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Installation of the world's largest absorption heat pump in Trollhittan, Sweden (see page 17)
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Advances in Non-Azeotropic
Mixture Refrigerants:
Symposia and Workshop

Summary

Various benefits of refrigerant mixtures
have been recognized for more than a
century, vet their application remains
quite limited. Using the rate of publication
on the subject as a measure, interest in
non-azeotropic mixtures has dramatically
decreased in recent years. Within the last
decade, several efforts have been under-
taken to develop analytical models for re-
search and development of systems using
such refrigerants. Moreover, a number of
researchers have begun to measure and
develop techniques to predict essential

thermodynamic and thermophysical data.
Premature efforts to commercialize sev-
eral specific mixtures have been attempt-
ed without success, leading a few people
to question whether non-azeotropic mix-
tures are a solution looking for a problem.
The majority view remains considerably
more optimistic regarding the future po-
tential for such mixtures.

The term "non-azeotropic mixture refrige-
rants” referstofluids consisting of multiple
components of different volatilities
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that, when used in refrigeration cycles,
change composition as they evaporate
(boil) or condense. The description "non-
azeotropic” is derived from the Greek
words "zeo” (to boil) and "tropos” (to
change) preceded by two cancelling ne-
gation prefixes, the Latin antecedent, "a”,
and the English, "non”. The double nega-
tive results from interest following the
chronological acceptance of azeotropic
mixtures (refrigerants compositions that
act as single components often with pro-
perties more favorable, for specific appli-
cations, than the separate constituents).
Purists sometimes revertto "zeotropic” as
a synonym to "non-azeotropic”. Not sur-
prisingly, some researchers have adopt-
ed acronyms (e.g. NARBs for Non-Azeo-
tropic Refrigerant Blends) or simpler des-
criptions (e.g. “blends to connote the deli-
berate mixing of fluids to obtain desired
properties).

Whatever they are called, experts agree
that non-azeotropic mixtures offer unigque
characteristics as refrigerants. These fea-
tures have been investigated in hopes of
achieving improvements in efficiency, ca-
pacity, and - by composition management
- capacity modulation in heat pump and
refrigeration systems. Additional benefits
investigated include system optimization,
when desired refrigerant properties fall
between discrete choices afforded by
single-component and azeotropic refri-
gerants, and split-temperature evaporator
or condenser functions (e.g. refrigerator/
freezer or space/water heating applica-
tions).

An update on research and development
of non-azeotropic mixture refrigerants
was included in two symposia at the June
1985 Annual Meeting of the American So-
ciety of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE}, held
in Honolulu. These sessions, comprising
eight papers, were cosponsored by
ASHRAE Technical Committees 3.1, Refri-
gerants and Brines; 7.6, Unitary Air Condi-
tioners and Heat Pumps; and 9.4, Applied
Heat Pump and Heat Recovery Systems.
These papers include:

@ "The ABCs of NARBs (Non-Azeotropic
Refrigerants Blends)” by T. Atwood,

@ "The Characteristics of Fluid Mixtures
and Their Utilizationin Vapor Compres-
sion Refrigeration Systems” by U.W.
Schulz,

@ "Two RefrigerantMixtures and the Hard
Sphere Fluid” by G. Morrison and M.
McLinden,

@ "Prediction of Refrigerant Ternary Mix-
ture Properties Using the Redlich-
Kwong-Soave Equation of State” by
E.G. Wright,

@ "Heat Transfer of Non-Azeotropic Mix-
tures in a Falling Film Evaporator” by T.
Berntsson, K.M.Berntsson, and H. Pan-
holzer,

@ "Condensing Coefficients when Using
Mixtures” by W.F. Stoecker and E. Kor-
nota,

@ "Simulation of a Heat Pump Operating
with a Non-Azeotropic Mixture” by P.A.
Domanski and D.A. Didion, and

@ "Theoretical and Experimental Investi-
gations of Advantageous Refrigerant
Mixture Applications, by H. Kruse, M.
Kuver, U. Quast, M. Schréder, and B.
Upmeier.

A workshop on research and develop-
ment of non-azeotropic mixture refri-
gerants for heat pumps, conducted after
the ASHRAE meeting, was organized and
sponsored by the Electric Power Re-
search Institute with the cooperation ofthe
Hawaiian Electric Company and the Nati-
onal Bureau of Standards. The intent ot
this workshop was to:

@ Assess the status and potential of non-
azeotropic mixture refrigerants,

@ |dentify research and development
needs associated with such refrige-
rants and the equipment in which they
would be used, and

@ Encourage international cooperation
and coordination inthe conductof such
research.

Participation in the workshop was by in-
vitations extended to the authors of the
symposia papers, internationally recog-
nized researchers in non-azeotropic mix-
tures, representatives of both refrigerant
producers and heat pump manufacturers,
utility representatives, and others select-
ed from research organizations. The
workshop was held on June 27, 1985, at
the Hawaiian Electric Company in Hono-
lulu.

The following specific research and de-
velopment topics were proposed for the
near term:

@ Completionandvalidation of currentef-
forts to develop equations of state for
binary and ternary mixtures.

@ Integration of these equations of state
into simulation models to enable devel-
opment studies.

@ Theoretical cycle analyses, including
hybrid absorption-compression cyc-
les, to identify opportunities.

@ Screening of non-azeotropic mixture
candidate fluids suitable for vapor-
compression cycles.

@ Collection of property data as needed
for the above; sensitivity analyses
based on these data to determine pre-
cision requirements for future data col-
lection.

@ Laboratory tests of new concepts and

fluids as they emerge (considerable at-
tention has already focused on R22/
R114,R12/R114andR13B1/152amix-
tures; R23/R12, R23/R22 are possible
candidates warranting evaluation for
increased capacity for low evaporator
temperature applications).

@ Impact study identifying likely applica-
tions and quantifying the increase in
performance as well as the returntothe
manufacturer and consumer.

Several conclusions were derived from
the workshop discussions:

- Non-azeotropic mixture refrigerants are
not ready for widespread commerciali-
zation. Demonstration of their practical
utility will require at least several more
years.

Research, both basic and applied, is
needed to identify and establish the via-
bility of specific non-azeotropic mixtures
and associated cycle modifications. This
research must develop the necessary
data, design tools, and thermodynamic
impact of selected cycles for specific ap-
plications.

Because of opportunities to exploit the
advantages of gliding temperature eva-
poration and/or condensation (e.g., a
Lorenz rather than a Carnot cycle), non-
azeotropic mixture refrigerants may in-
itially be found more attractive in heat
pumps and refrigeration systems requir-
ing high temperature glide. Such sys-
tems may include heat pump water heat-
ers, community heat pump systems, in-
dustrial heat pumps, and multistage re-
frigeration systems.

Although nearly 100 years have passed
since the use of refrigerant mixtures was
first proposed, the full potential of non-
azeotropic mixtures in refrigeration sys-
temsis still relatively unexplored. Oppor-
tunities for identification and develop-
ment of appropriate mixtures and asso-
ciated cycles exist, and more intensive
research and development are needed,
and believed justified, to evaluate their
ultimate potential.

To date, test results with mixtures have
shown only modest improvements over
single component refrigerants. It is felt
that this has been due to inadequate de-
sign changestothe hardware systemsto
fully capitalize on mixture attributes.

Commercialization of mixtures intro-
duces a number of complexities in all
stages of industry practice - from
equipmnet design to field services - pre-
senting additional costelements beyond
those directly attributable to the refrige-
rants themselves.

This workshop provided a useful forum
for examination of non-azeotropic mix-
ture refrigerant status. Moreover, this
meeting afforded international leadersin
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this field an opportunity to meetand estab-
lish a basis for further communication and
cooperation.

The eight ASHRAE symposia papers, re-
sulting discussion, and a summary of the

workshop are available in a bound volume
entitted "Advances in Non-Azeotropic
Mixture Refrigerants for Heat Pumps”
(TDB-54) from ASHRAE, 1791 Tullie Circle
NE, Atlanta, GA 30329, USA. The cost is
US $ 15 for ASHRAE members and US
30 for others.

*D. A. Didion, Natfonal Bureau of Standard,
US Department of Commerce,
Gaithersbury, Maryland, 20899, USA

*J. Calm, Institut Cerac S.A,, Chemin des
Larges Pieces, CH-1024 Ecublens

F.A. Creswick*

Research on Residential Air-Source Heat Pump

Dynamic Losses at ORNL

Developers and manufacturers of air-
source heat pumps have long understood
that heat pumps in service do not perform
as efficiently as heat pumps operating un-
der steady conditions in laboratory tests
because of losses due to frosting and de-
frosting of the outdoor coil and due to on-
off cycling under partload. Yet there is still
a scarcity of high guality information on
the magnitude of these losses and an in-
complete understanding of the design
measures that can be taken to reduce
these losses. For the past several years,
researchers at ORNL have been conduct-
ing both laboratory and field experiments
to characterize these losses and gain in-
sights on how they can be reduced. This
article summarizes some of that work,
which has been led by William A. Miller
and V. D. Baxter of the ORNL staff.

Frosting Experiments

Our frosting experiments were conducted
in a laboratory environment with a heat
pump having a single-row spine-fin heat
exchanger in the outdoor unit. Tests were
run atseverallevels of airtemperature and
humidity. Fig. 1 is an example of the re-
sults of these tests, showing the effect of
humidity on the coefficient of performance
(COP) atan air temperature slightly above
freezing (4°C). At 50% and 60% relative
humidities, no frosting was encountered.
At higher humidity levels, the initial COP
was higher because condensation on the
coil raised the heat flow to the evaporator.
However, once freezing began, the COP
dropped rapidly as the frost accumulated
and the evaporator airflow was choked. At
still higher humidity, there is less delay in
the onset of the frosting process.

At lower air temperatures, there was no
frosting delay, and the rate of COP degra-
dation increased with increasing humidity
levels. This study produced similar charts
on capacity, evaporator wall temperature,
and airflow. When the results of these ex-
periments were used in an analytical si-
mulation of the seasonal performance of a
heat pump with a time-temperature de-
frostinitiation control, a heating season ef-
ficiency loss due to frosting of about 5%
was predicted for various climate regions
of the United States.

One means of reducing frosting losses is
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Fig. 1. Typical results of laboratory frosting tests

fairly obvious: increase the outdoor coil
size. This increases the coil temperature,
which reduces frosting tendency. Another
isincreasing the evaporator airflow, which
reduces the amount that the air is cooled.
Coil geometry is another factor, but to our
knowledge, this has not been thoroughly
investigated. In our frosting tests with both
spine-fin and plate-fin evaporators, we
found that the spine-fin coil frosted more
rapidly. However, since there were other
differences in the tests besides geometry,
we cannot say for sure that the spine-fin

has the greater frosting tendency. Cer-
tainly plate spacing is a factor with con-
ventional heat exchanger construction.

Cycling Loss Laboratory Tests

QOur cycling loss laboratory tests were
conducted in an environmental chamber
facility. A unique feature of these tests was
that the outdoor unit was suspended on a
balance scale to measure the migration of
refrigerant during startup and shutdown
transient operating periods. This arrange-

3
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Fig. 2. Weighing system for measurement of refrigerant weight in outdoor unit

ment is shown in Fig. 2.

Fig. 3 and 4 show some typical results
of this study. Fig. 3 shows the rate of
pressure and temperature equalization
after shutdown. In these tests, while one-
third to one-half of the refrigerant was in
the indoor unitduring steady-state opera-
tion (depending upon the source air tem-
perature), almost all of the refrigerant mi-
grated to the coil and suction-line accu-
mulator of the outdoor unit after shutdown.
This migration of the refrigerant charge
constitutes a major portion of cycling
losses.

On startup, the liquid refrigerant charge
thathas migrated tothe low sidedumpsin-

to the suction-line accumulator, from
where it is released slowly back into the
active refrigerant system. Fig. 4 shows
the slow rate of movement of refrigerant
back to the high side and the attendant
lossin capacity. In effect, the system oper-
ates undercharged during the startup
transientand suffers alossin capacity and
efficiency during this period. With an 8-
min-on, 30-min-off cycling rate ata 10°C
source air temperature, the total observed
loss in COP due to cycling was 29% of the
steady-state value.

We investigated the use of valves in the
systems to reduce refrigerant migration
during the 'off’ cycle, and found that the
cycling-mode loss in COP was reduced

from 29% to about 18%. Running the in-
door blower a shorttime (about 2 min.) af-
ter compressor shutdown also reduced
the cycling-mode efficiency loss by a few
more points. It also seems likely that re-
ducing the volume of the refrigerant side of
the indoor coil would reduce the cycling
loss, but we have not investigated this ef-
fect as yet. Similarly, it seems that some
means to increase the rate at which the
level of liquid refrigerantin the suction-line
accumulator returns to the steady-state
level would help. We have conducted
some preliminary experiments with ad-
ding heat to the accumulator, which
showed a substantial improvement.

Field Experiments

We have conducted field experiments for
several years at a test site in Knoxville,
Tennessee, USA, operated jointly by Oak
Ridge National Laboratory and the Univer-
sity of Tennessee. Initially an annual test
was run with a moderate-efficiency heat
pump. This was followed by a similar test
with a high-efficiency heat pump. The de-
viation between field performance and
ideal performance was similar for both
units. As shown in Fig. 5, the difference be-
tween the ideal steady-state COP and the
field-measured COP increased with in-
creasing air temperature. Since therewas
no way to determine the individual losses
from these results, a more detailed test
procedure was planned in which data
were recorded separately in startup, nor-
mal, and defrost modes of operation. With
the new instrumentation, the subsequent
heating season produced the following
result.

Percent of

heating season
Loss type energy consumption
Defrosting 10.1
Frosting 3.7
Startup transient 8.4
Off-cycle parasitics 4.3

The total degradation due to these losses
was 26.5%. As indicated, about half of
these losses were due to frosting and de-
frosting and half were dynamic losses
which included off-cycle parasitics (prin-
cipally the compressor crankcase heat-
er).

The test unit employed a time-tempera-
ture defrost initiation control; the use of
one of the several available types of de-
mand defrost controls would no doubt
have reduced this loss. Various meansare

4
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also available for reducing parasitic
losses.

Our studies have shown that all of these
dynamic losses can be significant; that s,
they were significant in the particular sys-
tems used in our tests and presumably
would be not much different in other sys-
tems of this type. While variable-capacity
compressors seem to be avery promising
means of reducing cycling losses and
probably frosting/defrosting losses as
well, our analytical studies indicate that it
is important even in variable-capacity
systems to include means for reducing
dynamic losses.

We are now completing an annual field
test of a high-efficiency two-speed heat
pump at our test site. The results of this ex-
periment are expected to be available in
mid 1986.

Further information on ORNL dynamic
loss experiments may be found in the fol-
lowing publications.
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Sizing of Large Exhaust-Air Heat Pumps

Exhaust-air heat pumps can be said to
have achieved a major breakthrough on
the Swedish market. They are being in-
stalled in large numbers, both in owner-
occupied homes and in multi-family
dwellings, despite the fact that many in-
stallations have shown low profitability,
especially when compared to other types
of heat pump systems. Reasons for the
popularity of exhaust-air heat pumps are
relatively simple system design adapted
to the needs of the market, favorable loan
conditions, and, undoubtedly, the satisfy-
ing feeling of actually "recovering” heat
that has already been paid for.

Reality, however, will catch up sooner or
later. Itis important, therefore, for exhaust-
air heat pump technology to progress to-

SPF
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Fig. 1. Seasonal performance factor (SPF)

wards developmentof more cost-effective
systems. One development is to increase
the per-apartment capacity of the heat
pump. If the temperature drop in the ex-
haust air stream is increased, a higher ca-
pacity per apartment will result, and the
heat pump will be able to meet the major
share of the total heating requirement (of-
ten two-thirds or more). Large centralized
facilities where the heat pumpworkswith a
network of pipes and subcenters are also
being developed to increase overall cost-
effectiveness.

Temperature drop in the exhaust-air
stream

The limiting factor for profitability of ex-
haust-air heat pumps is the availability of
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the heat source, the exhaust air. Exhaust-
air flow is determined by building and oc-
cupant requirements, not by the heat
pump. The heat extracted by the heat
pumpisdetermined, then, by thetempera-
ture drop in the exhaust-air stream. If the
temperature drop is increased, so is the
amount of heat extracted, and the output
of the heat pump increases.

Development of exhaust-air heat pumps
went from very smalltemperature dropsin
the exhaust air (5-8 K for heating tap water
only), to more moderate lowerings of
10-15 K, to even larger drops of about 20
K.[1] The greater the temperature drop for
which the heat pump is sized, the lower the
coefficient of performance (COP). The de-
crease in COP is primarily due to lower
evaporating temperatures as the outgoing
temperature of the exhaust stream falls,
but may also be due to a rise in condens-
ing temperature. The variation in seasonal
performance factor (SPF) is shown in
Fig. 1.

kWh/apartment
150004
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purchased energy requirement

10000+ ALB

i SEK/yr
H 3000
5000 energy cosl savings i
-
2000
AIIA/_T-_
* 1000
AlLB :
. 1 T T T + 0
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At °C

Fig. 2. Annual purchased energy requirement and
energy cost savings

Fig. 2 shows the variation in the annual
purchased energy requirement and the
annual savings in operating costs with an
increase in the maximum temperature
drop in the exhaust air for a residential
apartment in the Stockholm region with a
bivalent exhaust-air heat pump system.
Results are based on computer simula-
tions and on the following assumptions:

@ Exhaust-air flow: alternative A,
150 m3/hr; alternative B, 100 m3/hr;

@® Annual heating requirement: alterna-
tive A, 15,000 kWh; alternative B,
13,500 kWh, of which 3,500 kWh are for
domestic hot water heating;

@ Temperature of the exhaust air: 20°C
and a dewpoint of 5°C;

@ Heating price: SEK 0.30/kWh; total
electricity price: SEK 0.275/kWh.

When the temperature drop in the exhaust
airissmall,the purchased energy require-
ment is greatest for alternative A, due to a

T e e Y L R T e N

higher exhaust air flow. As the tempera-
ture drop increases, the output of the heat
pump increases, and less energy from the
backup heating system is required. At the
same time, the difference between the
energy requirement for alternatives A and
B decreases, and eventually changes
sign. The higher exhaust-air flow for alter-
native A results in more heat extraction for
each additional degree of temperature
drop, and therefore, a larger decrease in
the purchased energy requirement. The
exhaust-air heat pump becomes more
and more of an outdoor heat pump the
more the exhaust air is cooled. When the
exhaust air is cooled below the actual out-
door airtemperature, the outdoor air takes
over as the most important heat source.

The economics of varying the temperature
dropinthe exhaustair are shownin Figs. 3
and 4. Fig. 3 shows the simple payback
time and Fig. 4 shows first-year costs and
savings with a capital recovery factor of
0.15 applied to the initial investment cost.
The investment cost is based on a fixed
costof SEK 1,500 per apartmentand ava-
riable cost dependent on the temperature
drop for which the heat pump is sized.

These figures show that for applications
where the limiting factor is the flow of the
heat source (in this case, exhaust air), the
profitability of the heat pump system is in-
versely proportional to the coefficient of
performance, as long as the temperature
drop for which the heat pump is sized is
not too large. At very large temperature
drops, the degradation in the COP be-
comes so large that the heat pump is no
longer more efficient than the backup
heating system.

This result is an excellent example of the
factthatthe COPis only one of severalfac-
torsthataffectheat pump plantcost-effec-
tiveness. At least as, if not more, important
factors include: availability, tuning, moni-

10+ years

5 Alt B

/  AltB

‘41 T T T T d
0'5 10 15 20 25 20

exhaust-air temp. drop, At °C
Fig. 3. Simple payback time

et o

Annual cost,
SEK/apt - yr

Alt A

45004

cosls
Annual savings,
SEK/apt - yr
-1000

Alt B
Alt A
40004

3500 - 500

savings

30004 | . : : .
ofs 10 / 15 20 25 30
At°C

Fig. 4. First year costs and savings

toring of operations, heat output, loan and
grant availability and conditions, cost-ef-
fectiveness criteria, and operating and
maintenance costs. All these factors must
be considered when making cost-effecti-
veness calculations.

Frosting and Defrosting

When the outgoing temperature of the ex-
haust air falls below 5°C, there is a risk of
frosting on the exhaust-air heat exchan-
ger. In some extreme cases, frosting may
occur at higher outlet temperatures. [2,3]
Equipment or methods for defrosting the
exhaust-air heat exchanger are essential
for full utilization of the heating potential of
the exhaust air. Timer-controlled defrost-
ing is the simplest, but defrosting may also
be requirement-controlledto avarying ex-
tent. As a rule, defrosting should take
place passively, decreasing the amount of
heat extracted from the exhaust air so that
the exhaust air itself thaws the frost, The
following four techniques can be used:

1. The heat pump and the heat-transfer
fluid (brine) pump stop.

2. The flow of heat-transfer fluid is
stopped in a section or sections of the
exhaust-airheatexchanger. (Thistech-
nique is equivalent to (1) above if flow
through all sections is stopped.)

3. Heat pump capacity is reduced so that
the amount of heat extracted from the
exhaust air decreases enough for de-
frosting.

4. Each section or group of sections can
be separated from the main heat ex-
changer coil, and a separate pump can
circulate the heat-transfer fluid through
these sections. In this case, the heat-
transfer fluid can be heated with, for
example, electricity. This is not "pas-
sive” defrost, but the defrosting pro-
cess will be faster.

Unfortunately, there is limited operating
experience with exhaust-air heat pumps
that require defrosting.

T e
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Fig. 5. System flow diagram, Kopparhusen

The Exhaust-Air Heat Pump at "Koppar-
husen”

Near the center of Morby, in Danderyd
(just north of Stockholm), a heat pump
supplies 150 apartments (known as "Kop-
parhusen,” the Copper Houses) with heat
and domestic hot water at outdoor tem-
peratures above about +5°C, and has
been in operation since the summer of
1984,

Exhaust-air flow rate

The plant was designed to lower the tem-
perature of the exhaust air by a maximum
of 24°C. The flow of exhaust air is slightly
higher than assumed, however, so the
maximum achievable temperature drop is
lower. The owner proposed tq reduce the
flow of exhaustairto 15,000 m®/hr, butthis
was not possible due to comfort require-
ments. Today, the flow of exhaust air is
20,000 m®,

The flow of exhaust air has little effect on
overall costs. As shown in Fig. 4, there is
only a difference of SEK 100 between the
annual costs for optimally-sized heat
pumps for apartments with 150 m°/hr and
100 m®/hr exhaust-air flow rates.

Exhaust-air heat pump technology pro-
vides an excellent opportunity for raising

heat exchanger

=

Evaporator

b,

the level of comfort for apartment occu-
pants ata low cost, while at the same time
dealing with some of the other problems
with the housing stock: reducing moisture
and mold, as well as radon concentra-
tions.

Operating Experience

In general, the exhaust-air heat pump
plant for the block of apartments near
Morby Center has operated as expected.
There have been some operating pro-
blems, as described below.

® On three occasions, the exhaust-air
heatexchangers have been clogged by
frost, reducing heat pump output and
causing the heat pump to stop twice.
The first freeze-up occured after about
two months of operation, during the pe-
riod when defrosting intervals were be-
ing fine-tuned. The other two freeze-
ups occurred because the exhaust-air
fans failed to start after a power failure.

@ Both compressors stopped on two oc-
casions due to excessive motor tem-
peratures. In both cases, the cause was
a tiny glass fuse that was not strong
enough. Thiswas notthefirsttime thata
small, inexpensive part has caused a
malfunction that could have resulted in
costs that were hundreds or even thou-

Heat-transferring liquid line

sands times the cost of the part itself.

@ Leakage of refrigerant has deteriorated
performance and caused one com-
pressor to stop on two occasions.

A flow diagram of the Kopparhusen plant
is shown in Fig. 5.Heatis collectedinthree
exhaust-air fan rooms located high up in
the building. The heat-transfer fluid, 35%
monoethylene glycol, circulates through
the exhaust-air heat exchangers, and
then goes to a newly-built machine room
inthe garage, where all other equipmentis
located (apartfromthe storagetanks). The
heat pump (STAL VMP112) is equipped
with hot water condensers and hot gas
heat exchangers. The hot gas heat ex-
changers are used for directdomestic hot
water heating, so that the required DHW
temperature of 50°C is easily maintained,
even with refrigerant R22.

The main storage tanks (3 at 2 m3) are
heated by the hotwater condenserstoon-
ly 45°C. The remaining temperature rise to
50°C is achieved by mixing high-tempe-
rature water heated by the hotgas heatex-
changer in a fourth storage tank. This
mode of operation allows for a 5 K reduc-
tion in the condensing temperature
throughout the system.

When the system is operating to heat ra-

8
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Fig. 6. Measured data from Kopparhusen, April 4-11, 1985: Domestic hot water and radiator circuit temperatures

diator water only, the heat pumpis capac-
ity controlled to maintainthe required sup-
ply temperature. At outdoor temperatures
below 3 to 5°C, heat pump capacity is in-
sufficientand additional heat mustbe sup-
plied by the oil-fired boilers. All system
controls are done automatically.

Plant operation is monitored with the sup-
port of the Swedish Council for Building
Research in ajoint projectwith the Depart-
ment of Applied Thermodynamics and
Refrigeration atthe Royal Institute of Tech-
nology in Stockholm, the Measurement
Center for Energy Research, also at the
Roval Institute of Technology, and
Termoekonomi. Measurement data are
collected during so-called "campaign pe-
riods" that last about one week. During
these periods, many measurements are
recorded on magnetic tape at 12-minute
intervals.

Results from the first measurement period
are presented in Figs. 6-9. The heat pump
is controlled so that all heat is diverted to
the domestic hot water heating system
whenever necessary (Fig. 6). Unfortunate-
ly, the heat quantity meter for the radiator
circuit had poor resolution when these
data were collected. The figure does

show, however, that the power curves for
domestic hot water and radiator circuits
are mirror images of each other.

Water in all four storage tanks is heated in
preparation for the large amount of hot
water that is likely to be required in the fu-
ture. The three tanks thatare heated by the
hotwater condensers only are maintained
at a temperature of 47-48°C and the tank
heated by the hot gas heat exchangers is
maintained at a temperature of 85-90°C
(Fig.7).The heatpumprunsatnightto heat
the radiator circuit. Pumps P1 and P2 (see
Fig. 5) operate at night, so heat is also
passedthroughthe hotgas heatexchang-
ers and the hot water condensers. At hot
water condenser temperatures above
45°C, heat pump capacity is automatically
adjusted downward. The reduction in ca-
pacity is clearly not desirable and the con-
trol strategy has since been modified.

The motorized mixing valve in the boiler
room (SV3 in Fig. 5) functions well. As
shown in Fig. 7, the temperature of the do-
mestic hot water is kept at a constant
50°C. The heat pump is able to maintain
this temperature quite easily; the tempera-
ture from the hot gas heat exchanger
never falls below 65°C.

Fig. 8 shows data from only two days dur-
ing the recording period. The 12-minute
data show system dynamics with greater
clarity than the one-hour data shown in
Figs. 6 and 7. Fig. 8 also shows the tem-
perature of the incoming radiator water.
There is no difference between the incom-
ing and outgoing radiator water tempera-
tures when the system is operating only to
heat domestic hot water.

Operation of the heat pump is only "inter-
rupted” by variations in domestic hot
water temperature and by defrosting atin-
tervals of 70 minutes. Fig. 8 shows the de-
frostintervals, especially in the variation in
the temperature of the outgoing heat-
transfer fluid.

Fig. 9 shows the daily mean values for heat
output during the April 4-11 measurement
period (1985). Losses during defrosting
are included, otherwise the outputs would
have been 10% greater. Demand-con-
trolled defrosting should reduce this fi-
gure to about 5%,

During this measurement period, the heat
pump supplied a total of 39,070 kWh of
thermal energy, and consumed 13,230
kWh of electrical energy, resulting in a to-

9
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Fig. 7. Measured data from Kopparhusen, April 4-11, 1985: System temperatures

tal COP of 2.95. The COP based on com-
pressor input only was 3.35.

Operating results so far have shown that
preliminary calculations are in good
agreementwith actualvalues. Atleasttwo-
thirds of the annual heat requirement is
expected to be met by the heat pump. The
capital cost of the plantwas about SEK 1.4
million, resulting in a simple payback time
of b years.

Malfunctions that result in a stop of plant
operation are easy to identify. ltis far more
difficult to optimize operation to achieve
the bestresults. Awell-thoughtout system
design and thorough monitoring and fine
adjustment are essential.

Large centralized systems

Large exhaust-air heatpump systems are
being developed. One or more heat pump
units are centrally sited and supply a
housing area through subcenters. At the
surface, it may seem unnecessary to take
onthe extra expense of additional heatex-
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Hot gas heat
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changers and piping for the heat-transfer
fluid. Larger units and centralization, how-

Fig. 9. Heat output, daily mean values, April 4-11, 1985
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Fig. 8. Measured data from Kopparhusen, 12-minute intervals, two days during measurement period April 4-11, 1985: System temperatures
ever, meanthatthe overallinvestment cost
need not be greater than the cost for a de- (1) (2) (3)
centralized system. With the appropriate
subcenter equipment, possibly combined
with increased heat-transfer fluid flow . )
rates, the supply temperature can be sig- Location Jakobsberg Taby Skérholem
nificantly reduced. In Fagersjs, for .
examprg, the outgoing tempe%atujre from Client Stockhomshem HSB Stockholmshem
the boiler station is about 50°C at a 0°C
outdoor temperature, after installation of a Number of apartments 1,000 2,500 870
large central outdoor air heat pump. [4
g pump. [4] Heat output 1,300 KW 3,400 kW | 1,650 KW
To obtain the best results, however, the - o - . - ,
overall picture must be well understood. Auxiliary heat District Heating Qil/Electricity | Oil
One individual or company should be re-

sponsible for the entire installation. Unfor-
tunately, it is often difficult to gain support
for the idea of extending the concept of the
"system” beyond the heat pump itself.

Three large centralized exhaust-air heat
pumps are under construction in the
Stockholm area (Table 1). All of these
plants are being equipped with equipment
for automatic defrost in accordance with
method (2) above. Screw compressors
with refrigerant R12 are used in all plants.
The investmentcostis between SEK 6,000
and 9,000 per apartment. In the Jakobs-

Table 1. Three large centralized exhaust-air heat pump installations under construction in Sweden

berg and Taby facilities, the exhaust air is
nottakenfrom allapartments butonly from
about 600 and 2,000 apartments, respec-
tively.

These plants show that the technique of
utilizing exhaust air as a heat source can
take the step from being located in proper-
ties to being located in boiler stations. The
exhaust-air heat pump is a viable alterna-
tive even in group centers. The benefits on

the operating and maintenance side are
clear and centralized systems should
prove to be competitive with decentralized
systems in many cases.
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Household Energy Prices in Japan

In Japan, electric heat pumps must com-
pete with systems fired by other fuels for
heating. Once the relative efficiency oftwo
heating systems is known, it is the relative
fuel cost that determines which system is
least expensive to operate. This article
presents prices for kerosene, electricity,
city gas and LPG in Japan, and compares
costs based on heating values.

In 1981, household energy consumption
inJapanwas 30%kerosene, 28% electric-
ity, 24% city gas, 17% LPG and 1% other
sources. The country of Japan spreads
from very cold districts in the north to
warm districts in the south. Similarly, there
are large regional differences in average
household energy consumptionandinthe
type of fuel used. Prices for kerosene,
used mainly for heating and hotwater sup-
ply, vary widely across the country. 250
companies produce city gas, and due to
the wide range in company size, composi-
tion of gas produced, etc., gas rates vary
considerably. In contrast, electricity
prices are relatively constant across the
nine power companies that produce elec-
tricity in Japan.

In this article, energy prices in the Tokyo
area (the central marketin Japan) are pre-
sented. Electricity and city gas prices in-
clude local taxes. Low heating values are
used to calculate prices per unitofenergy.
At the time of printing, the Yen/Dollar ex-
change rate was about 200 yen/US dollar
{December 1985).

1. Kerosene Prices

Kerosene is used for space heating and
hot water supply. The monthly average
price for kerosene in Tokyo for the period
August 1983 to July 1984 was 1,634 yen
for 18 liters, or 90.78 yen (U.S. $ 0.454) per
liter. This figure is based on a survey con-
ducted by the Japanese government (Sta-
tistical Bureau, Prime Minister's Office).

2. Electricity Prices

Tokyo Electric Power Company supplies
electricity in the Tokyo area. Several ser-
vices are available to households. Here,
prices fortwotypes of service are present-

ed. "Residential Service B" applies to ser-
vice for electric lights and appliances.
“Night Only Service” (B and ll) is intended
for storage-type electric heaters that are
designed to operate at night.

2.1 Residential Service B

Residential Service B applies to most or-
dinary households whose contract cur-
rent is between 10 and 60 amps. Power is
delivered at 100V single phase, 50Hz. The
average household consumes 200 kWh of
electricity per month. Electric rates in-
clude both a fixed charge based on con-
tract current and a variable charge based
on energy consumption (see Table 1).

2.2 Night Only Service

Night Only Service is for households with
storage-type electric heaters that operate
at night. Night Only Service B applies to
households requiring a large volume of
hotwater storage, typically 360 - 380 liters
with a heating power of 4.4 kW (contract
power 4 kW) and an average monthly con-
sumption of 500 kwWh. Night Only Servicell
applies to households with a smallvolume
of hot water storage, typically 300 liters,
with a heating power of 5.4 kW (contract
power 5 kW) and an average monthly con-
sumption of 400 kWh. In general, power is
delivered at 100 V single phase or 200 V
three phase, 50 Hz.

Night Only Service B applies to energy
consumption between 11:00 PM and 7:00
AM. Night Only Service llappliesto energy
consumption between 1:00 AM and 6:00

Fixed Charge
Contract Payment Rate
Current (yen/month)
10 amp 260
15 amp 390
20 amp 520
30 amp 780
40 amp 1,040
50 amp 1,300
60 amp 1,660
Energy Charge
Electricity
Consumption Payment rate
{(kWh/month) (yen/kWh)
Upto 120 kWh 2095
Next 80 kWh 28.20
Over 200 kWh 33.25

Table 1. Residential Service B

Fixed Charge Energy Charge
yen/kW contract power yen/kWh electricity
Night Only Service B 360 13.25
Night Only Service Il 220 11.80

Table 2. Night Only Service

12
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Fixed Charge Energy Charge
yen/month yen/m®
per meter

690 154,72

Table 3. Gas rates (based on a heating value of
11,000 keal/m®)

AM. Monthly electricity charges include a
fixed charge based on contract power and
an energy charge based on kWh con-
sumption (see Table 2). If the monthly
electricity charge exceeds 3,600 yen (US
$18), a 5% tax is imposed.

3. Gas Rates

Gasisthe primaryfuel for hotwater, space
heating and cooking in Japanese house-
holds. Tokyo Gas Company supplies gas
in the Tokyo area. Four kinds of gas are
supplied, with heating values of 3,600,
5,000, 9,500 and 11,000 kcal/m®. Natural
gas now amounts to 70% of the total sup-
ply, soaheating value of 11,000 kcal/m®is
used for the fuel price comparisons pre-
sented below. Gas charges include both a
fixed charge and an energy charge, as
shown in Table 3. When the monthly gas
charge exceeds 12,000 yen, a 2% tax ig
imposed. In areas where 11,000 kcal/m

gas is delivered, households consuming
less than 73 m* per month are tax exempt.

4, LPG Prices

LPG is used for cooking and water heat-
ing. In general, households have their own
LPG tank. According to a government sur-
vey, the average price for LPG in Tokyo
last year was 5,134 yen per 10 m3, or
513.4 yen (US $ 2.57)/m">,

5. Heating Values of Fuels

Heating values for kerosene, natural gas,
LPG and electricity are given in Table 4.

6. Fuel Price Comparisons

Prices of different fuels can only be com-
pared if they are in common units, that is,
price per unit of energy (e.g. yen/MJ,
$/GJ). The household fuel prices present-
ed above are summarized in Table 5, and
are converted into price per MJin Table 6,
using the heating values given in Table 4.
These results show that electricity under
Residential Service B is about three times
as expensive as kerosene.

Fuel High Heating Value Low Heating Value
Kerosene 37,260 kd/m*® 34,830 kJ/m*
Natural Gas 46,050 kd/m® 41,650 kd/m?®
LPG 101,300 kJ/m® 93,350 kJ/m*
Electricity 3.6 MJ/KWh
Table 4. Heating values of fuels
Yen us. $

Kerosene 90.78/1 0.454/1
Electricity (tax incl.)

- Residential Service B [1] 27.78/kWh 0.139/kWh

- Night Only Service B [2] 16.94/kWh 0.085/kWh

- Night Only Service Il [3] 15.28/kWh 0.076/kWh
Natural Gas (11,000 kcal/m?, tax incl.) [4] 167.20/m? 0.836/m®
LPG 513.40/m* 2.570/m®
Notes:

1. Contract current 20 amps, electricity consumption 200 kWh/month, electricity tax 5%
2. Conlract power 4 kW, electricity consumption 500 kWh/month, electricity tax 5%
3. Contract power 5 kW, electricity consumption 400 kWh/month, electricity tax 5%
4. One gas meter, gas consumption 75 msfmonth, gas tax 2%

Table 5. Summary of household energy prices in Japan

Ratio of
Fuel Price to
Yen/MJ $/GJ Kerosene
Kerosene 2.61 13.05 1.00
Natural Gas [4] 4.01 20.05 1.54
Electricity
- Night Only Service B [3] 4.24 21.20 1.63
- Night Only Service Il [2] 4.71 23.55 1.81
LPG 5.50 27.50 2.11
Electricity
- Residential Service B [1] 7.72 38.60 2.96

See Table 4 for heating values.

Notes: see Table 5.

Table 6. Relative prices of household energy, based on heating values

13



NEWSLETTER OF THE IEA HEAT PUMP CENTER

Y Y e U PRSP — = ETeY T e e e e S e

Table 7 shows how much more efficientan

electric heat pump must be to be competi- Ratio of Electricity Price to Fuel Price

tive with a heating system fired by each of

the other fuels. A heat pump that operates
during the day under Residential Service Rate Schedule Kerosene Natural
B, for example, will have the same operat- Gas [4]
ing costs as an LPG-fired heating system,

LPG

if the heat pump is 1.4 times as efficient. If
the heat pump operates at night under Residential B [1] 296 1.93
Night Only Service B, its efficiency can be
23% less than an LPG-fired system and Night Only Il [3] 1.80 117
still have the same operating costs.
Night Only B [2] 1.62 1.06

1.40
0.86
0.77

See Table 4 for heating values. Notes: see Table 5.

*E. Miura, IEA-HPC National Team of

Ja,oan Table 7. Electricity prices relative to fuel prices

P. Hofmann*

Badenwerk Stands Behind the Electric Heat Pump for
Space and Water Heating

Badenwerk’s Heat Pump Promotion
Program, Using Selected Heat Pump

System Installers l. Series integration with storage and bypass connections

OnJune 10 and 16, 1985, the electric util-
ity Badenwerk, in cooperation with the
heat pump manufacturers Siemens and

Manufacturer Heat pump "type I” Heat pump "type II”

Stiebel Eltron, held two informational pre-
sentations for heating system installers in ;
Lenzkirch and Wiesloch. The primary em- BlemensAL L8 LI13

phasis of the Badenwerk program is pro- LA 11 LA 14

motion of a heat pump system with com-

pact distribution system connections for
retrofit of 5 to 10 year old oil-fired central

: LA ; I = Indoor installation A = Outdoor installation
heating systems in single- and two-family

houses.
Il. Parallel integration with separate storage

System Description

The Badenwerk program is unique in that a)

Manufacturer Heat pump "type I” Heat Pump "type I

b)

a particular heat pump application is be-
ing promoted, specifically, an air-to-water
heat pump operated in the bivalent-paral- Stiebel Eltron WPL 8 Ki WPL 15 Ki
lel mode, using the existing oil-fired boiler
to cover the peak load. Depending on de- WPL 8 Ka WPL 15 Ka

20 Ki
20 Ka

sign, the boiler will only cover between
10% and 30% of the annual heating load, o _ ) .
while the heat pump covers the remaining i = indoor installation a = outdoor installation
70% to 90%. Two heat pump systems are

available under the preliminary standard  Table 1. Possible heat pump systems under the promotion program

[ e S SR S S S S e s s eSS S ==, 5 - e R R R e
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DIN 4759, part II: parallel integration with

separate storage or a series integration Heat Pump Type

with storage and bypass connections.

Both systems have been well-proven in Design Heating HP "type I” HP "type I or II" HP "type II”
actual practice, and prefabricated com- Demand

ponents (equipment and distribution sys-
tem connections) allow for simple installa-

tion. Heat pumps of two different capaci- up to 15 kW X

ties can be selected for each system,

based on either the heating demand or the 13to 18 kW X

desired load share between heat pump

and boiler. The heat pump types for each 15 to 25 kW X

system are listed in Table 1. The recom-
mended heat pump types, based on heat- Table 2. Heat pump type according to heating demand
ing demand, are shown in the matrix pre-
sented in Table 2. Using this design matrix,
excessive oversizing is avoided, reducing
first costs considerably.

Figs. 1 and 2 show integration of each heat
pump in a hydronic system (in accor-
dance with the preliminary standard DIN
4759, part Il). Standardized installation,
prefabricated components and extensive
installation experience can keep the price
of installation as low as DM 2500-3000.

Assistance to consumers

Badenwerk offers interested customers
so-called "system advice,” where a tech-
nical consultantfrom Badenwerk inspects
the customer’s heating system and ar-
ranges for afree estimate for installation of
the desired heat pump system. Custom-
ers choose their heating system installers
from a previously selected group of spe-
cially trained installers.

The heat pump plants are available to con-
sumers ata price thatincludes installation
and turnover tax, DM 12,600 for small sys-
tems withoutwater heatingand DM 20,575
for large systems with water heating.
These prices (good until December 31,
1985) include atwo-year fullguarantee on
system operation. Special financing ar- Fig. 3: The complete heat pump plant for indoor installation
rangements with especially favorable in-
terestrates are available from the German
building and loan association Landes-
bausparkasse (LBS) and the savings
bank of Baden.

vk 2o

Assistance to Installers

Badenwerk provides promotional assist-
ance to heating system installers that par-
ticipate in this promotion program,
through the development of newspaper
advertisements, information brochures,
displays, stickers and the like. In addition,
open houses are held to provide inter-
ested heating system installers with pro-
gram information, and the customer ser-
vice departments of Badenwerk organize
"publicity weeks.” Well-trained technical
consultants at Badenwerk assist heating
system installers with heat pump system
planning and design.

The two heat pump systems will be pre-
sented to a wide range of customers at
Badenwerk's exhibition stand at the regi-
onal fairs in Freiburg, Offenburg, Karls-
ruhe and Mannheim (Figs. 3 and 4).

*P. Hofmann, Badenwerk AG, Postfach :
1680, 7500 Karlsruhe, FRG Fig. 4: The complete heat pump plant for outdoor installation
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W. Raldow*

The World’s Largest Absorption Heat Pump

in Trollhadttan, Sweden

The Swedish Council for Building Re-
search supports many full-scale demon-
stration projects, to collectrealistic perfor-
mance data, determine economic results
and provide first hand experience to con-
sultants, building contractors, manufac-
turers and researchers. Development of
absorption heat pump technology is con-
sidered important for Sweden because
Sweden plansto phase out nuclear power
plants by the year 2010. In this article, an
ongoing large absorption heat pump pro-
jectin the city of Trollhattan is described.

Hydrogen Instead of Electricity

The world's largest absorption heat pump
began operation in Trollh&ttan on Decem-
ber 11, 1984 (see photo, page 1). The heat
pump is driven by steam produced
through the combustion of hydrogen gas.
The hydrogen is a byproduct of the manu-
facture of chlorates at the nearby Kema
Nord factory.

The heat pump, which has a total output of
7 MW, was constructed by the Japanese
company Sanyo and is the firstheat pump
of its kind to be installed outside Asia. The
model number is TSA-GH-900 and the
working fluid pair is water and lithium bro-
mide. The heat pump will reduce Trollhét-
tan District Heating Company’s demand
for oil by 1,500 m* annually. The total cost
of the absorption heat pump is SEK 5 mil-
lion. A long-term experimental building

loan of SEK 4 million has been provided by
the Swedish Council for Building Re-
search.

Joint Effort with Industry

Trollh&ttan District Heating Company is
committed to working together with indus-
try. Three neighboring industries, Ferrole-
geringar AB, Union Carbide Norden AB,
and Kema Nord, contribute thermal ener-
gy to the district heating network.

Ferrolegeringar ABis located opposite the
Stallabacka heating plant. Cooling water
from this plant is used to raise the tem-
perature of the district heating water from
+55°C to +80°C. Thermal energy is re-
covered by means of a compressor heat
pump from ASEA Stal (7 MW). The total
amount of energy supplied is estimated to
be 35,000 MWh per year. Ferrolegeringar
AB is also a customer of the Trollhattan
District Heating Company.

Union Carbide's electrode manufacturing
factory is located in the same industrial
area. Trollhattan District Heating Compa-
ny recovers heat from flue-gases pro-
duced in the manufacturing process.
Flue-gas is led to an exhaust-gas boiler,
and heat from the combustion process is
supplied to the district heating system via
a 150 mm culvert. Heat output varies be-
tween 0 and 6 MW, depending on load va-
riations in the production process. Troll-

hattan District Heating Company receives
about 10,000 MWh per year from this
source.

In addition to the absorption heat pump
and the compressor driven heat pump at
the Stallabacka heating plant, there are
two oil-fired boilers, one at 25 MW and the
other at 5.8 MW, and a 25 MW electric
boiler.

The Absorption Heat Pump is Steam
Driven

The absorption heat pump is driven by
steam that heats the generator. The Kema
Nord Company supplies industrial cool-
ing water with an output of about 3 MW to
the heat pump, raising the temperature of
the district heating system water from
40°Cto 75°C (see Fig. 1). Atthe maximum
heating load requirement the coefficient of
performance (COP) is 1.67.

The heat pump was delivered in parts and
assembled and tested on site; work pro-
ceeded smoothly thanks to skilled instal-
lation supervision from Japan and very
precise illustrated and written instruc-
tions. Lithium bromide was delivered in 20
liter plastic containers. The capacity of the
machine is 6,500 liters, making the num-
ber of containers rather impressive. In
contrast to the factory’s usual standard, a
special pressure relief valve was installed
to protect against possible overpressure.

Heat to the AHP
(absorption heat pump)

Cooling
of electrolyte

Gota river

KEMA \ TFAB

Fig. 1. The Kema Nord hydrogen and cooling water system for the absorption heat pump
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This valve was required by the Swedish
Plant Inspectorate.

Positive Experience

To date, operational experience has been
positive. This success may be partially at-
tributed to few moving parts and a simple
control system. Two small solution pumps,
avacuum pump and a steam supply regu-
lating valve are the only parts that have
been exposed to wear. Naturally, the con-

T. Yamazaki*
Y. Kubo*

ventional condensate drain pipe also re-
quires some maintenance.

Thorough Follow Up

Since the Swedish Council for Building
Research has financed a good part of the
construction, the operation of the Trollhat-
tan plant will be closely monitored. The
Monitoring Center for Energy Research at
Chalmer's University of Technology in Go-
thenburg will measure and evaluate per-

Development of a High-Temperature Heat Pump

Japan is heavily dependent on imported
fuels to ensure a stable supply of energy,
and must look for new ways to use energy
effectively. The industrial sector accounts
for 50% of Japanese energy consumption,

and produces vast amounts of waste heat
at temperatures that are lower than re-
quired for most uses. A heat pump that
could recover this waste heatand raise its
temperature enough to produce steam

formance data over a two-year period.
Flows, temperatures and pressureswillbe
recorded continually, and heat pump per-
formance will be evaluated from both
technical and economic viewpoints.

*W. Raldow, Swedish Council for Building
Research, Stockholm, Sweden

could be used in several industrial appli-
cations to reduce energy consumption
and costs. Tokyo Electric Power Company
and Mayekawa Manufacturing Company,
Ltd. have jointly developed a compres-

90°C

Waste heat

Evaporator

(Mixing tank) — Coolant

80°C
2.8 kg/cm?
Expansion valve X Z Compressor
E —
© =
f o
£ ¢ Motor(75kW)
©
130°C o v
Available heat
2 l = Refrigerant
135°C .
11.2 kg/cm? Lub. oil
Condenser

Oil separator

Figure 2. Flow diagram of pilot plant
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Figure 1. High-temperature heat pump

sion-type high-temperature heat pump
thatcan supply heat attemperaturesupto
130°C.

This high-temperature heat pump has
several key features that allow the system
to be used easily for several industrial ap-
plications:

@ The maximum output temperature has
been raised from the conventional
110°Cto 130°C, or the equivazlent of sa-
turated steam at 2.75 kg/cm*®.

@® The coefficient of performance is high,
even at high output temperatures (the

heatpumphasa COPof4atacondens-
ing temperature of 135°C and an eva-
porating temperature of 80°C).

@ The system uses a screw compressor,
ensuring high performance over awide
range of loads.

@ Thescrewcompressorisan oil-jettype,
ensuring working-fluid and lubricating-
oil stability at high temperatures.

We recently developed and tested a pilot
plant (see Fig. 1). The specifications for
this plant are listed below.

Type:
electric-motor-driven compression

Compressor: variable-capacity screw
compressor

Working Fluid: pentane
Lubricating Qil: synthetic oil (polyglycol-base oil)
Maximum output temperature: 130°C

Condensing temperature: 135°C (135°C down to
95°C)

Evaporating temperature: 90°C (90°C down to
60°C)

Capacity: 75 kW (motor input)

19




NEWSLETTER OF THE IEA HEAT PUMP CENTER

Condensation temp.
TC = 95°C 115

-\l

135

(0))

a1

Coefficient of performance (COP)
N

50 60 70 80 90

Evaporation temp. (°C)

Figure 3. Performance characteristics of pilot plant
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System Development

To increase the number of heat pump in-
stallations for process heating and utiliza-
tion of waste heat in industrial applica-
tions, primary objectives for system devel-
opment were attainment of a maximum
output temperature of 130°C, and a coef-
ficient of performance of about 4 when uti-
lizing waste heat at 95°C. A working fluid
that retains its physical properties at high
temperatures had to be selected, as well
as a lubricating oil that has the proper vis-
cosity at high temperatures even when
mixed with the working fluid. Further, a
screw compressor that could operate re-
liably at high temperatures had to be de-
veloped.

Selection of Working Fluid and
Lubricating Qil

Based on data from refrigerant manufac-
turers, we selected possible working
fluids with condensing temperatures of
135°C: the freon series working fluids
(pentane), and two new working fluids,
Fluorinart 72 and Fluorinol 85. All of these
were suitable as far as their temperature
characteristics were concerned. After
evaluating the thermalintegrity, coefficient
of performance, safety, cost, operating
pressure, required compressor capacity,
etc. of each of these we chose pentane,
R114,Fluorinart 72 and Fluorinol 85 as the
best candidates. The working fluid and the
lubricating oil coexist inside the screw
compressor and must behave properly at
high temperatures, so each ofthe possible
working fluids and lubricating oils were
combined and placed in a sealed tube,
which was kept at 175°C for 17 days.
After an analysis of changes in physical
properties (as well as other characteris-
tics such as cost) pentane was selected
as the best-suited working fluid for the pi-
lot plant.

Lubricating oils used in compressors
must be stable at high temperatures and
be resistant to oxidations, and must have
the proper viscosity over the range of op-
erating temperatures. The oil temperature
in the compressor used in the pilot plant
goes above 100°C, requiring a viscosity of
about 30 stokes. Based on past experi-
ence, we selected a synthetic oil that is
very resistant to pyrolysis oxidation as the
first candidate. We selected a polyglycol
series synthetic oil as a result of the seal-
ed-tube test.

We setupaminiheat pumpwith acapacity
of 15 kW to assess the thermal character-
istics of the selected working fluid and lu-
bricating oil. The system was operated
continuously for 1100 hours at a con-
densing temperature of 135°C. Neither
the working fluid nor the lubricating oil
showed any significant change in physi-
cal characteristics, making them a suit-
able combination for a high-temperature
heat pump.

Operation of the Pilot Plant

The pilot plant, with a capacity of 75 kW
(motor input), was designed, built and
tested in order to assess the performance
and reliability of the system. A flow dia-
gram of this pilot plant is shown in Fig. 2.
The plant was operated continuously for
1500 hours with the working fluid and lu-
bricating oil described above. During op-
eration, both the durability and perfor-
mance of the compressor and the stability
oftheworking fluid and lubricating oilwere
monitored. Results were satisfactory,
brightening the prospects for putting the
system into practical use.

Energy Savings and Economic Effects

The characteristic curve (coefficient of
performance) for the 75 kW pilot plant re-
sulting from our experiments is shown in
Fig. 3. The plant has a high COP even at
high output temperatures. To raise the
temperature of waste heat at 90°C to
130°C, for example, the coefficient of per-
formanceisabout 4 (based onacondens-
ing temperature of 135°C and an evapo-
rating temperature of 80°C).

A plant that requires heating steam at
1.5 M kcal/hr, for example, will need a
high-temperature heat pump withan elec-
tric power inputof only 450 kW, basedona
40°C temperature rise and a COP of 4.
More importantly, if the boiler alternative
produces steam at an efficiency of 85%,
and the fuel-oil requirement for producing
electricity is 2,450 kcal/hr-kW (2.85 kWyy,/
kWe,), the total energy savings will be 40%,
or 500 kl of fuel oil per year (based on a
heating-plant capacity factor of 80%). This
reduction in fuel-oil consumption is of
benefit to both the plant owner and the na-
tion as a whole.

Except for those industrial plants that can
produce low-cost steam with their own
power generation facilities, industrial
plants that require steam for heating pur-
poses can expect large economic bene-
fits from high-temperature heat pumps.
Given the plant in the example above, and
a steam price of 5,500 yen/ton, the initial
investment in the heat pump is estimated
to be recovered in about two years.
Operating costs of the heat pump are low.

Efforts Towards Widespread Installation
of High-Temperature Heat Pumps

Before the 75 kW pilot plant was devel-
oped, several industrial applications (e.g.
chemical and food industries) were
studied to ensure that installation of a
high-temperature heat pump would be
suitable. Two obstacles remain in the path
towards widespread installation of high-
temperature heat pumps: first, the initial
investment is a large burden on private
enterprise, and second, knowledge and
information on these systems is limited.
Governmental programs, such as sub-
sidies, loans and tax breaks are being
considered, but first costs may have to be

reduced. At present, high-temperature
heatpumpinstallations are limited, and in-
dustries are often reluctantto disclose op-
erating information for fear of releasing
trade secrets regarding industrial pro-
cesses.

Future Work

The pilot project uses combustible pen-
tane as its working fluid, and may only be
suited for chemical plants where em-
ployees are familiar with its use. To make
these systems suited to a wide range of
applications, we are conducting experi-
ments using non-combustible working
fluids. We are also planning to conduct
field tests on a larger demonstration plant.

Atthe governmental level, studies are con-
tinuing on the development of a”Super
Heat Pump Energy Integrating System”
with higher efficiency and higher output
temperatures (over 150°C). Itis hoped that
the recent development of a high-tempe-
rature heat pump and its success in actual
use will increase the installation of heat
pumps in various industrial applications.

*Y. Yamazaki, Y. Kubo, Tokyo Electric Pow-
er Company, Inc.Uchisaiwai-Cho,
Chiyoda-Ku, Tokyo

Heat Pump
Study Trip
to
Japan

Visits to manufacturing facilities and in-
stallations of advanced heat pump sys-
tems in Japan

A study tour to Japan and Hong Kong
from

March 8-21,1986,

is being organized by the 'Promotor
Verlag,' Karlsruhe, with technical sup-
portfrom the IEAHeat Pump Centerand
the Japanese National Team.

Japanese heat pump research pro-
jects as well as advanced heat pump
applications will be presented. Guided
tours will be conducted at Japanese
heat pump manufacturing facilities and
at heat pump installations.

Participants will have the opportunity to
discuss capacity control of refrigera-
tion cycles with Japanese experts, par-
ticularly the recent Japanese success
with inverter control of electric heat
pumps.

For registration, please contact the

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

Jan 19-22, 1986

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

Jan 20-22, 1986

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

Feb 12-19, 1986

Hannover (FRG); Constructa '86; Contact:
RG-Bau im RKW mit Arbeitsgruppe “Bau-
betriebs-beratungswesen”, Disseldorfer
StraBe 40, D-62366236, Fed. Rep. Ger-
many

Mar 5-6, 1986

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

Mar 10-12, 1986

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

Mar 11-15, 1986

Harumi, Tokyo (Japan); Exhibition of 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)

April 3, 1986

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

April 16-19, 1986

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

June 10-15, 1986

Guangzhou (People's Republic of China);
China’s 2nd International Total Energy Ex-
position and Conference; Contact: Ms.
D.C. Rowe, International Trade and Expo-
sitions Ltd., 553/579, Harrow Rd., London
W10 4RH, UK

June 22-26, 1986

Portland, Oregon (USA); 1986 ASHRAE
Annual Meeting; Contact: ASHRAE Meet-
ing Dept., 1791 Tullie Cir., NE, Atlanta, GA
30329, USA

June 23-26, 1986

Rome (ltaly); Third International Stirling
Engine Conference; Contact: Organizing
Secretariat, Gibi studio congressi, Via
Marco Besso, 40,00191 Rome, Italy. Tele-
phone: 3273291 or 3286897

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 isrequired, as well as the capability to effectively work on the broad range of heat pump development and ap-
plication tasks undertaken by the IEA Heat Pump Center.

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

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

Advances in Non-Azeotropic Mixture
Refrigerants for Heat Pumps, ASHRAE
Technical Data Bulletin, Vol. 1, No. 9,
1985. American Society of Heating, Refri-
gerating, and Air-Conditioning Engin-
eers, Atlanta, GA (USA), ISSN 0884-0490
(in English)

The Technical Data Bulletin is a collection
of eight papers on non-azeotropic mixture
refrigerants for heat pumps that were pre-
sented atthe 1985 ASHRAE Annual Meet-
ing in Hawaii. The volume also includes a
summary ofaworkshop on non-azeotrop-
ic mixtures that was held after the confer-
ence. For a more detailed description, see
the article by J. Calm in this issue (page 1).

Heat Pump Manual, published by the
Electric Power Research Institute (EPRI)
and the National Rural Electric Coopera-
tive Association (NRECA); EPRI EM-
4110-SR, August 1985 (in English)

This manual is a comprehensive guide on
heat pumps for residential and small com-
mercial applications in the United States.
The manual is written for utility energy
management and customer service per-
sonnel, marketing specialists, and cor-
porate planners, and the information pro-
vided is general in scope. Available sys-
tems and equipmenttypes, theiroperation
and maintenance, and methods of as-
sessing their energy use and economics
in comparison to conventional alterna-
tives are summarized.

You should be an

IEA Heat Pump Center
NEWSLETTER Reader.
Order your Newsletter

subscription today.

For your order use the
attached card.

Topics covered are: heat pump basics,
heat pump components, air-source heat
pump systems, water-source heat pump
systems, performance ratings, sizing,
energy estimating, heat pump economics,
selection, installation, operation and
maintenance, and heat pump water heat-
ers. The manual has many illustrations,
diagrams, and tables that help to clarify
concepts and terminology. This manual
should be useful to anyone who needs a
basic summary of heat pump concepts,
technology, and applications.

The manual is available through either
EPRI or NRECA. Contact: Research Re-
port Center, EPRI, P.O. Box 50490, Palo
Alto, CA 94303, phone (415) 965-4081, or
NRECA Research Publications, 1800
Massachusetts Avenue NW, Washington
DC, 20036, phone (202) 857-9599.

Technical Papers, AIRAH Tech 85 Confer-
ence and Exhibition, Melbourne, spon-
sored by the Australian Institute of Refri-
geration, Air Conditioning and Heating,
Victoria Division (in English)

This volume is a collection of the technical
papers presented at the AIRAH Tech 85
Conference, held April 15-18, 1985, in
Melbourne, Australia. The papers give a
good overview of Australian interests in
HVAC and refrigeration developments. Al-
though Australia is primarily a cooling
market, several papers that were present-
ed are relevant to heat pump technology,

Name

Company

Address

City

Country

Company Seal

including Refrigeration and Energy Eco-
nomy, Design Principles of Refrigeration
Waste Energy Recovery, Development
and Testing of Hermetic Systems, Screw
Compressor Packages, Plate Heat Ex-
changers, and The Electric Expansion
Valve as an Energy Conservation Device.

International Institute of Refrigeration,
Commission E2, Heat Pumps and Energy
Recovery, Commission Meeting on Sys-
tems and Components for Large Heat
Pumps, June 19-20, 1985, Trondheim,
Norway (in English)

Thirty-three papers on large heat pumps
were presented at the meeting of the Heat
Pumps and Energy Recovery Commis-
sion. The meeting was divided into seven
sessions: system simulation, industrial
heat pumps, absorption heat pump sys-
tems, heat and mass transfer in absorp-
tion systems, heat pumps for district heat-
ing, components and control for large heat
pumps, and performance and operating
experience.

The papers describe on-going research
and results from large heat pump projects
in 15 different countries. The projects
range from theoretical studies on specific
system components to evaluations of the
field performance of several plants. There
is a large emphasis on absorption heat
pumps and heat pumps for district heating
applications.

IEA Heat Pump Center

c/o Fachinformationszentrum

Energie, Physik, Mathematik

GmbH

D-7514 Eggenstein-
Leopoldshafen 2
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In our next issue you Wi“ IEA Heat Pump Center Newsletter

(ISSN 0724-7028)

find contributions on the © Fachinformationszentrum Energie,

Physik, Mathematik GmbH, 1985.

m i ” Edited by: IEA Heat Pump Center
fOI IOW' ng toplcs - c/o Fachinformationszentrum
Energie, Physik, Mathematik GmbH
Our nextissue, the firstissue of Volume 4, willfocus on the environmental aspects of heat D-7514 Eggenstein-Leopoldshafen 2
pump applications, including: Telephone: (0 72 47) 82-45 41

Telex: 177 247 10 fize d
1. Environmental Effects of Electric Heat 4. A Brief Literature Survey

Pump Applications Published quarterly
Annual Subscription DM 12,- ($ 5,-)
2. Environmental Effects of Large Heat 5. Selected Book and Report Reviews including postage
Pump Stations (V.A.T. not included).
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Dealing With Environmental Questions Fairs Produced in Germany by

werbe-studio Achim Hohmann,

We would welcome any further contributions on this topic. Please send your contribu- Bonn 2, Annaberger StraBe 113.

tions (results or progress reports from investigations into environmental questions con-
cerning heat pumps) to the Heat Pump Center by February 15, 1986.

YOU SHOULD BE AN IEA HEAT PUMP
CENTER NEWSLETTER READER ..

Ifyour goalisto stay abreastofthetechno-  If you are involved with heat pump devel-  If you are responsible for energy conser-
logical advances in the field of heat opmentorresearch in this field. vation measures in administration, indus-
pumps. try, or research institutions.
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O My countryisnotparticipating in the IEA Heat Pump Center. Startmy subscription (an- countries will be billed
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