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5 Denmark 

5.1 Hybrid heat pump at Arla Arinco  

5.1.1 Summary 

A heat pump of 1.25 MW was installed utilizing energy from 40° C cooling water – ener-
gy that was discharged to the environment prior to this project. The installed heat pump 
preheats drying air for milk powder to around 80° C through a water circuit. 

The pay-back time of 2.3 years (1.5 years with energy grants included) indicates that 
large industrial heat pumps can be a profitable for both companies and society. 

Another conclusion from the project is that engineering, design, construction, commis-
sioning and operation of a heat pump plant of this size is comparable to that of industri-
al refrigeration plants.  

5.1.2 Project information  

Company Arla Arinco 

Location Videbaek, Denmark 

Process application Drying air for milk powder 

Type of heat pump Hybrid NH3/H2O 

Capacity 1.25 MW 

Running hours Approx. 7,400 per year 

Year of operation 2012 

Primary energy savings Approx. 7.2 GWh per year 

Reduction in CO2 emission Approx. 1,400 tonnes 

Maintenance costs Aprrox. 2 euros/MWh-heat 

Manufacturer/supplier Industri Montage 

Pay back 1.5 years 
 

5.1.3 Project characteristics and process design of installed system  

The heat pump is installed in an application where ambient air is heated to 150 °C for 
drying milk powder. Previously this was done by a natural gas boiler. During the project 
the philosophy was to: 

 
1. Minimize the energy demand 
2. Incorporate direct heat exchangers as far as possible 
3. Consider whether a heat pump is the best solution for the remaining energy 

demand 
 
Following these steps it became obvious that the best solution would be a heat pump 
only doing part of the heating towards 150 °C. It was also noticed that pre heating of the 
ambient air was possible through direct heat exchanging utilizing cooling water from an 
evaporator. The installation was thus changed to consist of three stages where the first 



  Task 4: Case Studies 

Denmark 

5-486 

 

 

 

is preheating to 40 °C using cooling water, second stage is heating from 40-80 °C using 
the heat pump – also recovering heat from the cooling water and third stage is heating 
from 80-150 °C using the existing gas boiler. Due to fluctuations in cooling and heating 
demands, two buffer tanks have been installed eliminating variations in the cooling sys-
tem and ensuring steady conditions for the heat pump. 

The principle is shown on the figure below with the three heating stages on the right 
sight of the figure. 

Figure 5-1: Principle 

Existing cooling plants and NG boilers are kept for backup in case of failure or mainte-
nance in the heat pump system. 

5.1.4 Running experience, savings and economics  

With a COP of 4.6 the heat pump approximately halves the energy cost compared to 
natural gas that is replaced. A high number of annual operation hours (around 7,400), 
ensures a considerable reduction in energy expenses. The analysis throughout the pro-
ject also led to other energy reductions as well as direct pre heating of ambient air, thus 
the project as a whole caused substantial savings making this approach very profitable. 
Energy savings represent a tradable value in the Danish system for energy reductions. 
Because of the considerable amount of energy savings in this particular case, around 
half of the investment was financed through this value leading to a simple payback time 
of around 1.5 years and being very profitable from a life time perspective. 

A few modifications were carried out during the first period of operation. This was pri-
marily about the control strategy, where the heat pump itself and the surrounding part 



  Task 4: Case Studies 

Denmark 

5-487 

 

 

 

of the system did not correspond appropriate. Apart from this, the system has been 
functioning as planned. 

5.1.5 Lessons learned and challenges 

The owner is very happy with the system and the way this project was carried out. It has 
been clear that thorough energy analysis is crucial in these installations as reduced con-
sumption and direct heat exchangers must be considered before installing heat pumps. 
This is very time consuming, but the direct savings found through this approach has paid 
for these working hours several times. If the analysis was not carried out the heat pump 
installed would have had twice the capacity and not be near as profitable. 

5.1.6 Motive/grounds/rationale behind investment 

Arla have ambitious goals to reduce energy consumption and CO2 foot print. In order to 
assess possible solutions the company volunteered as a demonstration host in a heat 
pump project funded by the Danish Energy Agency. In this project a thoroughly energy 
analysis of the company’s processes was conducted leading to direct energy savings as 
well as a basis for the heat pump installation. 

5.1.7 Specifications of heat pump  

Description  Heat Pump  Back up 
Type Two stage Hybrid NH3/H20 Gas boilers 
Heating capacity  1,250 kW/unit (→°C,  units)   
Cooling capacity  980 kW/unit (→°C, units)   
Power consumption  270 kW/unit (units)   
 

Heat source 

 

 

Cooling water 

 

45-20 °C  

 

40 m3/h   

Heat sink 

 

Drying air (water circuit) 40-85 °C  
  

Refrigerant  NH3/H20 compression/absorption  
Compressor type  2 x standard reciprocating NH3 compressors   
COP  4.6  

Operation hours 11,000  

Storage water tank  2 x 100 m3  Temp 45-20 °C  
Manufacturer of heat 
pump 

Industri Montage  

Supplier/consultant Industri Montage   
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5.2 NH3 heat pump at Skjern Paper Mill 

5.2.1 Summary 

Skjern Paper Mill recovers waste heat from paper drying. The recovered heat is boosted 
to around 70° C using a heat pump and delivered to the district heating system in the 
city of Skjern. The paper mill use steam that is produced by natural gas boilers as a pri-
mary heat source. Apart from heat recovery at the drying process, heat is also recovered 
at the flue gas of the boilers. At the drying process heat is recovered through a combina-
tion of direct heat exchange and heat pumps. The heat pump system was put into oper-
ation in December 2012. Skjern Paper Mill supplies approx. 36,000 MWh of heat annual-
ly which equals 60 % of the consumption of the 3.000 households in the city of Skjern.  

The heat pumps are installed at Skjern Paper Mill who also owns and operates the sys-
tem. In this way the district heating plant has no operational responsibility for the heat 
purchased by Skjern Paper Mill. 

5.2.2 Project information  

Company Skjern Paper Mill 

Location Skjern, Denmark 

Process application District heating 

Type of heat pump High pressure NH3 

Capacity 4.0 MW (5.4 incl. direct heat exchange) 

Running hours Approx. 8,000 per year 

Year of operation 2012 

Primary energy savings Approx. 30 GWh per year 

Reduction in CO2 emission Approx. 6.000 tonnes 

Maintenance costs Aprrox. 2 euros/MWh-heat 

Manufacturer/supplier Johnson Controls / Averhoff Energi Anlæg 

Pay back 2.5 years  

5.2.3 Project characteristics and process design of installed system  

Skjern Paper Mill has been the developer of this project. The heat pump system recovers 
energy from moist drying air that was previously discharged directly to the ambient. 
Temperatures of the district heating system varies throughout the year but the district 
heating water is typically heated from approx. 37 °C to 68 °C. The moist drying air is be-
tween 50 °C and 55 °C with a relative humidity of 100 %. The temperature overlap be-
tween sink and source mean that the district heating water is preheated using a direct 
heat exchanger, while the heat pumps move energy in the temperature range which is 
not possible with direct exchange. The district heating network is coupled directly to the 
heat pumps and the system holds an accumulation tank to stabilize the production heat 
delivery. The heat pumps are three identical parallel coupled ammonia plants with a 
total output of approx. 4 MW. In combination with the direct heat recovery the total 
thermal output from the drying process is approx. 5.4 MW. 
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The principle is shown on the figure below. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-2: Principle 

The district heating plant still holds the previous boilers as backup. 

5.2.4 Running experience, savings and economics  

Prior to installation of this system the Paper Mill and district heating company agreed on 
a fixed margin on top of the production cost. The Paper Mill guarantees a minimum COP 
of the system while the district heating company guarantees to purchase a certain 
amount of heat each year. This setup provides security for the investment at the Paper 
Mill, while the heat consumers in the city are guaranteed a low price for the heat. 

The agreement between Skjern Paper Mill and Skjern district heating with this solid 
gross margin was settled in 2012 prior to commissioning of the plant in late 2012. In 
2013 the tax system in Denmark was altered, meaning that a dynamic model of payment 
was preferable and chosen instead. In this approach the price is settled each month 
based on the actual production cost at the paper mill and the marginal heat production 
cost at Skjern district heating. The settlement price is always exactly in between, so that 
the profit at the paper mill corresponds to the savings at the district heating company. 

5.2.5 Lessons learned and challenges 

One of the components that have been particular important was the cooling surfaces, 
which cools moist drying air and recover heat. The air is corrosive and it was very im-
portant to find a product that can withstand aggressive environments. In addition the 
system is structured in a way which makes it possible to clean the heat exchanger in 
case of fouling. 
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One of the bigger challenges after start-up of the plant has been to ensure a delivery of 
heat from the paper mill to the district heating network. Due to unexpected stops such 
as a paper fracture that shuts the entire mill immediately when it occurs, it has been a 
challenge to ensure that there is no cold congestion in the district heating network. 
There have been some changes and adjustments in the first months after commissioning 
which solved the problems. Since the plant has not been operating for very long there is 
not sufficient experience of the service and maintenance to describe here. 

The paper mill has become very aware of the temperature levels in the system as the 
heat pumps are an important source of income for the paper mill. In periods with extra 
high temperatures of the drying air or low temperatures in the district heating system, 
the COP of the total system have been as high as 11 while the capacity have been higher 
than the nominal 5.4 MW. The paper mill plans to establish a link between the heat 
pump system and the boilers. Heat recovery at the boilers happen at a much higher 
temperature than the district heating requires. By raising the temperature from the 
boilers and mix this with water from the heat pumps, COP and profit will be higher while 
the price of district heating is lowered. 

5.2.6 Motive/grounds/rationale behind investment 

The paper mill has ambitious goals to reduce energy consumption and CO2 foot print. 
This solution meets these goals while being very profitable at the same time. 

5.2.7 Specifications of heat pump  

Description  Heat Pump  Back up 
Type 3 x parallel coupled high pressure NH3 Gas boilers 
Heating capacity  1,335 kW/unit (→°C,  units)   
Cooling capacity  1,065 kW/unit (→°C, units)   
Power consumption  270 kW/unit (units)   
 

Heat source 

 

 

Drying air (water circuit) 

 

40-25 °C  

 

  

Heat sink 

 

District heating water 45-68 °C  
  

Refrigerant  NH3  
Compressor type  3 x high pressure screw NH3 compressors   
COP  5.0 (6.7 incl. direct heat exchange)  

Operation hours 10,000  

Storage water tank  1,250 m3  Temp   37-68 °C  
Manufacturer of heat 
pump 

Johnson Controls  

Supplier/consultant Averhoff Energi Anlæg  
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5.3 NH3 heat pump at Knud Jepsen Nursery 

5.3.1 Summary 

Knud Jepsen is a Danish nursery with 120,000 m² green houses. The yearly energy con-
sumption is 21 GWh of heat and 9 GWh of electricity. Heat and electricity is produced on 
natural gas CHP’s, two oil boilers and one gas boiler. In the wintertime heat is added in 
the greenhouses and in the summer windows have to be opened to prevent high tem-
peratures. Apart from the heat loss, opening the windows also allows pests to enter and 
CO2 to escape. 

The idea in this project was to utilize excess heat from the green houses via solar panels 
that can be angled to shade the greenhouses in warm periods. The solar panels are 
cooled by two heat pumps providing district heating for own use or for sale. Besides 
cooling the solar panels the heat pumps are also connected to flue gas coolers at the 
CHP’s. The project was supported by the Danish Energy Agency and was initiated in 
2012. The plants have been running since the summer of 2013 but as the heat pumps 
are only part of the installation concerning three different solar panel setups, focus so 
far have regarded the solar panels and operating experience of the heat pumps are not 
yet conclusive. A final report on the project can be expected within 2014. 

5.3.2 Project information  

Company Knud Jepsen Nurcery 

Location Hinnerup, Denmark 

Process application Heating of green houses 

Type of heat pump 40 bar NH3 

Capacity 2.0 MW 

Running hours ? 

Year of operation 2012 

Primary energy savings Approx. 3 GWh per year 

Reduction in CO2 emission Approx. 600 tonnes 

Maintenance costs Aprrox. 2 euros/MWh-heat 

Manufacturer/supplier Johnson Controls / Averhoff Energi Anlæg 

Pay back ? 
 

5.3.3 Project characteristics and process design of installed system  

The cooling circuit of the heat pumps is connected to both flue gas coolers and solar 
panels. The sink side is connected in series to the CHP’s in order to use these for reheat-
ing after the heat pumps. The heat pumps take the heating water to around 60 °C while 
the CHP’s increase the temperature to around 80 °C.  
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The system is sketched on the following figure: 

 

Figure 5-3: System 

Depending on the solar radiation and capacity of the flue gas cooler, the cooling circuit is 
heated to around 35 °C. Utilizing the gas cooler enables the system to operate when 
there is no sun available. The water is heated through the heat pumps to 60 °C and then 
reheated to 80 °C in the CHP. The system is connected to two separate buffer tanks 
holding a total of 5,000 m3. Two tanks allow separate storage of heat produced on heat 
pumps and CHP’s, meaning that they can be operated individually to utilize fluctuating 
electricity prices. 

The solar panels are fitted with wires so that they can be turned on or off like curtains 
whichever the plants in the greenhouse requires. In this way the panels can both collect 
the direct sun input and the convection heat from inside the green house.  

5.3.4 Running experience, savings and economics  

The system will reduce energy cost by lower heat production prices, reduced ventilation 
and less CO2 consumption. The heat pumps have been running since the summer of 
2013, but the system is not yet fully optimized as the fluctuating solar radiation and 
complex system layout require sophisticated control strategies. Due to this, economics 
and operating experience of the heat pumps are not yet conclusive. A final report on the 
project can be expected within 2014. 

5.3.5 Motive/grounds/rationale behind investment 

The project was initiated to reduce gas consumption and heat production cost due to 
low prices of electricity. Cooling of the greenhouses allow less ventilation thus less CO2 
consumption, which again reduce the gas consumption.  

Solar panel 

Heat pumps 

CHP 

Flue gas cooler 
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5.3.6 Specifications of heat pump  

Description  Heat Pump  Back up 
Type 2 x parallel coupled 40 bar NH3 Gas boilers 
Heating capacity  1,000 kW/unit (→°C,  units)   
Cooling capacity  750 kW/unit (→°C, units)   
Power consumption  250 kW/unit (units)   
 

Heat source 

 

 

Solar panels and flue gas 

 

35-10 °C  

 

  

Heat sink 

 

Water 50-60 °C  
  

Refrigerant  NH3  
Compressor type  40 bar 8 cyl. reciprocating NH3  
COP  4.0   

Operation hours ?  

Storage water tank  2 pcs. total 5,000 m3  Temp   60 and 90 °C  
Manufacturer of heat 
pump 

Johnson Controls  

Supplier/consultant Averhoff Energi Anlæg  

 

5.4 Heat pumps in industrial washing applications  

5.4.1 Summary 

KSN Industries have been part of an R&D project developing heat pumps for the washing 
plants that KSN have been manufacturing for a number of years. KSN has seen an in-
creasing focus from customers about energy optimization of production equipment. The 
washing processes are quite energy intensive and as they are usually electrically heated, 
there is a savings potential on energy cost. The project was carried out by KSN Indus-
tries, Grundfos and a number of advisers. Grundfos is the end user of a large number of 
these washing plants and very interested in this heat pump concept.  

Through this project a demonstration plant was built and tested and it was verified that 
heat pumps in these applications can reduce energy consumption by 50 %. The heat 
pump is installed at one of Grundfos’ washing plants in Bjerringbro. It recovers waste 
energy from the exhaust and recycles it back into the water of the same plant. The pro-
totype is developed by the Danish Technological Institute in cooperation with KSN and 
the main challenges were finding suitable components, effective heat transfer and an 
optimal control system. 

Other targets of the project were to uncover the potential for heat pumps in different 
types of washing processes and to disseminate this knowledge to manufacturers, energy 
consultants and end users.  
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5.4.2 Project information  

Company Grundfos 

Location Bjerringbro, Denmark 

Process application Washing metal items 

Type of heat pump R134a 

Capacity 25 kW  

Running hours Approx. 5,000 per year 

Year of operation 2011 

Primary energy savings Approx. 100 MWh per year 

Reduction in CO2 emission Approx. 20 tonnes 

Maintenance costs Aprrox. 2 euros/MWh-heat 

Manufacturer/supplier KSN Industries 

Pay back 2.5 years  
 

5.4.3 Project characteristics and process design of installed system  

The project focuses on washing plants for production companies where the washers are 
used to clean metal or plastic items after machining processes. The washers are typically 
located in direct continuation of processing machines, where the items are cleaned to 
remove oil residues and possible dirt from the machining. After washing the items are 
dried and proceed to further processing or assembly into the final product. 

The idea is to design the heat pumps as independent units that can be applied in both 
existing and new plants. The heat pumps are located in their own cabinet and connected 
to washing plants via hoses or pipes. This requires only minimal interference with the 
washing plant, while the heat pump can be flexibly positioned near the washer. 

The most common type of the washing plants are called “run through washers” as the 
items are led directly through after processing. The items are transported through the 
washer via a belt or a drum. The machines typically hold two washing areas – one with 
soapy water and one with rinsing water. And finally a drying zone. The picture below 
shows a “run through washer”. 
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Figure 5-4: „Run through washer” 

Metal items leave the pressing machine on the right where they enter the washer and 

then exits on the left clean and dry. At the top right side of the washer is a ventilation 

system that removes moist air and keeps a slight negative pressure in the machine. This 

eliminates unwanted condensation around the machine. 

The principle is illustrated in the figure below. However, with a flipped flow direction 
compared to the picture above.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-5: Principle 

 

Items enter here 
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To maintain the set temperature of 60 °C in the two tanks, the washing plant is 

equipped with electrical heaters consuming a considerable amount of energy. 

5.4.4 Implementation 

In order to dimension the heat pump correctly it was important to know the exact ener-

gy consumption (and thereby average heat required) of the specific washing plant.  The 

average energy consumption was logged during a representative period and the average 

heat demands of the two tanks were measured to 8 and 17 kW respectively. 

To minimize refrigerant charge and risk of leaks, the entire cooling circuit is assembled 

inside the heat pump cabinet so that only hot and cold water enters the cabinet. A 

schematic drawing of the heat pump and washing plant is shown on the figure below: 

 

 

Figure 5-6: Principle 

The two condensers in the heat pump are each connected to a tank at the washing 

plant. The evaporator is connected to a cooling surface that is installed at the filter mist 

of the washer.  

Washing plant Heat pump 

Heat recovery 
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The picture below shows the heat pump that is located next to a pressing machine and 

is connected to the washing plant through water pipes.  

 

Figure 5-7: Heat pump 

To verify the energy savings from the use of the heat pump, energy data for the washing 

process was recorded daily. In order to do a fair comparison it was important that the 

metal parts were the same throughout the period. At the same time, it is ensured that 

the water supply and temperatures are identical.  

The results were showing that the heat pump reduced the total power consumption 

from approx. 31 kW to 15.7 kW equaling a reduction of 49 %. The heat pump has been 

tested under fluctuating conditions, and it has been proven that the chosen concept and 

control method have been successful. At the same time, it was proven that the expected 

energy savings of approx. 50 % can be achieved. 

The cooling coil was expected to foul and lose capacity after a longer period of opera-

tion. This however has not happened. The coil has been inspected visually and still looks 

brand new. It is expected that the large amounts of water condensing at the cooling 

surface flushes dirt or particles off of it, thus cleaning it continuously.   

5.4.5 Running experience, savings and economics  

The demonstration project has shown that it is possible to apply heat pumps to halve 

the energy consumption of industrial washing plants. The function of the washing plants 

is very important for many manufacturing companies. Because of this the plant func-
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tionality has always been more interesting than low energy consumption, and it is only 

during the past few years, that the high energy consumption has been addressed. These 

washers have an average electrical consumption of 20-80 kW. With a high number of 

operating hours there is an economic incentive to reduce this consumption. Simple pay 

back periods will often be around 2 years. It is expected that there are about 3000 plants 

in Denmark alone. 

5.4.6 Lessons learned and challenges 

Throughout the project it became clear that correct dimensioning of the heat pumps 

and control strategy is important, however easy to assess following the correct ap-

proaches. In general these heat pumps are simple, easy to apply and reliable. 

5.4.7 Motive/grounds/rationale behind investment 

Most production companies have ambitious goals to reduce energy consumption and 

CO2 foot print. These solutions meet these goals while being very profitable at the same 

time. 

5.4.8 Specifications of heat pump (depending on application) 

Description  Heat Pump  Back up 
Type Standard R134a using two condensers Electrical 

heaters 
Heating capacity  25 kW/unit (→°C,  units)   
Cooling capacity  18 kW/unit (→°C, units)   
Power consumption  7 kW/unit (units)   
 

Heat source 

 

Drying air (water circuit) 

 

55-30 °C  

 

  
Heat sink Washing water 60 °C  

  
Refrigerant  R-134a  
Compressor type  Copeland Scroll  
COP  3.8  

Operation hours 15,000  

Storage water tank  None   
Manufacturer of 
heat pump 

KSN Industries  

Supplier/consultant KSN Industries  
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7 Germany 

7.1 Introduction 

As reported in Task 3, thermea. Energiesysteme GmbH (www.thermea.de) developed 
high-temperature high-power heat pumps with the refrigerant carbon dioxide. Since 
2011 they were introduced to the market and since that time the company sold and put 
into operation a greater number of the machines. 

In the actual report two selected applications are described to illustrate the energy and 
environmental benefits of CO2 as natural refrigerant. 

7.2 Heat Pump Plant at the Slaughterhouse Zurich 

7.2.1 General 

On 1 November 2011, a new thermeco2 heat pump system for hot water generation and 
heating was put into operation in the slaughterhouse Zurich. With a capacity of 800 kW, 
the plant is the largest ever built in Switzerland. The thermeco2 machines deliver the 
required 90 °C with better COPs compared to other refrigerants. The heat pump system 
is built up of 3 heat pumps thermeco2 HHR 260. 

Figure 7-1Fehler! Verweisquelle konnte nicht gefunden werden. shows the schema of 
his plant. The heat pump uses waste heat of an existing Ammonia refrigeration machine, 
an oilcooled air compressor plant and the installed fan-coil units as heat source. For this 
reason the heat is collected in a waste heat buffer storage connected with the heat 
pump evaporators. Because of the closed waste water circulating loop no special 
measures to avoid corrosion are necessary. 

The warm side of the heat pumps is connected with a hot water buffer storage. The 
consumer (warm water for slaughtering and cleaning purposes, feed water for a steam 
generator and the heating system) are provided from this buffer storage using their 
consumer pumps tailored to the particular demand. 

Because of the extremely low space requirement, this large heat pump system could be 
installed in a container system on the roof of the slaughterhouse in a short distance to 
urban residential development. Only authorized personal has access to the container 
and CO2 sensors have been installed that activate an alarm when healthy concentration 
levels are exceeded. 

7.2.2 Technical data: 

Refrigerant:    R744 (carbon dioxide)  

Machine type:    3 x thermeco2 HHR 260  

Capacity control via master CPU:  adjustable in 12 steps  

Total heating capacity:    800 kW at 90/30 °C  

Total refrigerating capacity:   564 kW at 20/14 °C  

http://www.thermea.de/
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Electrical power consumption:   237 kW  

Heat pump COP:   3.4  

Annual heating output:    2200 MWh  

CO2 emission reduction:   510 tonnes/year  

CO2 has the advantage of minimal safety requirements. The avoidance of costs for foun-
dations and noise control measures is due to the low-noise and low-vibration operation 
of the thermeco2 machines. 

The risk for leakage is considered small by the customer as the installed system has been 
certified and optimized for high pressures. A fine performance graduation without loss 
of efficiency and the high reliability are further advantages of the technology supplied. 
Maintenance and repair costs for the heat pumps are also low due to the use of virtually 
maintenance-free compressors and the remote monitoring and control system. 

7.2.3 Energetic and environmental improvement by the heat pump application  

All of the thermal energy for the slaughterhouse Zurich was previously provided with 
steam boilers. The customer's decision for a high temperature heat pump system with 
CO2 as a refrigerant on this scale had several reasons. The efficiency advantages of the 
high temperature heat pump system clearly have priority. Running this heat pump plant 
the city of Zurich, represented by the Umwelt- und Gesundheitsschutz Zürich (UGZ) and 
the Elektrizitätswerk Zürich (ewz) as Contractor make an important contribution 
towards the "2000 Watt Society" of the city of Zurich. In the calculated overall balance 
of the slaughterhouse, CO2 emissions can be reduced by approx. 30 %. By using the heat 
pump system, 2,590 MWh from fossil fuels can be saved per year, representing an 
annual reduction in CO2 emissions of 510 tonnes. 

The first measurements show that these values are lifelike. The operating company ewz 
and thermea will do further measurements and register all running costs as a basis of a 
long time evaluation. 

 

Figure 7-1: Function chart 
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7.3 Heat Pump Plant at the cafeteria at the University of Applied 
Sciences Soest, Germany 

7.3.1 General 

Using the example of the cafeteria at the University of Applied Sciences Soest with year-
round warm water and occasionally heat supply by heat pump, 25% of heat costs are 
saved to the utmost satisfaction of the customer. Furthermore, the environmental im-
pact was reduced to approximately 50%. 

7.3.2 Technical Description 

For the solution of the task, the machine type thermeco2 HHR 45 in water/water con-
duction was selected in cooperation with the planner. It is the smallest type of therme-
co2 HHR series, which consists of 10 basic types in the power range from 45 to 1,000 
kW. 

The high-temperature heat pump usable as a heat pump and for cold water/cold brine 
production is characterized by a robust design and a very compact construction. The 
machine is equipped with a frequency-controlled semi-hermetic reciprocating compres-
sor operating on a transcritical CO2 cycle with an internal heat exchanger. The special 
conduction with a frequency converter allows continuous power control with optimum 
adjustment of the supplied power to the power requirements. 

The inner heat exchanger ensures high refrigerant inlet temperature into the compres-
sor and with it also high outlet temperatures, which allow supply temperatures up to 
90° C. In addition, some improvement in the coefficient of performance is achieved with 
the internal heat exchanger. The refrigerant injection into the evaporator is effected, as 
usual, by controlling the refrigerant superheat at the evaporator outlet. In addition, 
there is required a regulation of the high pressure, which is at transcritical process con-
trol determined by the refrigerant mass located on the high pressure side. The refriger-
ant receiver is installed on intermediate pressure level between the high-pressure con-
trol valve and the expansion valve. All the heat exchangers are designed as shell and 
tube devices, or in the lower power range, as a coaxial construction. 

The hot water supply temperature is adjusted by a variable speed pump to the adjusta-
ble set point. Also with the variable speed pump in the heat source circuit it is possible 
to adjust to a constant chilled water supply temperature of 10 ° C. 

A PLC integrated into the switchboard with a convenient touch panel takes over the 
control and regulation. The start screen of the touch panel displays the most important 
state variables. Additional sensor and control signals can be requeried via an appropri-
ate menu. Even via the touch panel, the parameterization of the heat pump (perfor-
mance, temperatures, pressure) within the permissible limits is possible. Error messages 
or exceedances are recorded in a message list. 

The heat pump is equipped with all necessary safety devices for a safe operation accord-
ing to DIN EN 378-2. 

The main technical data are listed in Table 7-1. 
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Table 7-1: Technical Parameters 

 Machine type    1 x thermeco2 HHR 45 mit FU 

 Heating capacity   52,7 kW at water inlet/outlet temperature 20°C /  

     80 °C at gas cooler 

 Cooling capacity   39,1 kW at water inlet/outlet temperature 12 °C /  

     6 °C at evaporator 

 Electr. power input   14,3 kW at abovementioned water temperatures 

 COP     3,7 at abovementioned water temperatures 

7.3.3 Integration of the heat pump into the heat supply  

The exhaust air from the ventilation system of the canteen and the waste heat of the 
industrial refrigeration system function as a heat source. The exhaust air registers and 
the heat recovery of the chiller are integrated in series to the heat source circuit (Figure 
7-2). 

 

Figure 7-2: Function chart 

The heat pump extracts heat from the source circuit, raises heat – depending on request 
- to a temperature level of 70° C to 85° C and loads hot water buffer storage. The stor-
age decouples the overall system hydraulically and thermally. 

The heat pumps works heat-conducted that means it is controlled by the charge state of 
the hot water storage. Demand-actuated, the consumer removes water for the heating 
distribution in the central section, while the water supply is coupled through an addi-
tional heat exchanger to the upper section of the storage. The planned consumer´s re-

 



  Task 4: Case Studies 

Germany 

7-504 

 

 

 

turn temperature was on average 35 °C. By series connection with a floor heating at the 
end of the circuit, the return temperature could be lowered to about 5 K (measured 
values). 

The heat pump system is running since March 2011 and operates reliably. In the future 
it will cover about 2/3 of the heat demand (Figure 7-3, yellow area). Moreover, the re-
duction of heat losses in the district heating network can be seen (Figure 7-3, red area). 
In summers, power losses do not occur any more. The achieved reduction of heat de-
mand in the heating season 2010/2011 (Figure 7-3, blue area) is the result of previous 
modernization measures. 

 

Figure 7-3: Gross margins of the heat pump  

7.3.4 Heat cost savings and CO2 emissions 

In Figure 7-4 can be seen that the relatively high share of capital-bound costs is compen-
sated by the lower consumption-bound costs. Taking into account a reasonable addi-
tional expense for maintenance of the heat pump, the annual full cost advantage is (in-
cluding capital costs) for 15 years: 4.100 € / a. That means a saving of about 25 %. Basis 
for the calculation are heat costs from the district heating network to an amount of 
70 €/MWh and 140 €/MWh of electric energy costs. 

 

Figure 7-4: Comparison of costs 

The specific CO2 emissions in the heat supply from the district heating network are 
0.39 kg CO2/kWh. With the heat pump this value is reduced to 0.2 kg CO2/kWh. That 
means approximately a halving. 
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The TEWI calculation according to EN 378-1 was made without consideration of the di-
rect proportion with a conversion factor of 0.63 kg CO2/KWh, and a seasonal perfor-
mance factor of the heat pump of 3.2 for a lifetime of 15 years. The calculated emission 
for the heat pump is 400 tons of CO2, while the district heating supply causes an amount 
of 790 t CO2 for the same period. Thus, the use of heat pumps brings environmental 
discharge of 390 tons of CO2. 

7.3.5 Initial operating experience 

After an operating time of about 2 years, there is satisfaction of the end user and the 
planner. The expectations regarding the technical parameters and the operating behav-
ior are fully met and even exceeded them. 

Figure 7-5 shows the behaviour of the most important 
temperatures over a period of 18 hours. The start of 
heating at 4 o´clock and the cafeteria´s closing at 16 
o´clock are clearly visible. The temperature of the hot 
water forerun on the heating side is constantly 75 °C, 
while the return temperature varies according to the 
storage loading condition.  

 

 

 

 

 

Figure 7-5: Selected temperatures 

 

Additionally recorded curves are measured for control in the storage or in selected areas 
of the heat exchanger. The black curve of the hot water forerun represents the tempera-
ture behavior in the hot water storage above.  

During the start-up time the behavior of the COPs at different operating states was pre-
cisely analyzed. It can be recognized that the COP is well above 3,5 at current operating 
conditions, heat source 20 °C / 10 °C at the evaporator and hot water 30 °C / 75 °C at the 
gas cooler. The coefficient of performance reaches a value of 3.2 as yearly average val-
ue.  

The operator figures the major advantage of the heat pump thermeco2 in comparison to 
other "conventional" machines in its flexibility. The heat pump can cover both evapora-
tor and gas cooler-side an enormous temperature range, so that reserves for extreme 
operating conditions are always available. For example, in cold application a too small-
sized cooler can be compensated by raising the flow just for a short time.  
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7.4 Summary 

The two examples described show that at the current state of development of compo-
nents for CO2 as a refrigerant it is possible to build and operate reliable and energy-
efficient high-temperature heat pumps. For the user the choice of CO2 as a refrigerant 
means investment security because it is not affected by the increasingly stringent regu-
lations of the so-called F-gases. 

7.5 Heat pump installation in food and beverage industry: Dairy  

(by P. Nellissen, Emerson Climates Technologies) 

7.5.1 Background 

Milk manufacturing process requires heating capacity for the process or also for some 
cleaning (pasteurisation, sanitary water, etc.). At the same time cooling capacity is re-
quired for some stage.  

Norway’s Dairy Cooperative Tine built a large new dairy in the Jæren region in the south 
west of Norway. It will be a gigantic facility covering 27,000 square meters, producing 
200 million litres of milk annually mainly producing butter and cheese. Like most other 
industrialised processes, this facility will produce large amounts of waste heat. The con-
cept was to initially install systems allowing heat recovery and also reducing CO2 emis-
sions by 30 - 40 % with this new dairy. 

7.5.2 Company information 

Category of industry  

Company 
Food and Beverage processing: Dairy (butter and cheese) 

Location Jaeren, Norway 

Year of installation 2011 

Purpose Heat recovery for hot water generation 

Amount of production 200 million litres milk per year 

7.5.3 Installed system  

The heating plant is designed for not only fulfilling the dairies own demand of CIP water 
but is also connected to a local heating network which supply the heat to an adjacent 
new build green houses, which will be supplying 40 % of the cucumber and tomatoes to 
the Norwegian market. The heating system in the greenhouses are designed for a supply 
water temperature of 58 °C, this can be achieved with a heating COP above 9,0. 

Using the waste heat to generate 25,000 MWh of cheap heat per year for the nearby 
greenhouses has secured a payback of the plant of less than 2.5 years. There are plans 
for connecting a local business estate to the heating network and increase the supply 
temperature to 73°C within the next couple of years. The heat pump is prepared for this 
increase in supply temperature. 

Following capacities is required based on 3 low stage and 2 high stage compressors. 
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 5400 kW @ -5°C required refrigeration duty, Condensing  +37ºC 

 7200 kW @ 73°C required heating duty – COP 5.8 

 6900 kW @ 58°C required heating duty – COP 9.0 

 

Figure 7-6: Configuration diagramme 

 

Figure 7-7: Equipment appearance 

7.5.4 Specification of Heat Pump system 

The concept of the installations consists in combine cooling and heating systems. On one 
side, the cooling installation provides the cooling duty for the butter and cheese manu-
facturing process. On the other hand, the rejected heat from the refrigeration installa-
tion is used as heat source for the Neatpump.  

Description  Heat Pump  Back up 

Type Combine heating and cooling installation  
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Heating capacity  
       3450 kW(3600 kW)/unit (37.5→58 (73°C)°C,   
2 units)  

Boiler 

Cooling capacity         760 kW/unit (-5°C→37.5 °C, 3 units)   

Power consumption         kW/unit (units)   

Heat source 
Description and temp 

Condenser of the refrigera-
tion installation 

Temp    37.5°C  °C  

m3/h  

Heat sink 
Description and temp 

Hot water for the process and 
also for greenhouse heating 

Temp.       58°C or 
73°C 

 

m3/h  

Refrigerant  Ammonia  

Compressor type  Single Screw compressor  

Rated power of compressor   

COP  5.8 at 73°C and 9.0 at 58°C  

Operation hours   

Storage water tank    m3  Temp.       °C  

Targeted floor dimensions    

Manufacturer of heat pump Star Refrigeration Ltd  

Supplier/consultant Emerson Climate Technologies GmbH, Norsk  Kulde  

7.5.5 Effects 

NOT AVAILABLE AT THIS TIME 

7.5.6 Challenges and prospects 

This kind of installation proves that combined heating and cooling with an ammonia 
heat pump is a very attractive solution among existing only heating system.  

This allows savings not only for heating cost but also  

- in term of CO2 emissions,  
- in term water consumption 
- On the total cost of energy per units manufactured 
- for the future, the threat (F-Gas regulation in Europe) of using HFC in the refrig-

eration installation. 

Combined heating and cooling can be applied on any industrial process requiring cooling 
and heating on different steps in their manufacturing process. 

7.6 Heat pump in Food and Beverage industry - Combine heating 
and cooling in chocolate manufacturing 

(by P. Nellissen, Emerson Climates Technologies) 

7.6.1 Background 

The existing cooling installation was using R22 as refrigerant which would be banned in 
the coming years. Previously one central coal fired steam generation plant served all of 
the individual end users, where high grade steam would be degraded to suit the pro-
cesses. The Nestlé Halifax team completed an energy audit on their central coal fired 
boilers, the steam distribution and all of the end user heating systems throughout the 
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factory. This enabled the team to clearly identify, grade and consolidate the various end 
user heating requirements which identified significant design and operational inefficien-
cies. The new concept was to simply heat the water to the desired process temperature 
and the heat pump would serve to provide hot water to end users requiring 60 °C and to 
preheat those operating in excess of 60 °C. 

In parallel, the existing cooling installation, using R-22, would also have to be revamped 

because of the R22 future ban. Nestlé’s global commitment to reduce the environmen-

tal impact. 

7.6.2 Company information 

Category of industry Company Chocolate manufacturing Nestlé UK Ltd 

Location Halifax, UK 

Year of installation 2010 

Purpose  

Amount of production 2 x 600 kW 

7.6.3 Installed system  

Previously one central coal fired steam generation plant served all of the individual end 
users, where high grade steam would be degraded to suit the processes.  

The chocolate manufacturing process also requires cooling capacity for certain steps of 
the process. These simultaneous demands for cooling capacity and heating capacity 
allowed the replacement of the heating and the cooling system by a combined cooling 
and heating installation. The idea was to install a Single Screw compressor Heat Pump 
combining Heating and cooling.  

The Heat source consists in cooling  process glycol from 5°C down to 0°C this evaporates 
Ammonia at -5°C and the heat pump lifts it to 61°C in one stage for heating. Process 
water is finally heated from 10°C to 60°C. 

Based on the clients previously measured heating and cooling load profiles the analysis 
showed that to meet the projected hot water heating demands from the ‘Total Loss’ and  
Closed Loop’ circuits, the selected heat pump compressors would have to produce 
1.25 MW of high grade heat. To achieve this demand the equipment selected offers 
914 kW of refrigeration capacity with an absorbed power rating of 346 kW. The com-
bined heating and cooling COP, COPhc, is calculated to be a modest 6.25. For an uplift of 
17 K in discharge pressure the increase in absorbed power was 108 kW boosting the 
COPhi to an impressive 11.57. 

The diagram below describes the lay-out of the installation with the combined heating and 
cooling. 
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Figure 7-8: Configuration diagramme 

The pictures below show the installations (the two compression units for the process 
cooling and the two heat pumps (with the full isolated oil separator in grey material). 

 
 

  

 

Figure 7-9 
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7.6.4 Specification of Heat Pump system 

A Pinch analysis was constructed that identified the major hot and cold streams for the 
factory. The stream data used for the Halifax analysis was stream lined to only include 
CIP water, high temperature closed heating and medium temperature closed heating. 

Star Refrigeration, Vilter Manufacturing Inc (USA), Emerson Climate Technologies com-
pany, and Cool Partners (a Danish consultancy) formed a collaborative effort to devise a 
high pressure heat pump solution using ammonia and screws at 90°C. 60°C seemed a 
comparatively easy task by comparison but it was still ahead of it is time as it was asked 
to cover a wide operating pressure lift, taking heat from glycol at -5C and lift it to 60°C in 
one stage. 

For the layout design and optimisation, software developed in collaboration with Cools 
Partners allows to rapidly and efficiently estimating the performances of the installation. 

The table below provides more details about the heat pump installation:  

Description  Heat Pump  Back up 

Type Single Screw heat pump  

Heating capacity       600   kW/unit (12→60°C, 2  units)   

Cooling capacity       1600 kW/unit (5→0°C, 2 units)   

Power consumption         kW/unit (2 units)   

Heat source 
Description and temp 

With thenew system, heat 
can be taken from the 0°C 
process glycol and lifted to 
60°C water in one stage for 
heating. 

Temp    0 °C  

m3/h  

Heat sink 
Description and temp 

With the new system, heat 
can be taken from the 0°C 
process glycol and lifted to 
60°C water in one stage for 

heating. 

Temp.      60 °C  

  

Refrigerant  Ammonia  

Compressor type  Single Screw Compressor  

Rated power of compressor   
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COP  Combined heating and cooling 5.46  

Operation hours   

Storage water tank    m3  Temp.       °C  

Targeted floor dimensions    

Manufacturer of heat pump Star Refrigeration  

Supplier/consultant Star Refrigeration, Emerson Climate Technologies  

 

7.6.5 Effects 

The initial thinking for the customer was to get a 90°C hot water heat pump. Indeed, 

some application demand required 90°C. However the total demand for this tempera-

ture level was around 10% of the whole hot water consumption. Designing a heat pump 

installation for such temperature would not be interesting in terms of performances and 

efficiencies. It was decided to install the heat pump producing 60°C hot water. When the 

small amount of 90°C water is required, the incremental heat is supplied now by a small 

gas boiler heating up the water from 60°C up to 90°C. 

In parallel, other alternatives for the heating were assessed like a central gas fired boiler, 

combined heat power or geothermal heat pump. Qualitative and quantitative assess-

ments (cost, required existing installation upgrade, future site growth…) defined that the 

best alternative solution for this project was the heat pump. So a correct analysis and 

understanding of the real need for the installation allow installing the right answer to 

the real Nestle needs.  

Nestlé can save an estimated £143,000 per year (166,000 € per year) in heating costs, 
and around 120,000 kg in carbon emissions by using a Star Neatpump.  

Despite the new refrigeration plant providing both heating and cooling, it consumes 
£120,000 (140,000 €) less electricity per year than the previous cooling only plant. 

Another impact of the complete project (combined heating and cooling, additional gas 
boiler for the 90°C water peak demand, etc.) decreased the total water consumption 
from 52,000 m³/day  down to 34,000 m³/day. 

The Nestlé system recently won the Industrial and Commercial Project of the Year title 
at the 2010 RAC awards. 

7.6.6 Challenges and prospects 

This kind of installation proves that combined heating and cooling with an ammonia 
heat pump is a very attractive solution among existing only heating system.  

This allows savings not only for heating cost but also  

- in term of CO2 emissions,  
- in term water consumption 
- On the total cost of energy per units manufactured 
- for the future, the threat (F-Gas regulation in Europe) of using HFC in the refrigera-

tion installation 
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Combined heating and cooling can be applied on any industrial process requiring cooling 
and heating on different steps in their manufacturing process. 

7.7 The World's Largest Natural District Heat Pump  

(by P. Nellissen, Emerson Climates Technologies) 

7.7.1 Background 

Drammen is a town 40 km south west of Oslo (Norwegian Capital). During the last dec-
ade it has gone through a major transformation from being a rundown industrial town 
to a newly developed town centre with new hospital, housing, ice rink, hotels and shop-
ping centre.  

Drammen Fjernvarme KS was established in 1999, and is owned by Energiselskapet 
Buskerud (Buskerud Energy Company) and Fortum Holding. The same year Drammen 
Municipality decided to make connection to the district heating system mandatory in 
the concession area. This means that every new building larger than 1000 m²has to be 
built with a water-based heating system connected to the district heating system. Today 
the area that receives district heating has been expanded, and includes most of central 
Drammen 

These new developments have all been connected to a district heating network. The 
first district heating plant in Drammen was installed in 2002 using 8 MW biomass boil-
ers. 

Knowing that the European Commission has designated heat pumps a renewable tech-
nology for heating and cooling, Drammen decided to use heat pumps and had several 
additional goals in mind for this capacity increase project: 

 The supply water temperature from the heat pump  would be 90°C 

 The highest coefficient of performance (COP) possible the ratio of heat extracted 
compared to energy consumed.  

 A technology solution with low annual operating and maintenance costs.  

 A system using a non-ozone depleting refrigerant with zero global warming im-
pact. 

With the second phase of the district heating network extension being a 13 MW of heat 
pump duty (for the base load) and additional 2 x 30 MW gas fired boiler (backup for the 
peak duties) have been installed. The maximum network peak heat demand is 45 MW 
duty. 

7.7.2 Company information 

Category of industry Company Drammen Fjernvärme KS 

Location Drammen, Norway 

Year of installation 2011 

Purpose Hot water generation for district heating application 

Amount of production 13 MW heating capacity at 90°C hot water 
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7.7.3 Installed system  

The supply temperature of the district heating water varies across the year depending 
on the heat demand. In the summer time where there is a very small demand (less than 
2 MW) the supply water temperature is 75°C, when the ambient temperature falls and 
there is an increase in heating demand, the supply water temperature increases up to 
120°C at peak load. The return water temperature from the district heating loop is very 
steady at 60°C to 65°C all year around. When the gas boilers are being utilized they are 
working on a constant flow with temperature difference of 10°C between inlet and out-
let. The water is then being mixed with the district heating water to achieve the desired 
outgoing temperature. To optimize the performance of the heat pump it was important 
to have variable flow system where the water is taken directly from the district heating 
return line as every degree subcooling is important and any degree overheating is wast-
ed energy. 

The heat source for the heat pump is sea water. Norway has a famous rocky coastline. 
The thermodynamic beauty of this landscape is that the water gets very deep just off the 
coast. When taking in the water at 40 m depth there is a constant water temperature of 
8°C to 9°C most of the year. At this depth the water temperature is not affected by 
changes in the air temperature from +30°C in the summer to -20°C in the winter. The 
water intake pipe runs 800 m into Oslo Fjord and the return pipes are 600 m long to 
ensure that the 4°C outlet water is not mixed with the inlet water. The seawater pumps 
are situated on land but below sea level. 

The seawater is cooled directly in spray chillers, where ammonia is sprayed across tita-
nium pipes with the seawater inside.  

The ammonia heat pump that has been installed on site consists of 3 x 2 stage single 
screw compressor systems in series each with a heating duty of approximately 4.5 MW. 
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 Photo of equipment appearance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

External view of the 
Drammen installation 
building 

Internal view of the 
Drammen installation 
building: machine 
room 

External view of the 
Drammen City 
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7.7.4 Specification of Heat Pump system - Design and installation process 

For optimized performance of large scale heat pumps it is important to get the design 
right. The biggest challenge was to design the hot water flow through the heat pump to 
ensure that every kW is taken out of the system and at temperature where it is most 
useful. 

With the water being heated from 60°C to 90°C the condenser part of the system is split 
into 3 off 2- stage systems working in series. The main water stream is being heated 
from 60°C to 69°C through the first condenser and from 69°C to 78°C in the second con-
denser and from 78°C to 87°C in the third condenser. 

After the main flow has been heated to 87°C it is split into 3 streams going through the 
high stage desuperheater for each of the systems. The temperature is raised to 89°C 
through these heat exchangers. 

Besides the main water flow there are separate streams of water going through sub-
coolers, high stage and low stage oil coolers and intercoolers. The intercoolers serve 
three purposes: they cool the superheated gas from the low stage compressors before 
entering the high stage compressors. Suction superheat reduces the isentropic efficiency 
of the compression. In addition the lower suction temperature gives rise to a lower dis-
charge temperature thereby protecting the seals from too high a discharge gas tempera-
ture on the high stage compressors (maximum 135°C). The final reason of course is en-
ergy recovery. 

With the main stream of water being mixed with the water from all auxiliary streams 
which has been heated to 92°C - 98°C the mixed outgoing water temperature from the 
heat pump is 90°C. 

Although the three heat pumps are operating at different conditions the specifications 
for each of the three heat pumps are the same. This enables each of them to deliver 
90°C water in case of a failure of one of the systems. 

With 3 systems operating in a combination of series and parallel instead of simply paral-
lel the average condensing temperature falls from 90°C to 80.5°C representing a 10% 
improvement in efficiency for the ammonia heat pump system. 

Description  Heat Pump  Back up 

Type 3 x 2 stage single screw compressor  

Heating capacity         4500 kW/unit (60→90°C, 3 units)   

Cooling capacity         kW/unit (10→5 °C, 3 units)   

Power consumption         kW/unit (2 units)   

Heat source 
Description and temp 

Sea water Temp      8°C  

m3/h  

Heat sink 
Description and temp 

District heating network Temp      90°C  

m3/h  

Refrigerant  Ammonia  

Compressor type  Single Screw  

COP  3.05  

Operation hours 8000 hours at different capacities  

Storage water tank    m3  Temp       °C  

Manufacturer of heat pump Star Refrigeration Ltd  

Supplier/consultant Emerson Climate Technologies/Vilter  
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7.7.5 Effects 

Based on 48,000 MWh per year at the following current gas prices in Norway are ap-
proximately £30 (35€) per MWh and the electricity prices is approximately £50 (58 €) 
per MWh. By using the ammonia heat pump: The total cost of electricity would be 
around 800,000 € per year vs. 2,000,000 € per year. There is an estimated saving of 
£1,042,289 (1,210,000 €) compared to using gas. 

The global warming benefit of the ammonia heat pump is also significant. With a yearly 
equivalent CO2 emission of 317 tons, this compares to burning gas which would give a 
CO2 emission of 13,050 tons per year at the given usage profile. 

Primary energy savings 1,210,000 €/year 

Reduction in CO2 emission 12,700 tons/year 

Maintenance costs  

Manufacturer/supplier Star Refrigeration Ltd. 

Pay back  

7.7.6 Challenges and prospects 

The main challenge for heat pump in general is to convert the heat source to the right 
heat level offering the best return on investment possible.  

This type of installation shows that high temperature and also high heating capacity heat 
pump can be achieved using a natural refrigerant like Ammonia with the right compres-
sion technology.   

This specific heat source (sea water at 8 °C) proves that the range of heat source for 
heat pump can be widened (sea water, river, waste process water, heat recovery,…) and 
can provide high COP allowing optimised return on investment. This type of installation 
is not limited to district heating applications but can be replicated to a large amount of 
installations with energy recovery/savings leading to operational costs decrease envi-
ronmental positive impacts. For example: distillation of ethanol or combined district 
cooling and desalination. 

References 

- Emerson Climate Technologies + Star Refrigeration internal data 
- Hoffman, & Pearson, D. 2011. Ammonia heat pumps for district heating in Nor-

way 7 – a case study. Presented at Institute of Refrigeration, 7 April, London. 
- http://www.youtube.com/watch?v=a6xMS_hBNKM 
- http://www.youtube.com/watch?v=Imo-G7Dbito 

7.8 Case Study – Surface Finishing 

Finishing processes are used to influence the surface quality of work pieces. By the com-
bined application of thin coatings, surface properties can be customized according to 
individual requirements. The range of surface treatments reaches from optical to tech-
nical finishes, like corrosion protection or an increased surface hardness. 

http://www.ammonia21.com/web/assets/link/Hoffman7thApril2011London%20colour.pdf
http://www.ammonia21.com/web/assets/link/Hoffman7thApril2011London%20colour.pdf
http://www.youtube.com/watch?v=a6xMS_hBNKM
http://www.youtube.com/watch?v=Imo-G7Dbito
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7.8.1 Process description 

In the finishing process coatings are applied to the surfaces of work pieces by galvanic or 
chemical processes. One of the most common galvanic surface finishings is hard chromi-
um plating, which is also the core competency of the company considered in this case 
study. Hard chromium plating is used to apply a thin layer of chromium to a surface to 
improve both wear and corrosion resistance of a work piece. This is achieved by an in-
crease of the surface hardness. The thickness of the chromium layer can vary from 5 to 
more than 1,000 μm depending on the operating conditions. To apply the chromium 
layer, the work piece is immersed into a bath filled with chromium electrolyte. Between 
the work piece and an anode an electric DC voltage is applied. By the electric field chro-
mium ions are forced to accumulate on the surface of the work piece. To achieve a good 
surface quality current densities of 50 A/dm² are needed. One of the disadvantages of 
the hard chromium process is its low efficiency. In industrial-scale chroming plants only 
20% of the energy is used for the actual creation of the chrome layer /Zimmer 2010a/. 
The other 80% are transformed into heat. As the process temperature has to be kept 
between 50 and 60 °C, cooling is needed during the electroplating phase. In between 
the chromium electrolyte has to be heated to compensate thermal losses. 

7.8.2 Initial situation 

The company considered in this case study runs several hard chromium plants and a 
large chemical-nickel plant. Beside the galvanic and chemical surface finishing the com-
pany also offers mechanical surface finishing. 

To cover the cooling demand of the chrome baths and the current rectifiers the compa-
ny runs a large centralized cooling system. A scheme of this cooling system is shown in 
Figure 7-10. Two large tanks with a volume of 30 m³ each buffer peak cooling loads. 
Thus the cooling water temperature can always be kept below 37 °C. As there is no 
speed controlled circulation pump installed, the whole cooling system is designed for 
this operating temperature. This means that the tank temperature is not allowed to vary 
largely in order to maintain constant temperatures in the hard chroming process. 

 

Figure 7-10: Scheme of the cooling system 

The heat is emitted to the environment by means of two dry coolers. The cooling water 
flow and thus the cooling capacity can be adjusted to the cooling demand in six steps. 
Nevertheless the heat is rejected in short episodes from 5 to 10 minutes. As the storage 
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temperature has to be kept in a range between 33 and 37 °C, the large volume of 30 m³ 
cannot create a large buffering effect.  

 

Figure 7-11: One week profile of the rejected heat of the cooling system 

The rejected heat was measured over a time period of one week. The measurement 
results can be seen in Figure 7-11. The average hourly cooling capacity varies from 50 to 
600 kW, while the absolute peak load reaches 3,290 kW. The average cooling load dur-
ing the considered week was 376 kW. Assuming 2,500 operation hours per year, 
671 MWh of waste heat are rejected to the environment. This estimate can be classed 
as conservative, as the company also produces on weekends, if large orders have to be 
processed. 

While waste heat is rejected to the environment there is also a heat demand for space 
heating, hot water generation and process heat. Beside the chrome baths also the de-
greasing baths and the chemical-nickel plant need large amounts of heat at fairly low 
temperatures. An overview over process temperatures and the type of heating are 
shown in Table 7-2. 

Table 7-2: Overview over possible heat sinks for a heat pump in the production line 

process temperature type of heating 

chemical-nickel bath 90 °C hot water 

degreasing bath 80 °C hot water 

chrome bath 55 °C electric heaters 

 

These processes are suitable heat sinks for a heat pump, because they have operating 
temperatures below 100 °C as well as an all-year heat demand. Since no data about the 
heat demand of these baths was available measurements had to be carried out for the 
chrome bath and the degreasing bath. The space heating demand is estimated based on 
the heating bills of the last 4 years. 

0

5

10

15

20

25

30

35

40

0

200

400

600

800

1000

1200

1400

1600

1800

2000

M
o

n
 0

5
 M

ar
 1

2
 -

 2
2

:0
1

Tu
e

 0
6

 M
ar

 1
2

 -
 0

4
:0

1
Tu

e
 0

6
 M

ar
 1

2
 -

 1
0

:0
1

Tu
e

 0
6

 M
ar

 1
2

 -
 1

6
:0

1
Tu

e
 0

6
 M

ar
 1

2
 -

 2
2

:0
1

W
e

d
 0

7
 M

ar
 1

2
 -

 0
4

:0
1

W
ed

 0
7

 M
ar

 1
2 

- 
1

0
:0

1
W

e
d

 0
7

 M
ar

 1
2

 -
 1

6
:0

1
W

e
d

 0
7

 M
ar

 1
2

 -
 2

2
:0

1
Th

u
 0

8
 M

ar
 1

2
 -

 0
4

:0
1

Th
u

 0
8

 M
ar

 1
2

 -
 1

0
:0

1
Th

u
 0

8
 M

ar
 1

2
 -

 1
6

:0
1

Th
u

 0
8

 M
ar

 1
2

 -
 2

2
:0

1
Fr

i 0
9

 M
ar

 1
2

 -
 0

4
:0

1
Fr

i 0
9

 M
ar

 1
2

 -
 1

0
:0

1
Fr

i 0
9

 M
ar

 1
2

 -
 1

6
:0

1
Fr

i 0
9

 M
ar

 1
2

 -
 2

2
:0

1
Sa

t 
1

0
 M

ar
 1

2
 -

 0
4

:0
1

Sa
t 

1
0

 M
ar

 1
2

 -
 1

0
:0

1
Sa

t 
1

0
 M

ar
 1

2
 -

 1
6

:0
1

Sa
t 

1
0

 M
ar

 1
2

 -
 2

2
:0

1
Su

n
 1

1
 M

ar
 1

2
 -

 0
4

:0
1

Su
n

 1
1

 M
ar

 1
2

 -
 1

0
:0

1
Su

n
 1

1
 M

ar
 1

2
 -

 1
6

:0
1

Su
n

 1
1

 M
ar

 1
2

 -
 2

2
:0

1
M

o
n

 1
2

 M
ar

 1
2

 -
 0

4
:0

1
M

o
n

 1
2

 M
ar

 1
2

 -
 1

0
:0

1
M

o
n

 1
2

 M
ar

 1
2

 -
 1

6
:0

1
M

o
n

 1
2

 M
ar

 1
2

 -
 2

2
:0

1
Tu

e
 1

3
 M

ar
 1

2
 -

 0
4

:0
1

Tu
e

 1
3

 M
ar

 1
2

 -
 1

0
:0

1

te
m

p
e

ra
tu

re
 [

°C
]

co
o

lin
g 

ca
p

ac
it

y 
[k

W
]

cooling capacity [kW] flow temperature [°C]

return flow temperature [°C] cooling capacity - hourly average



  Task 4: Case Studies 

Germany 

7-521 

 

 

 

 Degreasing bath: The bath is filled with 7.3 m³ cleaning solution. It has to be 
kept at a temperature of 80 °C for about 6,000 operating hours a year, since it is 
only shut off during weekends. In the start phase at the beginning of the week 
this bath has to be heated up within 4 hours according to strict factory specifica-
tions. The maximum heat performance measured in this starting phase was 
180 kW. To maintain the operating temperature of 80 °C later on only 19.2 kW 
are needed. The bath is heated by a hot water circuit with a flow temperature of 
115 °C and a back flow temperature of 100 °C. These high temperatures are only 
needed in the start phase. In the stationary phase, when only heat losses have 
to be compensated, heat is supplied in short bursts of 1 to 2 minutes in length. 
Considering the installed heat exchanger surface the flow temperature could be 
lowered to 90 °C during the stationary phase. In the course of one year 110 
MWh are needed at 90 °C flow temperature. 

 Chrome bath: The bath is filled with 12 m³ chromium electrolyte. Only during 
the chroming process a heat surplus is generated. In the intervening periods an 
electric heater maintains a bath temperature of 55 °C. For balancing the thermal 
losses a heating capacity of 20.8 kW is required. Since the chrome plating pro-
cess takes just 23 % of the total operating time the yearly heat demand of the 
chrome bath amounts to 29 MWh. This heat is generated in a rather expensive 
way, as electric heaters are being used.  

 Space heating: On the plant grounds there are two production halls and one 
administrative building that need to be heated in winter. An oil boiler covers the 
heat demand of 2.8 GWh per year. Since the air exchange rate of the production 
halls is fairly high due to toxic emissions of the chrome baths, there is also a 
large space heating demand. The space heating demand of production hall 2 
amounts to 700 MWh/a. The heaters in the production hall are designed for a 
flow temperature of 70 °C. As this hall also houses the central cooling plant a 
share of the space heating demand could be covered by a heat pump using the 
waste heat of the cooling system. 

No measurements were carried out for the chemical-nickel bath because a hot water 
flow temperature of at least 110 °C is needed to keep the bath at its 90 °C operating 
temperature. Taking into account the 35 °C heat source temperature, there was no heat 
pump system available that would have matched neither technically nor economically. 

7.8.3 Proposed measures 

The previously unused waste heat can be utilized by a heat pump. The 30 m³ cold water 
storage can be used as heat source. A heat pump with a cooling capacity of 147 kW and 
a SCOP of 3.8 could cover 23 % of the cooling load. Since the cold water storage temper-
ature has to be kept in a small range below 37 °C, the operation time of the heat pump 
is rather limited. The installation of a speed controlled circulation pump would allow a 
much broader temperature range which would multiply the storage capacity. This could 
raise the share of the heat pump up to 44 %. With reference to Figure 7-11 the needed 
cooling capacity would approach the black line representing the hourly average.  

Based on the conducted measurements two options were suggested:  
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 Option 1: Installation of a speed controlled circulation pump for the cooling 
network and a heat pump with 200 kW heating and 147 kW cooling capacity. 
The heat pump would cover 44 % of the total cooling demand and 35 % of the 
space heating demand of production hall 2. 

 Option 2: Installation of a speed controlled circulation pump for the cooling 
network, a heat pump with 200 kW heating and 147 kW cooling capacity and a 2 
m³ hot water storage. Furthermore the electric heater of the chrome bath 
would be replaced with a heat exchanger. The heat pump would supply the 
chrome bath with heat all year long. In winter the excess heating capacity of the 
heat pump would be used for space heating of production hall 2. 

7.8.4 Economic feasibility 

For both options economic feasibility studies were carried out. For both options an op-
timistic and a pessimistic scenario were calculated. The calculation was carried out in 
accordance with VDI guideline 2076. 

7.8.4.1 Option 1: 

The proposed system only delivers heat during the heating period in winter. It can cover 
up to 35 % of the space heating demand of production hall 2. The payback period would 
be 7 to 8 years and the internal rate of return would be 6 to 11 %. Thus this option is 
considered not economically feasible (see Table 7-3). 

Table 7-3: Results of the economic analysis of option 1 

 scenario 

 optimistic pessimistic 

investment costs 70,000 € 90,000 € 

increase of energy prices 4 % p.a. 3 % p.a. 

oil price (2012) 7 ct/kWh 7 ct/kWh 

electricity price (2012) 14 ct/kWh 14 ct/kWh 

SCOP 3.8 3.8 

heat generation 290 MWh/a 290 MWh/a 

system life 15 years 15 years 

internal rate of return 11 % 6 % 

payback period 7 years 8 years 

7.8.4.2 Option 2 

In the second option the heat pump also supplies heat to the chrome bath. Since this 
bath is electrically heated, the economic advantage of the heat pump is considerably 
larger. The heat pump also generates about 90 MWh more heat, as it is supplying the 
chrome bath all-year long. These aspects are reflected by a significantly higher internal 
return rate of 20 to 26 % and a shorter payback period of 3.5 to 4.5 years. 
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Table 7-4: Results of the economic analysis of option 2 

 scenario 

 optimistic pessimistic 

investment costs 90,000 € 110,000 € 

increase of energy prices 4 % p.a. 3 % p.a. 

oil price (2012) 7 ct/kWh 7 ct/kWh 

electricity price (2012) 14 ct/kWh 14 ct/kWh 

SCOP 3.8 3.8 

heat generation 380 MWh/a 380 MWh/a 

system life 15 years 15 years 

internal rate of return 26 % 20 % 

payback period 3.5 years 4.5 years 

 

The second option was considered economical feasible. The results were given to a 
planner for a detailed cost calculation. Despite positive results the company decided not 
to implement the heat pump system due to internal restructuring measures.  

7.9 Case study – Prefabricated house manufacturing 

A prefabricated house consists of several components that are built in a factory and 
assembled on the construction site. These components are mostly built using a light-
weight structure. Mainly timber is used to build the frameworks for walls. It is one of the 
most used materials in the construction of a prefabricated house. 

7.9.1 Process description 

The timber has to be dried before it can be processed. The residual moisture content 
has to be reduced to 10 to 20 % to avoid cracks. The wood is placed in a drying chamber 
in which it is exposed to a hot and dry atmosphere for several days. The water contained 
in the wood migrates to the surface where it evaporates. By forced convection, a good 
transition of the moisture to the air is achieved. During the drying process the air tem-
perature is lifted stepwise from 50 to 80 °C. In between the temperature is held at a 
constant value for long time periods of up to several days. To prevent drying damage, 
temperature and humidity have to be maintained in a well-defined framework during 
the whole drying process. If the humidity hits the upper limit, dampers in the ceiling of 
the drying chamber open to replace the humid air with fresh dry air. The actual drying 
phase is followed by a conditioning phase. In this phase moisture gradients over the 
cross-section of the wood are compensated. Subsequently the wood must be cooled 
down to at least 40 K above ambient temperature to reduce internal tensions and to 
prevent the wood from cracking /Trübswetter/. 

7.9.2 Initial situation 

The prefabricated house manufacturer considered in this case study uses large quanti-
ties of wood. To achieve the most complete possible utilization of this raw material the 
company has set up a chain of exploitation from wood drying to the sawmill. The residu-
als are used to fire a biomass power plant. The power plant is composed of two blocks 
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having a total net electric output of 8.2 MW. The net electrical efficiency of the blocks is 
21.7 % and 23.8 %. Block 1 is equipped with an extraction-condensation turbine. Before 
the steam enters the low pressure part of the steam turbine, it can be partly drawn off 
to be used for the heat supply of the factory. Thus, up to 5 MW of thermal power can be 
provided. In both blocks the steam is condensed in an air cooler at a temperature of 
55 °C. 

The heat provided by the biomass power plant is used for 4 wood presses and 27 drying 
chambers. In addition to that it is also used for space heating of production halls and 
office buildings in winter. 

Since the wood presses are operated at a temperature of 120 °C, they are not consid-
ered as a heat sink for a possible heat pump system. Therefore they are not investigated 
further. The drying chambers are also supplied with heat at 120 °C, although these high 
temperatures are only needed in the startup phase and when the process temperature 
has to be raised. Most of the time, the inlet flow is mixed down to 65 to 90 °C. 

 

Figure 7-12: Heat supply system of the drying chamber 

Figure 7-12 shows the heat supply system of the drying chamber. To prepare an energy 
balance, the temperatures and volume flows were measured in the points marked in red 
in Figure 7-13Fehler! Verweisquelle konnte nicht gefunden werden.. These measure-
ents had to be conducted since there was no data on the energy consumption of one 
single drying chamber available. A total of two drying runs were analyzed. The duration 
of the first run was 15 days, while the second run took 21 days. The time necessary for 
drying depends on the amount of wood, the moisture content and the ambient air tem-
perature. The diagrams in Figure 7-13 and Figure 7-14 show the flow temperature and 
the heat demand of the drying chamber.  
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Figure 7-13: Measured data of the drying chamber – 1st drying run from 13th May 2012 to 28th 
May 2012 

 

Figure 7-14: Measured data of the drying chamber – 2nd drying run from 29th May 2012 to 19th 
June 2012 

High flow temperatures of more than 100 °C were only needed in the startup phase and 
when the process temperature had to be raised. During the startup phase, high temper-
ature gradients between the heating circuit and the air temperature in the drying cham-
ber lead to the transmission of high performances. The peak performance was as high as 
2.9 MW. In the long-running drying phases the temperature is kept at constant values. In 
these periods an average heating power of 175 kW is needed. The flow temperature is 
raised in several steps from 65 °C to 90 °C. 

7.9.3 Proposed measures 

With an increase of the production, also the wood consumption and thus the heat de-
mand for wood drying increased during the last years. Especially in winter the heat de-
mand exceeds the maximum amount of heat that can be delivered by the biomass pow-
er plant. In this case an oil fired boiler would have to generate additional heat. To cover 
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the additional heat demand in a more environmentally friendly and cost effective way, a 
heat pump system was proposed. The heat source for such a system would be the waste 
heat generated by the biomass power plant. The heat pump would be used to power 
the drying chambers during the long stationary phases in between the temperature lifts. 
Thus long running times with a constant load can be reached. The flow temperature 
during these phases varies between 65 and 90 °C. With a waste heat temperature of 55 
°C, the heat pump would have to lift the temperature by 10 to 45 K. High temperature 
heat would only be needed during the startup and the temperature increase phases. 
During the long stationary phases a heat pump with a heating capacity of 180 kW could 
cover the entire heat demand of the drying chamber. Figure 7-15 shows the integration 
of the heat pump into the heating system of the drying chamber. 

 

 

Figure 7-15: Integration of the heat pump into the heat supply system 

7.9.4 Economic feasibility 

The biomass power plant is currently generating the entire heat used in the company. 
Since the power plant is mainly fired with biogenic waste from the company’s own pro-
duction a heat pump could compete neither in economic nor in ecologic terms. Thus a 
heat pump could only be used to generate additional heat that is needed primarily in 
winter times. Here the heat pump system needs to compete with an oil fired boiler. 
Assuming a production expansion in conjunction with an increased heat demand, the 
heat pump could achieve a running time of 2,000 full-load hours per year. 

For the described heat pump system an economic calculation was carried out according 
to the VDI Guideline 2067 /VDI 2010/. As reference heat source an oil fired boiler was 
considered. With a heating capacity of 180 kW the heat pump could cover up to 73 % of 
the drying chamber`s entire heat demand. To determine the influence of different as-
sumptions a parameter variation was made. In Table 5-7 a pessimistic and an optimistic 
scenario are portrayed. 
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The internal rate of return of 16 to 24 % shows the economic feasibility of the heat 
pump system. Payback periods of 4 to 5.5 years could be reached.  

Despite these positive figures the proposed heat pump system was not installed, be-
cause at the end of this analysis an increase of the heat demand was no longer assumed 
due to a prospected slight downturn of the order situation. Furthermore alongside the 
feasibility study for the integration of a heat pump other energy saving potentials were 
discovered that appeared to be more interesting from the economic point of view. 

Table 7-5: Results of the economic analysis 

 scenario 

 optimistic pessimistic 

investment costs 64,200 € 85,000 € 

increase of energy prices 4 % p.a. 3 % p.a. 

oil price (2012) 7.5 ct/kWh 7.5 ct/kWh 

electricity price (2012) 9.5 ct/kWh 9.5 ct/kwH 

SCOP 4.5 4.5 

heat generation 360 MWh/a 360 MWh/a 

system life 15 years 15 years 

internal rate of return 24 % 16 % 

payback period 4 years 5.5 years 

7.10 Application of heat pumps in the German industry 

A total number of 17 heat pump systems could be characterized in the German industry. 
These examples were picked, because they show opportunities for the application of 
heat pumps in different industrial branches and with a large variety of framework condi-
tions. There are many more heat pump systems in operation, but they are either similar 
to the characterized systems or they are considered to be confidential parts of the pro-
duction process. All of the characterized systems use industrial waste heat as heat 
source. Five of them provide process heat while the other eleven are used to generate 
hot water and space heating. The map in Figure 7-16 shows the geographic location of 
the surveyed companies. 
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Figure 7-16: Heat pumps in the German industry 

The surveyed companies can be subdivided into ten industrial branches. Figure 7-17 
shows the number of companies per branch. With six examples the metal processing 
industry is more strongly represented than the other branches. Most of these six com-
panies are using waste heat generated by machine tools especially laser cutting ma-
chines to generate heat for industrial processes or space heating. 

 

Figure 7-17: Represented industrial branches 

Most of the surveyed systems have heating capacities between 100 and 500 kW. Figure 
7-18 shows the distribution across different size classes. The largest heat pump is inte-
grated into a malt production process. It has a heating capacity of 3.250 kW. The small-
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est heat pump has a heating capacity of 20 kW. It uses waste heat to generate hot water 
and space heating. 

 

Figure 7-18: Heating capacity of the surveyed heat pump systems 

Figure 7-18 gives an overview of all 17 characterized heat pump systems. It lists the 
name of the company operating the heat pump, the industrial branch, the kind of heat 
source and the heat pump manufacturer. The table is followed by descriptions of these 
heat pump systems. Those descriptions include pictures and integration schemes of the 
heat pumps as well as a standardized table for each heat pump that gives an overview of 
technical and economical key figures. 

Table 7-6: Overview of the documented application examples 

industrial branch company heat source HP manufacturer 

waste treatment Vivo composting plant  

automotive Volkswagen dip coating plant Simaka 

chemicals A Emil Frei powder coating production Dimplex 

chemicals B Flavex extraction plant Junkers 

electronics Dunkermotoren moulding machines Combitherm 

glass Glasfabrik Thiele workshop air Dimplex 

mechanical engineering Gebr. Kemmerich production processes Klima Jentzsch 

metal processing A Flamm production processes SmartHeat 

metal processing B Ludwig Michl production, servers Robur 

metal processing C Purkart lasers, furnaces Combitherm 

metal processing D Schraubenwerk induction press Klima Jentzsch 

metal processing E Thoma Chrome bath, rectifier keine Angabe 

metal processing F Hennecke laser SmartHeat 

food A Hanspeter Graßl cooling system, bottling plant Arwego 

food B Tivoli Malz malt kiln  

textile Unternehmen dyeing machine Klima Jentzsch 

stone and earths Treibacher electric furnace Klima Jentzsch 

7.10.1 Waste treatment (VIVO GmbH) 

Vivo GmbH is a municipal waste management company. A yearly amount of 20,000 t of 
residual waste and 48,000 t of valuable and dangerous substances are disposed or pro-
cessed by the company. In 1994 a bio waste composting plant was built in Warngau. This 
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plant processes about 14,000 t of organic waste. The material is fermented for 21 days 
to produce biogas with a methane content of 55 %. This gas is collected and transported 
to a gasstorage. It is then used in a CHP plant to produce 2,500 MWh electricity per year. 
The heat generated by the CHP plant is used in the fermenters and to power a district 
heating network that supplies a nearby industrial park.  

In addition to that an absorption heat pump was installed in 2005. The heat pump was 
run with natural gas and made use of the waste heat of a bio waste rotting plant on the 
same site. A cold water storage collected the waste heat generated at a temperature of 
42 °C. The waste heat was upgraded to 82 °C to power the district heating network. The 
absorption heat pump provided a cooling capacity of 195 kW and a heating capacity of 
500 kW. After the correction of minor malfunctions in the first months of operation, the 
heat pump reached 3,500 operating hours in the heating period from October 2005 to 
April 2006. Based on the heat input a COP of 1.47 was reached. Taking into account the 
combustion efficiency the over-all performance ratio was 1.31. The heat pump substi-
tuted a large part of the heat, formerly produced by a peak load oil boiler. With a heat 
production of 1,750 MWh per year, a payback period of 6.7 years was calculated. Fur-
thermore CO2 emissions were cut by about 160 t per year. The project was carried-out in 
cooperation with Bayerisches Zentrum für Angewandte Energieforschung e.V. (ZAE Bay-
ern) and Ingenieurbüro J. Färber. It was funded by Deutsche Bundesstiftung Umwelt 
(DBU) with 60,000 €. 

In 2011 the heat pump had to be shut down due to major corrosion problems. The very 
corrosive LiBr/water solution had destroyed the heat source heat exchanger and dam-
aged the pipings. Due to the fact that the heat pump was manufactured by an Indian 
company major communication problems occurred. For repair and maintenance works a 
technician had to come from India. This technician didn’t have sufficient knowledge of 
English, so an interpreter was needed to be able to communicate. Since VIVO GmbH was 
also not satisfied with the performance ratio, the heat pump was shut down /ZAE 2007; 
DBU 2008/. In modern absorption heat pumps however corrosion can be avoided by 
adding inhibitors to the LiBr/water solution. Furthermore a careful choice of materials 
also helps to avoid corrosion /ASUE 2009/. 

Table 7-7: Fact sheet for Vivo GmbH 

Industrial branch Waste treatment – Composting of organic waste 

Type of heat pump Gas absorption heat pump 

Heating capacity 500 kW 

Heat source description Waste heat from composting plant 

plant Heat source temperature 42 °C 

Heat sink description District heating 

Heat sink temperature 82 °C 

COP 1,31 

Refrigerant not specified 

Investment cost 174,200 € 

Operating since 2005 

Payback period 6.7 years 

Contact ZAE Bayern, Ingenieurbüro J. Färber, VIVO GmbH 
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7.10.2 Automotive (Volkswagen AG) 

Volkswagen AG is one of the largest automotive manufacturing companies in the world. 
Its production site in Emden opened in 1964. It is mainly focused on the production of 
the model “Passat”. The 8,200 employees produce up to 1,200 cars per day /Volkswagen 
2013/. 

Within the production line the paint shop is one of the main energy consumers. In a 
cathodic dip coating process items to be painted are immersed in an electrically conduc-
tive dipping varnish. A direct voltage field is applied between the items and a counter 
electrode. Hereby the binder is precipated at the item surface, in order to obtain a 
closed adhesive coating film. As this process has a positive energy balance, the paint 
bath has to be cooled continuously to keep the temperature at 30 °C. This cooling load is 
covered by a large heat pump with a cooling capacity of 1,188 kW. The heat is upgraded 
to a temperature of 75 °C. The maximum flow temperature offered by the heat pump is 
88 °C at a hot gas temperature of 108 °C. The heat is used to provide hot water for dif-
ferent purposes. The heat pump achieves an integrated COP of 5.6 at an annual opera-
tion time of 6,720 hours. Apart from minor adjustments in the start-up phase, the heat 
pump works reliably and well /Volkswagen 2013/. 

Table 7-8: Fact sheet for Volkswagen AG 

Industrial branch Automotive – paint shop 

Type of heat pump Electric compression heat pump 

Heating capacity 1,683 kW 

Heat source description Cathodic dip coating 

Heat source temperature 26 to 29 °C 

Heat sink description Hot water for different purposes 

Heat sink temperature 65 to 75 °C 

COP 5,6 (integrated) 

Refrigerant Fluid XPro II 

Investment cost not specified 

Operating since 2012 

Payback period not specified 

Internal rate of return not specified 

Contact Volkswagen AG - Emden 

7.10.3 Chemicals A (Emil Frei GmbH) 

Emil Frei GmbH was founded in 1926 and developed from a wholesale for varnish and 
coatings to a producing company with five production sites. Two of them are situated in 
Germany. Main products are powder coatings, industrial coatings and electrodeposition 
coatings. 

In 2009 the company was looking for a heating concept for their newly built logistics 
center in Bräunlingen. At the same location the company also produces powder coat-
ings, what offered the chance to use a process cooling network as a heat source. In 2010 
an integrated heating and cooling concept using a heat pump was implemented. The 
heat pump covers most of the heating demand of the production hall and the storage 
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and shipping warehouse. The heating network runs at a temperature of 45 °C. At outside 
air temperatures below 0 °C an auxiliary oil heater is used to cover the rest of the heat-
ing load. As heat source for the heat pump a cooling water network is used. Through 
different production steps cooling water is heated up to 18 °C. The low temperature 
difference between hot and cold side of the heat pump ensures a heating COP of 5. In 
summer the heat pump is also used for cooling the production halls. Excess heat is then 
rejected to the environment. The payback period for this system is estimated to be 5 
years. In 2010 23,000 € of fuel costs could be saved.  

Table 7-9: Fact sheet for Emil Frei GmbH 

Industrial branch Other chemicals – Varnish and coatings 

Type of heat pump Electric compression heat pump 

Heating capacity 240 kW 

Heat source description Coating powder production 

Heat source temperature 18 °C 

Heat sink description Space heating 

Heat sink temperature 45 °C 

COP 5 

Refrigerant R404A 

Investment cost 210,000 € 

Operating since 2010 

Payback period 5 

Internal rate of return 18 % 

Contact Glen Dimplex GmbH 

7.10.4 Chemicals B (Fkavex Naturextrakte GmbH) 

Founded in 1986 Flavex Naturextrakte GmbH is now an expert in the production of plant 
and herb extracts. To protect the sensible active ingredients and aromatic substances 
the company uses the CO2 extraction method. A scheme of the process is shown in Fig-
ure 7-10. 

Supercritical CO2 is used as extraction fluid, since it has a relatively low reactivity and the 
process temperatures can be kept low. The CO2 gas is cooled and thereby liquefied. A 
pump raises the pressure to 500 bar. Before the liquid CO2 enters the extraction cham-
ber it is preheated. In the extraction chamber the CO2 meets the plant material and ac-
tive ingredients and aromatic substances are solved. This solution leaves the extraction 
chamber. An expansion valve reduces the pressure and the CO2 evaporates while heat is 
supplied. Thereby the organic extracts are separated from the CO2. 

The extraction process needs cooling to liquefy the CO2. A cooling water circuit supplies 
the plant with 16 °C cold water. The return flow has a temperature of 20 °C. The water is 
collected in a large storage tank with a volume of 30 m³. Since the temperatures were 
too low the waste heat was emitted to the environment until a heat pump was installed 
in 2009 to make use of this heat. It heats a new production building with a floor space of 
2,000 m². To be able to supply the building with heat even on weekends and public holi-
days, when no waste heat from the process is available, a 45 m³ hot water tank was 
installed. The company was willing to accept a very long payback time of 10 years for the 
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whole system, because it operates a similar heat pump system for 15 years now without 
any problems worth mentioning. In addition to that the new heat pump system saves up 
to 80 t CO2 emissions per year /Bosch Thermotechnik GmbH 2011/. 

 

Figure 7-19: CO2 extraction plant 

Table 7-10: Fact sheet for Flavex Naturextrakte GmbH 

Industrial branch Chemicals – production of plant and herb extracts 

Type of heat pump Electric compression heat pump 

Heating capacity 61,5 kW 

Heat source description CO2 extraction plant 

Heat source temperature 16 to 20 °C 

Heat sink description Space heating 

Heat sink temperature 50 °C 

COP not specified 

Refrigerant R407c 

Investment cost 210,000 € 

Operating since 2009 

Payback period 10 

Internal rate of return 6 % 

Contact Junkers - Bosch Thermotechnik GmbH 

7.10.5 Electronics (Dunkermotoren GmbH) 

Dunkermotoren GmbH is a manufacturer of electric drives with 1,000 employees and an 
annual turnover of 150 million €. The company was acquired by Ametek in 2012.  

In 2001 the company built a new production hall of 6,000 m² at their main site in 
Bonndorf. To cover the additional heat demand of the new building a heat pump was 
installed, so that the old oil powered heating system did not have to be extended. The 
heat pump recovered waste heat from injection moulidng machines at 25 °C and with a 
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maximum cooling capacity of 66 kW. The temperature was lifted up to 70 °C to provide 
space heating in winter. To decouple heating and cooling demand, a large sprinkler tank 
was used to buffer peak loads. In the first year a monitoring of the heat pump system 
was monitored. The results showed that the heat pump system could cover 25% of the 
entire space heating demand. Due to restructurings of the company the injection mould-
ing machines were taken out of service. With no heat source available anymore, the 
heat pump also had to be replaced by another heating system. 

Table 7-11: Fact sheet for Dunkermotoren GmbH 

Industrial branch Electronics – Electrical drives 

Type of heat pump Electric compression heat pump 

Heating capacity 90 kW 

Heat source description Injection moulding 

Heat source temperature 25 °C 

Heat sink description Space heating 

Heat sink temperature 70 °C 

COP 3.7 

Refrigerant not specified 

Investment cost not specified 

Operating since 2001 

Payback period not specified 

Internal rate of return not specified 

Contact Combitherm GmbH, Ingenieurbüro Jauch (Radolfzell) 

7.10.6 Glass (Glasfabrik Thiele AG) 

Glasfabrik Thiele AG was founded in 1984 in Schrotzberg and is now present in seven 
locations all over Germany. The company specializes on production and finishing of flat 
glass products. The company’s largest production site with an area of 14,500 m² is situ-
ated in Wermsdorf. In 2007 the office building in Wermsdorf was extended from 200 m² 
to 450 m² office space. A heat pump system was installed to cover the resulting addi-
tional space heating demand. Furthermore the heat pump also generates 1,200 to 1,400 
l of hot water per day. 

Glass furnaces are emitting a lot of heat to the ambient air in the production hall. There-
fore air conditioning is needed to keep the temperatures in a comfortable condition. To 
recover the heat emitted by the furnaces two air source heat pumps were installed di-
rectly next to them. These heat pumps suck in air at 25 °C and cool it down by 10 K. The 
heat pump system has a cooling capacity of 40 kW. At the condenser hot water is pro-
duced at 40 °C to be used for showers and space heating. Two thermal hot water stor-
ages of 400 l and 500 l are working as a buffer to decouple heating and cooling de-
mands. The 500 l storage is used for space heating while the 400 l storage provides hot 
water for the showers. Pictures of the installation are shown in Figure 7-20. The invest-
ment costs for this system can be apportioned to 58,000 € for the heat pumps and 
24,000 € for additional accessories and installation works. The total investment costs 
sum up to 82,000 € for the whole system /Dimplex 2012/.  
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Figure 7-20: Air source heat pump situated directly next to the glass furnace /Dimplex 2012/ 

Table 7-12: Fact sheet for Glasfabrik Thiele AG 

Industrial branch Glass – Glass finishing 

Type of heat pump Electric compression heat pump 

Heating capacity 64 kW 

Heat source description Glass finishing, hot air near the production furnace 

Heat source temperature 25 °C 

Heat sink description hot water, space heating 

Heat sink temperature 40 °C 

COP 3,8 

Refrigerant R404A 

Investment cost 82,000 € 

Operating since 2007 

Payback period not specified 

Internal rate of return not specified 

Contact Glen Dimplex GmbH 

7.10.7 Mechanical Engineering (Gebr. Kemmerich GmbH) 

Gebr. Kemmerich GmbH designs and produces metal parts. The company employs more 
than 1.000 employees at 5 locations. Since 1996 the tool-making division is settled in 
Niederau-Gröbern. In recent years the division specialized in metal forming processes. 

In the production process CNC machines, laser cutters and eroding machines are used. 
These machines have been cooled by a conventional cooling system. In 2012 a heat 
pump was installed to recover the energy formerly wasted. The heat pump has a heating 
capacity of 20 kW and provides heat for space heating at 60 °C. When the heat demand 
exceeds the capacity of the heat pump an oil fired boiler is activated. Main focus of the 
system is to always provide enough cooling power. Therefore a cold storage was inte-
grated into the cooling network. On the hot side storage for hot water was installed. 
Figure 7-21 shows a scheme of the integrated heating and cooling system. With installa-
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tion costs of 25,000 € a payback period of 2 years could be reached /Klima Jentzsch 
GmbH 2013; FORM + Werkzeug 2013/. 

 

Figure 7-21: Integrated heating and cooling system at Gebr. Kemmerich GmbH  
/Klima Jentzsch GmbH 2013/ 

Table 7-13: Fact sheet for Gebr. Kemmerich GmbH 

Industrial branch Metal processing – tool manufacturing 

Type of heat pump Electric compression heat pump 

Heating capacity 20 kW 

Heat source description Laser cutting, eroding and CNC machines 

Heat source temperature not specified 

Heat sink description Space heating 

Heat sink temperature 60 °C 

COP 3.7 

Refrigerant not specified 

Investment cost 25,000 € 

Operating since 2012 

Payback period 2 years 

Internal rate of return 50 % 

Contact Klima Jentzsch GmbH 

 

7.10.8 Metal processing A (Flamm GmbH) 

Flamm GmbH in Aachen is a manufacturer of precision wires for electronics industry and 
stamping and deep drawing parts for metal industry. The company was founded in 1982. 
Today it employs 45 employees in three-shift operation. Production hall and warehouse 
have a total area of 8,000 m². 

http://www.dict.cc/englisch-deutsch/eroding+machine.html
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Different processes generate waste heat at 27 °C. It is used as heat source for a heat 
pump with a heating capacity of 230 kW. With a COP of 5 the heat pump lifts the tem-
perature up to 55 °C and thus covers the entire heat demand of the company. The total 
investment amounts to 70,000 € with yearly savings of 22,000 €. This is reflected in the 
rather short payback period of 3.2 years and a large internal rate of return of 29 %. 

Table 7-14: Fact sheet for Flamm GmbH /Schreier/ 

Industrial branch Metal processing – Wires for the electronics industry 

Type of heat pump Electric compression heat pump 

Heating capacity 220 kW 

Heat source description Process water 

Heat source temperature 27 °C 

Heat sink description Space heating 

Heat sink temperature 55 °C 

COP 5 

Refrigerant R134a 

Investment cost 70,000 € 

Operating since not specified 

Payback period 3.2 years 

Internal rate of return 29 % 

Contact Güstrower Wärmepumpen GmbH 

7.10.9 Metal processing B (Ludwig Michl GmbH) 

Ludwig Michl GmbH designs and manufactures metal products. With 80 employees the 
company processes 1,000 t of sheet metal per year and achieves an annual turnover of 9 
to 10 million euro /Ludwig Michl GmbH 2013/. Motivation for a complete restructuring 
of the heating and cooling system was the acquisition of two new machines that needed 
to be cooled. Before the company installed a centralized cooling system each machine 
emitted its waste heat into the production hall. Especially in summers this lead to un-
pleasantly high air temperatures. The additional heat emitted by the new machines even 
lead to malfunctions in machine control units due to overheating. 

When new machinery was procured in 2007 also a new centralized heating and cooling 
system was installed. The central unit of the system shown in Figure 7-22 are five ab-
sorption heat pumps, operated in parallel. Each of them has a heating capacity of 34 kW 
and a cooling capacity 16 kW and is equipped with a pump on both sides. These pumps 
for hot and cold water are controlled by the heat pump control system, which is con-
nected to a higher-level control system via mod bus. The higher level system controls 
the distribution of heating and cooling. Cooling is supplied to two laser cutting and weld-
ing machines, to an edging machine, to a server room and the production hall. The heat 
sources are connected in parallel to ensure a supply temperature of 20 °C. A 3 m³ strati-
fied cold water storage allows a decoupling of volume flows of the heat pump and the 
cooling circuit. The heat pumps can be switched on/off individually to adjust the cooling 
capacity. Hot water is produced at 60 °C to cover the heat demand of a chamber wash-
ing system and a hot air dryer. Both machines are connected in series as the dryer can 
also operate with lower temperatures. The chamber washing system, however, is very 
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temperature dependent. If the temperature of the washing solution falls below a critical 
value, the solution starts to foam up. Like on the cold side volume flows of the heat 
pump and the heating circuits are decoupled by a 1 m³ storage. In case of a heat surplus, 
the heat can be emitted to the environment via an air cooler. To save space in the pro-
duction hall, heat pumps, hot water storage and air cooler are housed in a sea container 
next to the building. As this container is neither heated in winter nor insulated suffi-
ciently to inherently prevent freezing of the water circuits, the heat pumps are operated 
in an active anti-freeze mode in winter. The heating and cooling system is operated 
monovalent. Therefore system failures have to be patched immediately to prevent a 
production break down. By connecting the control system to an e-mail notification sys-
tem staff is enabled to react quickly. 

In the first months LPG was used to power the heat pumps. After the local gas supplier 
had connected the company to the gas network, the energy supply was switched to 
natural gas. The costs of 50,000 € for the extension of the gas network were covered by 
the local gas supplier. The investment costs for the integrated heating and cooling sys-
tem amounted to 125,000 €. The Project was funded by Deutsche Bundesstiftung Um-
welt (DBU) with 30,000 €. The payback period for the investment was 4 years. Compared 
to the old system up to 40 % of the CO2-Emissions could be saved /Ludwig Michl 2007, 
Robur 2008; Lehnhardt 2008/. 

 

Figure 7-22: Heating and cooling system at Ludwig Michl GmbH  
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Table 7-15: Fact sheet for Ludwig Michl GmbH 

Industrial branch Metal processing – Sheet metal products 

Type of heat pump Gas absorption 

Heating capacity 194 kW 

Heat source description Laser, server and space cooling 

Heat source temperature 20 °C 

Heat sink description Washing process, drying process, space heating 

Heat sink temperature 60 °C 

COP 2,3 (integrated) 

Refrigerant R717 (Ammonia) 

Investment cost 125,000 € (total investment) 

Operating since 2007 

Payback period 4 years 

Internal rate of return 23 % 

Contact Ludwig Michl GmbH, Robur GmbH 

 

7.10.10 Metal processing C (Purkart Systemkomponenten GmbH & Co. KG) 

Purkart Systemkomponenten designs and manufactures metal products. In 2011 the 
company implemented a new integrated heat recovery system to reduce energy costs. 
Figure 7-23 shows a scheme of the new integrated heating and cooling network. Waste 
heat generated in production process is now used to cover the space heating and pro-
cess heat demand. While waste heat from compressed air generation could directly be 
integrated into the heating network the temperatures of other heat sources are too low. 
Here a heat pump is used to upgrade the temperature to 60 °C to provide heat for space 
heating and industrial processes (e.g. phosphating and degreasing of metal parts). The 
heat pump extracts about 190 kW from a cooling network and cools down cooling water 
from 30 to 25 °C. Cooling is needed for a laser welding machine. To guarantee the cool-
ing the old free cooling plant is kept as a backup system. In addition to the welding ma-
chine the exhaust gas from a curting oven is used as a heat source. The exhaust gas 
leaves the oven at temperatures of 200 to 300 °C. Formerly unused is it now condensed 
which raises the thermal efficiency of the oven to 99% based on the lower caloric value. 
In case there is no use for this heat can still be released by the old exhaust stacks. To 
buffer peak loads, a 16 m³ stratified storage is installed on both hot and cold side of the 
heat pump. Hereby heating and cooling demands are decoupled. The large volume of 
the tanks enables the system to run for 30 to 60 minutes without heat demand or sup-
ply. Monitoring and optimization of the plant performance could increase the operating 
time of the heat pump from 5 to 8 hours per day. Due to the high sensivity of the cooling 
of the laser welding machine hydraulic balancing had to be performed several times. The 
implementation of the heat recovery system now saves 33% of the total natural gas 
demand. Payback time for this system is expected to be 6 years assuming a return of 
18% and an increase of energy prices of 3% per year /Preuß 2011; SAENA 2012; Bran-
denburg 2011/. 
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Figure 7-23: New heat recovery system with an integrated heat pump /Preuß 2011/ 

Table 7-16: Fact sheet for Purkart Systemkomponenten GmbH 

Industrial branch Metal processing – sheet metal products 

Type of heat pump Electric compression heat pump 

Heating capacity 274 kW 

Heat source description Laser cooling and exhaust gas condensation 

Heat source temperature 25 to 35 °C 

Heat sink description Space heating and process heat 

Heat sink temperature 60 °C 

COP 3.8 

Refrigerant R134a 

Investment cost 570,000 € (for the whole system) 

Operating since 2011 

Payback period 6 years 

Internal rate of return 15 % 

Contact FWU Ingenieurbüro GmbH, Combitherm GmbH 

 

7.10.11 Metal processing D (Schraubenwerk Zerbst GmbH) 

Schraubenwerk Zerbst is a producer of special screws with large diameters for rail fas-
tening, wind turbines and other machinery. With 195 employees the company achieves 
a turnover of 38 million euro. 

The production of screws starts with round rods that are pickled and degreased at first. 
An induction furnace heats the rods before a large press finally forms the screw head. 
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The coils of the inductive furnace have to be cooled continuously. The cooling system 
supplies cooling water at 20 to 23 °C. The waste heat from the inductive furnace raises 
the temperature up to 25 °C. The cooling water is collected in a large basin before it is 
pumped to cooling towers that reject the waste heat to the environment. 

To recover a large share of this waste heat (up to 436 kW) a heat pump system consist-
ing of two heat pumps with a heating capacity of 292 kW per unit was installed. The 
heat pumps use the cooling water basin as heat source. To be able to adapt to heating 
and cooling demands the heat pumps are installed in parrallel. Therefore the heat 
pumps can adjust their heating capacity in 8 steps. To avoid an immediate circuit a spe-
cial evaporator with a high contamination tolerance was designed. The heat pumps de-
liver hot water for space heating of production and administrative buildings. When there 
is not enough waste heat available (e.g. at weekends) a 300 kW gas boiler covers the 
heat demand of the building /Klima Jentzsch GmbH 2013; Schraubenwerk Zerbst 2013/. 

Table 7-17: Fact sheet for Schraubenwerk Zerbst GmbH 

Industrial branch Metal processing – Screw production 

Type of heat pump Electric compression heat pump 

Heating capacity 584 kW 

Heat source description Metal induction press 

Heat source temperature 20 to 23 °C 

Heat sink description Space heating 

Heat sink temperature 40 to 58 °C 

COP 3,5 

Refrigerant not specified 

Investment cost 180,000 € 

Operating since 2011 

Payback period 2 years 

Internal rate of return 50 % 

Contact Klima Jentzsch GmbH 

 

7.10.12 Metal processing E (Thoma Metallveredelung GmbH) 

Thoma Metallveredelung GmbH is an electroplating company that offers a various sur-
face treatments. The company is a very active driver for the rational use of energy in the 
electroplating industry. In a research project funded by Deutsche Bundesstiftung Um-
welt (DBU) with 110.000 € a concept for a new energy saving hard chromium line was 
developed. Chromium plating is a technique of electroplating a thin layer of chrome 
onto metal objects. This is done by immersing the objects into a bath of chromium elec-
trolyte. By applying direct electric current, chromium is plated out on the object´s sur-
face. Usually only 20 % of the electric energy are used to create the chromium coating. 
The remaining 80 % are converted into waste heat. As the electroplating process is very 
temperature-sensitive cooling has to be applied to the electroplating bath.  
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Figure 7-24: Circuit diagram of the heating and cooling system /Zimmer 2009/ 

Thoma Metallveredelung GmbH has increased the over-all efficiency of this process to 
more than 90 % by improving the electroplating process and integrating a heat pump to 
reuse the generated waste heat. By increasing the current density from 50 A/dm² to 90 
A/dm² the efficiency of the electroplating process could be increased to 24 %. To main-
tain a good surface quality the temperature of the bath had to be raised to more than 
60 °C. As the process still produces a large heat surplus, the electrolyte tanks as well as 
the current rectifiers are cooled by a water circuit. The cooling water returns to a col-
lecting basin at a temperature of 60 °C. Because in the company there is no heat needed 
at 60 °C, the cooling water basin serves a heat source for a heat pump. The heat pump 
has a heating capacity of 143 kW and produces hot water at 75 to 80 °C. At this temper-
ature level hot water is used for space heating and to supply others baths of the coating 
line. A 7.5 m³ storage serves as a buffer for space heating. Due to higher heating loads 
the process heat storage has a larger volume of 40 m³. Both heating and cooling system 
are operated bivalent. In case of a malfunction of the heat pump a groundwater well 
serves a heat sink for the cooling water, while an oil-fired heater covers the heating de-
mand. The heat pump system covers 50 % of the heat demand and saves 150,000 l oil 
per year. Another positive effect of the new hard chromium line is significant process 
improvements. The coating hardness could be increased by 10%, while the plating rate 
could be increased by 80 %. For planning and implementation of the project experts 
from different engineering disciplines had to work together. The coordination of this 
work took a lot more effort than expected before. Nevertheless Thoma 
Metallveredelung GmbH is very satisfied with the result and plans to install similar heat 
recovery systems in their other coating lines. Furthermore the whole system was de-
signed using standard components. In this way other electroplating companies can 
adapt the system without infringing property rights /Zimmer 2009, Zimmer 2010a, Zim-
mer 2010b; Hlavica 2010/. 
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Table 7-18: Fact sheet for Thoma Metallveredelung GmbH 

Industrial branch Metal processing – Electroplating 

Type of heat pump Electric compression heat pump 

Heating capacity 143 kW 

Heat source description Process cooling 

Heat source temperature 50 to 60 °C 

Heat sink description Space heating, process heat from bath heating 

Heat sink temperature 75 to 80 °C 

COP 3 

Refrigerant not specified 

Investment cost not specified 

Operating since 2009 

Payback period less than 4 years 

Contact Thoma Metallveredelung GmbH 

 

7.10.13 Metal processing F (Walter Th. Hennecke GmbH) 

Hennecke GmbH is a metal processing company that offers a large spectrum of services 
from metal forming, surface treatment and welding to construction and logistics. In 
2011 a new heat recovery system was installed. A 260 kW heat pump is the central ele-
ment of this system. It provides cooling for 5 large CO2 laser cutting machines that are 
operated all day long in three-shift operation. These machines have a power input of 80 
kW each. More than 90 % of this power is turned into heat and has to be cooled. The 
five laser cutting machines together produce up to 375 kW heat at 27 °C. The heat pump 
provides a maximum cooling capacity of 180 kW and cools down the cooling water to 22 
°C. It provides up to 260 kW heat at 65 °C to degreasing and phosphating machines. Two 
especially constructed stratified storages with a volume of 8,000 l buffer peak loads on 
the hot and the cold side of the heat pump. The old 400 kW gas heater is kept as an 
emergency reserve. The first months of operation showed that the heat pump could 
cover the entire heating demand at only 40 % load. To increase the operating hours the 
heat pump will also provide heat for showers and space heating for a newly built build-
ing with 1,400 m² of social and 2,500 m² of working space. In this final stage allows ap-
proximately 500 t of CO2 to be saved /Hennecke 2013/. 
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Figure 7-25: Integrated heating and cooling system at Hennecke GmbH 

Table 7-19: Fact sheet for Hennecke GmbH 

Industrial branch Metal processing – sheet metal products 

Type of heat pump Electric compression heat pump 

Heating capacity 260 kW 

Heat source description Laser cutting machine 

Heat source temperature 27 °C 

Heat sink description Process heat for pretreatment for powder coating 

Heat sink temperature 65 °C 

COP 4 

Refrigerant not specified 

Investment cost 85,000 € (heat pump only) 

Operating since 2011 

Payback period 3 to 4 years (whole system) 

Internal rate of return not specified 

Contact iQma energy GmbH & Co. KG; 

SmartHeat Deutschland GmbH; Henneke GmbH 

 

7.10.14 Stone and earths (Treibacher Schleifmittel Zschornewitz GmbH) 

Treibacher Schleifmittel GmbH is a producer of abrasives. The plant in Gräfenhainichen 
was acquired in 2001. Today the nearly 170 employees produce mainly zirconium oxide 
and corundum, which are needed for the production of abrasives or high temperature 
thermal insulations.  

Reactive alumina is the basic compound for the corundum production. It is melted in an 
electric furnace that operates at 2,000 to 3,000 °C. The corundum is then cast into in-
gots. Once the ingots are cooled down, they are broken into smaller pieces. Further 
milling and sieving steps are necessary to achieve homogenous particle properties. Be-
fore packaging the corundum is mixed with additives and it is sieved for the last time. 

To withstand the high process temperatures the electric furnace has to be cooled con-
tinuously. The cooling system is operating at 35 °C. Most of the heat is rejected to the 
environment by means of cooling towers. Since 2011 a small share of the cooling de-
mand is covered by a heat pump with 80 kW cooling capacity. Due to impurities in the 
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cooling water an immediate circuit was installed to protect the evaporator. On the hot 
side the heat pump provides heat for space heating at 60 °C. Two storages connected in 
parallel decouple heating and cooling demands. Figure 7-26 shows the integration 
scheme of the heat pump system. /Klima Jentzsch GmbH 2013/. 

 

 

Figure 7-26: Integrated heating and cooling system at Traibacher Schleifmittel GmbH 

Table 7-20: Fact sheet for Treibacher Schleifmittel GmbH 

Industrial branch Basic chemicals – Abrasives 

Type of heat pump Electric compression heat pump 

Heating capacity 110 kW 

Heat source description Electric furnace 

Heat source temperature 35 °C 

Heat sink description Space heating 

Heat sink temperature 60 °C 

COP 3.7 

Refrigerant not specified 

Investment cost 72,760 € 

Operating since 2011 

Payback period 3.2 years 

Internal rate of return not specified 

Contact Klima Jentzsch GmbH 
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7.10.15 Food B (Tivoli Malz GmbH) 

Tivoli Malz GmbH is holder of Global Malt GmbH & Co. KG and a mayor malt producer in 
Germany and Poland with an annual production of 400,000 t. At its production site in 
Hamburg the company installed a CHP plant in combination with a heat pump to lower 
energy costs. With an annual production of 105,000 t of malt the site accounts for more 
than one fourth of the company’s production capacity /GlobalMalt 2013/. 

Malt is a major ingredient for beer brewing. It is produced from cereal, which is left to 
germinate under humid conditions. The germination process is stopped by drying the 
germs in a kiln. This process typically needs a large amount of hot and dry air at 65 °C or 
above. Humid exhaust air is released at 28 °C. This waste heat stream can be used to 
preheat inlet air. This is usually carried out by means of recuperative glass tube heat 
exchangers. In addition to this branch technology standard Tivoli Malz GmbH integrated 
a heat pump to recover an additional amount of 2.7 MW waste heat. A very low tem-
perature difference between heat source and heat sink leads to a high COP of 6. With 
Ammonia a natural refrigerant was chosen, because of its high volumetric capacity 
which results in a relatively little filling quantity and compact dimensions of the heat 
pump. The heat pump provides a heating capacity of 3.3 MW with about 
6,000 operating hours at full load per year. Up to 3,000 l of water are condensed per 
hour. The inlet air is then further heated by a CHP plant that covers the total electricity 
demand of the production site. A gas powered auxiliary heater lifts the inlet air temper-
ature up to 65 °C, before it enters the kiln /Mönch 2011; Tivoli Malz 2012; Brauwelt 
2010/. The Project was funded with 340,000 € for 2.5 years by Deutsche Bundesstiftung 
Umwelt (DBU) /DBU/. 

 

 

Figure 7-27: Process scheme of the energy supply for the kiln 
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Table 7-21: Fact sheet for Tivoli Malz GmbH 

Industrial branch Food – Malt production  

Type of heat pump Electric compression heat pump 

Heating capacity 3,250 kW 

Heat source description Process exhaust air 

Heat source temperature 23 °C 

Heat sink description Process heat for a kiln 

Heat sink temperature 35 °C 

COP 6.3 

Refrigerant R717 (Ammonia) 

Investment cost 1,684,250 € (total investment for CHP, HX and heat pump) 

Operating since 2010 

Payback period not specified 

Internal rate of return not specified 

Contact Tivoli Malz GmbH 

 

7.10.16 Food A (Hanspeter Graßl KG) 

Hanspeter Graßl KG is a small scale brewery that is marketing its beer under the brand 
name Schäffler Bräu in Missen. 

Beer brewing is a multistage batch process. It is one of the most energy intensive pro-
duction processes in the food industry. At first malt and water are heated in the mash 
pan. Stretch and enzymes are dissolved in the water. After the enzymes have turned the 
stretch into sugar the brew is heated up to 80 °C, which deactivates the enzymes. In the 
next step insolvable components are removed from the brew before it is cooked at 90 to 
120 °C. A part of the water is evaporated in this step to concentrate the brew. After the 
cooking the brew is filled into fermentation tanks where yeast converts the sugar into 
alcohol. Since the fermentation process generates some heat the tank needs to be 
cooled to keep it at 5 to 15 °C. The temperature depends on the used yeast type. After 
the fermentation is completed the beer is filled into bottles. 

In June 2012 the Schäffler Brewery installed a heat pump to recycle waste heat generat-
ed by the cooling plant and the bottle cleaning and filling plant. In case no waste heat is 
available the heat pump uses a ground water well as heat source. The heat pump system 
generates 200 MWh heat at 55 °C per year and covers about 80 % of the heat demand 
of a nearby restaurant and hotel. The investment cost of 31,667 € can be subdivided 
into the cost for the heat pump (26,667 €) and the cost for the heat exchanger (5,000 €). 
The payback period was calculated to be 6 years or less. 
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Table 7-22: Fact sheet for Hanspeter Graßl KG 

Industrial branch Food – Brewery  

Type of heat pump Electric compression heat pump 

Heating capacity 77 kW 

Heat source description Waste heat from the cooling plant and the bottle filling plant 

Heat source temperature 20 °C 

Heat sink description Space heating and hot water 

Heat sink temperature 55 °C 

COP 4.3 

Refrigerant R134a 

Investment cost 31,667 € 

Operating since 2012 

Payback period 6 

Internal rate of return 14 % 

Contact Arwego – Armin Schneider e.K. 

 

7.10.17 Textile (PONGS Seidenweberei GmbH) 

Pongs produces fabrics for technical and decorative purposes. Especially the dyeing of 
fabrics offers a large heat recovery potential. Exhaust air from the dyeing machine can 
be used as a heat source. In case of Pongs a special heat exchanger was designed to 
recover 110 kW heat for the 30 to 40 °C warm exhaust air. The heat pump delivers hot 
water for space heating at 50 °C with an average COP of 5.1. As the company is highly 
satisfied with the results, they already installed a second heat pump system for heat 
recovery /Klima Jentzsch GmbH 2013/. 

 

 

Figure 7-28: Air to water heat pump system at Pongs GmbH /Klima Jentzsch GmbH 2013/ 
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Table 7-23: Fact sheet for PONGS Seidenweberei GmbH 

Industrial branch Textiles – printing and dyeing of textiles 

Type of heat pump Electric compression heat pump 

Heating capacity 137 kW 

Heat source description Exhaust air from dying machine 

Heat source temperature 30 to 40 °C 

Heat sink description Space heating 

Heat sink temperature 50 °C 

COP 5.1 

Refrigerant not specified 

Investment cost not specified 

Operating since 2011 

Payback period not specified 

Internal rate of return not specified 

Contact Klima Jentzsch GmbH 

 

7.10.18 Comparison and conclusion 

The characterized heat pump systems show a wide range of application opportunities. 
Mostly industrial waste heat is used to generate heat for space heating. Therefore most 
heat pump systems generate heat at about 60 °C. The operation temperatures of the 
heat pump systems are given in Figure 7-29. The average heat source temperature is 28 
°C. Heat source temperatures vary from 18 to 50 °C while the heat sink temperatures 
vary from 35 to 82 °C. The average heat sink temperature is 59 °C. The average tempera-
ture lift is 31 K. For one of the 17 examples data on temperatures was not complete. 

 

Figure 7-29: Operating temperatures of the surveyed heat pump systems 
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Figure 7-30: Economics of the surveyed heat pump systems 

Economic data was just given by 13 companies, because it is often considered to be crit-
ical data. The documented payback periods are valid for the whole investment including 
peripheral components and planning and installation costs. Figure 7-30 gives an over-
view over payback periods of the documented energy efficiency measures. Payback 
periods vary from 2 to 10 years with an internal rate of return between 6 and 50 %. If 
looked at the internal return rate even a payback period of more than 6 years can be 
considered economical feasible. 
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8 Japan 

8.1 Introduction 

In general, industrial heat pumps can be characterized by a high coefficient of perfor-
mance (COP) achievable through the use of various types of exhaust heat, simultaneous 
supply of cold and hot energy, and long operating time through the year.  

Heat pumps can be used for HVAC (heating, ventilation and air-conditioning), hot water 
supp supply, heating, drying, dehumidification and other purposes as shown in Table 
8-1: 

Table 8-1: Purpose of use of heat pumps 

Purpose of use Examples of application 

HVAC Factory HVAC, clean rooms, protected horticulture, plant 
factories 

Hot water supply Mechanical part washing, process liquid heating 

Heating Hot spring heating, snow melting, fish/eel farming, aquari-
ums 

Heating/cooling Food manufacturing, electrocoating, plating, can manufac-
turing 

Drying/dehumidification Agricultural produce, marine products, printing, coating 
drying 

Concentration/evaporation/distillation Wort boiling, milk, sugar solution, amino acid 

Heat recovery Ethanol, cooling tower exhaust heat, rectifying tower exhaust 
heat 

 

When heat pumps are used for industrial applications, the following considerations 
should be given: 

 Clearly determine the temperature range and operating conditions of the heat utili-
zation system 

 Secure a good-quality absorption heat source, and pursue simultaneous usage of  
both heating (exothermic) and cooling (endothermic) as far as possible 

 Supply heat at a proper temperature to the target process in a controlled manner 

 Try to use the heat pump system in combination with a thermal storage system for 
effective operation 

 

Figure 8-1 shows a chart of industrial heat pump applications: 
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Figure 8-1: Industrial heat pump applications 

Source: Masanori KANDO, Chapter 3, 'Examples of Application of Heat Pumps', Electro-
Heat Handbook, "Recommended Electric-Powered Production Processes, Future Ages, 
Use More Electricity for Production", Japan Electro-Heat Center, 2010 

 

Introducing heat pumps into the industrial sector can bring the following benefits: 

1. “Steam reduction” by heat pumps 

 Factories generally use thermal energy in the form of steam. However, most 
manufacturers distribute steam from their energy center to individual produc-
tion facilities through long steam piping. The steam system always involves heat 
loss from the piping and drain loss from the traps in addition to combustion loss 
in the steam boilers. It is said that only 30 to 50 percent of the steam generated 
in the energy center is effectively used.  

 Installation of a heat pump close to the place where heat is required can achieve 
more effective use of waste energy than the steam system.  

 Replacing conventional steam humidification of clean rooms with evaporative 
humidification (steamless) will save more energy than the steam system can do.  

2. “Exhaust heat recycling” 

 Even exhaust heat, which has just been released to the atmosphere, can be col-
lected and converted into higher-temperature thermal energy by heat pumps. 
Simultaneous cooling and heating with heat pumps will achieve substantial en-
ergy-saving. 

3. “Thermal storage”: Save heat and use it whenever necessary! 
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 Storing cold and hot energy will allow supply of large amounts of heat at a con-
stant temperature whenever necessary. Where both low- and high-temperature 
loads exist, the use of a simultaneous cold and hot water-producing heat pump 
in combination with cold and hot thermal storage tanks maximizes energy usage 
without wasting either.  

 

Introducing heat pumps into the industrial sector can bring the following economic ben-
efits: 

1) Operating points of heat pumps 

 A tip for successful operation of an exhaust heat recovery heat pump is to ob-
tain a stable heat source. It is desirable that the heat pump can deliver thermal 
energy at a temperature as high as possible, and at a constant required flow 
rate.  

 The temperature and flow rate of the hot water side are decided by the con-
nected load. A hybrid system with boilers may be a good idea for better tem-
perature control.  

2) Operating condition 

 With their high efficiency, heat pumps can bring benefits to running cost. A tip 
for maximizing the benefits is longer operating time (availability). Continual op-
eration at as high efficiency as possible leads to a shorter payback period. 

 Availability depends on the load balance between what is to be heated and what 
is to be cooled (exhaust heat). It is essential to design appropriate machinery 
and control systems that can be easily adapted to timing and variations (of tem-
perature and flow rate) of both loads. If conditions are adequately satisfied, it 
would be possible to simultaneously produce cooling and heating energy, bring-
ing substantial benefits.  

3) Equipment and heat pump system 

 The positional relationship between the loads to be cooled (exhaust heat) or 
heated and the heat pump substantially affects the initial cost of the overall heat 
pump system. If they are located close to each other, the piping system can be 
designed to be relatively small in scale.  

 For some water quality or operating conditions, it may be necessary to plan 
supplemental devices such as indirect heat exchangers and thermal storage 
tanks. Careful preliminary discussion about coordination with existing equip-
ment and overall system control is needed.  
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8.2 Examples of Recent Industrial Heat Pump Installation 

We have many industrial heat pumps in practical use throughout Japan. Among the 
many installed cases, here we focus on heat pump technologies of simultaneous produc-
tion of heating and cooling, vapor recompression, high temperature heat production 
and agricultural use because they are growing in sales and also expected further growth 
in the future. 

In this section, 6 cases were picked out as typical examples of above mentioned pro-
spective industrial heat pump technologies and their details, such as backgrounds of 
installation, system specifications and effects from economic and energy saving points 
of view, are explained. 

A number of production processes require cold and hot water at the same time. A spe-
cial feature of innovation surrounding the heat pump technology in recent years is a 
technology which can simultaneously produce hot water or hot air together with cold 
water effectively and easily. Good examples of the simultaneous cold water and 90 °C 
hot water production as well as the simultaneous cold water and 120 °C hot air produc-
tion are shown in 8.3.1 and 8.3.3 respectively. In addition, chapter 8.3 explains an instal-
lation case of the heat pump system that can generate 65 °C circulating heating water 
and cooling water at the same time. 

Effective use of less than 150 °C low-temperature waste heat still has much room to be 
developed. Vapor recompression systems are increasingly adopted to raise pressure and 
temperature of low-pressure vapor. However, when it comes to mechanical recompres-
sion systems, we have a problem of the large amount of power consumption. Therefore, 
an extensive use of the vapor recompression system has begun to be adopted by com-
bining with the mechanical heat pumps. In relation to this, 8.3.2 is about the combined 
heat pump system of the mechanical and thermal vapor recompression reusing the low-
pressure steam of 75 °C which is generated in distilling process. In addition, the adoption 
of heat pump systems with waste heat recovery is steadily growing in air-conditioning 
equipment. The 8.3.4 shows an example of the system for air-conditioning in 20 ~ 30 °C 
production processes.   

Heat pump application in agriculture is one of the noteworthy features in recent years. 
The temperature and humidity control at a plant factory in ordinary commercial building 
is its good case example. However, residential heat pumps are mainly used for that pur-
pose as the precise temperature and humidity control is strictly required and large heat 
loads are not necessary at most of the plant factories in Japan. On the other hand, in 
conventional outdoor greenhouses, the installation of heat pump systems is increasing 
as a replacement of heavy oil combustion boilers in accordance with increasing energy 
efficiency of heat pumps. The 8.3.6 shows the example for fruit cultivation which has 
high added values.   

All the 6 cases picked out in this section succeeded in the great amount of reduction of 
energy consumption, running costs or CO2 emission.  

Appendix* is a factsheet that summarizes the cases from 8.3.1 to 8.3.5.  
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8.3 Examples of applications 

8.3.1 Simultaneous hot/cold water producing heat pump for noodle-making 

Background 

Food processing consists of multiple processes at different temperatures such as clean-
ing, sterilization, boiling, cooling, freezing and drying. Traditionally, gas burners and 
heavy oil-fired steam boilers have been used as a heating source, and refrigerating ma-
chines have been used as a cooling source. Absorbing heat from the cold side and reject-
ing heat to the hot side is one of the most fundamental functions of heat pumps. If such 
absorbed heat and rejected heat produced by a heat pump are used simultaneously, the 
operating efficiency of the heat pump can be dramatically improved. To achieve this 
goal, heat pump systems that can produce hot and cold water simultaneously, and use 
them for cooling and heating, have been introduced in food processing plants. However, 

conventional compression heat pumps, which can only produce heat at around 60℃ at 
most on the hot side, can find only limited applications. Furthermore, the food pro-
cessing industry faced an urgent problem of reducing heavy oil consumption, since the 
price of A-type heavy oil in Japan rose sharply from 2000 and reached a level as high as 
four times the 1999 price in 2008. Hence, a simultaneous hot/cold water producing heat 

pump capable of delivering water at 90℃ was developed, and is being introduced to 
sterilization and boiling processes in the industry.  

 

Example of installation 

8.3.1.1 Company Information 

Location: Shikoku Island, Japan 

Operation: Production of frozen noodles 

Installed in: 2008 

Purpose of installation: To reduce energy consumption for producing hot and cold water 
used in the noodle boiling process after noodle-making (80°C or higher), 
and the cooling process before freezing (around 5°C) 

Production: Approx. 10,000 ton/year 

8.3.1.2 Installed system 

Frozen noodles are manufactured in production processes shown in Figure 8-2. The boil-
ing process requires hot water not less than 80°C, which was traditionally supplied by 
steam boilers. The process is followed by a cooling process (5°C), which conventionally 
used a dedicated refrigerator.  

Then, the noodle company introduced a heat pump that can produce hot water for the 
boiling process and cold water for the cooling process simultaneously. Figure 8-3 shows 
the flows of hot water, cold water and steam in the boiling and cooling processes. The 
process includes a steam boiler of 1500 kg/h, and two steam boilers of 1000 kg/h. There 
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are two boiling pools having a capacity of about 3000L. The plant is operated over about 
16 hours per day starting at 7 o'clock in the morning for about 250 days of the year.  

Hot water (90°C) produced by the heat pump flows through a heat exchanger and is 
stored in a hot water tank. About 45 m3/day of stored hot water (80 to 83°C) is delivered 
from the tank as demanded. The majority of the hot water in the tank is used to fill the 
boiling pools at the start of production in the morning. This helps reduce the peak load 
of the steam boilers. The boiling pools are reheated to the boiling temperature (98 °C) 
with steam from the steam boilers. The rest of the hot water in the tank is used to pre-
heat the boiler feedwater. This brings benefits of lower steam boiler load as well as 
higher heat pump availability.  

Cold water (5 °C) supplied by the heat pump is used to cool the additional water in the 
raw water tank (17 °C) for the cooling pools. This reduces the load of the refrigerating 
machine. Additional cooling to achieve the cooling temperature in the cooling pools 
(3 °C) is provided by the existing refrigerating machine. 

 

 

 

Figure 8-3: Heating and cooling system for producing frozen noodles 

 

Figure 8-2: Production processes of frozen noodles 
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8.3.1.3 Specifications of heat pump 

The appearance of the simultaneous hot/cold water producing CO2 heat pump is shown 
in Figure 8-4. The heat pump specifications are listed in Table 8-2. The heat pump pro-
duces hot water through heat exchange between cold water, and CO2 under supercriti-
cal pressure by the compressor. Cold water is used as a heat source for the heat pump 
evaporator to generate even colder water at the same time. The heat pump has a coef-
ficient of performance (COP) of 3.0 on the heating side, and 2.1 on the cooling side. The 
total COP for simultaneous supply reaches 5.1.  

 

Table 8-2: Specifications of CO2 heat pump refrigerator 

Description Specification 

Heating capacity 71.9 kW/unit (20→90°C, 2 units) 

Cooling capacity 50.1 kW/unit (10→5 °C, 2 units) 

Power consumption 24.0 kW/unit (2 units) 

Refrigerant R744 (CO2) 

Compressor type Reciprocating 

Rated power of compressor 25 kW/unit (2 units) 

Operating range Delivery temperature of hot water 85 °C (3000 L/h) 

Delivery temperature of cold water 10 °C (5000 L/h) 

Hot water tank 24 m3 

※Operating ranges are rated according to 17 °C en-
tering-water temperature, 85 °C delivering-hot-water 
temperature, 10 °C delivering-cold-water tempera-
ture 

 

Figure 8-4: Simultaneous generation CO2 heat pump of cold water and hot water 
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8.3.1.4  Effects of introduction 

Effects of introducing the simultaneous hot/cold water producing CO2 heat pump are 
summarized in Table 8-3. The table compares the power required to produce hot water 
with the new heat pump against the required consumption of A-type heavy oil to pro-
duce the same amount of heat with steam boilers before installation of the heat pump. 
The hot water supply to the boiling pools from the heat pump reduces the heating load 
of the steam boilers, resulting in lower CO2 emissions. The total CO2 emissions reduction 
in the plant was estimated to be about 4 %. Placing importance on environmental per-
formance, the company has introduced similar heat pump systems in three of its plants, 
other than this case, although the payback period is not short.  

Table 8-3: Reduction of energy consumption and CO2 emission (Only hot water supply) 

Description 
Heat pump installation 

Before After 

Thermal balance of hot 
water supply 

Additional light fuel oil without heat pump 

system [L/year] 

93231 0 

Additional electric power with heat pump 

system [kWh/year] 

0 307875 

Additional primary energy consumption 

[GJ/year] 

3645 2965 

CO2 emission [t-CO2/year] 253 100 

Total energy balance CO2 emission [t-CO2/year] 325 185 

Initial cost for heat pump system[X103 Yen] ----- 45000 

Reduction of running cost [X103 Yen] ----- 5500 

Payout period of installation [Year] ----- 8.2 

          Conditions: Calorific valve - Light fuel oil: 39.1 MJ/L, Electricity: 9.63 MJ/kWh 

          CO2 emission - Light fuel oil: 2.71 kg CO2/L, Electricity: 0.326 kg CO2/kWh 

          Unit price - Light fuel oil: 100 ¥/L, Electricity: 9.85 ¥/kWh 

8.3.1.5 Challenges and prospects 

Simultaneous supply of hot and cold water can enhance heat pump efficiency. However, 
the current heat pump system cannot deliver enough energy-saving to promote its in-
troduction only from the viewpoint of energy efficiency. It is a must to improve perfor-
mance and added value. The heat pump introduced in this case stores hot water during 
the night-time, and can deliver higher heating capacity during start-up in the early morn-
ing, allowing the steam boilers to be started up at a later time. One problem is that the 
heat pump has to be used as a preheating source for the steam boilers, because the 

upper limit temperature of hot water output is less than the 98℃ required by the boil-
ing process. If a heat pump system with an even higher output temperature at a reason-
able price were introduced into the plant, the production processes could be efficiently 
operated solely with the heat pump system, with an expectation for simpler facilities, 
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safety achieved through electrification, and lower maintenance cost with no steam boil-
ers.  

8.3.2 Combined vapor re-compression system for alcohol distillation 

Background 

Steam boilers are popularly used as a heat source for production processes. Steam at 
lower pressure and temperature after use in production processes is usually released to 
the atmosphere. A vapor re-compression (VRC) system compresses pressure-reduced 
steam to regain the pressure and temperature suitable for the target production pro-
cess. Japan promoted the introduction of VRC systems as an energy-efficiency technolo-
gy after the oil crisis in the 1970's. Using VRC technology allows high-efficiency energy 
utilization. If there is a big difference in pressure between steam which is re-compressed 
and steam recycled for the process, however, more compression power is required. In 
some cases, electrical VRC cannot be introduced because of a receiving capacity limit of 
electricity. Therefore, as an attempt to expand VRC applications, a system which com-
bines thermal vapor re-compression (TVR) and mechanical vapor re-compression (MVR) 
has been developed and is being introduced.  

 

Example of installation 

8.3.2.1 Company Information 

Company name: Chita Distillery, Sungrain Ltd. 

Location: Aichi Prefecture, Japan 

Operation: Alcohol distillation 

Installed: September 2002 

Purpose of installation: To reduce the re-compression power for low-pressure steam 
recycled for heating of ethanol rectifying tower 

Production: Distillation capacity 80 kL/day  

8.3.2.2 Installed system 

The company uses crude alcohol (95 % purity) and saccharine material to produce alco-
holic beverage ethanol (not less than 95 % purity) and dehydrated ethanol (99.5 % puri-
ty) in production processes as shown in Figure 8-5. The production facility shown in Fig-
ure 8-6 used to consume as much energy as 10,000 kL/year in crude oil terms for 24-
hour continual operation not less than 300 days a year. As shown in the illustration (a) of 
Figure 8-7, 95 vol.% ethanol solution with a condensation temperature of 78.3 °C was 
cooled and condensed at less than 75 °C to generate a large amount of hot water efflu-
ent at less than 75 °C, which was released to the atmosphere via a cooling tower. It was 
first attempted to modify the system as shown in Figure 8-7(b) so that ethanol conden-
sation heat can be used to indirectly produce low-pressure steam, which can be re-
compressed to have high pressure and high temperature for use as a heating source for 
the rectifying tower. In this VRC design, however, compression of low-pressure steam 
with an MVR system alone had a compression ratio of 3.5, which required a 700 kWh 
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class motor. Finally the VRC design was suspended since the receiving capacity needed 
to be substantially increased to accommodate such a big motor. Another solution was 
therefore developed as shown in Figure 8-7(c). This new design includes a steam-driven 
TVR, which shares the heating boilers for the methyl tower, before the MVR to compress 
the vapor at a compression ratio of 1.7. The subsequent MVR further compresses vapor 
at a ratio of 2.1. The system can thus achieve vapor re-compression at a total compres-
sion ratio of 3.5. The MVR motor in this system consumes lower power than the previ-
ous design with MVR alone by 50 %. The company installed this system in one of its two 
distillation facilities with higher availability.  

 

 

 

Figure 8-6:Appearance of rectifying tower 

 

Figure 8-5: Alcohol production process 
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8.3.2.3 Specifications of combined VRC system 

Figure 8-8 and Figure 8-9 show the appearance of MVR and TVR which respectively 
make up the combined VRC system.  

Table 8-4 shows the specifications of TVR and MVR. The MVR is installed after the TVR to 
make up the combined system. The TVR first compresses vapor at a compression ratio of 
1.7, and then the MVR does the same at 2.1. The system can eventually deliver a com-
pression ratio of 3.5 with both compressors.  

 

Figure 8-8: Mechanical vapor re-compressor (MVR) 

 

Figure 8-9: Thermal vapor re-compressor (TVR) 

  

 

Figure 8-7: Applying RVC system to alcohol distillation process 
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Table 8-4: Specifications of the combined VRC with MVR and TVR 

Compressor Description Specification 

TVR 

Quantity of ejection steam 4.2 t/h 

Pressure of inhalation steam 0.039 MPa at 75°C 

Pressure of drive steam 1.5 MPa at 197°C 

Pressure of ejection steam 0.066 MPa at 88°C 

MVR 

Recovery quantity of steam 4.45 t/h 

Power consumption 350 kW 

Shaft power 250 kW 

Inlet pressure 0.066 MPa at 88°C 

Outlet pressure 0.137 MPa at 140°C 

 

8.3.2.4 Effects of introduction 

Table 8-5 shows energy consumption in crude oil terms and CO2 emissions before and 
after introduction of the combined VRC system. The rectifying and methyl towers 
achieved a combined reduction of primary energy consumption and CO2 emissions by 
43%. The simple payout period is estimated to be three years.  

Table 8-5: Reduction of energy consumption and CO2 emission 

Description 
Installing combined VRC Reduction 

effect [%] Before After 

Primary energy consumption for 
steam [GJ/d] 

Rectifying 
tower 

338 218 ▲56.3 

Methyl tower 161  － 

Primary energy consumption for electric power 
[GJ/d] 

0 68 － 

Total primary energy consumption [GJ/d] 499 286 ▲42.7 

CO2 emission [t- CO2/d] 34.2 19.6 ▲42.7 

Conditions: CO2 emission - Crude oil: 2.62 kg- CO2/kL 

8.3.2.5 Challenges and prospects 

Combining TVR and MVR in the manner of this case can expand VRC applications, alt-
hough both technologies were originally independent means to implement a separate 
VRC system. This combined VRC system has also been applied to beer breweries to re-
compress vapor from boiled wort. The system is expected to find application in other 
fields.  

Combined systems are likely to involve higher design and installation costs, since their 
facility capacity and operating schedule often have to be adjusted on site for optimiza-
tion. As more systems are installed, standardization and modularization may need to be 
considered. 
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8.3.3 CO2 Heat Pump Air Heater for Drying Process 

Background 

A drying process is widely used in many production lines such as industrial material, 
chemical fertilizer, food and medical supplies, daily commodities, and so on. The drying 
operation and temperature depend not only on the physical properties or the condition 
of products, but also on the scale or the frequency of the process. As a way of shorten-
ing drying time, hot air at around 120°C is often used in the volatile dried type painting 
process. Boilers, burners or electric heaters were mainly used conventionally to gener-
ate hot air. If the heat source for the hot air is a heat pump which uses fluorocarbon as 
its refrigerant, applications were quite limited because the maximum output tempera-
ture of the heat pump was around 70°C. Then, heat pumps were developed to generate 
hot air up to 120°C with a CO2 refrigerant, and have been gradually introduced to drying 
processes over 80°C. 

 

Example of installation 

8.3.3.1 Company information 

     Company name: Minami Electric CO., Ltd. 

     Location: Kagawa prefecture, Japan 

     Business: Manufacturing and painting of casings for electrical transformers 

     Amount of production: 35,000 units per year 

     Installed: September, 2009 

     Purpose of installation: reduction of fuel gas consumption for drying 

8.3.3.2 Installed system 

The painting and drying production process at the electrical transformer manufacturing 
factories is shown in Figure 8-10. Air circulated in the drying ovens after the electrodep-
osition process is heated up to about 170°C by LPG burners. The air circulated in the 
ovens after the top coating process is heated up to about 155°C. Partial ventilation is 
necessary to prevent the circulated air from contamination, which causes a decrease in 
the thermal efficiency of the facilities. In addition, exclusive chillers were used for keep-
ing the temperature of the electro coating baths at 29°C. Hence, a heat pump that can 
pre-heat the fresh air and can assist cooling of the electro coating baths simultaneously 
and efficiently, was installed. 

Figure 8-11 shows the flows of air and cooling water in the painting and drying system. 
Fresh air taken in from outside is first heated up to between 80 and 120 °C by the heat 
pump. After that, the air is heated further up to required temperatures by the LPG 
burners and used as drying air, as is shown in Figure 8-11. The pre-heating operation by 
the heat pump can provide a reduction of the heating load of the LPG burners. Water at 
15 °C is supplied from the cold water tank to the evaporator of the heat pump as heat-
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source water, and is cooled. After cooling in the evaporator, cold water at 10° C returns 
in the reverse direction from the evaporator to the water tank. 

This cooling action can reduce the chilling load of the chiller for temperature adjustment 
of the electrodeposition bath. If the cooling load of the electrodeposition bath is not 
sufficient to afford heat for the heat pump due to the low temperature of outdoor air in 
winter, it is designed to be able to recover waste heat from an air compressor as a sup-
plemental heat source. 

 

 

8.3.3.3 Specification of heat pump 

The specifications of the CO2 heat pump air heater are listed in Table 8-6. Hot air is gen-
erated by heat exchange between supercritical CO2 produced in the compressor, and 
fresh air for drying. Cold water can be simultaneously generated because the heat 

 

 

Figure 8-11: System flow diagram of drying process in painting application 

 

Figure 8-10: Painting and drying processes 



  Task 4: Case Studies 

Japan 

8-567 

 

 

 

source of the heat pump is water. If there are demands for both hot air and cold water, 
the total COP can be further increased. Figure 8-12shows the relationships between the 
outlet temperature of the heat-source water, the heating capacity, and COP for heating 
when the inlet temperature of the fresh air is 20°C. Figure 8-13 shows the relationship 
between the outlet temperature of the heat-source water and the airflow rate. The heat 
pump system on site is shown in Figure 8-14. 

Table 8-6: Specification of CO2 heat pump Air Heater 

Description Specification 

Heating capacity 110 kW 

Refrigerating capacity 35 kW (9.1 Refrigeration Tons) 

Power consumption 32 kW 

Refrigerant R744 (CO2) 

Compressor type Semi-Hermetic, Reciprocating, Two cylinders 

Rated power of compressor 25 kW 

Operating range Delivery temperature of hot blast 80～120°C 

Delivery temperature of heat source water -9～35°C 

Capacity control Rotation control with inverter  (30～65 Hz) 

Dimensions W1100×L1600×H2223 mm 

Weight Product weight 1948 kg （Operating weight 1954 kg） 

※Capacities are rated according to 20 °C entering-air temperature, 100 °C deliver-

ing-hot-blast temperature, 25 °C delivering-water temperature of heat source 

 

Figure 8-12: Relationships among the outlet temperature of the heat-source water, the heating 
capacity, and COPh 
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Figure 8-13: Relationship between the outlet temperature of the heat-source water and the air-
flow rate 

 

8.3.3.4 Effect of introducing heat pumps 

Energy consumption in the process before and after installation of the heat pump drying 
systems was measured to verify the effect of the installation. Conventional systems 
without heat pumps were measured on 7 and 8 December 2009, and the new heat 
pump systems were installed on 9 and 10 November 2009. Table 8-7 shows the results 
of the measured consumption of fuel gas and electric power. Energy consumption based 
upon primary energy equivalent was reduced by 3.0%, and the running cost could be 
reduced by 12%. Cold water in the tank is also used for cooling products after the drying 
process. Thus, the energy saving effect was improved by using the cold water and hot air 
more effectively. 

 

 

 

Figure 8-14: CO2 heat pump air heater installation 
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Table 8-7: Reduction of energy consumption and CO2 emission 

Description 
Heat pump 

Reduction effect [%] 
Not operated Operated 

Operating time of drying furnace [h] 29.9 30.1 － 

Gas consumption [Nm3] 509.0 389.0 － 

Average gas consumption [Nm3/h] 17.0 12.9 ▲24.1 

Average electric energy consumption 
[kWh/h] 

0.0 35.3 － 

Primary energy consumption [GJ/h] 1.65 1.60 ▲3.0 

CO2 emission [kg-CO2/h] 103.7 90.2 ▲13.1 

Running cost [%] 100 88 ▲12 

Conditions: Performance of chiller for electro coating bath - Refrigerating capacity: 33.5 kW, Power con-
sumption: 12.6 kW 

          Calorific valve - LPG: 97.0 MJ/Nm3 (Density: 2.03 kg/Nm3),  

          Electricity: Day 9.97 MJ/kWh, Night 9.28 MJ/kWh 

          CO2 emission - LPG: 3.000 kg CO2/Nm3, Electricity: 0.326 kg CO2/kWh 

          Unit price - LPG: 83 ¥/kg, Electricity: 9.85 ¥/kWh 

8.3.3.5 Prospects 

The efficiency of the CO2 heat pump increases by operating with a large temperature 
range which includes the supercritical state of CO2. In this installation example, the heat 
pump is used as a pre-heater because the required temperature of the drying air is 
higher than 120 °C. If the required temperature is lower than 120 °C, it would be possi-
ble to operate heat pumps alone, which also enables us to simplify the equipment and 
make it safer by using only electricity. Another possibility is to reduce the maintenance 
cost by using a boiler-less system if heat pumps could replace any steam heating system 
in the drying process. 

 

8.3.4 Adoption of Heat Pump Technology in a Painting Process at an Automobile 

Factory 

Background 

In a painting facility of an automobile factory, a great deal of energy is consumed by 
heating and cooling processes, the power supply, system controls, lighting, and so on. 
Generally, most primary energy sources are gas and electricity. Most heating and cooling 
needs in a painting process are supplied by direct gas combustion, steam, hot water, and 
chilled water generated by a refrigerator, most of the primary energy for which is gas. 

In terms of energy efficiency ratio, electrical energy was believed to be lower in energy 

efficiency than gas energy, because electrical energy uses only around 40％ of input 

energy while gas energy is able to use almost 100 ％ of direct gas combustion. 
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However, heat pump technology has greatly improved, and the energy efficiency ratio is 
increasing accordingly, so highly efficient heat pumps have been introduced also into 
industrial processes in recent years. 

On an estimation basis, CO2 emissions by heating gas were almost the same level as 
electric power in a painting facility model line where 24,000 cars a year were produced 
at an automobile factory in 2009 (Figure 8-15). Gas is mostly utilized as a heating source. 
If it is replaced by a highly energy-efficient system, it will save energy and reduce CO2 
emissions.  

Further, according to CO2 emissions by process, a large amount of emissions are from 
paint booth air conditioners which account for over 1/3 of the total.  

 

 

a) Energy consumption by type (CO2 basis)        b) Emissions by process 

Figure 8-15: CO2 emissions in a Painting Process (estimated in 2009) 

Figure 8-16 shows each process and its required heat temperature range in a painting 
process at an automobile factory. There are three main advantages which we can gain 
from heat pump technology. The first is the heat recovery system, the second is efficient 
heat source equipment, and the third is simultaneous usage of cooling and heating, 
which is believed to be the most efficient usage.  

Simultaneous usage of heating and cooling can be applied to processes of pretreat-
ment/electro-deposition, booth/working area air conditioning, and waterborne flash-off 
equipment. Hence, adoption of heat pump technology in this equipment is considered. 
The highest effect from adoption of heat pump technology in these cases is in booth 
recycled air conditioning and waterborne flash-off equipment. 
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Figure 8-16: Required heat temperature ranges in a general automobile painting process 

In this paper, heat pumps for booth recycled air conditioning are discussed along with 
energy conservation and reduction of CO2 emissions.  

 

Example of application 

8.3.4.1 Company information 

1  Place    Hino Motors, Ltd., Hamura No. 4 plant    

2  Annual operating hours  4,880 hrs/year 

3  Installed processes  Painting booth for finishing coat (base) and recycled air 
conditioning 

Hino Motors, Ltd., is aiming to reduce CO2 emissions on a company-wide level, and they 

paid attention to the painting process which occupied 40％ of total CO2 emissions in the 
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Hamura plant in 2010. Three companies, i.e., Hino Motors, Ltd., an engineering company 
1) and an energy company 2) shared their knowledge about painting technology - 
knowledge of automobiles from Hino Motors, design of the painting plant from the en-
gineering company 1), and efficient exploitation of energy from the energy company 2), 
and successfully "adopted heat pumps as a heat source for painting (finishing coat) 
booth air conditioning". 

8.3.4.2 Installed system and specification of heat pump 

The paint booth consists of two booths - one is a manned booth where fresh air is sup-
plied. And the other is a robot booth where exhaust air is re-used. As a mist of fine paint 
is contained in exhaust air from the manned booth, the air inside can be re-used via wet 
cleaning by using a circulating water shower, which is called the wet recycle system. 
Because the booth’s exhaust air is humidified via wet cleaning, the air is supplied to the 
robot booth with adjusted temperature and humidity after being dehumidified, and re-
heated in the recycled air conditioner. A schematic of the heat recovery heat pump sys-
tem, its specification, and a photograph are shown in Figure 8-17, Table 8-8 and Figure 
8-18 respectively. 

Conventionally, the heat source system of a recycled air conditioner in the paint booth 
consists of a gas absorption refrigerator and a boiler. The recycled air conditioner was 
cooled by the gas absorption refrigerator, and reheated by boiler steam. In the mean-
time, the heat recovery heat pump enables us to supply both the heat for cooling and 
reheating concurrently. This modified system is provided to ensure system reliability and 
lower carbon emissions by utilizing existing equipment, such as the gas absorption re-
frigerator and the boiler, and also for backup purposes.  

 

Figure 8-17: Schematic of painting system 
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Table 8-8: Heat recovery heat pump specification 

Type HEM-150 II 

Cooling capacity 456 kW 

Heating capacity 566 kW 

Refrigerant HFC407E 

Com-
pressor 

Starting-
system 

Inverter 

Type Semi-hermetic Twin-screw 

Input 110.1 kW 

Rated 
COP 

Cooling 4.14 

Heating 5.14 

Quantity 1 

 

 

Figure 8-18: Heat pump equipment 

8.3.4.3 Effect of introducing heat pumps  

An estimation based on the measurement results on site after installation is shown in 
Figure 8-19. The heat pump makes it possible for the system to reduce running costs by 

about 63％, to reduce CO2 emissions by about 47％ per month, and to reduce primary 

energy consumption by about 49％ per month as compared with the conventional boil-

er. Consequently, the pay-back period would be estimated at 3～4 years.  
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a) Running costs 

 
b) CO2 emissions 

 
c) primary energy consumption 

Figure 8-19: Effect of Adoption 
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8.3.4.4 Prospects 

It was considered to utilize the existing boiler steam for the imbalance between cooling 
and heating loads when starting up the booth in winter. They have also installed a hot 
water tank so that they can have a heat source for providing steam directly.  

In case of adopting a heat recovery heat pump system, it is common to install a cooling 
tower and for keeping the balance between cooling and heating loads. But in this case, 
they did not install a cooling tower, and instead utilized the existing refrigerator, aiming 
at the reduction of investment cost.  

The adoption of heat pumps in recycled air conditioning is a case where full use was 
made of the heat pump’s strengths - the good effects of installation, and easy introduc-
tion into the existing system - and it has well fitted the purpose of CO2 reduction. When 
introducing heat pumps, it is indispensable to bring all the companies involved together.  
In this case, it was a collaboration between an automobile company, an engineering 
company, and an energy company.   

 

References:  

1. Taikisha Ltd. http://www.taikisha-group.com/ 

2. Tokyo Electric Power Company http://www.tepco.co.jp/en/index-e.html 

8.3.5 Heat pumps for washing process 

Background 

Mechanical part manufacturing plants have a cutting process followed by a washing 
process where washing liquid is heated by an electric heater or hot steam from boilers 
to around 60°C (Figure 8-20). On the premises of some plants, the boiler room is located 
far from the building in which the washing process is installed. In this case, not only 
combustion loss and drain recovery loss but also huge heat loss from the steam piping 
substantially lowered total efficiency. To solve the problem, many of these plants de-
sired to install high-efficiency heating equipment near the washing process for energy 
saving. However, a high-efficiency, oil mist resistant heat pump capable of delivering 
60°C heating for production processes did not exist at that time. In this type of plant, the 
room temperature is higher than the outside air temperature because of heat generated 
by various devices within the plant. Thus, it is possible to implement a high-efficiency 
heat pump heating system using the air in the plant as a heat source. In the cutting pro-
cess, cutting liquid was conventionally cooled by a small chiller. Exhaust heat from the 
chiller was released to the atmosphere, which further raised the ambient temperature 
in the plant. There was no system that used the cooling process exhaust heat for heating 
of the washing liquid as well. Then, General Heat Pump Co., Ltd. and Chubu Electric 
Power Co., Inc. jointly developed a heat pump for the washing process that could effi-
ciently circulate and heat washing liquid used in the mechanical part washing process by 
using the exhaust heat in the plant.  

http://www.taikisha-group.com/
http://www.tepco.co.jp/en/index-e.html
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Figure 8-20: Cutting process and washing process 

Example of application 

8.3.5.1 Installed system and specification of heat pump 

Figure 8-21 shows the appearance of the heat pump for the washing process. There are 
two types of heat pumps for a washing process: heating only, and cooling/heating. Table 
8-9 shows the basic specifications of cooling/heating type heat pumps. Although not 
shown in Table 8-9, the heating-only heat pump has the same specifications (heating 
capacity, electric consumption and heating COP) as those of the cooling/heating type, 
except that the heating-only type cannot deliver cooling, and is slightly lighter than the 
cooling/heating type because it has no heat exchanger for water cooling.  

In a popular mechanical part cutting process, cutting liquid is cooled and the tempera-
ture is maintained at around 20°C. After the cutting process, mechanical parts are sub-
jected to a washing process where washing liquid is heated and the temperature is 
maintained at around 60°C. The heat pump for the washing process can simultaneously 
deliver heat energy of not less than 60°C for heating the cooling liquid, and cold water at 
15°C suitable for cooling the cutting liquid. This simultaneous heating and cooling supply 
can only be achieved by absorbing the heat released during cooling of the cutting liquid, 
and then re-using the heat for heating of the washing liquid. The heat pump can use a 
refrigerant (R-134a), whose performance has been proven in large refrigerators and 
vehicle HVAC applications, to deliver high-efficiency circulation heating for the mechani-
cal part washing liquid (washing liquid inlet temperature 60°C and outlet temperature 
65°C). Further, as a countermeasure against oil mist that is generated in the cutting pro-
cess and may lead to lower heat pump efficiency, a filter is installed in the heat ex-
changers so that the heat pump can be installed near the washing process (within the 
plant building). Figure 8-22 shows a proposed installation of cooling/heating type heat 
pumps. A desirable operation mode can be selected from simultaneous cooling & heat-
ing, cooling only and heating only to support any combinations of cutting liquid cooling, 
and washing liquid heating.  

nearly 20oC nearly 60oC
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Figure 8-21: Heat Pump for Washing Process 

Table 8-9: Specification of Heat Pumps for Washing Process 

Heating※1  

Capacity  22.3 kW  43.5 kW 

Electric Consumption  7.5 kW  14.8 kW 

Heating COP※2  3.0  2.9 kW 

Cooling※3  

Capacity  20.5kW  39.7 kW 

Electric Consumption  4.0 kW  7.9 kW 

Cooling COP※2  5.1  5.0 

Simultaneous Cooling 

and Heating※4  

Cooling Capacity  15.0 kW  29.1 kW 

Heating Capacity  21.8 kW  42.5 kW 

Electric Consumption  7.1 kW  14.0 kW 

Total COP※5  5.2  5.1 

Refrigerant  R134a  R134a 

Size（L×W×H）  1.3m× 0.7m× 1.9m 1.6m× 0.7m× 1.9m 

Weight  600 kg  700 kg 

※1 Ambient Temperature: 25°C DB/21°C B; Heat Pump Inlet Temperature:60°C,Outlet:65°C 

※ 2 Heating COP ＝ Heating Capacity (kW) / Electric Consumption (kW), 

 Cooling COP = Cooling Capacity (kW) / Electric Consumption (kW) 

※3 Ambient Temperature: 25°C DB; Heat Pump Inlet Temperature 20°C, Outlet: 15°C 

※4 Heat Pump Inlet Cool Water Temperature: 20°C, Outlet: 15°C 

Heat Pump Hot Water Inlet Temperature 60°C,Outlet: 65°C 

※5 Total COP＝ {Heating Capacity (kW) + Cooling Capacity(kW) }／ Electric Consumption (kW) 
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Figure 8-22: Developed Heat Pump System for Cutting and Washing Process 

The heat pump for a washing process has the following features: 

 Circulation heating suitable for heating of washing liquid  

The use of the refrigerant R-134a, which is ideal for heating of washing liquid, achieved 
high-efficiency circulation heating of the washing liquid to maintain the temperature at 
60°C (washing liquid inlet temperature 60°C and outlet temperature 65°C). Indirect heat 
exchangers such as immersion heaters can be used to accommodate even low-quality 
washing liquid.  

 Substantial energy saving 

The heat pump achieved a total COP of 5.2 under the simultaneous cooling and heating 
condition shown in Table 8-9. Figure 8-23 shows measurements of total COP under sim-
ultaneous cooling and heating conditions with various combinations of cold and hot 
water temperature. Raising the cold water temperature and lowering the hot water 
temperature within their respective allowable temperature range can substantially im-
prove the COP. With its high total COP, the heat pump for a washing process allows you 
to substantially reduce energy consumption, CO2 emissions and running cost from the 
level achievable by conventional thermal systems using boilers and chillers.  

 Oil mist-proof, and more user-friendly 

In many plants, the washing process is located adjacent to the cutting process where 
high-speed tools are lubricated with cutting liquid, releasing oil mist in the building. If 
deposited on the air heat exchanger of the heat pump, oil mist may lead to reduction of 
efficiency. To prevent this, an easily removable filter has been added to the heat ex-
changer. Further, a touch-panel operator console provides better user-friendliness.  

 Accommodating unbalanced cooling and heating demands 

Conventional system

Developed system
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The balance between cooling load and heating load in plants always changes with time, 
although the variation depends on the type of production process. For an application 
where a single heat pump is used to deliver cooling for cutting liquid and heating for 
washing liquid, how to accommodate such a load imbalance was an issue. With the sim-
ultaneous cooling & heating type, just switching between three modes, i.e., simultane-
ous cooling & heating, heating-only and cooling-only, can accommodate load balance 
variations.  

 

Figure 8-23: Relation between total COP and cooling/heating temperature 

8.3.5.2 Effect of introduction 

Aisin AW Co., Ltd., a Japanese automobile part manufacturer, introduced heat pumps 
for a washing process into its Gamagori Plant (Gamagori City, Aichi Prefecture) to apply 
them to the mechanical part production line including cutting and washing processes. 
Conventionally, the plant used air-cooled chillers to cool cutting liquid for the part cut-
ting process and steam boilers to heat washing liquid for the washing process, which is 
located immediately after the cutting process. The existing thermal system using steam 
boilers had a long piping system and could only deliver very low energy efficiency due to 
huge heat and drain losses. Then, Aisin installed heat pumps for a washing process in a 
place very close to the production line. To begin with, a heat pump for a washing pro-
cess was installed in 2009 as shown in Figure 8-24. After the effect was verified through 
field tests, 13 more heat pumps were installed in 2010. These 14 heat pumps consist of 
six cooling/heating type with a heating capacity of about 22 kW, and eight heating-only 
type with a heating capacity of about 43 kW. By introducing these heat pumps, the 
company realized a steamless thermal system for the overall plant. Table 8-10 shows the 
annual energy consumption and CO2 emissions calculated from actual measurements. 
Although there is no significant difference in power consumption before and after the 
introduction of the heat pumps, the energy consumption, CO2 emissions and running 
cost were respectively reduced by 73%, 86% and 89% from the level achieved by the 
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existing system because the new system no longer uses heavy oil to burn the steam 
boilers.  

 

Figure 8-24: Ground Plan of a Mechanical Parts Factory where heat pump has been installed 

Table 8-10: Effects of Introduction of Heat Pumps for Washing Process in a Factory 

 Energy Consumption [GJ/year]  CO2 Emission [ton CO2/year]  

Before Introduction of 
Heat Pumps 

20,238  1,340  

After Introduction of 
Heat Pumps 

5,515  194  

Reduction Rate 73%  86%  

8.3.6 Applying the heat pump technology to agricultural production 

Background 

In Japan, about 73 % of the land is occupied by mountains. With the limited arable land, 
farmers try to raise the unit production and profitability by positively using greenhouses 
and plant factories to supply agricultural products regardless of the season (i.e., 
throughout the year). The energy consumption by agricultural production is shown in 
Figure 8-25. A-type heavy oil and kerosene, both of which are fossil fuel primary energy, 
jointly account for 85 % of total energy consumption. In particular, greenhouse cultiva-
tion consumes large amounts of energy, usually A-type heavy oil, for heating.   

As heat pump technology has been substantially improved to offer higher energy effi-
ciency in recent years, high-efficiency heat pumps available at a relatively inexpensive 
price have been introduced to production of flowers, fruit and other high-value-added 
products as an alternative to existing greenhouse heating technology. In addition to 
lower energy consumption and lower CO2 emissions, the use of heat pumps in these 
applications can deliver quality-related benefits, i.e., a wider temperature setting range, 
and disease suppression by dehumidification.  
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Figure 8-25: Energy consumption by agriculture and forestry (2008) 1) 

Japan today has commercial greenhouses occupying a total area of about 50,000 ha. 
These greenhouses are heated by three major means: burning of petroleum fuel, using 
groundwater heat sources, and using petroleum substitutes such as gas and electricity. 
Figure 8-26 shows greenhouse installations by heating systems. According to the figure, 
95 % of total installations are heated by hot-air heaters burning A-type heavy oil2).  

 

 

 

Figure 8-26: Greenhouse heating systems 2) 

Since around 2008, agricultural heat pumps for greenhouse heating have been available 
in the market. Before introducing heat pumps, it is important to look into the power 
consumption, heating capacity and initial equipment cost of the product, to determine 
whether they can be used in combination with fossil fuel-fired heaters to deliver effi-
cient operation, whether they provide easy humidity control, and whether they can be 
easily inspected and repaired. Particularly, it is more advantageous to apply heat pumps 
to high-temperature applications in which heating to 15 °C or higher is needed such as 
when growing roses, mandarin oranges or melons. This is because the higher the re-
quired heating temperature is, the larger the difference in heating cost between fossil 
fuel-fired heaters and heat pumps.  

Electricity 

4％ 

Petroleum substitute 

0.8％ 

Groundwater source 

4.2％ 

Kerosene 

25% 

Light oil 

9% 

A-type heavy oil 

60% 

Petroleum 
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Hot air heating 
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In the case described in the following, the company introduced greenhouse heat pumps 
with highest energy efficiency to achieve energy saving and CO2emissions reduction. 

 

Example of application 

8.3.6.1 Company information 

1  Company name: Morita Farm, Kimitsu Horticulture (1173 Aoki, 
Futtsu City, Chiba Prefecture) 

2  Completed in: December 2010 

3  Greenhouse information: Three-quarter glass greenhouse  

(77 to 168 m2): 7 houses 

4  Product: Melon 

5  Design heating temperature: 20 °C 

6  Existing heater: A-type heavy oil-fired hot water boiler (ther-
mal output 290.7 kW, 1 unit) 

7  Heat pump installed (E'z Inc.): "Aguri mo Guppy 55", twin type: 6 sets 
"Aguri mo Guppy", single type: 1 set 

8.3.6.2 Installed system, and specification of heat pump 

The purpose of introduction is to operate high-efficiency heat pumps for heating melon 
greenhouses so that existing fossil fuel heaters can be used just as an auxiliary option. 
The farmer aimed to reduce fossil fuel (A-type heavy oil) consumption by shortening the 
operation time of the existing heaters.  

From the E'z Inc. catalogue 20083), the company selected an agricultural heat pump with 
the highest COP and installed seven units in total. Based on the concept that the green-
house indoor environment is equivalent to the usual outdoor environment, a housing of 
an "air-conditioner outdoor unit for shop/office applications" was combined with the 
heat exchanger and a high air-flow fan for usual outdoor units. With this design, a single 
type heat pump includes two fans, and a twin type has two indoor units so that they can 
be installed in separate places. Thanks to the "larger area" and "higher air flow" for heat 
exchange, the heat pump can deliver dramatically improved efficiency in heat exchange 
with air, achieving a high COP of 4.9 and substantially higher heating efficiency.  

The heat pump also provides a wide temperature setting range: 7 to 30 °C for heating 
and 10 to 30 °C for cooling. By diverting the outdoor unit housing for air-conditioners, 
the heat pump can be operated even under the dusty environment in the greenhouses, 
showing high environmental resistance. The splash-proof and washability features made 
it possible to design a filterless heat pump.  

The cultivation greenhouses have different roof heights on the north and south sides to 
let more sun shine in through the transparent roof panels, which is called "three-quarter 
greenhouse" (Figure 8-28). In Figure 8-28, greenhouses [1] to [6] have two twin type 
indoor units on the diagonal line each, and greenhouse [7] has one single type indoor 
unit in the same layout (Figure 8-28). Hot air from the heat pump indoor unit is driven by 
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a circulating duct fan (3,600 m3/h) into the main perforated polyethylene duct (φ450). 
Hot air then comes out of the many openings of its branch ducts (φ200), and spreads 
evenly over to make the temperature uniform within the greenhouse (Figure 8-29 and 
Figure 8-30, right). The outdoor unit for twin heat pumps is installed almost at the mid-
point of the two indoor units (Figure 8-30, left). The specifications of the greenhouse 
heat pumps which were installed are shown in Table 8-11. 

Heat pumps generally involve higher installation cost than fossil fuel heaters. To sup-
press the installation cost, the farm has established a hybrid heating system that uses 
fossil fuel heaters to meet the energy demand during the hours of peak load in a day, 
and uses heat pumps to cover the energy demand by the base load, successfully down-
sizing the total heat pump capacity. This hybrid heating system allows improving the 
shortcoming of air source heat pumps that the COP is lower at a lower outside air tem-
perature.  

 

 

  

 

 

 

Figure 8-28: Outdoor facilities and heat pump installations 

  

Target greenhouse:  

・① to ④ 147m2 

・⑤ and ⑥ 168m2 

・⑦ 77m2 

Heat pump indoor and outdoor units:  

 
Figure 8-27: Three-quarter greenhouse 
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a) Plan view 

 

b) Cross section 

Figure 8-29: Heat pump and duct layout in the greenhouse 

 

Figure 8-30: Heat pump outdoor unit (left), Heat pump indoor unit and circulating duct fan (right) 

メロン栽培用隔離ベッド

メロン栽培用隔離ベッド

メロン栽培用隔離ベッド

メロン栽培用隔離ベッド

メロン栽培用隔離ベッド

Refrigerant pipe 

Heat pump indoor/outdoor unit:  

Circulating duct fan:                 

Perforated vinyl duct 

200φ 450φ 

Isolated melon growing bed 

Isolated melon growing bed 

Isolated melon growing bed 

Isolated melon growing bed 

Isolated melon growing 
bed 
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Table 8-11: Specifications of greenhouse heat pumps 3) 

 Aguri mo Guppy 55, Twin type Aguri mo Guppy, Single type 

Model SPW-AGCHVPP180EN SPW-AGCHVP180E 

Cooling capacity 16.0 kW (12.5 to 28.0) 16.0 kW (7.3 to 21.3) 

Heating 
capacity 

Standard 18.0 kW (9.0 to 31.5) 18.0 kW (6.8 to 25.0) 

Cold climate 18.0 kW 18.0 kW 

Refrigerant HFC (R410A) 

Compres-
sor 

Capacity control Inverter 

Type Totally enclosed rotary type 

Output 5.5 kW 4.2 kW 

COP Cooling (standard) 5.48 3.86 

Heating (standard) 5.50 4.90 

Heating (cold climate) 3.77 3.20 

Number of units 6 sets 1 set 

Operating conditions 

(according to JISB8616) 

 

 Cooling: Indoor suction air temperature 27°C DB, 19°C WB, Outdoor 
suction air temperature 35°C B 

 Heating (standard): 

Indoor suction air temperature 20°C DB, 15° WB or less, Outdoor 
suction air temperature 7°C DB, 6°C WB 

 Heating (cold climate): 

Indoor suction air temperature 20°C DB, 15°C WB or less, Outdoor 
suction air temperature 2°C DB, 1°CWB 

 Amount of refrigerant: As shipped from factory 

 

8.3.6.3 Effect of introduction heat pumps 

The effect of introducing determined from the result of measurement after installation 
is shown in Figure 8-31. The transfer of heat source from A-type heavy oil to electricity 
has successfully reduced the annual operating cost by about 50 %, the annual CO2 emis-
sions by about 63% and the primary energy consumption by about 49 %. This means 
that the project investment of around 7,700,000 yen can be recovered in about 5.4 
years through compensation by operating cost reduction.  

The temperature setting of melon greenhouses is as high as 20 °C. The longer the period 
in which melons are grown at a low outside temperature, the more the energy con-
sumption reduction. The farm in this case cultivates melons even during the winter sea-
son. With this long cultivation period, the farm has successfully reduced A-type heavy oil 
consumption by about 88 %. On the other hand, power consumption increased by 82 % 
after the heat pumps were installed. The existing heating facility used a unit type hot 
water heating system with central hot water boilers and, if at least one of the seven 
greenhouses needed to be heated as shown in Figure 8-26, the boilers and circulating 
pumps had to be started, resulting in a very large thermal loss and very high power con-
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sumption by the thermal transport system. Actually the power consumption by the 
thermal transport system was about 55 % of that after installation of the heat pumps. 
However, now hot water is transported less frequently than before, so about 50 % of 
the apparent power consumption is eventually balanced out.  

   

a) Operating cost                              b) CO2 emissions 

 

 

c) Primary energy consumption 

Figure 8-31: Effect of introducing heat pumps 

8.3.6.4 Prospects 

Before applying a heat pump to greenhouse cultivation, it is important to consider 
whether the heat pump can be efficiently operated in combination with fossil fuel-fired 
heaters for lower initial equipment cost, whether humidity can easily be controlled, and 
whether the heat pump can be inspected and repaired. In the case cited in this report, 
the installation brought substantial reduction effects, since the existing thermal facility 
used a unit type hot water heating system with central hot water boilers. It is desirable 
that heat pump technology will be further improved to feature even higher efficiency 
and lower installation cost.  
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Due to recent rising concern over the increasing risk of energy prices, renewable energy 
technologies have had a higher advantage and are expected to be more widely used. 
Further, it is important to enhance the public subsidy system for heat pump installation 
so that the high initial cost, which has impeded their introduction, can be recovered in a 
shorter period of time.  

The biggest benefit of using heat pumps is controllability of both temperature and hu-
midity, which allows year-round cultivation. This benefit can lead to higher yield of gen-
eral product. Particularly, flower and fruit greenhouses are applications in which heat 
pumps have been increasingly installed, with an expectation for higher quality and high-
er yield of these high value-added products.  

 

Source 

"Analysis on CO2 emissions of agricultural production, and effect of installation of heat 
pumps - Case study in Ibaraki Prefecture-", Master's thesis, March 2011, Graduate 
School of Systems and Information Engineering, University of Tsukuba 
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8.4 Prospects 

To increase the use of industrial heat pumps, it is essential to build up a track record of 
installation by promoting partial replacement of existing heat source equipment with 
heat pumps for the time being. Scheduled operation of production processes with heat 
pumps cannot be realized without ensuring the reliability of heat pumps. It is also im-
portant to prepare ourselves for the next step to promote R&D and commercialization 
of next-generation heat pump systems for which the use of heat pumps as a heat source 
is a prerequisite. To encourage replacement of existing heat source equipment, the sup-
port programs described in section 8.2.2, as well as the following discussion and devel-
opment, are needed: 

 Determining the actual waste heat and thermal demand 

 Improving the heating efficiency of circulating hot water 

 Improving heat transport and thermal insulation techniques 

 Improving refrigerant leakage prevention, leakage detection and waste refriger-
ant recovery techniques, and enhancing their efficiency 

http://www.esinc.co.jp/agri/
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 Reducing usage of rare metals (such as neodymium and dysprosium) and copper 

 Enhancing efficiency of temperature control technology for agricultural applica-
tions 

To commercialize and increase the use of next-generation heat pump systems, it is nec-
essary not only to raise the output temperature and efficiency, and diversify heat 
sources, but also to discuss and develop the following points: 

 Simulation and evaluation techniques of system characteristics 

 Establishing safe use of mildly flammable refrigerants, and applying natural re-
frigerants to more applications 

 Rare metal substitutes. 

Basically, many manufacturers do not disclose their production processes. Hence, it is 
difficult to make examples of heat pump installation open to the public, or share infor-
mation across industries. The cases introduced above could not be included in this re-
port without understanding the arrangements made by heat pump users and manufac-
turers. We would like to express our gratitude for provision of information by those con-
cerned. We expect that building up a track record of installation and information-
sharing, as far as possible, will promote improvement of heat pump functionality and 
enhancement of efficiency, and create a virtuous cycle which will bring increasing bene-
fit to the industrial society. 

 

 


