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Introduction

Heat pump is a machine that would extract
heat energy from a relatively cool medium
(the heat source) and transfer it to a relatively
hot medium (the heat sink) to make the cool
medium cooler and the hot medium hotter.
This is comparable to a machine producing
two effects, one for heating and the other for
cooling.

Moreover, heat pump is an energy efficient
machine to provide heating and cooling in
many applications. Normally, for one unit of
electrical energy supplied to the heat pump, it
would produce more than one unit of heating
energy as well as more than one unit of cooling
energy. This is far more efficient than other
heating processes which normally produce less
than one unit of heating energy due to losses.

The efficiency of heat pump will be superb in
applications where both heating and cooling
are required simultaneously so that heating
energy and cooling energy from the heat pump
could be fully utilized. This publication focuses
on heat pumps adopted in water heating
applications.

This pamphlet collates related information for
reference by users and designers who would be
benefitted from applying heat pumps in their
daily water heating applications to save energy
as well as running costs.
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Understanding about Heat

WORKING PRINCIPLE

1

Heat Pump Cycle

Like refrigeration machines, most heat
pumps operate on either a vapour
compression or an absorption cycle.
Electrically driven heat pumps normally
operate on the former cycle. It has an
electrical compressor that circulates
refrigerant between a condenser and an
evaporator. At the condenser, heat energy
is released when vapour phase refrigerant
is condensed to liquid phase, whereas at
the evaporator, heat energy is extracted (in
other words, cool energy is produced) as
the liquid refrigerant is vapourised.
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2 Operation Efficiency - Coefficient of
Performance
The amount of heat energy and cool energy
produced at the condenser and evaporator
respectively depends on a number of
factors such as temperature of the media
surrounding the condenser and evaporator,
type of refrigerant, and working pressure of
refrigerant vapour entering the condenser.

For electrically driven heat pumps, the
coefficient of performance (COP) which is
the ratio of thermal energy output from
a heat pump to electrical energy input to
its compressor, is an operation efficiency
indicator for the heat pump. Energy output
of a heat pump depends on how one
utilizes its heat and cool energy output.
For heating only applications, the COP is
the ratio of the heat energy output to the
electrical energy input. For applications that
utilize both heat and cool energy, the COP
is the ratio of the total heat and cool energy
output to the electrical energy input, and
would be higher as shown in the equation
below.

2

COP = COP Heating + COP Cooling =

MEER B =

Theoretically by definition, COPyeyng IS
greater than COPcyq by 1. It is because
heat energy delivered by a heat pump is the
sum of the heat energy extracted from the
heat source at the evaporator and energy to
drive the compressor.
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Generally, heat pump can achieve a
COPyearing O 3 and the corresponding
COPcooiing Would be around 2. Hence,
the overall COP of a heat pump for both
heating and cooling can be up to around 5.

Performance at Different Temperature
Conditions

A conventional heat pump for hot water
heating applications usually raises water
temperature by 5 to 10°C at its designed
hot water flow rate and temperature
lift conditions. So water is needed to be
circulated through the heat pump a few
times to build up the required hot water
temperature.

The COP given by heat pump manufacturers
is usually referring to a given set of
operating temperature conditions. When
water is re-circulated, the COP of heat
pump will drop in successive stages when
inlet water temperature is getting hotter
and hotter. Hence quoted COP may need
to be discounted based on the heat pump
performance curve to reflect the overall
efficiency for applications in different
systems.

DESIGN CONSIDERATIONS

1

Upfront and Recurrent Cost

For venues where the total electrical
power consumption is large, people would
normally opt for bulk tariff scheme. Under
such scheme, electricity charge is split into
2 parts namely the energy charge and the
kVA demand charge.
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Should a central hot water system be
installed in these venues, the designer may
use a heat pump of heating capacity much
smaller than that of a direct instantaneous
electric heating system. This would not just
reduce the upfront capital cost but also save
the recurrent kVA demand charge.

Storage Tank

To match the hot water demand with the
smaller heating capacity of heat pump,
normally a hot water storage tank is
required. The size of the tank is mainly
determined by the consumption profile but
shall not be oversized to avoid imposing
excessive loading on building structure. If
there is no structural loading constraint,
a larger storage tank may help reducing
the kVA demand charge of the venue by
shifting the operating hours of the heat
pump system to light load periods such as
night time.

For preventing the risk of legionnaires’
disease, hot water storage device should be
designed to operate at over 60°C.

Recovery Time

With the tank size finalised, a heat pump
of suitable rating can then be selected to
ensure adequate recovery time for heating
the tank of water to the target temperature
after full consumption. Critical review of
the consumption profile is necessary to
determine the design recovery time.

Hygiene

For applications where hot water hygiene
is a concern, designers should use heat
pump with double-walled heat exchanger
to prevent contamination of hot water by
refrigerant should there be pipe burst.
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T
TYPES OF HEAT PUMP WATER HEATERS BRBKSBHER
1 Airto-Water 1 ZRE KR

Air-to-water heat pumps are those which
extract heat energy from ambient air (the
heat source) and reject it to water media
(the heat sink). This type is quite common
as cool air and hot water so produced are
more versatile in applications. For instance,
an air-to-water heat pump installed for
kitchen, where the environment is hot, can
provide spot cooling to occupants as well as
hot water for catering service efficiently.

The temperature of hot water that can
be produced by a heat pump depends on
the refrigerant and the temperature of the
heat source. Conventional heat pumps are
designed to be efficient for generating water
of around 40°C. For water temperature as
high as 90°C, it can be produced by heat
pumps that use carbon dioxide (CO,) as
refrigerant and such products have already
emerged in some overseas countries.
However, the main concern in using CO,
heat pump is the extremely high working
pressure (around 4 to 5 times higher than
conventional refrigerants).

A new heat pump technology, using
conventional refrigerant (i.e. normal
refrigerant pressure) for producing adequate
flow of higher temperature water, has also
emerged on the market. Such heat pump
can be regarded as instantaneous water
heaters and the hot water storage tank may
be eliminated.
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2 Water-to-Water

Water-to-water heat pump can be employed
to generate hot water for venues with
central air-conditioning. The cool water
output can be deployed via heat exchanger
to the chilled water return circuit of the
central air-conditioning plant to save plant
energy. The heat pump COP, however, may
not be at optimum as heat is extracted from
the chilled water of the central A/C plant
which is a cool medium.

TYPES OF REFRIGERANTS

As heat pump is basically working on the
vapour compression cycle, refrigerants that
are used in refrigeration machines could also
be applicable to heat pumps. Users/designers
may choose suitable refrigerant for heat pumps
according to the latest regulatory requirements
related to environmental protection.

MAINTENANCE

Maintenance requirements for heat pumps are
quite similar to those for air conditioners.

Potential Applications and
Energy Savings

The overall efficiency of heat pump system
will be higher if we can make use of both
the heating and cooling energy output of the
machine.

SIMULTANEOUS DEMAND FOR BOTH
HEATING AND COOLING

The followings are some typical applications
where both heating and cooling energy
demands exist:
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. Swimming Pool -

. Hospital -

. Gymnasium - hot water for showers and air-

conditioning for activity areas

Sauna - hot water for sauna and air-
conditioning for reception counters

heating for pool water
and cooling or dehumidification for ancillary
areas

. Hair Salon - hot water for shampoo and air-

conditioning for salon

Club House of Housing Estate — hot water
provision for various activities and air-
conditioning for indoor areas

Catering - hot water for catering services
and air-conditioning for dining, servicing
areas or kitchen

hot water for pre-heating in
steam generation, for bathing patients,
cleansing and cooling supplementing central
air-conditioning

. Foot Massage - hot water for massage and

cooling for venue

DEMAND FOR HEATING ONLY

The followings are some typical heating
applications where heat pumps can be used:

A.

Boilers - Heat pumps can be used to
generate the hot water direct or serve for
pre-heating efficiently the make up water
feeding a boiler system for hot water or
steam generation.

Laundry - Laundry plants consume large
amount of hot water and heat pumps can
meet the demands efficiently.

Heat pumps are energy efficient machines
for water heating applications. For further
information, please contact the Energy
Efficiency Office of the Electrical and Mechanical
Services Department.
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HOT WATER SHOWERS

Showers are provided to the staff of three
shifts in a venue. Six gas boilers of 275L were
replaced with two water-to-water heat pumps
of 30kW heating power and two additional
storage tanks of 1000L each. The annual
hot water consumption was around 700m’.
COPyezing OF around 2.2 to 2.8 was recorded.
The cooling energy was used in the changing
room. The simple payback period for the retrofit
was around 5.2 years. The total amount of
energy saved from town gas and in central air-
conditioning plant as a result of heat pump
installation was around 290,000kWh annually.
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HYDROTHERAPY POOL

Water of the indoor pool was required to be
kept at 34+1°C round the clock. Four existing
18kW instantaneous electric heaters were
replaced with a water-to-water heat pump of
30kW heating power and cooling was used to
pre-cool the fresh air intake of the A/C plant.
The heat pump achieved an average daily
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COPyieaiing OF 4.25 and the annual energy savings
was around 165,000 kWh. The simple payback
period for the retrofit was around 3.8 years.
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LAUNDRY

A new high temperature heat pump was
installed in an industrial laundry to preheat part
of the make-up to the existing diesel-fuelled
boiler system. The cooling energy is used to
provide cooling to a small office. Hot water
as high as around 60°C was generated in one
pass. The average COPHeating and COPHeating+CooIing
achieved were 2.6 and 3.2 respectively. The
highest daily COPy,q,, recorded was 4.0.
Electricity of around 30000 kWh was consumed
to save around 5500L diesel annually. Simple
payback period was around 8.6 years.

HAIR SALON

For a typical application, assuming annual
consumption of 40°C hot water for shampoo is
1000 m’ (around 50 to 100 shampoos per day).
Use of a high temperature heat pump instead
of electric boiler could save over 14000 kWh of
electricity annually. The incremental cost could
be payback in around 1.8 years. Moreover,
cooling energy generated could also be used to
supplement the air-conditioning in the salon.
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