA 22046 (USA),
phone (703) 237-8100

Oct 24-26, 1985

Essen (Federal Republic of Germanyy); In-
ternational Conference and Exhibition on
HVAC Technologies for Cold Climates;
Contact: NMA Nurnberger Messe- und
Ausstellunggesellschaft mbH, Messezen-
trum, D-8500 Nirnberg 50 (FRG)

Nov 27-29, 1985

Nurnberg (Federal Republic of Germany);
ENKON'85, Conference and Exhibition on
Energy Concepts for Production Units;
Contact:Nlrnberger Messe- und Ausstel-
lungsgesellschaft mbH, Messezentrum,
D-8500 Niirnberg 50 (FRG)

Feb 19-23, 1986

Essen (Federal Republic of Germany); Ex-
hibition on Sanitation, Heating, and Air
Conditioning; Contact: Fachverband Sa-
nitdr-Heizung-Klima NRW, Grafenberger
Allee 59, D-4000 Dusseldorf (FRG)

Mar 11-15, 1986

Harumi, Tokyo (Japan); Exhibition of Refri-
geration, Air Conditioning, Heating and
Solar System Equipment; Contact: The
Japan Refrigeration and Air Conditioning
Industry Association, Kikai Shinko Bldg.
201, 5-8, Shibakoen 3-chome, Minato-ku,
Tokyo 105 (Japan), phone 03-432-1671,
telex 02422222 JRAIA J, telefax 03-438-
0308 (Presentation of IEAHeat Pump Cen-
ter)

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 Rewies

Arbeitsgemeinschaft fiir sparsamen und
umweltfreundlichen Energieverbrauch
e.V. (ASUE); Internationale Fachtagung
9.-10.05.85 Sindelfingen. Nahwirme -
Konzepte, Ausfiihrung, Betriebserfah-
rungen, (International Meeting on Dis-
trict Heating); May 1985, ISBN:
392461107-6 (in German)

This conference reportincludes 13 contri-
butions, which were presented in Sindel-
fingen on May 9-10, 1985. Main emphasis
is placed on the implementation of short
district heating systems. Five contribu-
tions address the application of gas en-
gine-driven heat pumps with overall ther-
mal capacities between 30 and 400 kW.
Brief descriptions of these follow.

Since July 1983 a heating system in Dor-
sten, consisting of three water-source
compression heat pumps and two peak-
load boilers with an overall thermal capac-
ity of 5.8 kW, has been in operation without
major problems. Waste heat from a refri-
geration plant as well as water from the
River Lippe serve as the heat source.

InEssentwoair-source compression heat
pumps were installed in addition to two
existing boilers in December 1984, 584
dwellings with atotalarea of 41,566 m?are
supplied with space heat and hot tap
water. The total thermal capacity of the
system is 3 MW.

Two water-source compression heat
pumps with a thermal capacity of 3.55 MW
supply space heat and hot tap water for a
swimming pool and a hospital including

You should be an

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

For your order use the
attached card.

staff dwellings in Leer. The heat source is
the waste water from a dairy plant.

A water-source absorption heat pump
and two peak-load boilers supply the
space heatfor seven community buildings
in Waiblingen. The total thermal capacity
is 9.5 MW (2.5 MW heat pump capacity).

In the city of G&ppingen the waste heat of
a gelatine production plant is used as the
heat source for two water source com-
pression heat pumps. The heat pumps to-
gether with a peak-load boiler have a ther-
mal capacity of 3.8 MW.

In comparison with conventional heating
systems, the use of gas engine-driven
heatpumpsresultsinlessair pollutionand
significant primary energy savings.

Dreschmann, Peter, and P&ppinghaus,
Klaus; Heat Extraction Limits for using
Municipal Sewage as a Heat Source for
Heat Pumps; BMFT-FB-T 85-074, Bun-
desministerium fiir Forschung und Tech-
nologie (BMFT), D-5300 Bonn 2 (Federal
Republic of Germany), August 1985, 555
p. (in German)

Heat pumps can use municipal sewage
water as a heat source. One effect of this
use isto lower the temperature ofthe sew-
age water entering the municipal sewage
treatment plant. As the temperature of the
sewage decreases, the effectiveness of
the biological treatment process in the
plant also decreases. To ensure proper
treatment, the temperature of the sewage
must be maintained above a certain mini-

Name

Company

Address

City

Country

Company Seal

mum, and therefore the amount of heat
that the heat pump extracts should be li-
mited. This report describes an experi-
mental activity that investigated the rela-
tionship between sewage treatment effec-
tiveness and the temperature of the in-
coming sewage water.

Twoidentical treatment plants were builtto
perform the experiment. The sewage
water flows processed by the two plants
were the same except for their tempera-
ture. The difference in measured treat-
ment quality between the two plants indi-
cated the influence of the incoming sew-
age temperature.

Damjakoh, Hans, and Remberg, Hans-
Wilhelm; Study of the Feasibility of a
Large Heat Storage Tank with a seg-
mented design; BMFT-FB-T 85-071, Bun-
desministerium fiir Forschung und Tech-
nologie (BMFT), D-5300 Bonn 2 (Federal
Republic of Germany), July 1985,92 p. (in
German)

This report investigates the feasibility of
constructing a large heat storage tank ap-
proximately 1,000,000 m?in capacity uti-
lizing a segmented construction techni-
que. After determining certain constraints
such as structural and operational re-
quirements, design alternatives were de-
veloped. One concept uses a bowl-
shaped tank supported by columns about
1.70 m high. The bottom and side walls of
the tank are constructed by together pre-
fabricated modules utilizing a material-
saving grid construction. The roof for the
tank is not integrated into the tank’s main
structural body. Thermal insulation is in-
stalled on the outside of the tank shell. The
results obtained from the investigations,
such as unit costs and masses, are ap-
plicable to tanks with larger or smaller ca-
pacities.
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