
ABSTRACT 

LEWIS, NATHANIEL.  Case Studies of Waste Heat Driven Industrial Heat Pumps from 
the North Carolina State University Industrial Assessment Center.  (Under the direction 
of Dr. James Leach.) 
  

Waste heat driven heat pumps can produce useful heat streams for manufacturing 

facilities.  A heat pump system that uses a waste heat stream as the low temperature 

source often can provide the subject facility heat more cheaply than conventional heat 

sources such as boilers. 

 Heat pumps have long been studied for industrial use.  Several case studies were 

used to show that waste heat driven heat pumps typically have payback periods of 

approximately 5 years.  This payback period is independent of the type of system or the 

physical location of the installation. 

 Case studies using clients from the North Carolina State University’s Industrial 

Assessment Center also show payback periods between four and six years.  Three of the 

four facilities examined had positive payback periods from the installation of a heat 

pump.  The fourth facility, a large fiber optic cable manufacturer, could not readily 

replace a traditional heat source with the heat pump and therefore could not justify the 

installation of a heat pump system. 

 The IAC case studies highlighted several things.  First, a heat pump must have a 

steady source of waste heat.  Second, the system must be installed in an area with a 

relatively low cost of electricity.  Third, the system must be able to offset heat generated 

elsewhere in the facility.  Finally, the system must be able to operate for a large portion 

of the working day. 
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1.0 OBJECTIVE 

The purpose of this project is to determine the economic and engineering feasibility 

of using heat pumps driven by industrial waste heat to offset the cost of process heating.  The 

waste heat driven heat pump as a source for plant heating needs has become more attractive 

because the cost of fossil fuels has risen while electrical rates have remained relatively 

constant during this same time period.  The end goal of this project is to provide a solid 

background for industrial uses of waste heat driven heat pumps, to provide several case 

studies taken from North Carolina State University’s Industrial Assessment Center, and to 

finally show that waste heat driven heat pumps can save a manufacturing facility money by 

helping the facility conserve energy. 

2.0 INTRODUCTION 

Heat pumps operate in a cycle that takes heat from a low temperature sink, does work 

on a working fluid, and then transfers heat to a high temperature sink.  There are several 

different types of heat pump cycles that can be utilized by manufacturing facilities to take 

waste heat streams and produce higher-grade heat that can be used again in the production 

process.  

2.1 CARNOT HEAT PUMP CYCLE 

 The Carnot heat pump cycle cannot be used as a real heat pump cycle.  However, it is 

important to understand that the Carnot cycle gives the highest possible efficiency of a cycle 

operating between to different temperatures.  The Carnot heat pump cycle is a four-part cycle 

regardless of the working fluid of the cycle movements.  The Carnot heat pump cycle is 

described by: 
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1. A reversible isothermal process that transfers heat from a working fluid to the 

high temperature reservoir. 

2. A reversible adiabatic process that decreases the temperature of the working fluid 

from the high temperature to the low temperature. 

3. A reversible isothermal process that transfers heat from the low temperature 

reservoir to the working fluid. 

4. A reversible adiabatic process that takes the temperature of the working fluid 

from the low temperature to the high temperature. 

Figure 1 below shows the Carnot Power cycle on a typical temperature-entropy diagram. 

 

1 2 

4 3 

Figure 1.  Carnot Cycle 

All Carnot cycles have the same four basic processes but the mechanisms to accomplish 

these processes can be very different.  The Carnot cycle can be used to model the maximum 

efficiency of a power cycle, or it can be reversed and model the maximum efficiency of a 

refrigeration cycle.  

The Carnot cycle represents the maximum efficiency of a cycle operating between the 

high temperature and the low temperature of a given cycle.  The COP, or coefficient of 

performance, of a Carnot heat pump is given by: 

 2



LH

H

Net

out

TT
T

W

QCOP
−

== •

•

 

Furthermore, the net heat out of the cycle is equal to the heat into the cycle plus the 

net work performed on the working fluid in the cycle.  The heat out of the heat pump flows to 

the high temperature reservoir, which is a home in a residential unit and is the area or flow 

stream where the heat is needed in an industrial application.  The coefficient of performance 

of a real heat pump will always be lower than the coefficient of performance of a Carnot heat 

pump due to losses from heat transfer, losses from motors, piping losses, and other parasitic 

losses that the Carnot cycle does not take into consideration.  However, the COP for any heat 

pump cycle can never be lower than unity.   

The Carnot cycle can give an estimate to those interested in determining if a heat 

pump can provide useful work between two different temperatures or if a heat pump being 

proposed by a vendor can perform in the manner that it is being sold.   

It can be seen from equation 1 that to increase the COP, the temperature difference 

between the high temperature sink and the low temperature sink should be decreased.  The 

next heat pump cycle to be considered is the vapor compression heat pump.  

2.2 VAPOR COMPRESSION HEAT PUMP 

Vapor compression heat pumps can be divided into two different categories.  The first 

category is the closed cycle where the working fluid is continuously cycled through the 

equipment and does not leave the machine.  The second category is open vapor compression 

cycles where the working fluid is the same fluid used in an industrial process. 

 The closed vapor compression cycle is the cycle utilized by traditional heat pumps 

used in many applications.  The following four processes give the ideal cycle: 
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1-2 Isentropic compression of a vapor to a pressure that is high enough to allow the 

vapor to condense in a high temperature heat exchanger. 

2-3 Heat transfer at a constant pressure from the working fluid to a high temperature 

region. 

3-4 Throttling of the condensate to a pressure that is low enough to allow the 

condensate to evaporate in a low temperature heat exchanger.  

4-1 Heat transfer at constant pressure from a low temperature region to the 

evaporating working fluid. 

Figure 2 (Moran, 486) below shows a schematic of the vapor compression cycle 

 

Figure 2.  Vapor Compression Cycle 

 

 

The closed vapor compression cycle typically uses working fluids such as ammonia, R-

22, R-134a, and propane.  The real cycle differs from the ideal cycle in that there are losses 

in heat transfer, in the compressor, and in the total system that reduce the overall efficiency 

of the cycle.  The closed cycle vapor compression heat pump typically cannot provide heat 
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output greater than 120o C.  Additionally, the COP of a vapor compression heat pump is 

typically between 5 and 10.  

The open cycle vapor compression cycle takes the process fluid, which is typically 

steam, and uses this fluid as the cycle working fluid.  The low-pressure steam is returned 

from the manufacturing process, compressed, and then sent back out to the manufacturing 

process where it condenses to give off heat (Benstead, 173).  The open cycle heat pump 

typically has a COP of between 10-30, which is very high. 

2.3 ABSORPTION HEAT PUMP 

 Absorption heat pumps are attractive alternatives to traditional vapor compression 

heat pump cycles when an inexpensive heat source is available.  The absorption cycle is 

therefore a good match for manufacturing facilities that are looking to utilize waste heat 

streams.   

 Absorption heat pumps utilize a refrigerant that can be absorbed by a transport 

medium.  The most common absorption system is the water-ammonia mixture.  In this case, 

ammonia is the refrigerant and water is the transport medium.  There are also absorption 

driven systems that utilize a Lithium-Bromide refrigerant with water as the transport 

medium. 

 Absorption heat pump cycles vary from vapor compression style heat pumps in that 

instead of compressing a vapor in a pump between the evaporator and condenser, the 

refrigerant is absorbed by the transport medium.  This allows a liquid to be pumped rather 

than a vapor.  Therefore, much less work is required to pump the liquid to a higher pressure 

compared to vapor. 
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 The other difference between a vapor compression cycle and an absorption cycle is 

the need for a mechanism to retrieve the refrigerant from the transport medium to enable heat 

transfer out of the cycle in the condenser.  Figure 3 (Moran, 530) below shows an absorption 

cycle that is used for refrigeration.  

 

Figure 3.  Absorption Refrigeration Cycle 

The absorber allows refrigerant to be taken into solution with water.  This portion of 

the process is highly exothermic and requires cooling tower water to keep the temperature of 

the absorber as low as possible.  The absorber temperature is kept as low as possible because 

the amount of refrigerant that can be absorbed into solution with water is directly 

proportional to the temperature of the water.  That is, the higher the temperature of the 

absorber, the less refrigerant that can be absorbed into solution in the absorber (Moran, 530). 

 The liquid solution is then pumped to the generator.  The generator boils the 

refrigerant-water mixture sending the vaporized refrigerant to the condenser and the weak 
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solution of refrigerant and water back to the absorber.  The generator can be provided heat by 

a waste heat source, which makes it ideal as long as the subject facility can provide the 

necessary source. 

 The rest of the cycle is the same as a vapor compression heat pump cycle.  The work 

input is dramatically less than the work input from a vapor compression cycle.  However, 

there are several drawbacks of absorption cycle heat pump. 

First, the system is more expensive to install and maintain.  The system is more 

complex than a vapor compression cycle.  This means a higher cost of installation and 

maintenance because of the complexity of the system. 

 Second, absorption systems only work well financially if there is a readily available, 

low cost source of heat.  The absorption cycle requires heat in the generator and if the 

manufacturing facility must burn or produce enough heat to feed the cycle, it is not a 

financially attractive alternative.  Absorption cycles produce especially good paybacks when 

there is a good source of waste heat within the facility that is not already being utilized. 

 Figure 4 (Kannoh, 132) shows the absorption heat pump installed at a Japanese 

Textile facility.  The picture shows how an absorption cycle could be used as a heat pump 

and used to produce high-grade heat for a process. 
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Figure 4.  Absorption Heat Pump 

Figure 5 (York International, 6) shows a single stage lithium bromide chiller unit that 

provides chilled water for HVAC or process cooling.  The unit can be configured for use as a 

heat pump and is a good example of what an actual absorption heat pump would look like.  

The steam mentioned in the diagram could be the waste heat provided from the 

manufacturing facility.  The generator, absorber, condenser, and evaporator can all be seen in 

the diagram. 
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Figure 5.  Single Stage Absorption Chiller 

Additionally, there are several modifications that can be made to the simple 

absorption cycle to make the cycle more efficient.  First, a heat exchanger can be placed 

between the absorber and generator to preheat the refrigerant-water solution going to the 

generator with the warm, weak solution that is returning to the absorber.   

Second, the cycle may have a rectifier added to remove any water from the refrigerant 

to prevent the expansion valve and evaporator from freezing and rupturing.  Figure 6 (Moran, 

531) shows a schematic of this cycle used as a refrigerator. 
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Figure 6.  Single Absorption Cycle with Improved Efficiency  

There are also multiple stage absorption units that have higher efficiencies than the 

single stage units described previously.  The energy that is rejected to the environment in the 

generator is harnessed to help evaporate more refrigerant in the evaporator.  However, the 

required heat input is greater than that required for a single stage absorption and this may 

make it difficult to strictly use waste heat from a manufacturing facility.   

Also, several heat pump systems can be strung together to make a cascading unit that 

boosts the efficiency higher than typical units and can provide more heating or cooling. 
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2.4 MULTISTAGE CYCLES 

A combined cycle with two or more heat pumps connected through heat exchangers 

is called a cascade cycle.  In cascade cycles, whether used for heat pumps or refrigeration, 

there is a low temperature evaporator and a high temperature condenser that the two systems 

share.   

 There are several advantages to a cascade system.  First, the system can be used to 

obtain higher output temperatures by allowing the system to bump the temperatures higher in 

smaller increments.  This means that the initial system can raise the temperature of the 

working fluid a manageable amount and then pass the working fluid heat to the next system 

so the temperature can again be raised a manageable amount. 

 The second advantage is in the selection of the working fluid to allow for manageable 

pressures in the heat exchangers.  For each temperature range, a working fluid can be 

selected that allows for low pressures in the vessels thus reducing the cost and the likelihood 

of heat exchanger failure.  The working fluids can be matched to the desired outputs from 

both parts of a two-part cascade system. 

 Cascade systems can also be combinations of vapor compression cycles and 

absorption cycles.  The end temperature desired is the parameter that guides the decision on 

the characteristics of the combined cycles.  Figure 7 (Moran, 496) shows a two-part vapor 

compression cascade system.  The low temperature reservoir takes in heat from the 

surroundings then bumps the working fluid temperature to a higher point where it is then 

taken through the intermediate heat exchanger.  The intermediate heat exchanger is the low 

temperature evaporator for the second cycle.  That working fluid is then run through the 
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vapor compression cycle and heat is given off at a higher temperature from the high 

temperature condenser. 

 

 

Figure 7.  Vapor Compression Cascade System 

The coefficient of performance for a heat pump using the cascade system 

configuration can be calculated much the same as the coefficient of performance for a 

traditional cycle.  Equation 1 can be used but the net work into the cycle is now the total 

work performed by the two compressors instead of the single compressor. 

3.0 CASE STUDIES OF HEAT PUMPS IN INDUSTRY 

A first paper to be analyzed was a case study of three industrial heat pump 

installations operating in Canada.  Three different waste heat driven heat pump installations 

were used to reduce the energy cost at the various facilities.  The first two installations were 
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monitored over a period of 1 year and give good indications that heat pumps can produce a 

medium range payback period (Wright, 245). 

 One heat pump is at a facility that makes various edible oils.  The heat pump low 

temperature reservoir is provided by plant cooling water that previously went to two cooling 

towers.  The high temperature reservoir provided preheating for the boiler make-up water.  

Figure 8 (Wright, 253) below shows a layout of the process and waste heat machinery. 

 

Figure 8.  Layout of Oil Manufacturer Waste Heat System 

The waste heat for the process shown in figure 8 comes from cooling water used to 

cool the industrial process to deodorize, convert, and refine the various oils produced onsite.  

The water containing the waste heat stream passes through a plant heat exchanger and then 

the heat pump evaporator (Wright, 246).  The water is then sent back to the cooling tower 

reservoir.  The plant could ensure a constant flow of water using a variable speed pump to 

ensure proper operation of the heat pump cycle.  The boiler feed water passes through the 

heat pump condenser and on to the boiler to make process steam. 

 13



The second installation is at a dairy products facility.  The waste heat source is 

condensate from an evaporator that is used to produce evaporated milk.  The high 

temperature sink on the unit is used once again to preheat boiler make-up water. 

Figure 9 (Wright, 253) shows a layout of the heat recovery system for the dairy 

manufacturing facility. 

 

Figure 9.  Layout of Dairy Manufacturer Waste Heat System 

The condensate from milk condensate tank overflow, the vacuum system condenser, 

and the auxiliary vacuum system steam nozzle is collected.  A portion of this condensate is 

used as the low temperature reservoir for the heat pump cycle while the other portion is 

stored in case it is needed.  Then, both streams are discharged to the sewer (Wright, 247).  

The boiler make-up water passes through a heat exchanger and then the condenser of the heat 

pump before being sent to the boiler to make steam (Wright, 247).   

 The third installation studied by Wright et al. is a mining operation producing lead, 

silver, bismuth, and other alloys (Wright, 247).  The main difference between this case and 

the previous two cases was the need for a two-stage system.  The low temperature source for 
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the heat pump cycle is the cooling water used to cool the lead and copper furnaces.  The high 

temperature reservoir is used for boiler make-up water preheat.  Figure 10 (Wright, 253) 

below shows the layout of the waste heat system utilized in this case study. 

 

Figure 10.  Layout of Mine Waste Heat System 

The cooling water is pumped through both the iron and copper furnaces from a 

common tank (Wright, 247).  The cooling water then travels to another holding tank.  The 

water is then taken from this tank and pumped through a heat exchanger and the two 

evaporators of the heat pumps (Wright, 247).  After this, the water is returned to the initial 

holding tank. 

 The boiler make-up water then flows through the heat exchangers and the evaporators 

of the heat pumps and on to the boiler to make steam or hot water for the facility. 

 The use of the heat pumps offsets a large amount of fuel usage in the three different 

facilities.  Table 1 (Wright, 251) below shows the economic results of the heat pump case 

studies.  The monetary values are all in Canadian dollars. 
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Table 1.  Economic Data 

 Oil Manufacturer Dairy 
Manufacturer 

Mine 

Electrical Energy 
Use (kW) 

97 103 60 

Coefficient of 
Performance 

5.4 3.8 5.3 
4.5 

Electrical Cost 
($/kWh) 

0.0322 0.028 0.038 

Operational Time 
(hr/yr) 

4,021 1,800 - 

Cost Savings ($) 97,690 21,290 - 
Installation Cost ($) 224,096 101,077 150,643 

Simple Payback 2.29 4.75 - 
 

 The mine waste heat system had not been monitored for a long enough period of time 

to determine operational time and cost savings for the study.  The payback periods for the 

other two case studies are slightly longer than a typical two-year payback but may be more 

inline with traditional payback periods today as electrical rates have remained relatively 

constant while costs for fuel oil and natural gas have risen sharply. 

 The study found several problems with the operation of the heat pumps.  Initially, it 

was thought that the heat pumps would operate 6,000 hours per year.  However, through 

mechanical failures and a lack of consistency in the waste heat stream, both units that were 

measured over a year period operated far less than 6,000 hours. 

 The inability to produce a sufficient amount of waste heat to run the heat pump cycle 

plagued both the oil manufacturer and the dairy manufacturer.  The dairy manufacturer could 

only run the heat pump a total of 1,800 hours, or an average of 5 hours a day based on a 24/7 

work schedule.  The edible oil manufacturer had maintenance problems with the heat pump 

units but when the unit was operating properly it only ran approximately 57% of the time due 

to a low temperature in the waste water stream.  
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 Another recent application of an industrial heat pump is a unit driven by warm 

sewage water that provides district heating in Sweden.  The unit, once it was operating 

properly, was able to provide 23 GWh of heating with an annual COP of approximately 2.7 

(Lindstrom, 87).   The heat pump was added to a facility that provides district heating for the 

town of Sala in Sweden.  The facility already housed one coal-fired boiler, three oil fired 

boilers, one electric boiler, and a wastewater treatment plant (Lindstrom, 88).  The heat pump 

takes heat from the cleaned sewage and then returns the heat to the district heating system so 

the heat pump can preheat the returning water (Lindstrom, 88).  The heat pump was able to 

run with a satisfactory low temperature for approximately 93% of the time, this indicates that 

the sewage water was a good low temperature source.  Figure 11 (Lindstrom, 92) shows a 

layout of the Sala district heating system with the heat pump system installed. 

 

Figure 11.  Swedish District Heating System 
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The heat pump was designed to have a condenser temperature in the range of 55oC to 

75oC (131oF to 167oF), which is a rather high exit temperature for a heat pump system.  

Another interesting fact of this heat pump system is the use of sewage water for the low 

temperature reservoir.  This is a very interesting and promising use of waste heat.  Many 

different municipalities have abundant sources of sewage water.  However, the need for 

district heating is small in the United States since district heating does not exist on a large 

scale. 

 The payback period for the heat pump system was approximately 6.5 years, which is 

a long period of time.  Most companies and manufacturing facilities require a payback period 

that is considerably less than 6.5 years.  However, municipalities, universities, and other 

government agencies do not have the same economic pressures placed on them and therefore 

can consider projects that have longer payback periods. 

 A third interesting application of an industrial heat pump system was the installation 

and monitoring of a gas-fired absorption cycle heat pump in a textile dyeing facility in Japan.  

Textile facilities are usually energy intensive due to the large amount of heat or compressed 

air needed to provide high quality goods for market.   

 The textile process in the case study involves dipping a woven fabric into a dyeing 

bath and then the fabric is washed with warm water to “fix” the color of the cloth.  The 

washing water temperature varies between 333 Kelvin and 363 Kelvin (Kannoh, 443).  The 

wash water is then run through a desulphurizing process for the boiler and then through a 

heat exchanger for boiler feed water heating (Kannoh, 443).  After exiting the heat 

exchanger, the water temperature is still approximately 308 K (Kannoh, 443).      
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 The absorption heat pump cycle at the dye house is used to further heat the water that 

is used in the dyeing process.  The feed water used for the warm water in the dyeing process 

is run through an initial heat exchanger that is fed on the other side by wastewater at 328 K.  

The feed water leaves the first heat exchanger at 311 K.  Then, the feed water is taken to a 

second heat exchanger that is the condenser of the absorption heat pump cycle.  The feed 

water then leaves the second heat exchanger at up to 353 K and then goes to the dyeing bath.  

Table 2 (Kannoh, 446) shows the inlet and outlet conditions of the feed water as well as the 

source temperature for the evaporator of the absorption heat pump.   

Table 2.  Water Conditions for the Absorption Heat Pump 

Process Temperature (K) 
Warm water inlet 311 
Warm water outlet 353 
Heat source inlet 306 
Heat source outlet 297 

 

The energy savings from the absorption heat pump system were not well quantified 

by the case study.  However, some good estimates were made to attempt to find the energy 

savings of the new system.  If the efficiencies of the two methods are compared, the 

absorption heat pump system had a COP of 1.41 or 141% while the conventional boiler 

system that the facility was using before installing the heat pump system had an efficiency of 

72%.  The difference in efficiency alone will allow the facility to save energy and therefore 

money since both the onsite boiler and the absorption heat pump are fired onsite.     

 The Japanese dye house case study may have different results in the United States.  

The electrical rates in the United States have not risen as sharply as the natural gas and oil 

rates.  Initially, as this study was undertaken in 1980, the economics in the United States 

would have matched those of Japan and given a good payback period due to low natural gas 
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and oil prices.  However, now the cost of energy has risen sharply in the last few years and 

this may lead to an electrical absorption heat pump being the best possible option for energy 

and cost savings in the current economic climate. 

 A fourth case study for industrial applications of heat pumps involves paper-drying 

processes.  The drying process is one of the most energy intensive processes in a paper 

manufacturing facility.  The case study investigates different waste heat streams that may be 

used in the paper drying process in a major Swedish pulp and paper manufacturing facility.  

 The case study of the Swedish pulp and paper manufacturing facility estimates the 

annual production of the large paper facility at 485,000 tons of newsprint paper and 165,000 

tons of light weight coated paper (Abrahamsson, 633).  The subject facility had a heat 

recovery system on the four paper manufacturing machines.  Figure 12 (Abrahamsson, 634) 

shows the layout of the heat recovery system that was already installed in the subject facility. 

 

Figure 12.  Current Heat Recovery System 

The supply air for the drying process is preheated with the wet air exiting the drying 

machines.  Then, the supply air is further heated with steam heat on the way to the drying 

 20



machines.  The exhaust air is run through a second heat exchanger to further capture waste 

heat to be used for the heating of the facility.  The final step in the heat recovery of the 

drying air is to use some of the remaining waste heat contained in the air stream to preheat 

process water.  The air is then exhausted to the atmosphere at approximately 54oF.  In total, 

approximately 35 MW of thermal energy is already extracted from the warm exhaust air 

(Abrahamsson, 634). 

 Engineering calculations were undertaken to determine the best possible cycle for the 

application.  A vapor compression heat pump cycle was first investigated using R-134a as the 

working fluid.  Figure 13 (Abrahamsson, 638) shows the flow of the refrigerant through the 

cycle.  It is important to note that the cycle has an economizer stream attached to provide 

additional input into the cycle. 

 

Figure 13.  Vapor Compression Cycle at a Swedish Paper Plant 
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The vapor compression cycle heat pump required a total heat transfer area of 7,750 

m2 with an assumed U-value of 0.8 kW/(m2 oC) in the evaporator and a U-value of 2.0 

kW/(m2 oC) in the condenser (Abrahamsson, 638).  

 An alternative absorption cycle heat pump considered three different working fluid 

configurations.  A water-sodium hydroxide, water-lithium bromide, and a methanol-lithium 

bromide working fluid were investigated using both an irreversibility and COP 

thermodynamic analysis.  It was found that the water-lithium bromide combination had the 

highest COP while the water-sodium hydroxide combination had the highest irreversibility.  

The methanol-lithium bromide working fluid combination had the lowest COP but also had 

the lowest irreversibility (Abrahamsson, 640).  Finally, the simulations found that an 

absorption heat pump cycle would require approximately 10,200 m2 of heat transfer area.  

Figure 14 (Abrahamsson, 639) shows the flow in the proposed absorption heat pump cycle. 

 

Figure 14.  Absorption Heat Pump 
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The case study determined that the pay back period for the vapor compression heat 

pump cycle would be 3.3 years while the payback period for the absorption heat pump cycle 

is 2.9 years (Abrahamsson, 641).  The payback periods for both cycles are heavily dependent 

upon both electrical rates and the cost of fuel.  This makes heat pumps more appealing in 

areas of the United States due to relatively low electrical rates and higher fuel costs. 

 A.W. Deakin and R. Gluckman for the Energy Efficiency Office for the United 

Kingdom’s department of energy performed a final interesting case study of closed cycle 

industrial heat pumps.  The study focused on five heat pump installations in various 

industries throughout the United Kingdom.  The first industrial heat pump installation that 

was monitored was a steam turbine driven system installed at a food processing plant.  The 

heat pump in this application uses cooling tower water as the low temperature reservoir and 

preheats boiler feed water.  The second heat pump installation that was monitored was an 

electric heat pump installed at a dairy manufacturer.  The cycle takes heat from sterilized 

cooling water and the outputs 70oC water to various users in the plant including water for 

space heating and boiler feed water.   

The third application of a closed cycle industrial heat pump that was monitored 

during the Deakin case study was a gas driven heat pump used to recover heat from a textile 

dye house.  The recovered heat was used in process water and again in boiler feed water.  

The fourth and fifth heat pump installations that were monitored for the case study were 

installed at food processing facilities.  The heat pumps took heat from the exhaust of food 

dryers and preheated incoming air for the same food dryers.  

The case study found that the heat pumps did not perform well.  Only one of the five 

installations performed up to the design specifications and was able to come close to the 
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simple payback period estimated during the design of the system.  Table 3 (Deakin, 31) 

shows the cost of the individual installations, the projected annual savings, the projected 

payback period, the actual savings, and the actual payback period. 

Table 3.  Economic Performance 

 Heat Pump 1 Heat Pump 2 Heat Pump 3 Heat Pump 4 Heat Pump 5 
Capital 

Cost  
 

200,000 £ 
 

80,000 £ 
 

51,000 £ 
 

426,000 £ 
 

324,000 £ 
Projected 
Savings  

 
80,000 £ 

 
40,000 £ 

 
18,000 £ 

 
120,000 £ 

 
46,000 £ 

Projected 
Payback 
Period 

 
 

2.5 

 
 
2 

 
 

2.8 

 
 

3.5 

 
 
7 

Actual 
Savings  

 
20,000 £ 

 
15,000 £ 

 
9,000 £ 

 
108,000 £ 

 
38,600 £ 

Actual 
Payback 
Period 

 
 

10 

 
 

5.3 

 
 

5.6 

 
 

3.9 

 
 

8.4 
 

The table shows the poor economic performance of the heat pump systems.  With the 

exception of the fourth installation, all of the payback periods were over a year longer that 

estimated.  This was clearly unacceptable and would have most likely prevented some of the 

installations from occurring if the longer payback periods were known beforehand.   

The case study found several reasons for the poor performance of the heat pump 

installations.  First, the water source heat pumps, heat pumps one through three were vastly 

oversized (Deakin, 26).  The over sizing of the water source heat pumps was made worse 

because units one and two performed poorly at partial load conditions (Deakin, 26).  Proper 

engineering could have provided a much better solution for the oversized heat pumps and 

prevented many of the problems encountered. 

A second reason the heat pumps performed poorly was a large amount of mechanical 

failures and the mechanical complexity of some of the units.  These are issues that will affect 
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the payback period because of the downtime required to repair and maintain the machines.  

The mechanical failures and mechanical complexity of the machines will also hinder the 

installation of other heat pumps and these issues should be closely looked at to find solutions.    

An interesting application of an open cycle vapor compression heat pump is at a 

General Electric chemical producing facility in Selkirk, New York.  The facility is a good 

candidate for heat recovery from the process because the process gives off 100 MM BTU/hr 

to the cooling water loop (Snyder, 613).  Before installation of the open cycle heat pump, the 

facility cooled the cold-water loop with fin fan coolers. 

 The facility had to perform several engineering calculations to determine if the heat 

pump could be integrated into the plant.  First, the facility had to determine the temperature 

and the average flow rate of the waste heat stream so that plant personnel could determine the 

amount of heat present in the stream.  Next, and possibly most important, the facility had to 

find uses for the low pressure steam the heat pump was going to produce (Snyder, 613). 

 The heat pump uses 3,000 gallons per minute of the cooling water as the low 

temperature source for the cycle.  The 195o F water leaves the process and enters a flash tank 

held at a vacuum.  The flash tank is attached to the suction side of a compressor to create the 

desired vacuum.  In the flash tank, 2 – 4 % of the incoming water will flash to steam (Snyder, 

611) while the remaining water is sent back to the cooling towers and then to the process. 

 The flashed steam is taken through demisters contained in the flash tank and then 

travels to the compressor where it is compressed from 7 psia to 74 psia.  The open cycle heat 

pump creates 33,000 lbs/hr of 74 psia saturated steam that is used in process heating for the 

facility (Snyder, 615).  Figure 15 (Snyder, 614) shows the open cycle heat pump and the flow 

of cooling water and steam within the cycle. 
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Figure 15.  Open Cycle Heat Pump 

The compressor for the heat pump cycle requires a large amount of power to operate.  

The compressor for the open cycle proposed requires 3,500 hp (2,611 kW) to compress the 

steam to a usable state in the process.  The case study assumes an electrical cost of 

$0.05/kWh, oil costs of $0.75/gallon and a boiler efficiency of 80%.  The study assumes an 

operating period of 8,400 hours per year giving an annual savings of $700,000 (Snyder, 616).  

The economics of this study seem to assume an average cost of electricity and do not figure a 

demand charge into the cost of running the compressors.   

 The economics could be reevaluated using a demand charge and an updated electrical 

cost.  Assuming a large general service rate from Progress Energy Carolinas, the electrical 
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rate is $0.04744/kWh and an assumed demand charge of $9.25/kW, the cost of operating the 

2,611 kW compressor 8,400 hours per year is approximately $1,330,300 per year.  

Furthermore, assuming a more reasonable fuel oil cost of $1.50/gallon, the cost of fuel oil is 

$3,465,000/yr to create the same amount of steam that is created by the open cycle heat pump 

system.  Therefore, the updated annual savings using more realistic electrical and fuel oil 

costs is approximately $2,134,700/yr.   

However, assuming the system requires 3,000 gallons per minute of cooling, 150 ft of 

pump head, and a pump efficiency of 75%, the pump in the cycle will require approximately 

114 kW.  The pump work will cost the facility an additional $58,080/year, which is 

substantial but still keeps the annual savings for the project over $2,000,000/yr.  

 The Snyder et al case study is important for several reasons.  First, it illustrates that 

open cycle heat pumps can be successfully installed and operated.  There are not many open 

cycle heat pumps in operation so it is important to show they are feasible.  Second, it 

illustrates that there are substantial savings from the installation of open cycle heat pump 

systems.  The case study shows that savings on the order of $2,000,000 per year can be found 

by installing an open cycle heat pump.  Third, the case study shows the importance of 

properly matching the needs of the facility to the output of the heat pump.  If the subject 

facility did not have a need for 60-psig steam, there would have been no reason to install the 

heat pump and the project would have been a waste.  The key notion to take away from this 

case study is the need for the careful engineering analysis of both the process and the heat 

pump to ensure a good fit and a successful installation. 

 There are several things that can be taken away from all of the case studies discussed.  

The first consideration for the proper operation and performance of a waste heat driven heat 
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pump is the need for a steady supply of waste heat.  This is especially important in 

manufacturing facilities that perform batch type processes.  If the subject facility cannot 

provide a steady flow of waste heat, then the payback period will be much longer due to the 

lower operating time of the heat pump.  The heat pump will not operate at the time that the 

facility’s waste heat is dumped to the sewer reducing the overall operating time of the unit.  

 The second consideration when installing a waste heat driven heat pump is the need 

for the unit to be properly sized and matched to the needs of the facility.  As seen in one of 

the earlier case studies, some of the heat pumps perform poorly when unloaded.  This 

increases the cost to run the machinery and therefore increases the payback period and 

decreases the attractiveness of the heat pump unit.  The unit must be properly engineered to 

match the heat output of the facility in order to operate at the optimum efficiency of the 

machinery. 

 The third and most important consideration when installing a waste heat driven heat 

pump is finding a use for the higher-grade heat produced by the heat pump unit.  If a facility 

cannot use the heat provided by a heat pump system on a regular basis, then the unit will not 

provide the payback period required to make it an economically viable option for 

manufacturers.  The manufacturer must be able to match the output of the heat pump to a 

need for heat in the manufacturing process.  If this cannot be done, the heat pump will not 

operate on a regular basis and therefore will have a longer payback period. 

 4.0 INDUSTRIAL ASSESSMENT CENTER CASE STUDIES 

  The economics of installing industrial heat pumps in four manufacturing facilities 

will be evaluated in this section.  The annual cost savings made possible by reducing fossil 

fuel consumption will be estimated in section 4.1.  Next, the implementation costs associated 
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with the installation of waste heat driven heat pumps at these facilities will be estimated in 

section 4.2.   

4.1 ANNUAL COST SAVINGS 

Bottling Facility 

The industrial assessment center performed an energy audit at a large beer bottling 

facility during the summer months of 2006.  The facility is divided into three main sections.  

The first section is the blend-finish section where the concentrated beer is delivered via 

railcar, chilled, and mixed with chilled water to give the beer the proper color, flavor, and 

alcohol content.  The second section of the facility is the bottling section, where the finished 

beer is placed in bottles, cans, or kegs and packaged for shipment.  The third section of the 

facility is the warehouse where the packaged beer is kept while awaiting shipment.  The 

warehouse and the blend-finish section of the facility utilize chilled water for air conditioning 

and process water. 

The facility has a large ammonia vapor compression refrigeration system that is used 

to keep the beer at the proper temperature during bottling and storage in the facility.  Seven 

ammonia chillers provide the facility with the chilled water needed to produce and store the 

finished product. 

 The ammonia cooling system produces approximately 900 tons of refrigeration for 

the facility.  The system rejects 1080 tons of heat to cooling tower water that remains at 

approximately 85oF.  The chilled water provided by the ammonia system is used in several 

ways throughout the plant.  The chilled water provides cooling for the warehouse section of 

the facility to keep the temperatures low in the warehouse so the beer does not become stale 

while awaiting shipment.  The second way chilled water is used in the facility is in the 
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blending process.  The concentrated beer is chilled and mixed with chilled water to produce 

the finished product.  The ammonia system is producing chilled water for the facility 8,000 

hours per year because of the constant need for chilled water in the warehouse and mixing 

areas of the facility.   

 The manufacturing facility also houses four natural gas boilers onsite to produce 

steam.  The facility has a 75,000 lb/hr main boiler and three 18,000 lb/hr back-up boilers.  

The steam is used in the finishing area, to pasteurize some of the beer products, and to 

sanitize the manufacturing line.  Some of the steam produced is used directly in the process 

and some of the steam is used to produce hot water for the various processes in the facility. 

 The facility seems to be an ideal match for a waste heat driven heat pump for several 

reasons.  First, the facility has a nearly constant source of waste heat.  The ammonia chillers 

at the facility are used continuously to produce chilled water for both the process and the 

warehouse area.  The warehouse area must be constantly chilled even when the facility is not 

bottling beer.  Second, the facility needs a large amount of heat continuously.  The facility 

blends and finishes beer approximately 8,000 hours per year and requires heat input for a 

large chunk of this time.  During the finishing process, the facility requires 111 gallons per 

minute of water at approximately 185o F that is typically supplied by the boiler and a heat 

exchanger.  An industrial waste heat driven heat pump could economically supply the 

process with water that is approximately 160o F.   

 The cooling tower used for the ammonia cooling system could supply the waste heat.  

Plant personnel indicated the temperature of the sump water was a nearly uniform 85o F 

throughout the year.  The water used in the finishing process is supplied by an on-site well 

with a temperature of 54oF that remains relatively constant throughout the year as well.  
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Figure 16 shows the proposed layout of the heat pump.  The ammonia chiller cooling tower 

is a closed system to prevent any ammonia leaks and the water would be taken from the 

sump of the cooling tower system. 

 

Figure 16.  Proposed Heat Pump Configuration 

The desired output temperature will affect the COP and therefore the savings of the 

unit.  The savings from operating the unit come from using less natural gas in the plant boiler 

and therefore saving the facility money.  The heat required from the unit will change as the 

required output temperature changes.  Therefore, the higher the required water temperature 

leaving the unit, the more heat will be required from the unit.  The required heat from the 

heat pump can be calculated using the equation: 
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Heat required  = Mass flow rate x Specific Heat x Temperature Difference 

   = 111 gpm x 60 min/hr x 8.34 lb/gal x 1 BTU/lb oF x ΔT 

Using vendor data, table 4 below shows the savings associated with operating the heat 

pump at various output temperatures 

Table 4.  Savings 

Temperature 
(oF) 

Heat 
Required 
(BTU/hr) 

COP Electrical 
Work In 
(BTU/hr) 

Electrical
Cost ($) 

Natural 
Gas 

Energy 
Savings 

(BTU/hr) 

Net 
Annual 
Savings 
($)/year 

110 3,108,000 8.6 361,395 $55,905 3,700,000 $210,495 
120 3,663,000 7.0 523,286 $80,948 4,360,714 $233,024 
130 4,218,000 5.8 727,241 $112,498 5,021,429 $249,045 
140 4,773,000 4.9 974,082 $150,682 5,682,143 $258,433 
150 5,328,000 4.3 1,239,070 $191,673 6,342,857 $265,013 
160 5,883,000 3.8 1,548,158 $239,486 7,003,571 $264,771 

 

 The work in to the heat pump is simply the required heat from the process divided by 

the COP of the heat pump operating at the desired output temperature.  The cost to run the 

electrically driven heat pump given an electrical charge of $0.040/kWh and a demand charge 

of $17.33/kW is given by the equation: 

Cost   = (Power input x electric rate) + Demand Charges 

Therefore, the cost to run the heat pump with an output temperature of 110oF is given 

by the equation: 

Cost = (361,395 BTU/hr x 1 kW/3413 BTU/hr x 8,000 hr x 

  $0.040/kWh) + (361,395 BTU/hr x 1 kW/3413 BTU/hr x  

  $17.33/kW x 12 months)          

  = $55,905/yr 
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 The main boiler at the facility was tested during the Industrial Assessment Center’s 

visit and was found to have a stack efficiency of 84%.  The natural gas energy savings from 

utilizing a heat pump to preheat the water used in the finishing can be calculated using the 

equation: 

Natural Gas  

Energy Savings = Heat Required/Boiler Efficiency 

 Therefore, the energy savings from operating the heat pump to preheat the water to 

110oF can be calculated using the equation: 

Natural Gas 

Energy Savings = 3,108,000 BTU/hr/0.84 

   =  3,700,000 BTU/hr 

The cost savings associated with the energy savings can be calculated as well.  The 

facility had an average natural gas charge of $9/MMBTU.  The cost savings from operating 

the waste heat driven heat pump are given by the equation: 

Net Cost Savings  = Yearly Energy Savings x 1 MMBTU/10^6 BTU x 

Gas Cost - Electrical Cost to Operate the Heat 

Pump 

 Therefore, the cost savings from operating the heat pump to output 110oF water to 

preheat the water used in the blending section of the facility are: 

Net Cost Savings  = 3,700,000 BTU/hr x 8,000 hr/yr x 1 MMBTU/10^6 

BTU x $9/MMBTU - $55,905/yr 

 Net Cost Savings  = $210,495/yr 
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 The optimum cost savings appear to be from providing the facility with 150oF water.  

This is due to the COP of the heat pump and the amount of heat required to produce the 

necessary water temperature.   

 This case study highlights several concerns about waste heat driven heat pumps.  

First, the systems must be closely analyzed to achieve the maximum cost savings for a given 

installation.  As seen by table 4, the maximum cost savings for the subject facility are when 

the exit temperature of the water is 150oF.  This is surprising because the maximum amount 

of heat required to heat the water is at 160oF.  It would seem logical that the temperature that 

requires the most heat is also the temperature that produces the highest payback.  But, since 

the COP of the unit is lower and the amount of heat required is not that much more, the 

greatest financial return for the subject facility is at a lower temperature than the maximum. 

 The best way to find the optimum point of operation for the system is to closely 

monitor the system after installation.  The heat pump system should be studied for an 

extended period of time with all of the necessary data taken to ensure the predictions are 

correct.  Once the data has been taken and the system has been analyzed, a true optimum 

operational point can be established and the system can provide maximum returns. 

 A second consideration for this case study is the effect the heat pump system will 

have on the ammonia cooling towers.  The operation of the heat pump may affect the 

temperature of the cooling water in the cooling towers.  This will affect the efficiency and 

cooling of the ammonia compressors used in the chilled water system.  The compressors in 

the ammonia system should be studied to ensure different water temperatures would not 

cause operational failures or extremely high operating costs.  It may be shown that the 

installation of the heat pump system will positively affect the ammonia system.  It is difficult 
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to determine and must be evaluated.  If the ammonia system is too harshly affected by the 

installation of the heat pump system, the subject facility may lose money on the installation 

and thus find that the heat pump system is not financially viable. 

Aerospace Manufacturer 

A second interesting case study is for a system to provide reheat air for an aerospace 

manufacturing facility.  The facility assembles airplane components onsite and then tests the 

assembled products.  The facility requires a large amount of chiller and cooling tower 

capacity to cool large electric pumps and other equipment used in the testing of the 

assembled components.  The chilled water system is also used to provide building 

temperature and humidity control.  Plant personnel indicated the cooling towers are used 

pretty constantly throughout the summer months to provide water for the chillers and 

therefore would provide a steady source of waste heat during this time period.  The facility 

also houses hot water boilers that are used to provide reheat water for the HVAC system.  

The heat pump system could replace the heat generated by burning natural gas in facility’s 

onsite boilers for reheat, and produce the same amount of heat for considerably less cost. 

 The facility currently utilizes two 300 hp natural gas hot water boilers to provide 

reheat water for the HVAC system.  The facility requires precise temperature and humidity 

control within the building envelope to ensure the proper calibration of testing equipment.  

The chillers that provide the chilled water to the facility are water-cooled and use cooling 

towers.  The cooling tower system at the subject facility could provide the low temperature 

source required for the operation of the heat pump system.  The heated water from the heat 

pump would be pumped through the ductwork of the subject facility to reheat air in the air 

conditioning system.  
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 Plant personnel indicated the facility usually required HVAC reheat during the hot, 

humid summer months.  Therefore, the summer months will be the period the electric heat 

pump system will replace the boilers.  Currently, the facility’s boilers use natural gas to 

provide the necessary reheat water for the HVAC system.  The natural gas usage for the 

facility during the summer months is shown in table 5 below. 

Table 5.  Natural Gas Usage 

Month Gas Cost 
($) 

Energy Usage 
(MMBTU) 

June $22,826 1,253.5 
July $23,744 1,303.9 

August $23,400 1,285 
September $13,031 715.6 

Total $83,000 4,558 
 

The month of August can be used as a good baseline for the typical amount of natural 

gas used to produce the reheat water.  The hot water boilers were tested while the Industrial 

Assessment Center’s team was onsite and the boilers were found to have a stack efficiency of 

85%.  Assuming the facility reheats the conditioned air 24 hours a day, seven days a week, 

the heat required to raise the temperature of the conditioned air to an acceptable level is: 

Heat Required  = (Energy Used/days per month/hours per day) x Boiler 

Efficiency 

   = 1,285 MMBTU/31 days/24 hours x 0.85 boiler efficiency 

   = 1.47 MMBTU/hr 

   = 1,470 MBTU/hr 

 Next, using vendor-supplied data, an appropriate heat pump unit was selected.  The 

heat pump unit was selected based upon the amount of heat required.  That is, a unit was 

selected based upon the requirement of 1.47 MMBTU/hr.  A unit was selected that could 
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provide the adequate amount of heat with a COP of 5 and a water outlet temperature of 

140oF.  The outlet temperature of the heat pump unit is less than the outlet temperature of the 

hot water boilers currently onsite but the unit is able to provide the same amount of heat as 

the boilers.  Therefore, the required electrical work input to the unit is: 

Work Input  = 1,468 MBTU/hr/5 

   = 294 MBTU/hr 

 This can be converted into kW by: 

Work Input  = 294 MBTU/hr x 1,000 BTU/MBTU x 1 kW/3413 BTU/hr 

   = 86.03 kW 

 The unit will operate 24 hours a day during the summer months to provide the 

necessary heat for the facility.  The average cost of electricity for the subject facility during 

this time period is complicated.  The facility operates on a rate schedule with three different 

rate possibilities.  The facility operates on either “A”, “B”, or “C” rate days depending upon 

the forecasted demand on the utility grid.  The facility does not know the rate it will be 

charged until the day before incurring the rate price.  However, the facility can be charged for 

a maximum of 28 “A” days which is the highest electrical charge.  Plant personnel indicated 

that the “A” days were typically during the summer months when the local electric utility had 

the highest load on the system.  Additionally, plant personnel also indicated that when the 

facility was not operating on an “A” rate schedule during the summer months, the facility 

typically operated on a “B” rate schedule.  Table 6 (Virginia Electric and Power) shows the 

different charges for the three different rates the facility could be charged. 
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Table 6.  Electrical Rate Schedule 

 
Day Classification 

 
On-Peak Period 

On-Peak Rate per 
kWh ($) 

Off-Peak Rate per 
kWh ($) 

A 10 a.m. – 10 p.m. $0.22984 $0.08634 
B 10 a.m. – 10 p.m. $0.04714 $0.03422 
C 6 a.m. – 10 p.m. $0.03878 $0.03244 

 

 The subject facility also incurs contract demand charges for each month.  However, 

the facility does not meet the contract demand amount so that charge will be neglected in the 

cost calculations for operating the heat pump since this amount will not change.  If this 

amount exceeds the contract demand charge, the facility has a relatively low demand charge 

and therefore this can be ignored to calculate the savings for the installation.   

 The average cost of energy during the summer months is therefore made up of a 

composite of mostly “A” and “B” days.  Assuming all of the possible 28 “A” days happen 

during the summer months and the remaining 94 days are “B” days since June through 

September is 122 days, the average cost of energy is: 

Avg. Cost of Energy = (28 days x (12 hr x $0.22984/kWh + 12 hr x  

$0.08634/kWh) + 94 days x (12 hr x $0.04714/kWh 

+12 hr x $0.03422))/(122 days x 24 hr/day) 

   = $0.0676/kWh 

 Therefore, the electrical cost to the subject facility for using an electrical heat pump 

instead of the gas boiler is: 

Electrical Cost  = Work Input x hours per four months x avg. energy cost 

   = 86.03 kW x 2,928 hr x $0.0676/kWh 

   = $17,028/yr 
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 Table 5 shows the actual natural gas usage for the subject facility during the summer 

months.  The facility is charged an average of $18.21/MMBTU for natural gas and therefore 

the natural gas costs for operating the boilers during the summer months is given by: 

Gas Cost  = 4,558 MMBTU x $18.21/MMBTU 

   = $83,000/yr 

 Therefore, the cost savings from operating an electrical heat pump instead of the 

natural gas boilers are substantial.  The cost savings are simply the difference between the 

cost to operate the heat pump unit and the cost to operate the boilers during the same time 

period.  The cost savings are: 

Cost Savings  = $83,000 - $17,028  

   = $65,972/yr 

 The subject facility seems to be very well suited for an electrical waste heat driven 

heat pump.  The gas charge for the facility is high and the electrical charge for the facility is 

relatively low.  Even if the subject facility is forced to operate the heat pump during all 28 

possible “A” days, the average cost of electricity is less than $0.07/kWh.  The combination of 

high gas charges and relatively low electrical rates combined with a steady source of waste 

heat make the facility well suited for the usage of a waste heat driven heat pump system. 

This case study also has several concerns with the installation of the heat pump 

system.  First, the cooling tower water may once again be affected by the heat pump system.  

The cooling system is required to keep large pumps and process equipment cool to maintain 

safe working conditions when dealing with the hazardous materials in the facility.  If the 

installation of the heat pump system is determined to be to problematic for the cooling water 
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system, then the system should not be installed or the cooling water system should be 

upgraded to allow for the heat pump system. 

 Second, the savings for the installation of the system may not be as large as expected.  

The savings were found using the assumption that during the summer months the boilers are 

used only for providing hot reheat water.  However, the boilers may be providing small 

amounts of hot water to other processes or places in the facility.  This will lower the savings 

because the heat pump system will either have to produce more heat or the boilers may have 

to run at a much lower level.  Therefore, the electrical cost to operate the heat pump system 

may be higher or the gas charge may not be zero after the installation of the system. 

 Third, the payback period may be longer than acceptable mostly due to the short 

operational time of the heat pump unit.  The case study analysis was performed assuming the 

facility used the unit only during the summer months.  This offers a drastically lower cost 

savings to the facility and causes a longer payback period.  However, the unit may be able to 

operate during the winter at a reduced capacity.  The facility may be able to get some of the 

heating needs of the facility from the unit but with a higher amount of electrical work input 

and a lower outlet temperature.  This scenario was not considered for the case study but may 

prove to be an attractive option that will further lower the payback period for the subject 

facility. 

Powder Coating Line  

A third interesting possible application of an industrial heat pump system is to use the 

system to heat rinse tanks on a powder coating line.  The North Carolina State University 

Industrial Assessment Center visited a manufacturing facility that manufactures heating and 

cooling systems for the residential, commercial, and industrial markets.  The facility has an 
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in house powder coating line to finish the sheet metal parts produced for the HVAC systems.  

During the visit, plant personnel also indicated a desire to reduce the amount of water drawn 

from a spring located on the property.  The spring water is used to cool a 40-ton water-cooled 

chiller that provides chilled water for the HVAC system.  The spring water is used to cool the 

chiller one time through and then discarded to the sewer system.  Installing a waste heat 

driven heat pump system along with a large water reservoir could greatly reduce both the 

spring water usage and the natural gas usage for the facility.  The water reservoir could be 

used to reduce the spring water usage and as the low temperature source for the heat pump 

system. 

 The facility currently has a five tanks configuration for the rinse section of the 

powder coating line.  Figure 17 below shows the five tanks and the flow of parts through the 

rinse system. 

 

Wash Rinse Wash Coat Rinse   

Figure 17.  Rinse Configuration 

 The two wash tanks are currently heated using natural gas fired heaters and had 

measured temperatures of 133oF on the first stage and 126oF on the third stage.  The second, 

fourth, and fifth stages are not heated but are warm because of the heated first and third 

stages.  Plant personnel indicated during the IAC team’s visit that the natural gas burners on 

the first and third stages were currently set to the lowest firing rate because they were 

oversized.  The lowest setting corresponded to a heat output of approximately 150,000 

BTU/hr for both units or 300,000 BTU/hr total.  An appropriately engineered heat pump 

system could provide both the necessary amount of heat and the required water temperature. 
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 The proposed heat pump and water tank system would draw heat from the storage 

tank installed to hold the cooling water for the chiller.  The water in the tank would be used 

for both cooling the chiller and providing the necessary amount of heat for the waste heat 

pump system.  The facility could also install a cooling tower system for the chiller and the 

heat pump system.  However, the facility does not operate the chiller year round so a more 

economical system would be to simply install a large storage tank for the water reservoir. 

 The chiller for the facility does not currently run throughout the year.  The chiller is 

responsible for producing chilled water for the HVAC system in the office section of the 

facility.  Using a computer load modeling package and assuming the system is turned off 

when the office is not in use, the chiller is estimated to run approximately 1,040 hours per 

year.  The low run time for the unit will affect the payback period but this may be offset by 

the subject facility’s strong desire to lower the amount of spring water used in order to 

become a more environmentally friendly production facility. 

 Figure 18 shows the layout of the proposed heat pump system with the water 

reservoir.  The facility could also simply install a cooling tower instead of the water tank or 

install a cooling tower in addition to the tank to ensure proper water temperature control.   
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Figure 18.  Proposed Heat Pump Layout 

The boiler in the facility is another important piece of the system.  The boiler could 

be used for times when the heat pump could not keep up or on startup for the system.  

Therefore, the boiler is tied into the water reservoir as well to ensure the proper heat is 

contained in the system.   
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 Using vendor data, a waste heat driven heat pump system was selected.  The selected 

system had a COP of 5 with the appropriate amount of heat supplied and a waste heat stream 

of approximately 85oF.  The electrical work required to produce 300,000 BTU/hr of heat is: 

Electrical Work In  = Heat Required/COP 

    = 300,000 BTU/hr/5 

    = 60,000 BTU/hr 

Electrical Work In  = 17.58 kW 

    = 24 hp 

The water flow rate required to produce the necessary amount of heat can be 

calculated as well.  The water flow rate to produce the 300,000 BTU/hr of heat is given by: 

Water Flow Rate  = 300,000 BTU/hr/(1 BTU/lb oF x 10oF) 

    = 30,000 lb/hr 

    = 60 gpm 

The system will require a large amount of piping and therefore will require the water 

to travel a long distance.  The powder coating line is a good distance from the chiller so 

piping will need to be run and pumps will need to be installed.  Estimating the head loss for 

the piping system to be 50 feet going in both directions from the heat pump system, the pump 

power required is: 

Pump Power   = 30,000 lb/hr x 50 ft/3,600 sec/hr 

    = 417 ft-lb/sec 

Pump Power   = 0.76 hp 
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 However, for convenience and an appropriate safety factor, the pump will be assumed 

to be 2 hp.  The system will require two pumps to operate properly.  Therefore, the total 

pump power assuming a 90% motor efficiency is: 

Pump Power   = 2 pumps x 2 hp x 0.746 kW/hp/90 % efficiency 

    = 3.3 kW 

Therefore, the total power to operate the heat pump system is: 

Electrical Power  = 17.58 kW + 3.3 kW 

    = 20.88 kW 

 Assuming the facility’s chiller is fully loaded when operating during the daytime 

hours, the heat pump will have enough waste heat to operate for approximately 1,040 hours 

per year.  The electrical energy required to operate the unit is therefore: 

Electrical Energy  = 20.88 kW x 1,040 hours/yr 

    = 21,715 kWh 

 The subject facility had an average electrical cost of $0.0455/kWh and no demand 

charges.  Therefore, the electrical cost to operate the waste heat pump system and the 

electrical pumps required to move the water is: 

Electrical Cost   = 21,715 kWh/yr x $0.0455/kWh 

    = $988/yr 

 The natural gas savings for the facility can also be calculated.  Assuming a stack 

efficiency of 80% on the two burners for the first and third tanks, the natural gas savings are: 

Natural Gas Savings  = 300,000 BTU/hr x 1040 hr/yr/80% efficiency 

    = 390 MMBTU/yr 
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 The natural gas cost savings can be calculated using the average natural gas costs for 

the facility.  The facility has an average natural gas cost of $12.20/MMBTU.  Therefore, the 

natural gas cost savings are: 

Natural Gas Cost Savings = 390 MMBTU/yr x $12.20/MMBTU 

    = $4,758/yr 

 The overall savings for the facility from the installation of the heat pump system can 

be calculated by subtracting the electrical cost of operating the heat pump system from the 

natural gas cost savings.  Therefore, the overall cost savings are: 

Overall Cost Savings  = $4,758 - $988 

    = $3,770/yr 

 The cost savings from operating the waste heat driven heat pump system are small for 

this application.  The low cost savings are due to two things, the low run time of the heat 

pump unit and the small amount of heat required in the application.  The heat pump has 

sufficient waste heat only approximately 1,040 hours per year due to the facility’s chiller 

running only during the summer months.  The unit would provide a greater savings amount 

for the subject facility if there were a suitable waste heat stream that provided waste heat for 

more of the year.   

Second, the wash tanks only require approximately 300,000 BTU/hr of heat.  This is a 

smaller amount than seen in the previous case studies.  Since the heat required is lower, the 

savings are not as large as a unit providing more heat and therefore reducing the amount of 

natural gas required to produce the heat. 
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The proposed heat pump system for the powder coating wash line has several 

considerations that must be addressed to ensure the system operates properly or before the 

system can be installed. 

First, the reservoir system for the heat pump needs to be carefully engineered and 

monitored.  The cooling water for the chiller cannot get too hot or the chiller will no longer 

operate properly and the heat pump system would be uneconomical.  The water reservoir 

may have a cooling tower attached or may simply be a cooling tower outside the facility 

instead of a large water tank.  The system will have to be well engineered and monitored to 

ensure the proper temperature of the water. 

Second, the amount of time the system is projected to operate is quite low and this 

may severely limit the economic feasibility of the system.  The system is only expected to 

operate approximately 1,040 hours per year, which makes the payback period longer.  

Additionally, the loading on the chiller is not fully known so the amount of waste heat 

available to drive the unit may not be as much as expected.  This may cause the unit to 

operate even less than 1,040 hours per year further increasing the payback period.  Overall, 

the payback period for the system is long and the facility must be interested in conserving 

spring water in order to make the system feasible for installation. 

Third, as stated previously, the payback is long and the facility must be interested in 

reducing the amount of spring water used to make the system feasible for installation.  On 

economic merits along, the system will have a tough time being installed due to the extended 

payback period and the uncertainty of the operational time of the unit.  However, if the 

facility looks at all of the benefits from the installation of the heat pump system, the overall 
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cost savings, and the lowered spring water usage at the facility, then the long payback period 

may be appropriate and the system may be installed.    

Fiber Optic Plant 

The fourth case study involves the installation of a waste heat driven heat pump 

system at a fiber optic manufacturer.  The facility currently uses heat reclaim chillers to 

provide the necessary heat for HVAC reheat water as well as facility heating during the 

winter months.  The IAC felt the facility could greatly reduce the pump work required for the 

heating system by installing a heat pump system. 

The facility houses two 1,200-ton heat reclaim chillers.  However, only one of the 

chillers operates at a time and the second is kept as a backup.  Both units are equipped to 

provide hot water from the condenser portion to the HVAC heating coils.  Plant personnel 

indicated during the IAC team’s visit that the water typically exited the condenser of the 

chillers at approximately 98oF and that the chillers typically provided approximately 3,600 

gpm of water to the coils. 

The subject facility would not allow for measurements to be taken on the return 

temperature of the condenser water nor the air temperatures on either side of the hot water 

coils in the HVAC ductwork.  Therefore, much of the analysis of this case study will be done 

using sound engineering judgment and approximations. 

Currently, the facility uses 3,600 gpm of 98oF hot water taken directly from the 

condenser section of a 1,200-ton reclaim chiller.  Assuming a temperature difference of 10oF 

across the coils in the HVAC system, the average heat transfer to the air is: 

Heat Transfer   = 3,600 gpm x 60 min/hr x 8.34 lb/gallon 

     x 1 BTU/lb oF x 10oF 
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    = 18 MMBTU/hr 

 The current configuration and proposed configuration are shown in figures 19 and 20 

below. 
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Figure 19.  Current Configuration 
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Figure 20.  Proposed Configuration 

The chillers are housed quite a distance away from the rest of the facility where the 

reheat and heating coils are located.  Therefore, the head loss and the pumping power 
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required to move the heating water will be large.  Estimating a head loss of 150 ft, the 

pumping power required to pump the heating water is: 

Pump Power   = (1,801,440 lb/hr x 150 ft)/3,600 s/hr 

    = 75,060 ft-lb/s 

    = 136.5 hp 

 This is a large amount of pump work required to move the heating water through the 

HVAC system.    The installation of a heat pump system could reduce both the head loss and 

the pumping power by reducing the amount of water required.  However, for simplicity, the 

head loss will be assumed constant after the installation of the heat pump system.  Therefore, 

assuming a new temperature difference of approximately 30oF across the heating coils, the 

new mass flow rate is: 

Mass Flow Rate  = 18,000,000 BTU/hr/30 BTU/lb 

    = 600,480 lb/hr 

 The new pump power to move the heating water through the system is: 

Pump Power   = (600,480 lb/hr x 150 ft)/3,600 s/hr 

    = 25,020 ft-lb/s 

    = 45.5 hp 

 Furthermore, the chillers at the subject facility can be tuned to run more efficiently 

with a lower condenser temperature.  Assuming the chillers run approximately five percent 

more efficiently than before the heat pump was installed will give an electrical savings of: 

Electrical Savings  = 0.05 x 1,200 ton x 12,000 BTU/hr  

     x 1 kW/3413 BTU/hr 

    = 211 kW 
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 The total electrical savings from the installation of a heat pump system are: 

Total Electrical Savings = (91 hp x 0.746 kW/hp) + 211 kW 

    = 279 kW 

 The heat pump required to produce 18 MMBTU/hr is a large unit.  Assuming a COP 

of 5, the electrical work input required is: 

Heat Pump Electrical Work = 18,000,000 BTU/hr/5 

    = 3,600,000 BTU/hr 

    = 1,055 kW 

 The analysis can stop here.  The size of the heat pump system is much too large to 

justify the installation.  The facility would require much more electrical energy to run the 

heat pump than it would save on the pumping power from the increased water temperature.   

This case study highlights the need for careful engineering and oversight when a 

waste heat driven heat pump is proposed for installation.  The system would simply not pay 

for itself in this case and therefore should not be installed.  The size of the system and the 

source of energy and financial savings should be closely scrutinized to ensure the system 

would perform in the proper manner and save the manufacturing facility money and energy. 

The facility should also carefully review the proposed system to see if savings can be 

found in other places from the heat pump installation.  The system may become more 

financially attractive if other savings streams are identified.  Both the design engineers and 

the facility management should ensure all possible savings have been identified before 

abandoning the project. 
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4.2 IMPLEMENTATION COSTS AND SIMPLE PAYBACK PERIOD 

Implementation costs for the four case studies performed with Industrial Assessment 

are difficult to estimate.  Local vendors were contacted with limited success.  However, a 

rough estimate of $2,000/ton installed was received through personal dialogue.   

The first case study was for the large beer bottling facility that had waste heat 

available in the ammonia system cooling towers.  The facility could use a heat pump to 

elevate some of the process water to a higher temperature before sending the water to the 

boiler to heat it to the final temperature. 

Assuming the facility will use the most cost effective output temperature of 150oF, 

the plant will require a heat pump unit that is approximately 445 tons.  Therefore, the 

installation cost for the heat pump is: 

Installation Cost  = 445 tons x $2,000/ton 

    = $890,000 

 Additionally, the facility will require piping, controls, and engineering services for 

the system at an additional estimated cost of $100,000.  Therefore, the total installation cost 

will be approximately $990,000.  The simple payback period for the installation is: 

Simple Payback Period = $990,000/$265,013/yr 

    = 4 years 

 This is a relatively short payback period for a heat pump installation.  The payback 

period is short because the facility operates the boilers and requires process heating for a 

large amount of time throughout the year boosting the run time of the proposed heat pump 

system. 
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 The second case study involved a heat pump installation at an aerospace 

manufacturing facility.  The heat pump would be used to heat the facility reheat water used to 

raise the temperature of the air in the HVAC system to comfortable levels without raising the 

humidity. 

 The facility requires a smaller heat pump than the beer bottling facility profiled in the 

first case study.  The heat pump required for the aerospace manufacturing facility is 

approximately 123 tons.  Therefore, the estimated installation cost for the heat pump alone is: 

Installation Cost  = 123 tons x $2,000/ton 

    = $246,000 

 The facility will also require piping, controls, and engineering to make the unit 

operate properly.  Estimating the cost of these inputs to be $100,000, the total 

implementation cost is $346,000.  Therefore, the simple payback period is: 

Simple Payback Period = $346,000/$65,972/yr 

    = 6 years 

 The payback period for this installation could also be improved with a longer run time 

for the unit.  The facility would really only require the reheat water a fraction of the year and 

then the unit would be idled.  The facility should search for areas that the heat pump could be 

used in addition to the reheat water in order to further reduce the simple payback period and 

make the heat pump unit more economically favorable. 

 The third case study was performed for a facility that manufactures heating and 

cooling equipment for the residential, commercial, and industrial markets.  The facility 

utilizes natural gas fired heaters to warm certain tanks in the rinse portion of a powder 

coating line.  The facility requires heat for the tanks only approximately 1,040 hours a year 
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so the heat pump will not operate a large portion of the year.  However, the unit will not be 

large so the payback period will be appropriate in length. 

 The installation cost for the heat pump assuming the required unit is 5 tons is: 

Installation Cost  = 5 tons x $2,000/ton 

    = $10,000 

 Additionally, the facility will require a tank, pumps, piping, controls, and engineering 

for the unit to perform optimally and for the unit to provide useful returns.  The additional 

items will cost approximately $10,000.  Therefore, the total implementation cost for the unit 

is $20,000.  The simple payback period for the HVAC manufacturing plant is: 

Simple Payback Period = $20,000/$3,770/yr 

    = 6 years 

 The payback period is longer than the previous two case studies.  However, the 

subject facility currently uses once through spring water to cool the chiller.  Facility 

management indicated they were actively attempting to find ways to reduce the spring water 

usage in the facility.  The installation of a holding tank could greatly reduce the spring water 

usage of the facility.  The reduction in spring water usage will not lower the payback period 

of the unit but it may allow management at the corporate level to initiate the project even 

though the payback period may be longer than desired. 

 The fourth case study was performed for a large fiber optic cable manufacturer.  The 

subject facility currently uses two 1,200-ton heat reclaim chillers to provide the facility with 

reheat and heating water for the HVAC system. 

 The facility would not be a good fit for a waste heat driven heat pump system.  The 

reclaim chillers provide the facility with approximately 18 MMBTU/hr of heat for the HVAC 
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system.  The system requires an estimated 136 hp of pumping work to move the large 

amount of water required for the facility’s heating needs.  An industrial heat pump could 

greatly reduce the pumping needs of the facility by allowing the plant to provide hotter water 

to the heating coils.  The hotter water would reduce the amount of water needed in the coils 

to provide the necessary heat to the system. 

 However, due to the large amount of electrical work needed to provide the necessary 

heat from the heat pump system, the subject facility would not achieve any savings.  The 

electrical costs for the facility would greatly increase with the installation of a heat pump 

system.  Therefore, the system would not provide any payback and should not be installed in 

this case. 

 Table 7 shows the individual case studies performed with the Industrial Assessment 

Center.  The table shows the estimated cost savings, the estimated implementation cost, and 

the estimated simple payback period for the case studies.  The final case study was omitted 

from the table because it is not feasible for the system to be installed and therefore does not 

have an estimated payback period or estimated implementation cost. 

Table 7.  Heat Pump Implementation Costs 

Case Study Cost Savings Implementation 
Cost 

Simple Payback 
Period 

Beer Bottler $265,013 $990,000 4 years 
Aerospace 

Manufacturer 
 

$65,972 
 

$346,000 
 

6 years 
HVAC 

Manufacturer 
 

$3,770 
 

$20,000 
 

6 years 
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5.0 CONCLUSION 

 Industrial waste heat driven heat pumps can greatly benefit facilities that are willing 

to install them.  The facilities visited by the Industrial Assessment Center have shown good 

promise for the possibility of installing waste heat driven heat pumps.  However, there are 

several conclusions that can be made about the heat pumps to ensure the installations are 

successful financially. 

 The first conclusion that can be made from these case studies is the need for the unit 

to operate for a large period of time.  The units that operate for the longest periods of time 

with regards to facility run time provide the fastest payback periods.  As an example, the unit 

proposed for the beer bottling facility visited by the Industrial Assessment Center provided 

an estimated 4-year payback period while operating nearly continuously.  In contrast, the 

HVAC manufacturing facility was only capable of providing a heat source for approximately 

1,040 hours a year and therefore had an approximate payback period of 6 years.  The case 

studies performed by others also show the important link between the operating hours of the 

unit and the payback period for the facility. 

 The second conclusion that can be made is the need for the unit to have a steady 

supply of waste heat to utilize.  The need for a steady stream of waste heat helps to increase 

the operational time of the unit and therefore decreases the payback period for the facility.  

The system needs to be well engineered to ensure the facility can provide a steady source of 

waste heat to prevent the heat pump from sitting idle or performing well below accepted 

standards due to improper inputs.  The case studies show the need for the waste heat streams 

in the manufacturing plant to be closely monitored for an extended period before the 

installation of the heat pump.  The waste heat streams should be monitored to determine the 
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amount of heat available in the stream, the temperature of the stream, and the consistency of 

the stream.  If the facility cannot provide the necessary amount of waste heat on a consistent 

basis then a waste heat driven heat pump should no longer be considered. 

 A third conclusion to be drawn from the case studies is the need for the heat pump to 

adequately offset energy usage in the facility.  The fourth case study performed highlighted 

this well.  The facility was able to offset some of the power work required for the current 

system by installing a heat pump to raise the temperature of the water used in reheat and 

heating coils.  However, the electric usage of the proposed heat pump was much greater than 

the pump power that was offset.  This made the system financially unfeasible and therefore 

the case study showed the system should not be implemented.  However, the previous three 

case studies showed that if a facility was able to utilize the heat pump to offset energy usage 

in the plant, the system could provide relatively short payback periods.  The first three case 

studies performed on Industrial Assessment Center clients showed the heat pumps could 

offset the usage of natural gas in the boilers of the facility and therefore could provide a 

payback for the facility. 

 The fourth conclusion that can be drawn from the case studies performed using 

Industrial Assessment Center data is the need for appropriately priced utilities.  Facilities 

with high electrical costs and low natural gas or fuel oil costs are not ideal candidates for 

electrically driven waste heat driven heat pumps.  The case studies performed with the North 

Carolina State Industrial Assessment Center took place in areas with extremely low industrial 

electric rates and moderately high natural gas costs.  If the energy situation were reversed, 

none of the case studies would have provided an adequate payback period.  In a situation 

with high electrical rates, the facilities may need to find alternative sources to drive the 
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compressors in the heat pump cycle.  Certain heat pumps utilize natural gas fired 

compressors and may be a good fit for the situation.  Both a thorough engineering and 

economic analysis should be performed to ensure the economic success of the heat pump 

system. 

 Finally, waste heat driven heat pumps seem to provide convincing medium term 

payback periods and should be considered when the application is appropriate.  Waste heat 

driven heat pumps may not work in all situations and the system should be well engineered 

before installation.  If the heat pump is well engineered, well matched to the process and 

application, and closely monitored, the system should provide meaningful benefit to the 

facility where it is installed. 

6.0 FUTURE WORK 

    Several different aspects of waste heat driven industrial heat pump systems should be 

further investigated.  First, facilities which currently have systems installed should be 

monitored.  The performance of these systems could help determine if waste heat driven heat 

pumps could become more of an integral part of American manufacturing. 

 Second, more non-traditional heat pump cycles should be explored and tested.  

Nontraditional working fluids or different applications should be explored to get the 

maximum benefit from heat pump technology. 

 Finally, more case studies should be performed to convince engineering management 

that heat pumps are viable for manufacturers.  The case studies would hopefully show a need 

for a waste heat driven heat pump and the benefits that these heat pumps could provide. 
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