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Industrial refrigeration systems discard a significant quantity
of heat to the atmosphere. Heat pumps can capture this
wasted heat efficiently and use it to cut the fossil fuels burned
to heat water. These industrial heat pumps are environmen-
tally friendly and economical, allowing operators to make
the most of their energy resources.

Ammonia heat pumps offer an owner a comprehensive
green solution. They are environmental as the refrigerant is
a natural refrigerant that has an ozone depletion potential
(ODP) of zero and a global warming potential (GWP) less
than 1.

Ammonia heat pumps provide conservation, by conserving
the energy removed from the refrigeration system and trans-
forming it so that it can be re-used and applied in a plant’s
water heating requirements. This source of energy is renew-
able as the heat is naturally occurring within food products
and will be an available energy source for as long as we must
refrigerate our food.

Ammonia heat pumps generate cash because the heat that
is transformed from useless energy to useful energy provides
savings. Even though the energy cost for each unit of energy
is more for the heat pump’s electric power supply, the heat
pump saves cash because the effective Coefficient of Perfor-
mance (COP), a ratio energy output to energy input, of the
heat pump system is far superior to traditional water heating
methods which cannot reach a COP greater than 1.

A secondary benefit, but of significant value, is that the heat
pump diverts load away from evaporative condensers, allow-
ing them to operate at lower pressures and conserving water
and water treatment resources.

This paper addresses ammonia heat pump system chal-
lenges. Selecting the right heat pump compressor that bal-
ances first cost with operating efficiency and maintenance
costs will ensure the best results from heat pump systems.
The technology exists today to overcome the compressor
challenges and deliver required temperatures using a natural
and efficient refrigerant. With zero ozone depletion and a
global warming potential less than one, ammonia is a natural
choice for environmentally focused organizations, however,
it is the efficiency of the refrigerant that makes it a natural
choice in economic evaluations.

Industrial food and beverage processors burn fossil fuels to
heat water for processing and equipment sanitation. They
also need mechanical refrigeration systems for processing
and for cold storage. These refrigeration systems consume
electricity. The heat absorbed by the refrigeration systems is
usually discarded to the atmosphere as wasted heat. There is
significant potential to harness the discarded heat and use it
to produce hot water, thus reducing the fossil fuels used.

Heat pumps can capture rejected heat and put it to use for
beneficial heating purposes. Recent developments in indus-
trial screw compressors now enable heat pumps to deliver
high quality hot water from 140°F (60°C) to 190°F (88°C).

Capturing the rejected heat of refrigeration systems is not a
new concept. Although many means of heat recovery were
used to pull out as much heat as possible from the discharge
gases, ammonia heat pumps have not been viable until
recently because of compressor limitations. Reciprocating
compressors cannot deliver the water temperatures required
by most processes and are employed mainly to supplement
fossil fuel heating. To deliver the required temperatures,
most heat pumps use Freon refrigerants with commercial
refrigeration compressors. These systems have delivered
attractive performance in northern Europe. While efforts
are made to be environmentally friendly by selecting envi-
ronmental Freon refrigerants such as R-134a (ODP=0, but
GWP=1430 source: UNEP), a natural refrigerant such as
ammonia would be a preferred environmental solution.

Heat pumps using ammonia refrigerant are extremely
efficient and can deliver superior COP for similar operating
conditions. Ammonia is a natural refrigerant with no ODP



and negligible GWP, and is widely used in large industrial
refrigeration applications. Compressors are now available
that can operate in conditions with high discharge pressures
and large differential pressures that are required for ammonia
heat pump applications. These compressors make it possible
to exploit the full potential of the attractiveness that ammo-
nia heat pumps represent.

The coefficient of performance (COP) is unit-less index
measure to compare two solutions, such as a comparison
between a traditional boiler system and that of a heat pump.
Itis defined as the energy delivered divided by the energy
consumed (note that heat and power energy must be
converted to the same units to make the index unit-less).

For fossil fuel heating solutions, the theoretical maximum
possible COP would be equal to 1, though this is not possible
to reach in practical application. Most boilers cite efficien-
cies between 0.80 and 0.90, though there are some highly
efficient designs that are above 90%. This cited efficiency is
for a brand new boiler and efficiency will deteriorate through
scaling and wear. Also, there are significant transmission
losses in steam systems from loose fittings, service work,
and condensation in the line that make the applied COP
much lower than the original design of the boiler.

With a heat pump that uses refrigeration heat as its source
(scavenging heat pump), the delivered energy is equal to the
absorbed refrigeration heat plus the motor energy consumed
by the heat pump compressor (note this requires that oil
cooling and inlet de-superheating heat is usefully applied

to the water heating). The consumed energy is the motor
energy, some of which is dissipated by the oil cooler, and the
rest is absorbed in the ammonia gas flow. Because of this
fact, the effective COP must be greater than 1 by definition:

COP = (refrigeration heat + motor energy) | motor energy =
refrigeration heat/ motor energy + 1

The effective COP will depend on the heat pump inlet pres-
sure and the discharge pressure that is required to deliver
the needed water temperature, just as it depends on suction
and discharge pressures in traditional refrigeration appli-
cations. As shown in Table 1, there are several hot water
temperatures required for the various applications in refrig-
eration for the food and beverage industries, but the COP is
likely to range between 2 and 6 while a COP between 7 and
10 is possible for low compression ratio duties. The informa-
tion in Table 1 provides some sample COP’s on single stage
ammonia heat pump systems.

Ammonia heat pumps are much more efficient than
traditional fossil fuel boilers. With an effective COP of 6
compared with a boiler system with a COP of 0.8, the heat
pump provides 7.5 times more heat energy for each unit of
energy input.

There are three typical categories of applications for indus-
trial ammonia heat pumps that can replace fossil fuel burn-
ing systems. All three have significant opportunities to take
advantage of the latest compressor capabilities to deliver
value often sought but previously unobtainable.

Beef Processing Sanitation 150 Intermittent 7.2
Bottling Bottle Warming 145°F Continuous 7.6
Dairy HTST Pasteurization 190°F Intermittent 4.4

Dairy Sanitation 155 Intermittent 6.7
General Boiler Preheat 175 Continuous 53

Pork Processing Sanitation 150 Intermittent 7.2
Poultry Processing Sanitation 160°F Intermittent 6.3
Poultry Processing Scalding and Feather Removal 140 Continuous 8.2
Seafood Processing Cooking Oil Heating 150°F Continuous 7.2
Seafood Processing Sanitation 160°F Intermittent 6.3

Based on 95°F Host Condensing and 55°F entering water supply temperature

Table 1




The first is a traditional heat pump using sources such as
ground, air or water. While traditional heat pumps are the
most widely applied through residential and commercial
applications, industrial heat pumps offer a much larger scale.
Industrial heat pumps applied to traditional heat pump ap-
plications deliver large scale heating requirements such as
those applied for community heat in northern Europe. These
large capacity heating systems absorb heat from large bodies
of water, a large and consistent heat source, to continuously
transform the “cold” low-grade heat source into the high
temperature heating resource for the community. These
systems offer an economically viable heating solution, but
require long piping circuits to deliver the heat throughout the
community. These long piping runs suffer heat and tem-
perature degradation so high grade heat is required, much
higher than many compressor designs can deliver. Even so,
with compressor solutions now available to operate at these
high pressures for high grade heating, this renewable energy
source is attractive for its economic returns and the use of a
renewable energy resource that does not deplete the ozone
or have appreciable global warming impact. Although these
projects are high profile and quite an interesting subject on
their own, this is not the focus of this paper.

Another heat pump application applies the compressor
simultaneously to beneficial cooling and heating needs.

The compressor discharge temperature is raised so that
one compressor holds evaporator temperature for cooling
and delivers heat through a heat pump system for medium
grade heating requirements. The power consumed by the
compressor is also used to raise the heat delivered by the
heat pump system. Therefore the effective COP is doubled
as compared to either a cooling only or heating only applica-
tion. This is useful for applications that require both heating
and cooling if the demands are correlated. Although there
are many opportunities for dual chilling and heating, this
paper will focus on the third application type, host system
scavenging heat pumps.

This paper focuses on scavenging heat pump systems that
use ammonia refrigeration systems as the heat source of the
heat pump. The technology exists to apply heat pumps to
large and small refrigeration systems, diverting the refrigera-
tion system discharge around the condenser directly to the
heat pump system. The solution can be added to existing
systems as a stand-alone energy efficiency improvement
that delivers quick payback while allowing the owner to cut
carbon emissions.

Ideal for retrofit applications, the owner can offset the fossil
fuel heating with heat already captured in the refrigeration
system, cutting heating energy costs directly. Reducing

the load on the condenser of the host system provides the
indirect benefit of lowering the refrigeration system head
pressure and improving refrigeration system efficiency.
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Hot water demands vary among processing facilities, but
three categories are the most common. The three applica-
tions are for 140°F, 160°F and 190°F delivered water temper-
atures. Three sample applications are described below, one
for each temperature level.

To remove the feathers and scald the chicken carcass skin,
140°F water is required. As part of a continuous process, this
demand is constant as long as production is taking place
making this a good application for a heat pump. The same
process which generates a consistent demand for heating
requires significant cooling that provides the source of heat
for the heat pump in the same process. With a direct cor-
relation for cooling demand and heating demand, the risk
of inadequate heat source orimbalance between heating
and cooling demand is low. For this reason, the heat pump
can operate 18-20 hours a day with a fast payback. With

the modest hot water temperature demand, a simple single
stage heat pump with high COP performance is possible. See
Figure 1 for a layout of the sample system and the summary
of performance figures below:

Required Refrigeration (Heat Source): 640 TR
Heat Delivered: 9,522 MBTUH
Entering Water Temperature (EWT) 65°F

Water Flow Rate (GPM)
Annual Heat Delivered:

Compressor Nominal Swept Volume:

HP Consumed:

Location:

Electric Utility Rate:

Natural Gas Utility Rate:
MBTUH)

Installed Capital Investment:
Heat Pump System COP:
Gas Boiler System COP:
Operating Hours per day:
Annual Operating Hours:
Annual Electric Op. Expense:
Annual Avoided Gas Expense:
Simple Payback:

250

56,603 MMBTU
600 CFM

538 HP

Texas

$0.075/kWH
$0.022/kWH ($6.5/

$750,000.
7.0

0.83

19

5,944
$178,900.
$443,300.
2.8 Years

The sanitation applications represent a significant hot water
requirement at temperatures easily attainable with an am-
monia heat pump, but two concerns arise from this appli-
cation. The first is that the sanitation takes place between
processing shifts so the heaviest refrigeration demand from
processing is at minimum or diminishing levels. Most of
these facilities have significant cold storage and freezing
loads that can provide the source of refrigeration heat. Even
so, the sanitation demand ranges between 4 and 8 hours,
limiting the annual operating hours of the heat pump system
and limiting the payback opportunities as a result.
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One alternative to overcome both of these issues is to use

a storage tank so that the hot water supply can be built up
throughout the day benefitting from the processing refriger-
ation load and allowing the heat pump system to operate for
more hours in a day. This thermal storage strategy requires
more capital for the storage tank and plant floor space for the
tank. Though the former may be justified by the faster pay-
back, available floor space may prohibit the thermal storage
approach. Both approaches are summarized below. Note that
for simplicity, identical system sizes were used so that the
heat delivered by the thermal storage approach is 2.5 times
greater because of the longer operating hours. A similar
result would be obtained by using a system that is smaller to
deliver the same heat. See Figure 1 for a layout of the sample
system and the summary of performance figures below:

Direct sanitation heat
Required Refrigeration (Heat Source):
Heat Delivered:

675TR
10,275 MBTUH

Entering Water Temperature (EWT) 60°F

Leaving Water Temperature (LWT) 160°F

Water Flow Rate (GPM) 200

Annual Heat Delivered: 25,717 MMBTU
Compressor Nominal Swept Volume: 600 CFM

HP Consumed: 682 HP
Location: Tennessee
Electric Utility Rate: $0.049/kWH
Natural Gas Utility Rate: $0.0243/kWH ($
7.12/MBTUH)

Installed Capital Investment: $700,000.
Heat Pump System COP: 5.9

Gas Boiler System COP: 0.96

Operating Hours per day: 8

Annual Operating Hours: 2,503

Annual Electric Op. Expense*: $62,435.
Annual Avoided Gas Expense: $190,735.
Simple Payback: 5.5 Years

* Ignores incremental maintenance costs for heat pump
compressor versus a boiler which are considered to be incon-
sequential.

Thermal storage sanitation heat
Required Refrigeration (Heat Source):
Heat Delivered:

675TR
10,275 MBTUH

Entering Water Temperature (EWT) 60°F
Leaving Water Temperature (LWT) 160°F
Water Flow Rate (GPM) 200

64,287 MMBTU
600 CFM
682 HP

Annual Heat Delivered:
Compressor Nominal Swept Volume:
HP Consumed:

Location: Tennessee
Electric Utility Rate: $0.049/kWH
Natural Gas Utility Rate: $0.0243/kWH ($
7.12/MBTUH)

Installed Capital Investment: $800,000.
Heat Pump System COP: 5.9

Gas Boiler System COP: 0.96
Operating Hours per day: 20

Annual Operating Hours: 6,257
Annual Electric Op. Expense*: $156,100.
Annual Avoided Gas Expense: $476,835.
Simple Payback: 2.2 Years

* Ignores incremental maintenance costs for heat pump
compressor versus a boiler which are considered to be incon-
sequential.

The high temperature water demand for fluid dairy HTST
pasteurization (High Temperature Short Time) process is
similar to sanitation in that it is not a continuous demand,
though it is required during processing so there is ample
refrigeration to provide the heat source. A thermal storage
approach is needed for reasonable payback periods. The
operating discharge pressure required to deliver 190°F water
will approach 750 psig, which will prohibit the use of most
refrigeration reciprocating compressors and many screw
compressors. Furthermore, with the high temperature of the
demand, the compression ratio approaches 4.0 with a dif-
ferential pressure at or above 600 psid. For these reasons, an
efficient two-stage system is likely to be more attractive de-
spite the higher first cost capital investment. Also, the high
differential pressure can be managed easier in two stages
than in one. The second stage heat pump compressor, which
faces high suction pressures, must be able to operate at low
internal compression ratios to remain below the compres-
sor’s discharge pressure limit. The following sums up the
two-stage solution for this application. See Figure 1 for a
layout of the single stage solution and Figure 2 for a layout
of the two-stage solution:

Two-stage

Required Refrigeration (Heat Source): 650 TR

Heat Delivered: 9,670 MBTUH
Entering Water Temperature (EWT) 50°F

Leaving Water Temperature (LWT) 190°F

Water Flow Rate (GPM) 140

Annual Heat Delivered:
LS Compressor Nominal Swept Volume:
HS Compressor Nominal Swept Volume:

60,507 MMBTU
550 CFM
300 CFM



Total HP Consumed: 907 HP
Location: Wisconsin
Electric Utility Rate: $0.06/kWH
Natural Gas Utility Rate: $0.0341/kWH ($
10.00/MBTUH)

Installed Capital Investment: $1,250,000
Heat Pump System COP: 4.2

Gas Boiler System COP: 0.85
Operating Hours per day: 20

Annual Operating Hours: 6,257
Annual Electric Op. Expense*: $254,200
Annual Avoided Gas Expense: $711,840
Simple Payback: 2.7 Years

* Ignores incremental maintenance costs for heat pump
compressor versus a boiler which are considered to be incon-
sequential.

In today’s world, the cost and scarcity of energy resources
demand that all projects and operations be viewed through
the lens of energy conservation and efficient use. As envi-
ronmental impacts take a central place in the public debate,
fossil fuel energy becomes the focus of projects to cut con-
sumption or improve energy efficiency. It seems only natural
that an owner of a refrigeration system where so much heat
energy is captured in the refrigeration cycle would seek ways
to put that energy to use, rather than rejecting the energy to
ambient without any beneficial use.

The payback period of the ammonia scavenging heat pump
system depends on the heating demand and the local utility
rates for gas and electricity. The ratios of typical utility rates
in the US are shown in Table 2, showing which markets have
the most favorable utility rates for heat pumps.

The other side of the equation is the COP, or heating system
performance. Lower temperature water demands allow for
lower compression ratios and better heat pump COP. Boiler
system efficiencies will not vary greatly, but older boilers
will have lower efficiencies that are further eroded through
operating wear and tear. Also, the distribution system will
have other steam losses that further lower the COP of the
boiler system. When steam is leaked from the system, the
steam carries with it high temperature vapor which has a
large sensible heat input which is dwarfed by the heat of
vaporization that is wasted when the steam is released. An
accurate measure of the delivered COP of the boiler system
isimportant in the economic analysis.

Although energy efficiency, cutting waste, and environmen-
tal concerns will support interest in heat pump projects, in
the end it will be the economic analysis that determines if
the project is done. As shown in Table 1, a COP of 2.5-10 is
attainable in single stage operation depending on the quality
of heat that is required. The fairly low COP delivered in single
stage solutions for high quality heating applications can be
improved dramatically through the application of two stage
heat pump systems. Through heat pump system design and
a flexible compressor solution, all the absorbed heat can be
applied into the working fluid for maximum efficiency. The
result is significantly lower energy consumption. For systems
with consistent high heating requirements, the payback
period will be 1-3 years. Even systems with intermittent heat-

East North Central 0.0629 | 0.0157 4.00
East South Central 0.0534 | 0.0133 4.03
Mid Atlantic 0.0831 | 0.0236 3.51
Mountain 0.0565 | 0.0137 4.14
New England 0.1306 | 0.0284 4.61
Pacific Contiguous 0.0736 | 0.0160 4.61
Pacific Non-Contiguous | 0.1910 | 0.0438 4.36
South Atlantic 0.0640 | 0.0176 3.65
West North Central 0.0537 | 0.0136 3.96
West South Central 0.0621 | 0.0139 4.48
Washington 0.0409 0.0283 1.44
Missouri 0.0463 0.0231 2.01
Nevada 0.0660 0.0275 2.40
Ohio 0.0586 0.0241 2.43
Montana 0.0563 0.0221 2.55
Kansas 0.0586 0.0103 5.70
California 0.0981 0.0159 6.15
Texas 0.0670 0.0099 6.74
Connecticut 0.1529 0.0206 7.43
Alaska 0.1442 0.0098 14.72

Source: www.eia.doe.gov US Energy Information Administration, 2010 Report

Table 2



ing requirements can benefit with 4-6 year paybacks. The
continued annuity of energy savings beyond the payback
period will often justify the capital expenses by meeting a
company’s economic return requirements, and the environ-
mental benefits further strengthen the justification.

Refrigeration system designers set operating conditions

to increase compressor reliability and longevity by keep-

ing discharge and oil temperatures low. But in a heat pump
these temperatures are needed to deliver high-grade heat. A
compressors ability to tolerate these conditions reliably can
define its suitability and applicability to heat pump systems.
Because the goal is to deliver high temperature heat, high
discharge temperatures are desirable and not cause for
concern. Similarly, compressor designers and system engi-
neers usually limit oil injection temperatures to 120-130°F to
ensure high viscosity oil is available for bearing and compres-
sor lubrication. With proper bearing and oil selection, the oil
injection temperature can be raised significantly to nearly
200°F making it a much more useful heat source. For closed
loop, high temperature heating applications where return
water temperatures are above 130°F, the oil injection tem-
perature can mean the difference between usefully applying
oil cooler heat (for example, 190°F oil injection) and having
to reject it without beneficial use (for example, 130°F oil in-
jection). A compressor with lightly loaded bearings requires
lower oil viscosity and allows for higher temperature oil
injection. Besides putting the oil heat to beneficial use, the
higher temperature oil injection allows the discharge gases
to reach higher temperatures, as well, yielding higher quality
heat pump compressor discharge heat content.

A final difference in heat pump design from refrigeration
design is the many heat sources in a heat pump system. For
refrigeration, the cooling is done in simple heat exchanger
orientations of series configuration or occasionally paral-
lel heat exchangers. In heat pump systems where there are

B Desuperheating

® Qil Cooling
Subcooling

m Condensing

Figure 3

several temperature levels available (oil cooling, desuper-
heating, condensing, subcooling) the efficient delivery of
heat from the system to the working fluid depends on the
combination of heat exchangers. The performance of your
heat pump system is defined by the efficient design of the
heat capture, transfer and delivery making these systems
more complex.

With scavenging heat pump systems, the heat pump source
is the refrigeration system so there is a ready supply of am-
monia vapor with its absorbed heat content. There are no
required “low side” heat exchangers to absorb the source
heat into the ammonia vapor. However, there are other heat
exchangers and the ammonia compressors involved in the
system design. These are described below.

Inlet gas desuperheater

In a scavenging system, the superheated vapor is supplied
directly from the compressor discharge of the host refrigera-
tion system. This superheat must be lowered and controlled
to allow the compressor to operate reliably. This source of
heat is low grade, defined by the host refrigeration system
condensing pressure (85°F-95°F SCT). In some cases, this
source of heat cannot be put to use because of the low tem-
peratures involved, but regardless it only represents about
4-8% of the heat pump system heat available (See Figure 3).

High pressure desuperheater

The discharge from the heat pump compressors includes
significant superheat above the saturated condensing tem-
peratures. This is the highest temperature available in the
heat pump system and can be used to “top off” the delivered
water temperature to levels slightly above the heat pump
condensing temperature (7 2-4°F higher). In systems requir-
ing moderate delivered water temperatures, the modest
improvement in COP may not justify the added capital for a
separate heat exchanger so the desuperheat and condensing
can be combined into one exchanger.

For high temperature systems the high-pressure desuper-
heater is needed to reach the highest possible tempera-
ture for a given condensing temperature. It also limits the
required compressor discharge and differential pressures by
allowing the compressor to operate at a lower condensing
pressure. Because it is the highest-grade heat in the system
it can be extremely valuable, even though it only represents
about 4-8% of the heat pump system heat available (See
Figure 3).



out compromising compressor performance or reliability.
Selecting a compressor that allows higher discharge tem-
peratures and higher oil injection temperatures is important
to heat pump system performance. This source of heat is
4-6% of the total heat available (See Figure 3). An oil cooling
heat exchanger is a required part of a heat pump and works
to improve system performance.

Heat pump condenser

The heat pump condenser delivers 65-75% of the heat to
the working fluid. It is a high-grade heat source since it is

on the high side of the heat pump system, and only the
high-pressure desuperheater can offer higher-grade heat.
The heat pump condenser sets the condensing temperature
and defines how much the compressor must work to deliver
the heat. With more condenser heat exchanger surface, the
approach temperature is lowered allowing the compres-
sor to operate at a lower discharge pressure and with lower
consumed horsepower. The approach temperature will reach
a practical limit when cutting compressor power does not
justify the cost for more surface.

Heat pump subcooler

High-pressure liquid must be returned to the host system
from the heat pump condenser. Without subcooling, a large
amount of flash gas is generated as the liquid is flashed down
to the host system discharge pressure. Once the liquid pres-
sure is reduced to the host system pressure, the liquid is re-
turned to the host high-pressure receiver and the vapor to the
vent line. The flashing provides no beneficial heating effect.

Compressor oil cooling

In a heat pump, rather than lowering the discharge tempera-
ture, the goal is to increase the heat content available with-
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Flash gas can be eliminated with a subcooler. The heat
available in a subcooler is of moderate grade as it starts at
condensing temperatures, but approaches the host system
discharge temperature in a sensible cooling process. The
heat exchanger in the heat pump system provides significant
heat pump COP improvement because it represents 8-15% of
the total heat pump system heat available (See Figure 3).

The compressor is the heart of the heat pump system. The
capabilities of the compressor to withstand high discharge
pressures, high differential pressures and tolerance of high
discharge and oil injection temperatures have significant
implications in heat pump system design. These challenges
must be taken into consideration when selecting a compres-
sor for an industrial heat pump application.

High discharge pressure

To take advantage of the heat absorbed in refrigeration, the
heat pump compressor must be able to raise the pressure
to levels that provide a proper quality of heat. This varies by
operation and application.

There are several sources to extract the heat from the refrig-
eration system, however nearly 75% of the heat is locked up
in the heat of condensation. Most ammonia compressors
cannot reach the required temperatures of 140°F to 160°F,
with equivalent saturation pressures between 365 psig and
475 psig. Figure 4 shows the design limits of most commer-
cially available refrigeration compressors. Higher discharge
pressures are possible with proper casing materials and
stronger designs.

High suction pressure

Ammonia heat pump compressors are positive displacement
machines that raise the pressure of the vapor as a multiple of
the suction pressure. The internal design defines the com-
pressor operating envelope.

The refrigeration system discharge pressures that provide
the source of the heat for a heat pump will range from 150-
225 psig. As the minimum compression ratio for common
ammonia screw compressors ranges between 2.8 and 3.4
(2.2-2.6 Volume Ratios), a compressor with 150 psig suction
will deliver between 450 psig and 550 psig, regardless of the
intended pressure required by the heating duty (See Table 3).

With high suction pressure and a minimum compression
ratio, low minimum compression ratios and high discharge
pressure limits are desirable attributes for a heat pump
COMpressor.

When the heating duty requires even higher temperatures,
multi-stage systems may be required with intermediate suc-
tion pressures higher than 250 psig.

High differential pressure

High suction pressure is related to the discharge pressure.
The challenges the heat pump compressor faces are not
limited to casing design capabilities, though.

The high suction pressure multiplied by the minimum
achievable compression ratio of most compressor designs (>
2.75) generates a tremendous pressure differential between
suction and discharge. The compressor internal design

must absorb the great forces generated by this differential
pressure. Although traditional refrigeration duties generate
differential pressures of 150-200 psi, the heat pump systems
have differential pressures between 300-600 psi. The internal
forces faced by a heat pump compressor are two to four
times that of a standard refrigeration compressor.

For a reciprocating compressor, the forces of differential
pressure must be absorbed in the piston and cylinder design,
and the entire drive mechanism. The wrist pins, crankshafts
and bearings often cannot take this load. Smaller piston
diameters can limit loads to the drive assembly, but the
compressor still absorbs great forces resulting in heavy

Reciprocating| 1.0-6.9 1.0 150-180 150-180
Twin Screw 1 [ 2.6-5.8 34 150-180 550-653
Twin Screw 2 | 2.6-5.8 3.4 150-180 550-653
Twin Screw 3 | 2.2-5.0 2.8 150-180 441-524
Single Screw | 1.2-7.0 1.3 150-180 194-232

Table 3



maintenance requirements and shorter compressor life.

For most screw compressors, there are three primary con-
cerns with these high differential pressures. The first is the
radial forces in which the differential pressure pushes from
discharge to suction to drive the male and female screws of
twin-screw compressors apart. With these forces doubled
and tripled, the compressor design must be modified to
accommodate larger bearings and wear and maintenance
will also be higher.

The second is the thrust load pushing from discharge to suc
tion. Although most screw compressors are designed with
large bearings to absorb this thrust force, it is magnified two
to four times for heat pump compressors.

The third concern is also a common one facing refrigeration
compressors, particularly those with high compression ratios
where the differential pressure is greatest for refrigeration
applications. Because the rotors are supported on their ends
with differential pressure pushing in the middle, the rigid-

ity of the rotor can be a concern. If the rigidity of the rotor

is not enough to handle these differential pressures, rotor
deflection can lead to failure. For this reason, the compressor
design includes specific limitations for differential pressures
for a given compressor design. As rotors become longer

for a given rotor diameter, they become more efficient and
economical, but also more prone to mid-rotor deflection
limiting their differential pressure application range.

Single screw compressors have an inherent design advan-
tage that overcome these three concerns. First, as the name
indicates, single screw compressors are composed a single
rotor, rather than twin rotors, so mid-rotor deflection is not a
possibility in single screws. Second, suction gas is vented to
the discharge side of the compressor, thus eliminating thrust
loads. Finally, gas is discharged radially and simultaneously
on opposite sides of the rotor, thus eliminating radial forces.
This balanced design approach enables single screw com-
pressors to operate reliably at high suction pressures and
high differential pressures.

High discharge temperature

Raising the oil injection temperature and allowing the
discharge temperature to rise improves heat pump system
efficiency. Reciprocating compressors have lower discharge
temperature limits, but screw compressors are oil flooded
and can operate at higher discharge pressures without ex-
ceeding maximum oil temperature limits.

The oil cooling of the screw compressor needs to be applied

to useful heating of the heat pump fluid for higher COP. But
for closed loop systems with high heat pump fluid return
temperatures, the oil heat of rejection cannot be used with-
out elevating the oil injection temperatures to levels well
above those faced in traditional refrigeration duties which
makes the oil viscosity a concern. The machine’s minimum
oil viscosity requirements and the selected oil will define the
limits for a heat pump compressor.

For compressors that require higher viscosity oil to operate at
high temperatures, issues may arise between the oil require-
ments of the heat pump system and that of the host refrig-
eration system. For low temperature refrigeration systems,
high viscosity oil will present problems to the refrigeration
system on the low side of the host refrigeration system
because the viscous oil will be difficult to remove at low tem-
peratures. Because of oil compatibility and oil management
issues, having different oils in the host refrigeration system
from that in the heat pump system is difficult to manage.
When possible, select a heat pump compressor in which the
refrigeration system oil provides adequate viscosity for the
heat pump compressor at high discharge temperatures.

High mass flow

The mass flow though a heat pump compressor is high
because of the density of the suction vapors at the high
pressures. A positive displacement compressor is a designed
to deliver a specific volumetric flow rate and the mass flow
fluctuates with the suction gas density. In heat pump appli-
cations, the suction densities range between 2.5 and 6 times
that of traditional refrigeration duty compressors. Refrig-

Figure 5



eration compressors are not designed to handle these high
mass flows. Without a suitable high mass flow design, this
flow will lead to significant internal pressure losses taxing
the compressor efficiency and sapping the COP of the heat
pump system. The heat pump compressor must be designed
for high mass flow rates.

Maintenance costs

In arigorous heat pump duty compressor application, the
forces imparted on the compressor can require significant
maintenance to operate in these conditions. With forces and
mass flow many multiples of those faced in refrigeration du-
ties, the frequency and cost of maintaining the compressor
will face similar multiples. As testimony to this, one recip-
rocating compressor manufacturer applying compressors
for a low temperature (™ 140°F) heat pump system required
that the 10,000-hour (when operated at normal refrigeration
conditions) maintenance overhaul is performed after just
2,000 hours (for more rigorous heat pump duties).

From drive system forces, bearing replacement and lubrica-
tion concerns, and valve wear and tear, the maintenance
concerns facing a reciprocating compressor in this duty

are significant. Single screw compressors will facer fewer
maintenance issues. The greater forces yield heavier bear-
ing loads and greater concerns for oil viscosity protection.
Maintenance costs should be considered in the evaluation
and selection of the heat pump compressor.

The heat exchangers of a scavenging heat pump system
deliver the heat from the heat pump to the working fluid.
Heat exchanges can be shell and tube or plate type. Because
of the high pressures, a plate and shell type heat exchanger
is more common than a plate and frame type when plate
exchangers are used.

A plate type heat exchanger offers close approach tem-
peratures because of their high heat transfer rates and flow
circuiting flexibility. This allows the maximum heat to be
drawn out of the refrigerant and lowers the compression
ratio required with a close approach condenser design. The
compact design of plate type heat exchangers also simplifies
package designs. Since there are several heat exchangersin a
heat pump system, smaller heat exchangers can improve the
package layout.

Heat exchangers must withstand high refrigerant pressures
and thermal stresses. If the heat pump will see intermittent
use, cyclic thermal stresses will tax the heat exchanger de-

sign. Some plate type exchangers are not designed to handle
these pressures and thermal stresses. Also, with the elevated
temperature of the heating system, water side scaling is an
issue. When the flow stops and all the surfaces remain warm,
the scale buildup on all surfaces is accelerated requiring
more frequent cleaning. Plate type heat exchangers are

not easily cleaned. Chemical flushing may be used, but over
time some fouling may reduce the effectiveness of the heat
exchanger.

Shell and tube heat exchangers offer an alternative to the
plate type. This design is accessible for cleaning and ac-
commodates thermal expansion and contraction. But these
heat exchangers are not able to reach the same approach
temperature that a plate type exchanger can reach which
diminishes the system efficiency and achievable COP. Also,
these heat exchangers are much larger which impacts the
package design.

The decisions on heat exchanger design affect system per-
formance. Because of the detrimental effect scaling will have
on the system performance, cleaning concerns may dictate
that shell and tube heat exchangers are selected for the ap-
plication. If, however, a successful scale management strat-
egy can be employed, the benefits of plate designs will pro-
vide performance advantages. Regardless of the type of heat
exchanger selected, lowering the approach temperatures
will enhance the system performance. With close approach
heat exchanger designs, the achievable COP is significantly
improved. If the application requires high water tempera-
ture delivery such that the compressor must operate at or
near its design limits, the closer approach on the condenser
heat exchanger can allow the system to reach higher water
temperature delivery within its operational limits. Close ap-
proach, while desirable for performance reasons, also comes
at a cost, as the heat exchanger requires greater surface.

Several operational issues should be taken into account
when considering an ammonia scavenging heat pump
system. These issues are described along with proposed
solutions for planning such a project.

Piping
Hot water piping requires larger pipe sizes than steam piping,

usually 1-2 pipe sizes larger. Steam and hot water lines should
be insulated to retain the heat generated until delivery.



Oil management

In a scavenging system, the vapor from the host system

that is discharged from refrigeration compressors is pulled
directly into the heat pump system by those compressors.
The liquid that is condensed in the heat pump condenser is
returned to the host system. As in a stand-alone refrigera-
tion system, oil management must be considered for return
to the compressors and removal from vessels and heat
exchangers. The vapor that is introduced into the heat pump
system carries oil from that system with it and the liquid that
is returned will have some oil entrained, just as liquid in the
host refrigeration system carries some oil to the low side.
For this reason, the oil of a scavenging heat pump system
should be the same as that of its host refrigeration system to
reduce oil management issues. When the oils are the same,
oil can be collected in oil pots at several points in the heat
pump system and returned to the compressor or to the host
system using hot gas pressure.

Non-condensible purging

In refrigeration systems any non-condensibles introduced
into the system will migrate to the high pressure points

of the system. Purging systems automatically remove

these from the points where non-condensibles are likely

to accumulate. With a scavenging heat pump system, the
condenser and receiver of the host refrigeration system are
no longer the high pressure points of the system. Purg-

ing at these locations is still recommended as much of the
flow will continue to go to the system condensers, but the
non-condensibles are likely to follow the diverted gas to

the heat pump system seeking the high pressure points of
the system. An ideal solution would be to apply automatic
purge system to the heat pump system, but these systems
have not yet been approved for high-pressure heat pumps.
Manual purging is one option, but must be considered for
safety. Another design approach is to continuously bleed
some pressure from the high stage of the heat pump system
back to the condenser purge point of the host system. It can
be employed by either using a small line for constant flow
back to the host system, or a solenoid valve that is timed for
the purge cycle.

Potable water

Most applications for food processors require that the heat-
ed water be suitable for potable consumption. A separate
circulation is required for these applications so that the heat
pump system heats up glycol or treated water that is used

in a heat exchanger to deliver the heat to the process fluid
for the food processing application demanding the heat. Be-
sides the water quality concerns, a separate heat exchanger
prevents refrigerant from leaking into the process operating
fluid. Although this additional heat exchanger reduces sys-
tem efficiency and introduces added capital expense for the
exchanger, the capital cost is mitigated, as the piping and
heat exchanger material costs are lower when glycol is used
in the heat pump system rather than water. The required ma-
terial for the heat pump system with a glycol working fluid
can be carbon steel rather than 316 stainless steel.

Scaling issues

Scale is unavoidable, but its impact can be mitigated when
employing closed loop systems. System piping and heat ex-
changers should be designed for cleanability. Plate type heat
exchangers should be gasketed and allow for plate removal
for cleaning and reassembly provided they meet operating
pressure requirements. While the high temperatures of the
water circulating systems will aggravate the scaling issues,
these temperatures and issues are already addressed in
boiler systems. Though different from boiler systems, hot
water systems are not expected to require more costly water
treatment measures. But it is likely to require unique appli-
cation considerations. Consultation with plant and vendor
water treatment experts is recommended.

Corrosion

Corrosion inhibition is required. Water can be among the
most corrosive of working fluids. For open systems where
airis introduced to the water, the issue is magnified many
times. The working fluid in open systems is corrosive,
requiring 316 series stainless steel piping and heat exchang-
ers. Carbon steel materials cannot survive in this corrosive
environment. Even closed loop water systems may require
stainless steel piping, if sufficient corrosion inhibitors cannot
be added to the recirculated water. When the heat pump
system acts as a secondary heating for the primary pro-
cessing fluid, it uses glycol, with its corrosion inhibitors, to
reduce the corrosion concern and allow lower cost carbon
steel piping.

Stress corrosion

Stress corrosion is a complex type of corrosion to which such
heat pump systems are vulnerable. Low tensile strength
materials can cut the risk for stress corrosion failures.



Balance heat/cool

The heat pump system converts the heat absorbed in refrig-
eration to a level that allows beneficial heating. Without the
source of heat, there will not be adequate suction vapor for
the heat pump system. It is imperative to consider the load
profile of the refrigeration system as mapped over the load
profile of the heating. Applications with a strong correlation
between heating and cooling loads are well suited to heat
pumps systems because when more heating is required, the
heat source is also at its maximum. But for applications when
the cooling is at its minimum when heating requirements
are the greatest, there is more of a challenge. The entire load
profile should be evaluated to ensure that adequate heat is
always absorbed in refrigeration to supply the heat pump
system. If it is not, then the heat pump system may need to
be smaller with auxiliary heating.

Inconsistent demand

The demand for heating is often inconsistent or cyclical
throughout the day, week, or season. If demand is inconsis-
tent, a thermal storage system can spread the heat load over
an entire day. A benefit is that the heat pump system can be
smaller and operating savings are accumulated over more
hours with a faster payback period.

System control

The control of the heat pump system depends on variable
inputs and output demands. Many factors have to be taken
into account to design a system control strategy, includ-

ing suction supply temperatures and pressures, discharge
pressure, water temperature and flow rate. The right control
variable must be identified which will allow the system to
load up the compressor as needed to deliver the required
water temperature.

Conclusions

* Heat pumps can capture industrial waste heat efficiently
and reduce fuel use.

* Ammonia heat pumps operate at a much higher coefficient
of performance (COP) than boilers.

* The right heat pump compressor balances first cost with
operating efficiency and maintenance costs.

* Recent developments in industrial screw compressors now
enable heat pumps to deliver high quality hot water up to
190°F (88°C).
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