


Heat pumps

A heat pump is a system which is able to extract
low grade heat from the air, ground or water and
concentrate it to provide useful heat for space and
water heating. Energy is only required to concentrate
this heat and so the system can provide a heat output
up to four times the energy input. Heat pumps
can also produce space cooling during the summer
by extracting high grade heat from a building and
converting into a lower grade of heat which can then
be diffused back into the earth or atmosphere. Thus
a single system can produce space heating, space
cooling and hot water.

Advantages of heat pumps

e System has high overall efficiency and a low
running cost

® Systems are available in all sizes from heating
one room to individual homes and even providing
district heating

e Some systems are reversible in that they can both
heat and cool

e Electricity is available from a variety of sources
including non fossil fuels and renewable sources

Disadvantages

e Space if a horizontal ground source collector is
used

e Efficiency drops with decreasing air temperature
for air source systems

¢ Higher initial costs than conventional systems

® Refrigerant needs to be recovered at end of life
of the system because of its greenhouse warming
potential

Origins of SHERHPA project

The focus in this issue is on the use of natural refrigerants
in heat pumps and heat pump systems which have been
under study for three years as part of the SHERHPA
project. The project has been coordinated by Bernard
Thonon, GRETh and Rayner Mayer, EHPA with financial
support from the European Union’s Sixth Framework
Programme. Periodic updates have been carried in this
newsletter and this special issue describes some of the
findings from this research which involved 31 partners
from 13 European countries.

An important feature of this collaboration has been the
involvement of 10 heat pump manufacturers and an
even larger number of research and technical institutes
to support the development of this new technology.

Background

The concept of using natural occurring compounds
as refrigerants is not new, but dates back to the
first design of heat pumps in the 1860’s in Austria.
Fluorinated hydrocarbons started being produced
in large quantities in the 1950’s and production
continued to expand until gaps in the ozone layer
surrounding the earth’s atmosphere were discovered
by James Lovelock and co-workers.

The raison d’etre for the SHERHPA project was to (re)
investigate in a systematic manner the benefits of
natural refrigerants with a view to commercialising such
technology in the next generation of heat pumps.

Refrigerant choice

From the large variety of possible refrigerants, three
were selected

® propane representing the range of hydrocarbon
compounds which are already in use in domestic
refrigerators and small air conditioners

* ammonia having the ideal blend of physio-
chemical properties and used in large industrial
refrigeration units

e carbon dioxide possessing properties which allow
an uplift temperature to 90° C in a single stage

Component selection

Components which have been optimised for man
made refrigerants are not necessarily ideal for use with
natural refrigerants As part of the flow optimisation
process, two novel types of heat exchanger were
examined which have some specific advantages over
conventional flat plate designs -

® mini-channel which is characterised by a high
surface to volume

e spiral tube which is particularly suitable for high
working pressures associated with carbon dioxide
refrigerants up to 100 bar

Use of full size laboratory flow rigs allowed the flow
conditions to be monitored under varying temperature
and pressure. Material selection and component
design have had to take into account compatibility
and aggressive environments with ammonia and high
pressures when working with carbon dioxide.

[twas notpossible to investigate any novel compressors
which are generally produced in very large numbers
for air conditioning rather than heating. As the heating
market is much smaller, none of the major suppliers
were willing to develop a rotary (scroll) compressor
that could be evaluated as part of the project. This
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has restricted the trials to the use of semi hermetic
compressors which have a lower efficiency.

Design philosophy

This is summarised in Table 1 for the three types of
refrigerants. For hydrocarbons, the main emphasis has
been to minimise the amount of refrigerant to comply
with fire safety regulations. For ammonia, the concern
is with toxicity so minimisation of the inventory is
essential; materials also have to be selected that will
not be chemically attacked by ammonia. For carbon
dioxide, high working pressures allow the refrigerant
to work in a super critical condition.

Additional challenges include -

e appropriate levels of safety to detect any
refrigerant leak or potential build up of explosive

gas

e liquid/vapour conditions and flow rates to be
optimised for each refrigerant and type of heat
exchanger

® appropriate control strategies to be developed to
achieve high levels of efficiency

e whether to simplify the system by using the
collector fluid as the source for the evaporator heat
exchanger (direct expansion)

Applications

The great advantage of heat pump systems is their
ability to utilise and concentrate low grade heat
in a very efficient manner. This is illustrated below
in the Eurelectric comparison between oil, gas and
electrically driven heat pumps in which the carbon
content of electricity is steadily reduced in a carbon
constrained world. By 2030 the carbon content of
heating a typical EU home could decrease from 8 to
one tonne per year.

Figure 1: Comparison of domestic CO* emissions from
different heating systems - oil (A), gas (B) and heat pump (C)
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Source: The role of electricity - a new path to secure, competitive
energy in a carbon constrained world (see www.eurelectric.com)

Design solutions & systems evaluation

These challenges have been interpreted by designers
in various ways which has resulted in 10 different
systems being designed. A three-step approach has
been adopted to evaluate these designs -

e characterisation of refrigerants and heat
exchangers using laboratory flow rigs

e evaluation of systems in laboratory

e cvaluation of systems in service use

The applications are all very different and cover the
complete range of current applications for heat pump
systems. These include

® power from 2-235 KW output

® size from heating small (50 m2) to large buildings
(1,500 m2)

® space heating or space heating and cooling

® domestic hot water to provision of hot water for
bottle washing or pasteurising cheese

A number of different control strategies are being
evaluated at the same time and these are listed
in the table below. Some of the more advanced
strategies such as electronic expansion valves or
variable capacity could be evaluated on some of
the other systems if this leads to higher conversion
efficiency.

All trials are being monitored and logged and will
continue until the designers are satisfied that the
design objectives have been fulfilled. These trials
could continue for up to 10 years or longer depending
upon the durability of the components.

At the Brussels workshop, data will be presented on
the various installations and also a comparison made
with similar systems using man made refrigerants as
benchmarks.

Short courses for designers and installers

A number of short courses have been held this year
for designers and the transfer and interchange of
knowledge has been found very useful. Two courses
have also been held for installers at Arsenal Research,
Vienna and CETIAT, Lyon. Such courses can be
repeated to meet the demands of industry.

Website

The SHERHPA website (www.sherhpa.com) is hosted
by EHPA and it is possible to download copies of the
various reports and publications written by the project
partners.
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OVERMATTER

Eco-label regulation for heat pump systems

The project also provided guidance to DG Environment
with the final draft of this regulation being discussed
at a meeting of the EU eco-labelling board on 25 April
2007 involving all the Member States. The principal
changes to the earlier drafts included

® a concession for heat pumps using refrigerants
with global warming potential less than 150
which are primarily natural refrigerants such
as ammonia, propane and carbon dioxide; for
such systems the threshold values for heating
and cooling energy consumption can be reduced
by 15% compared with refrigerants with higher
global warming potential

One way of obtaining the high efficiencies required
by the ecolabel criteria is to increase the efficiency of
the motor within the compressor unit. Now that there
is strong market growth in Europe, one can hope that
the industry will respond with compressors that will
help heat pump manufacturers meet these eco-label
thresholds. A second option is to improve the design
of the heat exchangers and minimise the refrigerant
charge and such designs have been evaluated as part
of the underpinning research within the SHERHPA
project.
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Table 1: Design charateristics

Hydrocarbons Ammonia

Carbon dioxide

— Similar operating conditions — Low mass flow rate

— Transcritical cycle

— Minimise fluid inventory for safety

— Minimise fluid inventory for safety

— High pressure

— Adapt compressor and lubricant

— Change components (no copper)

— Change components and control

Table 2: System designs using natural refrigerants

Manufacturer | Refrigerant Heat exchanger Control Supply Size (kW)
Ciatesa propane brazed plate spiral eev variable capacity | H&C 20/16
Hiref propane brazed plate mini-channel two step power H&C 100
Neura propane brazed plate on/off H 10 (DX)
Kensa propane brazed plate spiral on/off H 10
Delta Air propane brazed plate exhaust air on/of H 2 (DX)
KTH ammonia mini channel eev H&HW 4
Sodru ammonia semi-welded plate water regulation process hot water 235
Heliotherm carbon dioxide spiral on/off H& HW 3(DX)
Geosolar carbon dioxide coaxial on/off process hot water 20
MTEC Icurbon dioxide in group on/off HW 2 (DX)
oop

Notes: H — space heating, C — space cooling, HW — hot water, DX - direct expansion where the refrigerant is also used to collect the

source heat, eev - electronic expansion valve
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