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Heat Pumps and Its Applications

Arpit Gagneja’, and Siddhant Pundhir?

Abstract—If you are exploring the heating and cooling options
for an industrial liquid or gaseous stream or looking for ways to
reduce your energy bills or to minimize the load on non-renewable
sources of energy and to preserve it, you should have the ability to
adapt to new technologies like Heat Pumps. Most of the chemical
plants involve pre-heating of fluids before using it directly in unit
processes or unit operations, so there we can use heat pumps to load
off the work of boilers by reducing the steam consumption and
directly assist in saving on recurring expenditure. It should not be
limited to domestic sector only. We can use this technology in waste
heat recovery systems of apparently all kinds of chemical plants.
Some applications where it is used are drying processes, washing
processes, pasteurization and some other also. We must take initiative
steps towards the heat pump technology in the industrial sector due to
its various benefits and advantages.

Keywords— Heat Pumps, Non-renewable energy sources,
Chemical Industry.

. INTRODUCTION

Heat pump is a device which pumps heat from, one or
more low temperature sources to one or more high temperature
sinks simultaneously, with the help of an external source of
energy. Heat pumps are designed to move thermal energy
opposite to the direction of spontaneous heat flow by
absorbing heat from a cold space and releasing it to a warmer
one. Heat pumps are very efficient for heating and cooling
systems and they can significantly reduce the energy costs.
"Heat" is not conserved in this process because it requires
some amount of external energy, such as electricity. Heat
pumps also work extremely efficiently, because they simply
transfer heat, rather than burn fuel to create it and also help in
the reduction of greenhouse emission in various industry
applications. The most common examples of heat pumps are
air conditioners and freezers etc.

All the heat pumps use a refrigerant as a transitional fluid
to absorb heat where it vaporizes, in the evaporator, and then
to release heat where the refrigerant condenses, in the
condenser. The refrigerant flows through the insulated pipes
between the evaporator and the condenser, allowing for
efficient thermal energy transfer.

The use of heat pumps in the chemical industries in India is
limited instead of its huge advantages. The use of heat pumps
can save a lot of energy and money. While heat pumps may
have lower fuel costs than conventional heating and cooling
systems, they are more expensive to buy but it is also very
important to realize that heat pumps will be most economical
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when used year round. Generally the heat pumps used in
industries start giving paybacks approximately after 1.5-2
years of their installation depending upon their use.

I1. WORKING

Heat pumps use a volatile evaporating and condensing
fluid known as a refrigerant. Refrigerant has low boiling points
than all liquids so that only heat source needed is the room
temperature fluid. The B.P can be altered by changing the
pressure. Initially the refrigerant is a cold and is in low
temperature liquid gaseous state flowing through tubes.
Refrigerant is responsible for transferring and transporting the
heat.

Actual heat gain from the environment or the room
temperature liquid takes place from the evaporator. This is
where the liquid refrigerant comes into play which boils and
evaporates even in sub-zero temperatures. Low pressure
vapours are formed by absorbing heat from the air or liquid at
room temperature as the liquid refrigerant changes to gas.
Once it passes through the evaporator, the refrigerant is a
warm gas. Since the refrigerant is not that hot to warm the
target liquid, so the compressor comes into the picture.
Compressor raises the temperature and pressure of the
refrigerant because of the volume reduction and forces the
high temperature, high pressure gas to the other heat exchanger
called condenser.?
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Fig. 1: Heat Pump Cycle

Condenser takes heat from high temperature gas and passes
it to the target liquid. By a cooling process, refrigerant again
comes to the liquid form which transfers a lot of heat to the
liquid and after expansion valve causes reduction in
temperature and pressure the ingenious cycle starts once again.
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I1l.  HEAT PUMP CLASSIFICATION

Air to Air

e Cold Utility: comfort air conditioning, cold store operation
e Hot Utility: heating air for drying of clothes, agro products,
regeneration of desiccants, etc.

Air to Water

e Cold Utility: comfort air conditioning, cold store operation
e Hot Utility: heating water, direct heating of process fluids
like cleaning solutions in Industrial washing machines, drying
agro products, regeneration of desiccants which can be used
for taking care of latent cooling load, etc.

Water to Water

o Cold Utility: comfort air conditioning, precooling of fresh
fruits, vegetables or flowers, direct process  fluid cooling in
chemical, pharmaceutical and food processing industry

e Hot Utility: heating water, direct heating of process fluids
like cleaning solutions in industrial washingmachines, drying
agro products, regeneration of desiccants which can be used
for taking care of latent cooling load, etc.*

Water to Air

e Cold Utility: comfort air conditioning, precooling of fresh
fruits, vegetables or flowers, direct process fluid cooling in
chemical, pharmaceutical and food processing industry

e Hot Utility: space air heating, heating air for drying of
clothes, agro products, regeneration of desiccants, etc.

Heat interactions in the evaporator and the condenser can be
with multiple sources and sinks respectively. This enables
generating multiple cold and/or hot utilities simultaneously. It
also gives greater flexibility to fully tap the benefits of a heat

pump..

IV. VARIOUS APPLICATIONS OF HEAT PUMPS

Heat pumps find their application in various segments of
market and industry. Some of its applications are clearly
mentioned below:

Market Applications:

Restaurants, Hotels, Health Clubs, Spas, Hospitals, etc
Cold Utility: air conditioning and potable water cooling
Hot Utility: heating water for bathing, sanitation, etc
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Industrial Applications:

Dairy, Pharmaceutical, Textile, Food Processing and Cold
Stores, Automobile, etc

Cold Utility: air conditioning, process cooling and potable
water cooling.

Hot Utility: process heating, boiler feed water preheating,
drying, liquid desiccant

V. ENGINEERING APPLICATIONS OF HEAT PUMPS

The objective of increasing energy efficiency and
reducing operating cost needs to be achieved while
simultaneously ensuring high reliability, simplicity of
operation and ease of maintenance. The system should have
low initial cost or have a short payback period. During our
industrial training at Godrej Industries Limited, Valia, we
witnessed the use of water to water heat pumps in their
processes. The heat pumps used there were compact, easy to
operate and user friendly. At Godrej, the payback period was
about 1.5 years and they were able to save approximately [
2,70,000 per month if all the installed heat pumps work
regularly.

One should take into consideration the following points
while installing heat pumps:
1)Length of pipelines should not be too long. It causes

heat loss through pipes.
2)Water velocities.
3)Refrigerant velocities.
4)Water qualities.
5)Choice of Wetted Material.

VI.

Heat pumps keep energy costs as low as possible which is
the most important thing for any industry.

Heat pumps require minimal regular maintenance. They
have a planned life span of up to 50 years with almost no
loss of efficiency, especially when compared to boilers
which have 2% loss of efficiency every year with a usable
life span of 12 years.

Safety and low risk of accidents, considering the danger of
conventional heating systems particularly when they are
age. Heat pumps are free from contaminants which may
cause harm to the environment. It'll help to load off the
work of boiler which produces carbon monoxide when
faulty, which is harmful to health.

The basic main advantages is the efficiency of converting
energy to heat and the ability to provide heating and
cooling at the same time.

Installation is quite easy.

Heat pumps are clean, quiet and odourless. It is powered
by electricity.

ADVANTAGES OF HEAT PUMPS
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VI1I. POSSIBLE APPLICATIONS IN CHEMICAL INDUSTRY

Petroleum refining and petrochemicals industries

Distillation of petroleum and petrochemicals products in the
processes like  separation  of  propane/propylene,
butane/butylene, and ethane/ethylene.

Chemical Industries
Inorganic salt manufacture including sodium salt sulfate,

boric acid, sodium carbonate can use heat pumps in
concentrating salt solutions.

Treatment of effluent process by concentrating waste
streams to reduce hydraulic load waste treatment facilities.
Heat recovery.

Pharmaceuticals manufacture can use in process water
heating.

Wood products
Pulp manufacturing can use in process like concentration of

black liquor.

Paper manufacturing in process like water heating and
flash-steam recovery.

Lumber manufacturing in product drying.

Food and beverages
Activity of manufactures of alcohol like beer brewing, in

processes like concentrating waste beer.

Wet corn milling/corn syrup manufactures can use in
concentrating steep water and syrup.

In Dairy products or Juice manufactures in concentrating
their liquid products.

Miscellaneous
In Nuclear power stations, it can be used in concentrating

radioactive waste and cooling tower blow down.

In Textiles Industries, processes like wash water heating,
space heating and concentration of dilute dope stream.
Electroplating industries use in heating process solutions
and concentrating effluents.

In other activities like solvent recovery, district heating and
steam-stripping of process streams and waste water they are
highly used.

VII1.CHALLENGES FOR HEAT PUMPS

Heat pumps have very high start-up costs. It’s payback time
is usually 1.5 or 2 years which highly depends on the
purpose it is serving. It will save money in the long run.

e Heat pumps have trouble operating in cold regions.
Prolonged exposure in these areas will damage the system
and prevent it from running at full efficiency.

o As they run on electricity, continuous and sufficient supply
is required.

o Installer and skilled person are required for any damage to

the heat pump.
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IX. POSSIBLE APPLICATIONS OF HEAT PUMPS

A. Distillation Column with Heat Pumps

Figure compares the advantages of a distillation plant with
heat pump to a conventional unit.

In a distillation plant with a heat pump, the reboiler and the
condenser are linked together.

The heat pump increases the existing energy in the column
head, which is normally dissipated, and transfers it into the
reboiler, where the vapour is condensed.

In comparison with conventional distillation units, this
process only requires a fraction of the thermal energy.
Furthermore, it does not need any heating steam or large
quantities of cooling water.

Hence by adding heat pump the duty of reboiler and
condenser is reduced, hence saving a lot of energy.

Heat pump with auxiliary circuit
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Fig 3: Heat pump in the distillation column

X.CONCLUSIONS

Energy is essential to life. Without it, many billions of
people would be left cold and hungry. The major source of
energy comes from fossil fuels, and the dominant fossil fuels
used today by most industrialized and developing countries are
oil, coal, and natural gas.As world population continues to
grow and the limited amount of fossil fuels begins to diminish,
it may not be possible to provide the amount of energy
demanded by the world by only using fossil fuels to convert
energy. There are plenty of ways to convert energy without
fossil fuels, and many of are being used, but not nearly to their
full potential. One of the ways to convert energy without fossil
fuels is by using the Heat Pumps. The use of heat pumps in
chemical industries in India is limited. Recent years have
shown strong growth in the international heat pump market.
Counties likeAustria, Finland, France, Italy, Germany,
Norway, Sweden, Switzerland, and the UK are including heat
pumps in residential and other applications.

For instance, Figure 4 shows the potential for large scale
heat pumps in Germany. From the figure it can be seen that
large scale heat pumps have the possibility to provide around
19 % of German total energy consumption in 2005 (EHPAD,
2010). Of these large scale heat pumps, a large potential is in
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the chemical, paper and pulp and food industries. This shows
that industrial heat pumps have a considerable potential.

A survey study into the potential of industrial heat pump
technology in the food and beverage sector found that a total
CO2 reduction effect of 40 million tonne of CO2/year can be
expected from the eleven countries covered by the survey
(HPTCJ, 2010). This effect comes from the substitution of
steam boilers for heat pumps among applications at a use end
temperature below 100 OC. Especially, China (15 million
tonne CO2/year) and the United States (14 million tonnes
CO2/year) are identified by the survey to have a significant
CO2 reduction potential (HPTCJ, 2010).
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Fig. 4: Potential of large scale applications of heat pumps. The
industrial applications of heat pumps in the chemical, paper and pulp
and food industries comprise a substantial part of the potential in
Germany. (Source: EHPA b, 2010)
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