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In this issue

Supermarket Refrigeration

Supermarkets are very energy-intensive and the energy supply system
can get quite complex, as there are needs for cooling at different tem-
perature levels, yet there can also be a simultaneous need for heating.
Supermarket refrigeration systems received considerable attention
during the 21st I[IR Conference in Washington in 2003, where the Heat
Pump Centre took part in a workshop on this topic. Points of particular
interest in this field are the question about direct or indirect systems,
energy-efficient components such as display cases, integration of sys-
tems, and also how to reduce refrigerant leakage which, according to
several of the authors in this issue of the HPC Newsletter, is large.
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Foreword

Van D. Baxter

Oak Ridge National Laboratory
USA

Supermarket refrigeration
systems

Supermarkets are among the most energy-intensive commercial
buildings. Significant energy is used to maintain chilled and fro-
zen food in both product display cases and storage rooms. The
refrigeration systems also produce a large amount of rejected
heat that can be recovered and used by heat pumps or other
equipment to provide space and water heating for store require-
ments. Supermarkets in IEA /HPP countries range widely in size
from about 500 m2 to 6000 m2 or more. Similarly, plant capaci-
ties range from 30-60 kW for small markets to over 400 kW for
the largest stores. Annual energy use ranges from about 100,000
kWh/y for the smaller stores to 1.5 million kWh/y or more for
the largest.

Most supermarkets today use the multiplex direct expansion
(DX) refrigeration system, characterized by centrally located
compressors with long connecting lines to display cases and stor-
age rooms and large refrigerant charge - typically 4-5 kg/kW of
refrigeration capacity. These systems must be field-assembled
and have many individual connection joints between compres-
sor racks, condenser units, cases, rooms and connecting lines.
Each joint is a potential source of refrigerant loss and loss rates
for older systems can be over 30% of total charge annually. As a
result the total equivalent warming impact (TEWI; a measure of
equivalent CO2 emissions from the combined impacts of energy
consumption and refrigerant losses) for a single large system can
be over 1.6 million kg of CO2 annually. For comparison, this is
approximately equal to the annual CO2 emissions of 300 auto-
mobiles. Manufacturers have expended much effort to improve
the integrity of muliplex DX systems and annual loss rates for
new systems are about 15% of charge.

New system designs with lower initial charge and lower loss rates
are beginning to be implemented — multiplex DX with improved
charge management controls, systems with compressors located
closer to cases (shorter lines, fewer joints), self-contained units
for cases & rooms, and secondary loop systems. These show po-
tential to achieve about the same energy efficiency as multiplex
DX and to reduce TEWI by 60% or more. Researchers and indus-
try are also working to develop display cases with smaller re-
frigeration loads which would enable down sizing supermarket
refrigeration plants and further reducing annual energy use.

This issue provides a snapshot of the considerable efforts under-
way to improve the energy efficiency and environmental impacts
of supermarket refrigeration systems.

With best regards,

Van D. Baxter
Oak Ridge National Laboratory, USA
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Columnist

HIHARA Eiji

Professor

Institute of Environmental Studies
University of Tokyo

Japan

Development of new heat pump
technology harmonized with
global environment

The development of new heat pump refrigerants and high-efficiency heat
pumps is closely connected with solving global environmental problems, such
as stratospheric ozone layer protection and the prevention of global warming.
Meanwhile, the meteoric economic rise in Asian countries is encouraging
the raising of living standards in terms of both comfort and efficiency. With
rapidly increasing market demand, the production of air conditioners in the
Asian region has been growing at the fastest rate in the world. Heat pump air
conditioners are an essential appliance affecting our life quality, with the heat
pump industry playing an increasingly important role in daily life.

Since the 1973 world oil crisis, Japan’s lack of indigenous energy sources
has resulted in the country’s national energy policy being concentrated on
conservation aimed at energy security. As part of this, strict COP regulations
have been imposed on air conditioners and other appliances. Taking the
residential split type air conditioners with a cooling capacity of 2.5 kW or
less as an example, the average COP for cooling and heating needs to be 5.27
or more. In addition, air conditioners, refrigerators and other appliances are
required to be recycled in order to conserve resources, with the refrigerants
in refrigerators and air conditioners also being recovered and destroyed in
order to prevent the emission of greenhouse gases. However, some Japanese
economists point out that these environmental regulations will have the
counter-economic effect of requiring manufacturers to make substantial
environmental investments, barring the market entry of overseas companies
and reducing the competitiveness of the Japanese heat pump industry in the
international market. On the other hand, environmental investment in the
heat pump industry will continue in the future.

The following products have been developed as part of new heat pump
technology in Japan: hot water heat pumps using carbon dioxide as the
refrigerant, gas engine-driven heat pumps, multi-air-conditioners for
commercial buildings using R410A as the refrigerant and triple-effect
absorption chillers/heaters. To support this technology, the Japanese
Government pays a certain amount of subsidies for the development and
promotion of those new products that contribute to the reduction of energy
consumption and greenhouse gas emission.

However, minimisation of the global environmental effects of heat pump
technology requires well-established methods of appraisal of heat pump
operation and performance. Life cycle assessment of heat pumps indicates
that the in-use power cost of heat pumps accounts for 90 % of their entire
impact, and so corresponding appraisal methods for energy consumption
are needed. However, there are some problem areas in the present methods.
For example, although the variable-speed compressor controlled by an
inverter shows outstanding partial-load performance, the present industrial
standard is unable to take account of this characteristic. Further, no suitable
method has been worked out to predict the partial-load energy consumption
of direct-expansion multi-air-conditioners connecting two or more indoor
units. Meanwhile, Annex 28 of the IEA heat pump program is examining the
performance appraisal method of heat pumps used for hot-water supply and
space heating. In Japan, a heat pump for combined hot water supply and
space heating, using carbon dioxide as the refrigerant, has been successfully
developed, and is considered as a key technology for reducing domestic
energy consumption. However, without a suitable appraisal method available
at present, the comparison with conventional oil- and gas-fired water heaters
is still under investigation.

In summary, for developing new heat pump technology with overall minimum
environmental impact, it is essential to develop suitable performance appraisal
methods and to re-examine existing international standards.

HIHARA Eiji

Professor

Institute of Environmental Studies
University of Tokyo, Japan
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Heat pump news

General

Denmark leaves the IIR

Denmark — The Danish government
has decided to withdraw Denmark’s
membership of the International In-
stitute of Refrigeration (IIR), starting
from 2005, despite heavy protests
from the refrigeration industry and
the research community in Den-
mark. The withdrawal will isolate
Denmark from a lot of research and
development activities, and also re-
duce Denmark’s ability to influence
international development. This is
because, if Denmark is not a mem-
ber, companies and institutions in
Denmark cannot participate in the
work of IIR.

“In Denmark we have two of the
world’s largest companies within
the refrigeration sector — Danfoss
and York. Therefore it will be a great
loss if these two large innovative
corporations lose their impact on
the global market — just because the
government will not pay the DKK
120 000 membership fee”, says Lau
Vers, head of secretariat for the Dan-
ish Refrigeration Association (Dansk
Koleforening).

This issue will probably not end with
this — the Danish Refrigeration Asso-
ciation, Danfoss, York and the Tech-
nical University of Denmark (DTU)
will work for continued membership
within the IIR.

Source: Scandinavian Refrigeration,
no. 5, 2004

Effective deployment of
renewable energy tech-
nology

A new Implementing Agreement fo-
cusing on renewable energy technol-
ogy deployment has been launched
within the International Energy
Agency. Members are Denmark,
France, Germany, Ireland, Italy and
Norway. These countries, with input

from the European Commission, will
work on ways to overcome barriers,
promote enhanced strategies and en-
courage investments.

Source: IEA Open Energy Technol-
ogy Bulletin, no. 20, 2004

China regulates air con-
ditioner efficiency

China — Three national standards for
energy efficiency of air condition-
ers have been approved. The aim is
to reduce power consumption of air
conditioning equipment, which at
present accounts for 15 % of national
power consumption. The standards
that will take effect in March 2005
categorise air conditioners into five
levels, and any air conditioner fall-
ing below the lowest level will be
banned from the market.

Source: ASHRAE e-Industry, 23 Sep-
tember, 2004

Cool change in USA

USA - The Environmental Protec-
tion Agency, EPA, has launched a
campaign called “Cool Change”,
designed to encourage Americans to
save energy, money and the environ-
ment by increasing energy efficiency
of home cooling systems. EPA of-
fers tips such as replacing air filters,
checking and sealing duct systems
and replacing old cooling equipment
with high-efficiency Energy Star®-
qualified equipment. This program
helps businesses and individuals to
protect the environment by using ef-
ficient equipment that will use less
energy and thus contribute less to
air pollution. EPA estimates that by
using energy-efficient heating and
cooling equipment homeowners can
reduce their annual cost for heating
and cooling by 20 %.

Source: the Air Conditioning, Heat-
ing and Refrigeration News, August
30, 2004

Greenhouse gas emis-
sions decline in the EU

EU - Greenhouse gas emissions from
the EU’s 15 pre-2004 member states
dropped by 0.5 % between 2001 and
2002. This reduction is a small step
towards the target of 8 % reduction
within the next eight years. Com-
pared to the base year of the Kyoto
Protocol, 1990, the reduction is al-
most 3 %. The main reasons for this
decrease are shifts from coal to gas,
reduced emissions from manufactur-
ing industry and reduced emissions
from heating due to warm weather
in many European countries.

Despite these reductions, the EU still
has a long way to go to reach the pro-
jected 8 % reduction by 2008-2012. If
the reductions had followed a linear
path, the overall reduction should
have been 4.8 % by 2002. Only four
countries (Sweden, France, Germany
and the UK) are on track without
use of the Kyoto Protocol’s trading
scheme.

However, since 2002, several EU and
national initiatives have been taken
to reduce greenhouse gas emissions,
which should accelerate progress to
reach the Kyoto Protocol target.

Source: Netinform Newsletter, July,
2004

Increased interest for
heat pumps in the UK

UK - Energy Minister Stephen Timms
launched Cornwall’s county energy
strategy that aims to reduce carbon
dioxide emissions and promote sus-
tainable energy, on 29th July. The
wide reaching plan is signed by 80
organisations in the county that have
agreed to implement the measures in
the plan. Among renewable energy
sources are heat pumps. Fourteen
bungalows in Chy an Gweal were
retrofitted with ground source heat
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pumps, replacing solid fuel heating
systems.

Another project on implementing
heat pumps is being carried out in
West Lothian, where air source heat
pumps will be installed in 34 homes
in a first trial phase. The West Lothi-
an Council has committed GBP 200
000 to the project.

Source: Roger Hitchin, BRE and Ed-
inburgh News

Near-zero-energy
houses

USA - The US Department of En-
ergy attempts to encourage the con-
struction of near-zero-energy hous-
es. These houses are air-tight, and
use solar panels to generate part of
the electricity needed. In addition,
the houses have a heat pump water
heater, geothermal systems, adaptive
mechanical ventilation, cool roof and
wall coatings with infrared reflective
pigments and solar-integrated raised
metal seam roofs. The first house
built in this way has been occupied
by a family of four since November
2002. The daily cost for heating and
cooling with an air source heat pump
was 45 cents, and the total daily cost
for this all-electric house was 82
cents. As a comparison, a conven-
tional house in the same area would
use between 4 USD and 5 USD of
electricity per day.

Source: ASHRAE e-Industry, 19 Au-
gust, 2004

Heat pump news

Technology & Applications

New ground heat ex-
changer

Sweden - Swedish heat pump man-
ufacturer IVT has developed a new
compact ground heat exchanger for
use in small plots down to 40 m2,
or when rock is deep below ground
level. The patented compact heat
exchanger is intended for use either
with the company’s IVT 495 TWIN
unit (an exhaust air heat pump

A ST, TR

TR

5

)

with an additional ground heat ex-
changer), or with the company’s IVT
Greenline unit (a ground source heat
pump) with an additional exhaust air
recovery module. The ground collec-
tor will be recharged with heat when
there is no heat demand in the build-
ing, thus increasing the efficiency of
the heat pump system.

Source: http:/ /www.ivt.se
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Heat pump news

Geothermal heat pumps
in German district heat-
ing system

Germany — 1700 meters under the
city of Neuruppin is an aquifer layer
with 60 °C salt water which, starting
from next year, will be used for heat-
ing of a hotel and sports complex.
The warm water will be pumped up,
cooled in a heat exchanger and then
returned to the aquifer again. The
hotel and sports complex will use a
low-temperature heating system. Gas
engine driven heat pumps will be
used to raise the temperature of the
water supplied to the city’s district
heating system, which needs a high-
er temperature level. The geothermal
heat pump system has been planned
and constructed by GTH Geothermie
Neubrandenburg GmbH.

Source: CCI Print no 10, 2004

Cooperation for im-
proved efficiency

Norway — When discussing energy
use in buildings, the focus tends to
be on technical details or economics.
However, for many applications, en-
ergy supply is very much influenced
by two other factors: the design of
the building, and responsibility for
energy supply. Two examples from
Norway show that energy use can be
reduced if the same organisation is
responsible for design, construction
and operation of the buildings.

In these examples, the construction
company Skanska Norway AS and
Statoil Norway AS have cooperated
from the beginning of the projects.
Skanska has been responsible for con-
struction, while Statoil has planned,
operated and owned the installed
energy plant. By cooperating from
the start, optimum compatibility be-
tween heat distribution system and
heat source could be ensured. In the
first project, a new housing complex
of 118 apartments with a total floor
area of 8500 m2, heating was sup-
plied by ground source heat pumps
and an oil-fired boiler. The second

project, which is also a housing
project, consisted of 300 apartments,
with heating being supplied by heat
pumps and a propane-boiler.

In both of these housing complexes,
each apartment has its own energy
meter and is charged for its consump-
tion. Making the residents aware of
their energy use in this way creates
incentives to reduce their energy use.
This combination of individual en-
ergy metering, heat pumps and good
insulation has reduced energy use for
the second complex to 100 kWh/m?2,
which is 20-40 kWh/m?2 lower than
for the average apartment in this part
of Norway today.

Source: EETIC Info Point, no. 2, 2004

Desiccant air condition-
ing systems

USA - Separating the cooling and
dehumidification elements of air
conditioning provides opportunities
for both increased energy efficiency
and comfort. These were some of
the goals for a project where the Oak
Ridge National Laboratories (ORNL)
cooperated with several manufactur-
ers in order to find high-efficiency
technical solutions to independently
controlled temperature and humid-
ity levels in buildings.

Conventional air conditioners are
not able to separate the cooling and
dehumidification processes, with the
result that users set the thermostat
low in order to dehumidify the air.
Compressors also tend to be over-
sized as far as cooling is concerned,
in order to be able to dehumidify the
incoming air. Air conditioners based
on vapour compression cycles may
even need partially to reheat the air
in order not to deliver too cold air
to the building. These effects, multi-
plied by the thousands of buildings
in which they occur, waste a lot of
energy and put a high load on the
electricity system.

One solution to reduce this problem
was found during the cooperative
project at ORNL — desiccant air con-

ditioning systems. There are differ-
ent approaches in designing these
systems, but the basics are the same
in that the desiccant first dehumidi-
fies the air, after which it is cooled by
either evaporative cooling or a con-
ventional air conditioner. The desic-
cant is continuously regenerated (i.e.
the moisture is driven off from it) by
some heat source, e.g. waste heat, an
electric heater etc.

Two products based on this idea are
already available on the market: one
by SEMCO, and one by a partnership
between Trane and Charles Cromer
at the University of Central Florida.

Source: http:/ /www.newswise.
com/articles/view /505686 /
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Heat pump news

CO2 heat pump water
heaters —- ECO CUTE

Japan — The first air source CO2 heat
pump water heater was developed in
2001, and the market has been stead-
ily growing since then. 37 000 units
were sold in 2002, and the estimate
for 2004 is 100 000 - 110 000 units.
The increased sales are due to grow-
ing environmental awareness and a
government subsidy program.

The system consists of a heat pump
unit extracting heat from the outside
air and a storage tank for the hot
water. The name ECO CUTE can be
used by all electric power companies
in Japan as a general name for heat
pump water heaters using carbon di-
oxide as the refrigerant. The system is
marketed by a number of companies,
such as Mitsubishi Electric, Daikin,
Sanyo, Hitachi AC Systems, Matsu-

shita, Toshiba, Corona and Shofu.
ECO CUTE is based on the CO2
technology developed by NTNU/
SINTEF in Norway, and is licensed
to the system manufacturers by the
Norsk Hydro-SINTEF joint venture
company Shecco Technology.

Source: JARN, no.5 & 8, 2004

Hot Water Supply System with
CO2 Heat Pump
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Heat pump news

Markets

Italy’s air conditioning
market in 2003

Italy — The Italian market for air con-
ditioners is the largest in Europe,
accounting for 25 % of the total Eu-
ropean market. Italian production
accounts for an even larger share,
of approximately 30 % of total EU
production. This is stated in the an-
nual market survey by the Italian As-
sociation of HVAC Manufacturers,
Anima-CoAer. The survey includes
70-75 % of the total residential split
system market.

The Italian market has been increas-
ing since 2002, for the following rea-
sons:

® The very hot climate during the
last two years.

* Comfort air conditioning is recog-
nised by the general public, which
is willing to pay for such equip-
ment.

* Low market penetration of air con-
ditioners in homes and small shops,
only 9 %. This is a large, almost un-
exploited, market segment.

It should be noted that, as far as resi-
dential split systems are concerned,
not many Chinese manufacturers
took part in the survey for the sales
statistics, which means that imports
from China are not included in the
figures. If they were included, it is es-
timated that the market approaches
two million units. Further, in terms
of numbers of units, there has been
an increase of 46 %, but the increase
in value is only 18 %. This is due to
decreased prices, 15 % for single-
split units and 27 % for multi-split
units. Heat pumps account for more
than 76 % of the units, and inverter-
driven compressors are in 22 % of the
units. The domestic Italian produc-
tion of these systems is at its historic
minimum of about 250 000 units.

However, in total, 2004 is expected to
be another good year for residential
systems, riding the wave from 2003
and also replacing systems installed
during the late 1980s and 1990s.

Source: Eurovent/Cecomaf Review,
August, 2004.

The table below shows the increase/decrease in sales for different market segments.

Market segment Transferable ACs | Residential split Liquid chillers
systems

Number of units compared +47 +46 +3

to 2002 (%)

Value compared to 2002 (%) +48 +18 +7

Total units in 2003 > 220,000 > 1,325,000 ?

Danfoss and Turbocor
form joint venture

Denmark/Canada - Danfoss A/S,
Denmark, and Turbocor Inc., Cana-
da, have formed a 50/50 joint ven-
ture company called Danfoss Tur-
bocor Compressors Inc. The new
company has been formed with Tur-
bocor’s existing product line of oil-
free centrifugal refrigerant compres-
sors, its worldwide customer base

and its manufacturing plant in Mon-
treal. With this agreement, Danfoss
expands its commercial compres-
sor program with oil-free centrifu-
gal compressors, and Turbocor can
make use of Danfoss’” powerful sales
and service organisation. The market
segments for Turbocor’s compressors
are the larger commercial and lighter

Chinese production of
air conditioners sets
new record

China - The production of air condi-
tioners in China will hit a new record
this year. For the refrigeration year
starting on September 2003, the total
volume of air conditioners sold by the
end of May 2004 reached 36 million
units. Sales during these nine months
therefore already exceeded the total
volume sold the previous year. Com-
pared with the corresponding period
during the previous years, sales for
these nine months were 56 % higher.
In addition, export sales of 19 million
units exceeded domestic sales of 17
million units.

The market is now expanding so
quickly thatmanufacturers have been
unable to keep up with demand. One
problem has been a shortage of com-
pressors, and all major manufactur-
ers have experienced difficulties in
obtaining compressors. The export
market has also become so large and
important that the domestic supply
(and particularly of 1 hp units) has
suffered.

Source: JARN, no 6 & 7, 2004

industrial air conditioning. The com-
pressors are oil-free with magnetic
bearings, have direct-driven perma-
nent magnet motors, variable-speed
drive, two-stage centrifugal com-
pression and fully integrated digital
electronics.

Source: Scandinavian Refrigeration,
no. 4, 2004
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Heat pump news

Variable-speed-control-
led air conditioners in-
crease in China

China - The use of inverter-control-
led air conditioners is increasing
in China. This seems to be caused
mainly by the increasing problem
of electricity shortage, which this
summer was the most severe in 20
years. For example, in Guangzhou,
the shortage reached 500-600 MW.
Restricted electricity use is imposed
in 24 provinces and cities in China.
Consequently, in order to reduce the
electricity used by air conditioners,
the Chinese government is investi-
gating the possibility of introducing
a mandatory minimum energy effi-
ciency for this equipment.

Another means of reducing electric-
ity demand is to use inverter-con-
trolled air conditioners. The aware-
ness of electricity shortage among
the public has increased the use of
air conditioners. In addition, manu-
facturers have hitherto competed on
price, but this is now about to change
towards competition on technologi-
cal development and high efficiency.
This change is caused by the fierce
price competition and the rising cost
of raw materials.

Source: JARN, no 8, 2004

Working Fluids

Glasgow conference fo-
cuses on work on natu-
ral refrigerants

UK - 300 delegates from 35 differ-
ent countries took part in the 6th TIR
Gustav Lorentzen Natural Working
Fluids Conference in Glasgow this
August. The conference was organ-
ised by the UK Institute of Refrig-
eration on behalf of the International
Institute of Refrigeration, and was
successful in raising the profile of the
UK’s work to enhance the standing
of refrigeration and air conditioning
and in sharing the latest develop-
ments.

105 papers were presented over the
four days of the conference, in addi-
tion to four short courses, four ple-
nary addresses, three technical tours
and a debate session. This was the
leading international forum for the
latest research and practical appli-
cation of carbon dioxide, hydrocar-
bons, ammonia and other alternative
processes. Nearly one-third of the
papers dealt with carbon dioxide
systems — and many of these covered
a wide range of commercial applica-
tions which are already in place, as
well as the progress of work on CO2-
based car air conditioning.

In addition to the technical pro-
gramme, delegates enjoyed a recep-
tion at the Glasgow Science Centre
and Hunterian Museum, and a din-
ner in the magnificent Bute Hall at
the University of Glasgow. Both
events allowed plenty of opportu-
nity for networking between the in-
ternational delegates.

Robert Heap, Conference Chairman

For those who missed the conference,
papers and presentations from the
plenary and short courses are avail-
able on the CD-ROM of Conference
Proceedings, priced at £35+VAT (see
the Institute’s web site for details).

A full report of the questions and dis-
cussion which followed the papers
will be posted on the web site, www.
ior.org.uk/gl2004.

The next Natural Working Fluids
event will take place on 29-31%t May
2006 in Trondheim, Norway.

Source: Press Release, Institute of Re-
frigeration, 13th September 2004
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Heat pump news

F-gas regulation good
for controlling HFC use

UK — Eurammon, a trade body rep-
resenting the interests producers of
cooling systems using natural refrig-
erants, claims that the F-gas Directive
issued by the EU marks a first step
towards a total ban on HFC refriger-
ants. However, the main-stream in-
dustry considers the directive to be
successful in containing and control-
ling the use of HFCs, thus reducing
their environmental impact.

Malcolm Horlick, secretary of the Air
Conditioning and Refrigeration In-
dustry Board, considers the directive
to have the same aim as the Kyoto
Protocol - to minimise emissions. He
further points out that refrigeration
and air conditioning systems add
to global warming both by direct
emissions and by the much greater
indirect emissions from electricity
generation. “In some cases, natural
refrigerants will be both safe to use
and more efficient, and they should
be used. In other cases, HFCs may
provide the best overall solution for
the environment”.

“Systems using any refrigerant
which leak will be less efficient as a
result, and will add unnecessarily to
global warming”.

Source: RAC, August, 2004

Matsushita shifts to HC
refrigerants

Japan - In 2002, Matsushita Electric
Industrial Co. released its first re-
frigerators using hydrocarbon (HC)
refrigerants, in response to growing
environmental concerns. In 2004,
Matsushita will switch all its domes-
tic refrigerators, both for the Japa-
nese market and for export markets,
to HC refrigerants.

Source: JARN, no 6, 2004

Major end users plan to
reduce HFC use

Belgium - Unilever, Coca-Cola and
McDonalds announced or reiterated
plans to reduce their use of HFCs
during the Refrigerants Naturally
conference held in Brussels in July.
These plans were welcomed by
Greenpeace, who also presented re-
search results indicating that if the
current trends in use of HFCs in the
industry continues, HFCs” contribu-
tion to global warming will increase
from 1.5 % today to between 6.2 and
8.6 % in 2050.

Unilever prefers to use hydrocarbons
as the alternative to HFCs, and has
committed to buying only HFC-free
ice cream cabinets from 2005. McDon-
alds has converted one restaurant in

<,

New secondary
refrigerant

A new secondary refrigerant, with
the trade name of Thermera, is a
solution of water and betaine. It is
said to have advantages over glycol
and other chemical fluids in being
non-toxic, non-corrosive and envi-
ronmentally safe. Thermera is a true
aqueous solution, rather than a mix-
ture, and thus does not separate out,
which can be a problem with glycols,
and so there is no risk of an elevated
freezing point.

Source: JARN, no 6, 2004

\

Rajendra Shende (UNEP), Gladys Terman (McDonald’s), Gino Coronato (Unilever), Rt. Hon.
John Gummer MP (Chairman), Pieter van Geel (Dutch State Secretary for the Environment),
Jeff Seabright (Coca-Cola), Gerd Leipold (Greenpeace)”

Denmark from HFCs, and intends
to continue developing and testing
during 2004 and 2005. Coca-Cola
will convert to HFC-free refrigerants
where cost-efficient alternatives are
commercially available. In addition,
by 2010, Coca-Cola’s new equipment
will be 40-50 % more energy-efficient
than equipment was in 2000.

It was not only hydrocarbons that
were discussed during the confer-
ence. Helium-driven Stirling cycle
systems, thermoacoustics, carbon
dioxide and solar-powered technolo-
gies were also proposed as alterna-
tives to HFCs.

Source: RAC, August, 2004
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Heat pump news

IEA Heat Pump Programme

New publication policy
for the HPC Newsletter

When the Newsletter was produced
as a printed document, it was distrib-
uted free of charge within countries
that participated in the Heat Pump
Centre. Other customers had to pay
for copies. With the move to elec-
tronic publication in 1997, there has
been open access to the Newsletter on
the Centre’s website. However, this
policy reduces the perceived value of
participation in the programme and
amounts to a subsidy for non-partici-
pants.

We are addressing this matter by mak-
ing the long version of the newsletter
only available by subscription. For
customers in participating countries,
this will be free — other customers will
have to pay for their subscription.
The short version of the Newsletter
(and the website itself) will still be
freely accessible to all customers, but
only subscribers will be able to read
the full articles in the Newsletter.

The details of how this policy is be-
ing implemented are posted on the
Centre’s website. Customers in par-
ticipating countries will not experi-
ence any difference from how things
work today. Customers in non-par-
ticipating countries will purchase a
subscription and access the News-
letter using a password. In case of
doubt about how this policy applies
in a particular case, please contact the
Heat Pump Centre, which will work
with the Executive Committee, if nec-
essary, to decide eligibility.

As is already the case, Annex reports
will be available to customers in non-
participating countries when they are
released for wide distribution, the
price being higher than for customers
in participating countries.

Fore more information:
Membership IEA Heat Pump
Programme

Subscription Newsletter
Contact Heat Pump Centre
www.heatpumpcentre.org

All reports from Annex
27 now available

Annex 27 “Selected issues on CO2
as a working fluid in compression
systems” is now finalised and the re-
sults are available from two publica-
tions, which can be ordered from the
Heat Pump Centre web site, www.
heatpumpcentre.org.

Selected issues on CO2 as a work-
ing fluid in compression systems -
workshop Norway.

Order No. HPP-AN27-1; Published
February 2001. This report contains
the proceedings of a workshop (held
in Trondheim, Norway, 18-19 Sep-
tember 2000) on CO2 as a working
fluid in compression systems. The
proceedings are a useful informa-
tion source for all those involved in
CO2 technology for heating, cooling,
refrigeration and air-conditioning.
The report is available as a CD-ROM
only.

Selected issues on CO2 in compres-
sion systems

This is the final report from the work
within the Annex, and contains re-
sults from twelve different research
projects together with an extensive
literature survey. The projects were
carried out as independent research
projects, and the findings and the re-
sults are the sole responsibility of the
authors. The following projects are
presented:

¢ Feasibility of transcritical CO2 sys-
tems for mobile space conditioning
applications

* Use of CO2 and propane thermosy-
phons in combination with a com-
pact cooler in a domestic freezer

* Heat transfer of carbon dioxide in
an evaporator

¢ Correlating the heat transfer coef-
ficient during in-tube cooling of
turbulent supercritical CO2

e Heat transfer and pressure drop
characteristics of super-critical
CO2 in microchannel tubes during
cooling

e Flow vaporization of CO2 in mi-
crochannel tubes

e Two-phase flow patterns during
microchannel vaporization of CO2
at near-critical pressures

® Small oil-free piston type compres-
sors

® Some safety aspects of CO2 vapor
compression systems

e Boiling liquid expanding vapor ex-
plosions (BLEVE) in CO2 vessels:
initial experiments

e Experimental study on boiling lig-
uid expansion in a CO2 vessel

e CO2 as a secondary refrigerant
(Sweden)

Norway, Japan, Sweden, Switzer-
land and the USA participated in this
annex and this report is available
to these countries only, until 11th of
May 2006.

Source: Heat Pump Centre

Workshop added to the
agenda of the Las Ve-
gas Conference

In conjunction with the 8th IEA Heat
Pump Conference in Las Vegas, there
will be a one-day workshop present-
ing the results from the ongoing
Annexes 28, “Test procedure and
seasonal performance calculation
for residential heat pumps with com-
bined space and domestic hot water
heating”, and 29 “Ground-source
heat pumps overcoming market and
technical barriers”. The workshop
will be held on the 30th of May 2005.
More information about the work-
shop and the conference will be pub-
lished in a second announcement
and on the Heat Pump Centre web
site, www.heatpumpcentre.org.

Source: Heat Pump Centre
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Heat pump news

New chairman of the Ex-
ecutive Committee

At the last meeting of the Executive
Committee, which took place on
9-10th November in Paris, Sophie
Hosatte from Canada was elected
as the new Chairman, replacing
Roger Hitchin from the UK. Sophie
is currently working for Natural Re-
sources Canada at the CANMET En-
ergy Technology Centre - Varennes
(Québec), where she now manages
research, development and deploy-
ment programs of the Buildings
Group including refrigeration and
Intelligent Buildings. She is original-
ly from France, where she performed
her PhD work in physico-chemistry
at the Université de Valenciennes.

Source: Heat Pump Centre and So-
phie Hosatte

g 3 | 1%

Sophie Hosatte, Canada

Third Working Meeting
of IEA HPP Annex 28 in
Yokohama

The third working meeting of IEA
HPP Annex 28 took place at the To-
kyo Electric Power Company (TEP-
CO) R&D Centre in Yokohama, Ja-
pan, in June 2004. The principal top-
ics were the presentation and discus-
sion of interim results of the national
projects on Task 2, the development
of test procedures, and Task 3, the
calculation methods.

The meeting was embedded in a
three-day program, which included
a technical visit to the Japanese man-
ufacturer, SANYO, and a workshop.
The workshop provided an opportu-
nity for the members of Annex 28 to
meet the numerous members of the
Japanese national team and more
Japanese manufacturers. The del-
egates and the Japanese manufactur-
ers described their work in connec-
tion with that of the Annex. Papers
from the workshop are available for
download under “Publications” on
the Annex website at http://www.
annex28.net.

The results of the work of Annex 28,
the test procedure and the calcula-
tion methods, are intended as an in-
put for international standardisation
committees. The calculation method

worked out in Annex 28 has, for ex-
ample, been implemented by CEN in
the draft prEN14335 standard. The
draft has been accepted for circula-
tion (a six-month period for techni-
cal and editorial comments), and will
soon be sent out together with other
revised standards in the framework
of the new Directive on the Energy
Performance of Buildings (EPBD).
The EPB Directive comprises a set
of new standards both for buildings
and for building services (heating,
cooling, ventilation, domestic hot
water, lighting and control), and is to
be implemented in January 2006. The
work of Annex 28 in connection with
European standardisation was pre-
sented at a workshop of the IEA HPP
ExCo in November 2004 in Paris.

The time schedule of Annex 28 has
been changed to suit the actual state
of the national projects. Country re-
ports on Task 2 and Task 3 are to be
delivered in mid-November 2004,
and the final report is due in May
2005. Final results will also be pre-
sented at a workshop, which will
probably be held in connection with
the 8th IEA Heat Pump Conference
in Las Vegas at the beginning of June
2005.

For further information:
C. Wemhoner, Operating Agent,
E-mail: c.wemhoener@fhbb.ch

Bold text indicates Operating Agent.

Ongoing Annexes

Annex 25

Year-round residential space
conditioning and comfort control using
heat pumps

25

FR, NL, UK, SE, US

Annex 28

Test Procedure and seasonal
performance calculation for residential
heat pumps with combined space
heating and domestic water heating

28

AT, CA, CH, DE, FR, JP, NO, SE,
US, UK

Annex 29

Ground-Source Heat Pumps -
Overcoming Market and Technical
Barriers

29

AT, CA, JP, NL, NO, ES, SE, CH,
UK, US

IEA Heat Pump Programme participating countries: Austria (AT), Canada (CA), France (FR),
Germany (DE), Japan (JP), The Netherlands (NL), Norway (NO), Spain (ES),

Sweden (SE), Switzerland (CH), United Kingdom (UK), United States (US). All countries are member
of the IEA Heat Pump Centre (HPC). Sweden is Operating Agent of the HPC.
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Topical article

Energy-efficient supermarket
display cases

Van Baxter, USA

The cooling load requirements of supermarket display cases significantly impact the refrig-
eration system energy use. A research project is underway in the United States to develop
advanced display cases with lower refrigeration loads. Project goals are to demonstrate a
prototype advanced case with 10-20% lower refrigeration load and 20-25% lower energy

consumption.

Introduction

Supermarkets are very energy-in-
tensive requiring significant energy
for maintenance of perishable food
products in both display cases and
storage refrigerators. Typical super-
markets with approximately 3700 -
5600 m? of sales area consume on the
order of 1 - 1.5 million kWh annually
for refrigeration [1]. Compressors
and condensers account for 60-70%
of refrigeration energy consumption.
Display case and storage cooler fans
and lighting, evaporator defrosting,
and anti-sweat heaters (used to pre-
vent condensate from forming on
outside surfaces of display cases) ac-
count for the remainder. The display
cases and coolers are the source of
the refrigeration load on the system
with the cases responsible for 75-80%

2.

Display cases are maintained at tem-
peratures ranging from -32 to +2 °C,
depending upon the type of product
being displayed. The most common
types of display cases used in the US
are:

e coffin, island, or tub - often used for
the storage and display of frozen or
chilled meats, ice cream, and other
food products in US markets;

* open vertical, single-deck (or sin-
gle-shelf) - often used for display
of fresh meat products in US mar-
kets;

* open vertical multi-deck (or multi-
shelf) - wusually used for display
of medium temperature (chilled)
meat, dairy, and deli products in
US markets;

¢ vertical glass door reach-in - usual-

ly used for display of low tempera-
ture (frozen) foods and ice cream
in US markets; and

® service - equipped with sliding
doors in the back for access by
serving people and a glass front to
show product to customers.

Figure 1 illustrates the typical load
components for open vertical cases.
The open vertical medium tempera-
ture case type is typically the most
common found in US supermarkets,
constituting about 60% of the total
case inventory and generating about
half of the total refrigeration load.

investigate the potential for energy
savings through improved efficiency
display cases [1]. The goals are to
develop and demonstrate advanced
display case(s) with 10-20% lower
load and 20-25% lower parasitic en-
ergy consumption while continuing
to meet maximum food tempera-
ture limits (5 °C for chilled foods).
The approach has been to: establish
the baseline performance of exist-
ing display cases; identify available
and near-term technologies that can
reduce display case load and direct
energy use; evaluate energy savings
potential through analysis and test-

Infiltration 76%

Figure 1. Typical refrigeration load percentage breakdown for medium temperature open

vertical cases

Since mid-2001, the US Department
of Energy, Oak Ridge National Labo-
ratory, Foster-Miller, Southern Cali-
fornia Edison, and a supermarket
industry advisory group have col-
laborated on a research project to

ing; and demonstrate these savings
in a prototype high-efficiency dis-
play case. Since open vertical me-
dium temperature cases are the most
widely used, the project work to-date
has been focused on that type.
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Evaluation of energy
saving potential

Figure 2 gives a schematic view of a
typical open, vertical case showing
the major components and illustrat-
ing the airflow pattern within the
case. The infiltration load is caused
by entrainment of store ambient air
into the air curtain flow across the
front of the case. In collaboration
with supermarket industry advisors,
energy efficiency measures (EEMs)
pertaining to the air curtain (and air
distribution system), the evaporator,
and lighting system were selected for
evaluation.

The potential energy impact of em-
ploying high-efficiency display cases
using these EEMs on total super-
market refrigeration energy use was
evaluated using the DOE-2.3 model
calibrated with field-monitored data
from a single story 4740 m?2 super-
market located in Temecula, Califor-
nia [1]. After the calibration, baseline
simulations were run at six different
locations within the US. Then the
display case inputs were changed to
incorporate the EEMs, and the model
was run to determine the impact of
improved cases on refrigeration and
store energy consumption.

Two combinations of EEMs were ex-

amined. The first combination con-

sisted of:

eImproved air curtains on all open
vertical display cases (assumed
20% load reduction)

*Advanced evaporators and con-
trols (all cases)

*Scroll cage fan assembly with ECM
fan motors (all cases)

Topical article
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Figure 2. Typical open, vertical display case cross section and air flow pattern

*T-8 fluorescent lights with interior
reflective film (all cases)
eModular defrost

The second combination involved the
same EEMs except instead of using
an air curtain, glass doors were im-
plemented on all open vertical cases.
Prior research by one of the project
team members has shown that add-
ing doors can reduce refrigeration

Location Baseline refrigeration Savings with improved air Savings with door
energy use (kWh/y) curtain EEM package (%) EEM package (%)
Chicago, IL 1,387,000 14.6 27.3
Houston, TX 1,614,000 12.6 25.0
Knoxville, TN 1,497,000 14.0 27.0
Los Angeles, CA 1,519,000 144 27.5
Seattle, WA 1,426,000 15.7 28.4
Washington, DC 1,445,000 14.3 271

Table 1

- Summary of Supermarket Refrigeration Energy Savings Estimates

load on such cases by about 70% [3].

Table 1 summarizes the potential re-
frigeration energy savings for each
location. As might be expected, add-
ing doors to all open cases has a much
greater impact than improving air
curtains (almost a factor of 2 greater
savings projected at all locations).
There are however institutional bar-
riers to adding doors. Our industry
advisors indicated that there is a sig-
nificant body of anecdotal evidence
that shows shoppers react negatively
to doors on meat, deli, and other me-
dium temperature cases. Store mer-
chandizing executives are reluctant
to accept doors for these applications
for this reason. Therefore we elected
in this project to investigate improve-
ments to air curtain technologies to
offer a compromise choice and gain
at least some of the load reduction
potential.
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Topical article

Case testing

A 2.4 m long, four-deck (four shelf)
open vertical display case was ob-
tained from one of our industry ad-
visory group members for use as a
laboratory baseline case. Baseline
tests were performed on this case
in accordance with the ASHRAE
Standard 72-1998 test procedure. A
small refrigeration compressor rack
with three parallel scroll compres-
sors was used to provide the neces-
sary R404A refrigerant flow to the
test case. Performance of the air
curtain was evaluated to determine
the baseline entrainment rate of am-
bient air and to identify curtain de-
sign parameter changes necessary to
reduce this load. Digital particle im-
age velocimetry (DPIV) techniques
were used to determine the velocity
streamlines for the air curtain flow
field and boundary conditions at the
discharge and return air grills to cali-
brate a CFD model of the display case.
Parametric analyses of the flow field
were then conducted using the CFD
model. The primary factors affecting
amount of ambient air entrainment
into the air curtain were determined
to be the Reynolds number (Re) and
turbulence intensity (i), both evalu-
ated at the discharge air grill (DAG).
The turbulence intensity (defined as
the ratio of velocity fluctuations and
the mean air velocity) and Re are de-
pendent on geometrical and airflow
characteristics at the DAG.

The DPIV measurements and CFD
modelling results showed that the
total airflow through the case evapo-
rator was approximately 22.1 m3/
min, with 7.9 m3/min going through
the DAG and the remainder passing
through the back panel of the case
into the display area to maintain the
product at desired temperature. The
total ambient airflow entrained in
the air curtain was determined to be

about 9.2 m3/min, or 42% of the to-
tal fixture airflow; however, the net
infiltrated flow that reaches the case
evaporator was only about 2.8 m3/
min, or 13% of the total fixture air-
flow. The entrained air mixed with
the curtain air, but a large portion of
the mixed air spilled out of the case
into the test room. This phenomenon
is responsible for the cold aisle effect
seen in stores. The baseline case air
curtain Reynolds number was de-
termined to be approximately 4200
and its turbulence intensity about
18%. In order to achieve the desired
case load reduction goal it was deter-
mined that a 30% reduction in am-
bient air entrainment would be re-
quired. A reduction of the Reynolds
number to 3200 and the turbulence
intensity to 2% were concluded to be
the preferred means to reduce ambi-
ent air entrainment.

An initial redesign of the case DAG
was developed from the baseline air
curtain evaluation and incorporated
into a prototype advanced case. Also
included in the prototype were anim-
proved evaporator, higher efficiency
fan and fan motor, and an improved
lighting system. Test results for both
the baseline and first prototype case
are compared in Table 2

The case energy use reduction results
were encouraging. However, the
load reduction is less than expected
and the maximum food temperature
was 0.3 °C higher than acceptable.
Work is ongoing to evaluate the first
prototype test results and develop a
second DAG redesign to achieve the
load reduction. A second prototype
case with the new DAG will be built
and tested. Future tests will be con-
trolled to ensure that product tem-
perature is maintained as nearly as
possible to the same value as for the
baseline case.

Conclusions

Analytical modelling results suggest
that implementation of display cases
with 20% reduced load and similar
reduction in parasitic energy use
could reduce supermarket refrigera-
tion energy consumption by about
14%. An effort to develop technol-
ogy for advanced cases has shown
good progress in energy reduction
but work still remains to achieve the
load reduction goal. Success will en-
able future supermarkets to install
significantly smaller refrigeration
plants with reduced peak electric kW
demand, annual energy use, and in-
vestment cost.
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Case Refrigeration load Fan power Lighting power | Compressor power | Total energy use | Maximum product
temperature

Baseline 3.53 kW 0.115 kW 0.112 kW 1.46 kW 37.6 kWh/d 42°C

First prototype 3.47 kW 0.093 kW 0.089 kW 1.05 kW 26.9 kWh/d 5.3°C

% change 2% reduction 19% reduction 21% reduction 28% reduction 28% reduction 1.1°C increase

Table 2. Comparison of baseline display case and first prototype advanced case
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Topical article

Comparative analysis of direct and indirect
systems in commercial refrigeration -

A case study

Introduction

Commercial refrigeration systems for
large and medium size supermarkets
are recognised as highly emissive
systems: typically, emissions range
from 15 % to 30 % of the refriger-
ant charge per year. Progress is be-
ing made, but long refrigerant lines
between the machinery room and
the sales area introduce a number of
factors that lead to these significant
emission levels.

In order to limit refrigerant emis-
sions, indirect systems are seen as a
key means of reducing the refriger-
ant charge and avoiding any emis-
sions in the sales area. Indirect sys-
tems also allow a wider choice of
refrigerant, but one significant issue
remains: are these systems as effi-
cient as direct expansion systems?

Measurements on
one direct and one
indirect systems in a
hypermarket

In France, several retail chains have

developed the concept of very large

supermarkets, under the name of
hypermarkets. The sales areas vary
from 5,000 up to 25,000 m2. Usually,

the food section represents from 25

to 40 % of the total sales area. In the

machinery room, several racks of
compressors are used for two differ-
ent temperature levels:

* a medium temperature for pre-
serving fresh food; the evaporat-
ing temperature in the machinery
room varies between —-10 and -15
°C, and

* a low temperature for frozen food
and ice creams, with an evaporat-
ing temperature in the machinery
room varying between -35 and 40
°C.

A measurement campaign has been
launched for a precise comparison
between indirect and direct systems.
The first comparison is being per-
formed on an open medium-tem-
perature (MT) display case, in which
the product temperature has to be
precisely maintained between 0 and
+2°C, and on a large ice cream ’is-
land” with a temperature around —20
°C.

Dummy instrumented products
(made of Tylose) have been installed
into these display cases in order to
monitor the temperature level of
the products. Temperatures in the
liquid line (before the expansion
valve), and at the evaporator out-
let are continuously measured. In
the machinery room, low and high

Denis Clodic, France

pressures are measured on the suc-
tion and discharge lines respectively
of compressors, as well as the re-
spective temperatures. The electric
power required by the compressors
is also measured. The outdoor and
ambient temperatures, as well as the
temperature in the sales area near
the display cases, are also recorded.

Indirect system design

As shown on Figure 1, the LT com-
pressor of the indirect system releas-
es its heat of condensation to the MT
heat transfer loop. This design per-
mits low compressor ratios for the
LT compressors, and also allows the
heat released by the LT system to be
used for defrosting the MT display
cases.

— O G e
100 m3h -6°C .
Eva -14°C +33°C
416 kW
-10°¢
ST I
MT display case
4
—3°CL -7°C
||
Cond 41 m*h
L _—
+3°C Y 46 m3h
,-25.5°C
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.

LTI
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case

Evap

) @ samC . |
140 kW

Figure 1 - Arrangement of the indirect system.
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Comparison of the
temperatures and
energy performanc-
es of the MT display
cases

The direct system has been installed
recently (less than a year ago), and
uses R-404A. Tt is up-to-date technol-
ogy. As indicated in Figure 2, the out-
door temperature of a day in April
varied from 7 to 11 °C, with the high
pressure of the system varying from
11 to 12.5 bar because of the low am-
bient temperature. The evaporating
temperature varied from 13.8 °C (3.8
bar) up to 11 °C (4.2 bar).

The temperatures registered in the
MT display cases (see Figure 3) show
that the average temperature of the
product was +3 °C (varying from
+2 to +4 °C). It can also be seen that
there were three defrosts of approxi-
mately 15 minutes each per 24 hours,
with the average temperature of the
products rising by about 1 K after
each defrost. When comparing the
inlet and the outlet air temperatures
(yellow line and pink line respective-
ly), the air temperature differences
vary from 2 to 4 K. The temperature
difference is greater when the expan-
sion valve is opened.

For the indirect system, the average
temperature of the products varied
from 0 to +3 °C (see Figure 4). The
temperature of the blowing air var-
ied between -6 and -2.5 °C, with a
3 K temperature difference between
the air inlet and outlet. Globally, the
temperatures of the products were
1.5 K lower than with the direct sys-
tem.

The primary refrigerant is ammonia
and the HTF is Tyfoxit 1.125. As can
be seen in Figure 5, the evaporating
temperature is more or less constant,
at around 2.4 bar, corresponding to
-14 °C. The condensing temperature
is about 3 °C, corresponding to 12
bar.

Figure 2 -
Suction and
discharge
pressures of
the R-404A
system.

P (Bar) T(°C)

Figure 3 -
Temperatures
measured

in the MT
display-cases.

T(°C)

Figure 4 -
Temperatures
in the MT
display using
a heat transfer
fluid (HTF).

T(*C)

Figure 5 -
Suction and
discharge
pressures of
the ammonia
system.
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Table 1 indicates that the average
temperature of the products in the
MT indirect system display cases is
1.5 K lower than the temperatures of
the products in the MT direct system
display cases. The blowing tempera-
tures of the MT indirect system are
nearly 4 K lower than the tempera-
ture in the MT direct system.

When comparing the cooling capaci-
ties and the heat exchange surfaces,
it can be clearly seen that the heat ex-
changer surface of the heat exchang-
er in the MT indirect system display
case is 70 % larger than the one in the
MT direct system. It can also be seen
that the heat exchange coefficient of
the heat exchanger using Tyfoxit is
2.5 times higher than that of the R-
404A evaporator.

All these differences lead to an ap-
proximately 1.5 K lower evaporating
temperature with the MT indirect
system. However, taking into account
the same difference of 1.5 K between
the temperature of the products, the
higher heat exchange efficiency and
the larger surface may lead to the
same evaporating temperature for
the direct and indirect MT systems.

Based on the energy efficiency meas-
urements (see Table 2), the COP of
the MT direct system is significantly
higher compared than that of the MT
indirect system, but the condensing
temperatures are different due to the
difference in the outdoor air temper-
ature. A correction can be made for
the condensing temperature, assum-
ing that the ratio of the COPsystem to
COPCarnot is constant. This reduces
the COP of the MT direct system
from 3.23 to 2.57 when the condens-
ing temperature increases from 22.5
to 31.5 °C. This shows that the COPs
of the two systems are in the same
range, but an additional energy con-
sumption for the HTF pumps has to
be taken into account, representing
approximately 5 % of the compressor
input power.

T Tr T T, T P K
product blow intake infout HTF evap comp rack surf average
System | Fog °C °C ° °C Wim? | Wm2K
Direct +3 -2 +2 -125 48 3.8
Indirect +15 -6 -3 -95/-75 -14 285 9.5

Table 1 - Comparison of the MT display cases with direct and indirect systems.

SyStem Toutdoor (OC) Tcond (OC) Tev (OC) Tproducts (OC) COPcomp rack
Direct 8 225 -125 3 3.23
Indirect 18 315 -14 1.5 2.65

Table 2 - Temperatures and COPs of direct and indirect systems of the MT display cases.

T Tr T T, T P K
product blow intake infout HTF evap comp rack surf average
System | g °C °C ° C Wim? | WimeK
Direct -18 -275 -25 -36.5 43.8 2.7
Indirect -20 -225 -19.5 -255/-24 -28 324 85

Table 3 —Comparison of direct and indirect system of LT display cases.

SyStem Toutdoor (OC) Toond (OC) Tev (OC) Tproducts (OC) COPcomp rack
Direct 8 30 -36,5 -18 1,36
Indirect 18 3 -28 -20 1,13

Table 4 - Temperatures and COPs of direct and indirect systems of the LT display cases.
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Comparison of the
temperatures and
energy performanc-
es of the LT display
cases

Based on the same methodology,
Table 3 shows that the average tem-
perature of the products in the indi-
rect LT display case is lower than the
measured temperature in the direct
system LT display case

(20 °C compared to -18 °C).

The heat transfer efficiency is much
higher for the LT indirect system
than for the LT direct system. The
temperatures have been measured
at the same points, but the HTF heat
exchanger has a heat exchange coef-
ficient which is approximately three
times higher, leading to much better
heat exchange between air and the
surface. The average temperature of
the HTF is approximately —25 °C in
the display case, and so the evapo-
rating temperature of the ammonia
in the machinery room is only 28 °C,
as against an evaporating tempera-
ture of —36.5 °C for the direct system.
The heat transfer efficiency and the
larger heat exchange surface of the
LT indirect system heat exchanger
result in a difference of more than 8
K in the evaporating temperature,
in favour of the LT indirect system,
which is contradictory to what might
be expected if no measurements had
been made.

Analysing the compressor COPs,
although the condensing tempera-
ture of the ammonia system is sig-
nificantly lower, the COP is approxi-
mately 17 % lower. An additional
energy consumption of 8 % for the
HTF pumps must also be taken into
account, giving a global COP of ap-
proximately 1.05, representing an en-
ergy penalty of approximately 23 %
for the LT indirect system. The cho-
sen design, where the condensing
heat is released to the MT heat trans-
fer loop, does not seems so efficient
because it results in successive differ-
ences of temperatures in the succes-
sive loops.

Conclusions

Most of the heat exchangers used
in LT and MT direct-expansion sys-
tems show a very poor efficiency in
terms of heat transfer. Global heat
exchange coefficients vary between
2.7 and 3.8 W/m2K. These very low
heat exchange coefficients are due to
the large fin pitch and the very low
air velocity over the fins. Moreover,
the average evaporating tempera-
ture is low due to inefficient control
of the refrigerant mass flow rate in
each display case. The variation in
the surface temperature of the heat
exchanger exceeds 10 K for the LT
evaporator, and 6 K for the MT evap-
orator, due to the opening and clos-
ing of the expansion valves.

Compared with these very poor ef-
ficiencies in terms of heat transfer,
the use of HTF in better designed
heat exchangers leads to significant
improvement of the heat transfer co-
efficient, in the range of 8.5 t0 9.5 W/
m?2K, and a much lower temperature
variation of the heat exchange sur-
face, although further progress can
still be made.

The designers of indirect systems
have made progress in the design of
heat exchangers, leading to evapo-
rating temperatures for MT systems
in the same range as those of direct
systems, and higher evaporating
temperatures for LT systems. De-
signs can still be improved, and the
use of CO2 as a HTF will certainly
lead to much higher heat transfer
coefficients for the heat exchanger in
display cases using indirect systems.

Denis Clodic

Ecole de Mines de Paris

Center for Energy Studies

60, boulevard Saint-Michel

F — 75272 Paris Cedex 06

E-mail: denis.clodic@cenerg.ensmp.fr
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Energy Efficiency in Canadian Supermarkets
Secondary loop refrigeration pilot project in a

Loblaws supermarket

Georgi Pajani, Daniel Giguere, Sophie Hosatte, Canada

Loblaws, a major chain of supermarkets in Canada, has taken the initiative to install innovative technolo-
gies at its new supermarket in Repentigny, a suburb of Montreal (Quebec). The technologies are designed
to reduce energy consumption as well as greenhouse gas (GHG) emissions, while improving product qual-
ity and customer comfort. Undertaken in partnership with Natural Resources Canada’s CANMET Energy
Technology Centre - Varennes (CETC-Varennes), the project enabled the company to create an environ-
mentally friendly supermarket by installing an efficient refrigeration system, integrated with the building’s
heating, ventilation and air conditioning (HVAC) system. This project is the first of its kind in Canada

Background

A supermarket consumes enormous
amounts of energy (over 800 kWh
per square metre per year) because,
although it is heated, ventilated and
air-conditioned like any other build-
ing, it also has a refrigeration system
that keeps food cool or frozen—-and
that accounts for about half of the
building’s total energy consumption.
The refrigeration systems of most
supermarkets use large quantities of
synthetic refrigerant (roughly 1,000
to 2,000 kg of HCFC or HFC per
store), which circulate under pres-
sure, from the refrigeration plant
to the refrigerated display -cases,
through kilometres of jointed piping
that is the source of significant leak-
age, estimated at 10 to 30 % a year. Al-
though, since the Montreal Protocol,
these refrigerants are now harmless
to the ozone layer, they are neverthe-
less powerful GHGs that are 1,500 to
3,000 times more damaging than an
equivalent mass of CO2.

The refrigeration system in a super-
market is generally designed as an
isolated process intended to produce
cold. While most of the heat extract-
ed from refrigerated display cases is
released into the environment, the
quantity involved is much greater
than the energy needs of the store
and could easily meet its heating
and hot water requirements, even
on the coldest winter days. Another
operational feature of the refrigera-

Exterior

Heat Recovery m w

Sales Area

Secondary Loop System

Refrigerated
Display Cases

Figure 1: Secondary-loop system

tion system is that it releases its heat
at temperatures above 30 °C, a level
adapted to the climate in the south-
ern U.S., but not designed to take ad-
vantage of the Canadian climate.

Demonstration

project

CETC-Varennes and Provigo/Lob-
laws cooperated closely on this dem-
onstration project to implement the
following strategies at Repentigny:
refrigeration system and synthetic
refrigerants confined to the refrig-
eration plant; cold distribution via

two secondary loops; integration
of the refrigeration system with the
HVAC system (integrated HVAC&R)
and heat recovery via a secondary
loop; variable condensation pressure
(floating head pressure).

As shown in Figure 1, two second-
ary fluids — potassium formate for
low temperatures (around 28 °C),
and propylene glycol for moderate
temperatures (around —6 °C) — which
have no environmental impact, are
cooled by the refrigerant through a
heat exchanger. They then circulate
through pipes from the refrigera-
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Figure 2: Suction by low-temperature
compressors

tion plant to the refrigerated display
cases at low pressure, thus reducing
the possibility of leaks. The use of an-
other secondary fluid (ethylene gly-
col), on the heat rejection side of the
refrigeration system, makes it easier
to recover the superheat energy from
the compressor as well as the con-
densation heat to be used to meet
the heating and hot water needs of
the building. Finally, the HVAC-R
system is managed in such a way as
to take advantage of the Canadian
climate. This means that the system
— specifically the condensing tem-
perature — is optimised on the basis
of two criteria: heat load (recovery)
and outside temperature, thereby of-
fering another means of improving
energy performance.

The integrated secondary-loop
HVAC&R system (see Figures 2
and 3) makes it possible to reduce
the amount of synthetic refrigerant

by about 80 % relative to quantities
used by conventional supermarkets.
As shown in Figure 4, the project is
expected to reduce energy consump-
tion by 18 % and GHGs by about 75
% relative to conventional supermar-
kets of equivalent size. This decrease
in GHGs corresponds to emissions

from 430 family-size cars per year.
The system also has other benefits:
ease of operation and maintenance,
more stable food temperatures, re-
sulting in improved product quality
and longer conservation times, and
added comfort for store customers.

Figure 3: Secondary fluid pumping system for heat recovery
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Units Typical supermarket Pilot supermarket Reduction
Energy consumption
Total kWh eq./yr 9,450,000 7,750,000 18%
Refrigeration kWh eq./yr 4,210,000 3,450,000 18%
Heating kWh eq./yr 1,700,000 205,000 88%
Synthetic refrigerants - charge
Charge kg 1,500 300 80%
Leaks kalyr 250 10 96%
Energy saved kWh/yr 2,255,000 24% of total consumption

38% of HVAC-R

Reduction in GHG emissions kg eq. CO2 /yr 2,000,000 73%

Figure 4: Projected impacts

The 10,000-square-metre (102,000-
square-foot) Loblaws supermarket
in Repentigny opened for business
on April 28, 2004, and the integrated
HVAC&R system has been operating
successfully. Using the installed in-
strumentation, CETC-Varennes will
monitor and analyse system per-
formance for at least a year.

Refrigeration Action
Program for

Buildings

The project is part of the CETC-Var-
ennes Refrigeration Action Program
for Buildings (RAPB). The RAPB is
funded through the Climate Change
Plan for Canada which, in keeping
with the Government’s commitment
under the Kyoto Protocol, aims to re-
duce GHG emissions in Canada. The
goals of the RAPB are to reduce GHG
emissions by 1.6 Mt of CO; equiva-
lents a year, and energy consump-
tion by 1,700 GWh equivalents a year
by 2012, in the supermarkets, ice and
curling rinks of Canada. Information
activities, capacity building and dem-
onstrations, and the development of
constructive partnerships, will make
these goals a reality.

In conclusion, it is interesting to note
that the substantial environmental
benefits to be achieved through this
new approach to designing refrig-
eration systems require no specific
expenditures, because the energy
savings finance the entire investment
within a time frame acceptable to the
owner.
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Development of Integrated “Convenience -
Pack” System for Cooling, Freezing and Air

Conditioning

Kenji Miyata, Kenji Tanimoto, Hiroto Nakajima, Japan

After investigating the conventional packaged systems used for freezing, cooling and air conditioning in
convenience stores, we successfully integrated these three functions into a single unit and achieved a re-
duction of 50 % in annual energy consumption. The utilization of exhaust heat from freezing and cooling
processes as a thermal source for space heating has greatly contributed to the energy saving. In addition,
we confirmed that the newly developed system is effective in lessening ecological impact, and we are con-
fident that this technology will reduce the environmental loads.

Background of
development

Up to now, researchers and engineers
have devoted themselves to the tech-
nological development of high per-
formance and efficiency for freezing,
cooling, and air-conditioning units.
Emphasis has therefore been main-
ly on the components of refrigera-
tion systems, such as compressors,
heat exchangers and fans. However,
with the advancement of science
and technology, further substantial
improvements in efficiency become
increasingly difficult. We therefore
restarted our work from scratch and
investigated existing systems from
the viewpoint of product customers.
We also realised that the three func-
tions coexisting in the three separate
units could be integrated into a sin-
gle unit. With further consideration
of thermodynamic cycles, we were
convinced that we could break the
record for energy efficiency in such
a newly developed system. It is not
possible to achieve such a high effi-
ciency in conventional package sys-
tems with three separate units.

However, even if it was theoretically
practical, we needed to identify spe-
cific markets so that we could de-
velop products with an appropriate
balance of capacities. Of various pos-
sible markets, we targeted conven-
ience stores for the product develop-
ment, for the following reasons:

1. Freezing, cooling and air condi-
tioning usually coexist in all sea-
sons and in the same store. Re-
garding air conditioning, space
cooling is required in summer and
space heating in winter.

2. Most convenience stores are open
around the clock throughout the
year. With an average business
area of approximately 100 m2, the
energy consumption per day in
both summer and winter is quite
large, around 480 kWh.

3. Over 60 % of the energy in a store
is consumed by the coolers, freez-
ers and air conditioners.

4. Following the change in lifestyle
of Japanese people, the number of
convenience stores in Japan is in-
creasing every year (about 37,000
stores at present in Japan), and it
is urgent to cut down their energy
consumption.

5. Since the design of a convenience
store is standardised, it is techni-
cally feasible to balance the capac-
ities of cooling, freezing and air
conditioning.

Features

A reduction of 50 % in power con-
sumption was mainly achieved by
adopting the heat recovery function:
the heat discharged from freezing

Figure 1: Outdoor unit of the system

and cooling processes is used for
space heating in winter. The conven-
tional system for a convenience store
requires a total of four outdoor units:
one for freezing, one for cooling and
two for air conditioning: this newly
developed system requires only one
outdoor unit. Figure 1 shows the
outdoor unit of the Convenience-
Pack system, and Figure 2 shows the
schematic of the system installed in a
store. Its energy saving and ecologi-
cal details are as follows:

1. Energy-Saving Simulation
Calculations based on Japanese cli-
mate conditions, indicate that energy
consumption should be cut by 20 %
in summer, 60 % in winter, to pro-
duce an annual average of 50 % (see
Figure 3).
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Figure 2: Application of the system

From Figure 3, it can AN ‘ 7
be found thattheenergy "\ \ ¥ i
consumption, particularly Q\\\;,:al] X7
in winter, is greatly reduced Iy :
, is greatly reduce N

because of the heat recovery
function.

2. Ecological aspect

COy emissions can be reduced by
half, according to the energy sav-
ing result. The amount of reduction
of COy emission per store was esti-
mated to be 13.3 tonne per year (0.29
kg-CO2/kWh assumed). In addition
to the reduction of greenhouse gas
emission, the improvement is also
beneficial to the ecological aspects.
The number of outdoor units is re-
duced from four to one, and the total
weight of raw materials is reduced
by 55 %. Of the peripheral materials,
refrigerant piping is reduced by half,
and the system installation space is
reduced by 62 % (see details in Fig-
ure 4).

Technical Outline

Daikin Industries have successfully
developed an integrated system for
convenience stores. In developing
this technology, we used two test
methods: one being the normal meas-
urement in a thermostatic test cham-
ber, and the other being field tests in
an actual convenience store. Based on
the test data from the actual store in

operation, we refined our
development and improved
the system. As a result, we have
established the technology to obtain
high efficiency and high reliability
that can sustain around-the-clock op-
eration with following features:

1. Heat recovery

The heat recovery is achieved by us-
ing the condensation heat from cool-
ing and freezing processes. This pro-
vides space heating without the need

to run a separate
compressor for heat-
ing only. (See Figure 5.)
All capacities are constantly
balanced by fully automatic
control of operating modes, such as
the heating capacity reduction mode
that reduces heating by discharging
some of the heat to outdoors, or the
heating capacity increasing mode
that carries out heating by collect-
ing additional heat from the outdoor
unit.

With this technology it is possible
to eliminate the defrost operation
when the system is in the 100 % heat
recovery mode, or in the heating
capacity saving mode. As a result,
indoor comfort can be considerably
improved. Normal defrosting proce-
dures remove the frost formed on the
outdoor heat exchangers by inter-
rupting the heating operation, which
means that the supply of heat to the
indoor space is interrupted and so
the indoor temperature drops. Even
in the heating capacity increasing
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( Convenience Pack ) ( Conventional System )
_ Refrigeration Air-conditioning
Freezing
Integrated
System
f B
= O o o H
Number of
Outdoor unit 1 4
Weight Decrease 55% (330kg) 100(730kg)
Cu : decrease 63%
TUse of metal Fe : decrease 43% 100
Al : decrease 55%
lil"lfn‘l'f;‘:“‘“ decrease 30%(26kg) R407C 100(43kg) R22
Mmmf“fm"'i"g decrease 29% 100
ener gy input
Installation space decrease 62%(2.20m2) 100(5.76m2)
Refriger ant piping decrease 50%(4) 100(8)
(Beiween indoor and outdoor)

Conventional system indicates the sum of four outdoor units.
Figure 4: Comparison viewed from ecological aspect
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Figure 6: Three different evaporating temperatures and the integrated system

mode, the “Convenience Pack” sys-
tem reduces the defrost operation of
its outdoor unit by approximately 80
%. This system can perform cooling,
freezing and heating operations with
the outdoor temperature as low as
—-20 °C without any problem.

2. Two-stage compression

The compression ratio of a single-
stage compressor for the purpose
of freezing is as high as 18.8 in the
conventional system. We use double
stage compression, with the corre-
sponding compression ratios being

reduced to 2.7 for freezing and 7.1 for
cooling. This improvement produces
a very clear energy saving.

3. DCinverter

Operation of compressors and fans
by DC inverters has realised signifi-
cant energy saving.

4. Three different evaporating tem-
peratures and system integration
We integrated three separate and
independent refrigerant piping sys-
tems into one system, with three dif-
ferent evaporating temperatures for
freezing, cooling and air condition-
ing in summer. (See Figure 6.)

Moreover, we improved the energy
saving and the ecological aspect
based on other technology aspects,
such as the control of the outdoor
unit fan for constantly maintaining
the optimum head pressure.

Conclusion

We achieved both high efficiency and
compactness of the system by inte-
grating four conventional independ-
ent units into a single unit, designed
particularly for use in convenience
stores. In the future, we will con-
tinue our development work from
the viewpoint of product customers.
We must change our consideration
from treating each unit in isolation
to an integrated system approach.
This complicates system control, so
it becomes important that testing is
based on actual field data, on system
performance measurement and on
analysis. We value such viewpoints.

Kenji Miyata, Kenji Tanimoto,

Hiroto Nakajima

Product Development Group

Air Conditioning Manufacturing Divi-
sion

Daikin Industries, Ltd.1304 Kanaoka-
cho

Sakai City, Osaka 591-8511, Japan
Phone: +81-72-259-9724

Fax: +81-72-251-6833

E-mail: kenji.miyata@daikin.co.jp
kenji.tanimoto@daikin.co.jp
hiroto.nakajima@daikin.co.jp
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Optimal control of vapour
compression cycles

Denis Leducq, France

A potential energy saving can be obtained by a global optimal setting of each actuator in a
vapour compression cycle. This paper describes optimal control applying this strategy. Trials
have been performed on scales ranging from laboratory-scale plant up to a multi-unit industri-
al-scale system. Enerqy benefits were significant. Integrated in a supervision-control package,
this solution is particularly effective for large, multi-units plants

Introduction

Optimal control of a refrigerating
plant implies determination of set-
points and modes of operation that
minimise the total operating cost of
the system. The concept of optimisa-
tion of a vapour compression cycle is
usually reduced to a design optimisa-
tion based on predetermined steady-
state operating conditions. However,
in reality, few systems actually oper-
ate with permanent and predictable
operating conditions. Most systems
operate with conditions significantly
different from the design cases, with
varying working conditions being
the usual way of operation for a sys-
tem.

The development of dynamic opti-
misation has been made easier by
recent advances in automation tech-
nology, electric motors and variable
speed drives, making the refriger-
ating systems more “drivable”. In-
deed, those additional degrees of
freedom available to control the sys-
tem and the computational capac-
ity of computers or programmable
logic controllers make it realistic to
consider the possibility of search-
ing “online” the best combination
of compressor speed, the number of
compressors, the number (speed) of
fans on evaporators or condensers
and various pumps to minimize the
total power consumption of the sys-
tem. In particular, the configuration
of systems systematically equipped
with programmable logic controller
network-enabled and pressure and
temperature measurements helps to
develop such a plant-wide optimiser
to determine optimal settings.

Performance of va-
pour compression
cycles

Most vapour compression cycles
have many operating variables
(discrete or continuous) that can be
controlled in order to minimize op-
erating costs. However, the degree
of freedom for controlling a vapour
compression cycle may be very dif-
ferent between refrigerating plants.
For instance, with only one on/off
actuator, there is little scope for op-

only one maximizes the global per-
formance of the refrigerating plant.

A good example is given by Jakobsen
[1]. The system investigated (shown
in Figure 1) is a single-stage vapour
compression cycle consisting of an
air-cooled evaporator and an air-
cooled condenser, controlled by vari-
able-speed motor drives and variable
compressor speed.

In this study, an optimal setting of
speed for each component has re-

COP =3.25

[orimimion>

S\ 80%
o ﬁs LU
Sf .

[y
105% <

Réf : Jakobsen (1998)

Figure 1 : Principle of energy optimisation

timising the performance of a do-
mestic refrigerator. At the other end
of the scale, most industrial (or air
conditioning) plants have a number
of actuators, including in some cases
variable-speed fans and variable-
speed pumps that allow continuous
control of variables. This means that
itis possible to provide the refrigerat-
ing power for a desired temperature
by various combinations of compres-
sor speed, evaporator fans or pumps
and condenser fans speed. However,

duced the total power consumption
from 1,592 kW to 1,482 kW, without
changing the refrigerating capacity.
This was achieved by reducing the
capacities of the fans while increas-
ing the capacity of the compressor.
The author concludes that a general
strategy implemented for dynamic
optimisation based on a computer
multi-input multi-output  system
could lead to a significant reduction
in energy consumption.
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Non-linear predictive
control

Plant optimisation has also been
investigated by [2], [3], [4] and [5].
These studies primarily demonstrat-
ed the potential savings associated
with the use of optimal control. The
Cemagref laboratory, with the col-
laboration of the Matal company, has
evaluated non-linear predictive con-
trol, as needed for dynamic optimi-
sation strategy, based on algorithms
already widely used in industrial
processes in recent years.

Originally, the objectives of this algo-
rithm were to drive future plant out-
puts y ‘close’ to the future set-point
sequence w (Figure 2). This is done
using a receding-horizon approach
at each sample-instant t.

models are typically complex, non-
linear, constrained multivariable
systems whose dynamic behaviour
changes with operating pressures.
Moreover, the objective function is
subject to constraints on manipu-
lated variables (actuator limitations)
and very often to constraints on the
controlled variables.

This environment led us to develop a
more generally based control meth-
odology, in which the dynamic op-
timisation problem is solved online
at each step. Moreover, to take into
account the energy cost of the vari-
ous moves, the optimisation crite-
rion includes an additional term for
energy efficiency. The computational
load is higher than in a traditional
model-predictive control, but can be
carried out with a standard PC com-

predictions Set-points
Controlled . .
variable i P e
measurements ! .
l - [=R= g

v

Figure 2 : Predictive control

Starting from available measure-
ments, the behaviour of the system
is predicted for different future com-
mand profiles using a model of the
system. Selection of system perform-
ance parameters is based on an op-
timisation criterion that represents
a compromise between the different
user objectives. Only the first ele-
ment of the profile is applied to the
system, and the algorithm is reiter-
ated at the next step.

Usually, in classical control, the model
is locally linearised around a defined
operating point. Under this condi-
tion, this principle leads to a simple
and computationally efficient control
law. In our case, vapour compression

puter and high-level software for an
on-line control.

Results and
discussion

A first implementation has been car-
ried out on a laboratory-scale plant,
and a second one on an industrial
plant (dairy chiller) as a global super-
visor. Since then, this control strategy
has been proposed and installed in a
supervision-control software pack-
age by the Matal company.

The experiments performed on the
laboratory plant (chiller) showed
that energy benefits of using optimal
control were between 8 and 20 %, de-

pending on the number of actuators
available for optimisation. This order
of magnitude has been confirmed on
the industrial plant. In general, it
can be observed that the setpoints
obtained are mainly determined by
the efficiency laws of the compres-
sors. When several plants are avail-
able and can be freely chosen, the
algorithm automatically favours the
most efficient plants.

For real industrial applications, spe-
cial care must to be taken to secure
the system. A master-slave configu-
ration (with the programmable con-
troller as master) has been selected.
In the event of a problem in the su-
pervision software, the controller ig-
nores information sent and uses pre-
defined default setpoints. Minimum
and maximum values are also de-
fined for each actuator and setpoint,
and the programmable logic control-
ler filters data sent by the software if
necessary.

Integrated in a network (Figure 3),
the supervision computer can read
any measurement on every program-
mable controller (even remote), and
analyse the behaviour of the global
plant. Its action is based on modify-
ing setpoints or directly controlling
the main actuators (for example, com-
pressors), depending on the process.
Indeed, the predictive control system
was originally, and is essentially, a
controller of dynamic processes, and
this characteristic can be used to con-
trol processes when a classical PID
algorithm is ineffective.

It must be noted that this approach
is based on a model of the plant.
Physical models can be used, but
have to be kept simple enough to
be computed thousand of times in a
few seconds, since the software uses
an iterative optimisation routine. At
the same time, the efficiency of each
component (and particularly of com-
pressors) has to be described pre-
cisely in order to achieve significant
energy optimisation results. A good
compromise must be found, and is
often specific to the plant.
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Figure 3: Configuration of the supervisor with a network of programmable logic controllers

Performance data are not always
easily available, even in manufac-
turers’” documentation. In this case,
and when measurement devices
are available, evaluation techniques
(for example, recursive least-square
identification) are used to determine
missing parameters.

Conclusions

A potential energy saving can be ob-
tained by a global optimal setting of
each actuator in a vapour compres-
sion cycle. The use of presetting set-
points, or a performance map gener-
ated by simulations over the range of
operating conditions, is possible, but
this procedure lacks generality and is
not easily implemented.

An alternative approach is to use op-
timal control techniques. Non-linear
predictive control, already widely
used in industrial process control, is
one of these techniques. When imple-
mented to control a vapour compres-
sion cycle, measured energy benefits
were significant.

Different levels of using such a con-
troller exist. Generally, this kind of

controller is seen as a part a multi-
level hierarchy of control functions,
optimal settings being sent to local
controllers. But use as a dynamic
controller for processes where PID
is ineffective is also possible and is
currently being evaluated. Further
research would also be helpful in de-
fining more generic but simple mod-
els[6], and techniques of reduction to
transform a refined physical model
into a low-computational one.

References

[1] A.Jakobsen and B. Rasmussen,
“Energy-optimal speed control
of fans and compressors in a
refrigeration system,” presented
at Eurotherm 62, Grenoble, 1998.

[2] J. E. Braun, S. A. Klein, W. A.
Beckman, and J. W. Mitchell,
“Methodologies for optimal
control of chilled water systems
without storage,” ASHRAE
Transactions, vol. 90, pp. 652-
662, 1989.

[3] Y. Yao, Z. Lian, Z. Hou, and X.
Zhou, “Optimal operation of a
large cooling system based on
an empirical model,” Applied

Installation I3

Installation 12

Thermal Engineering, vol. 24,
pp. 2303-2321, 2004.

[4] D. D. Massie, “Optimization of a
building’s cooling plant for op-

erating cost and energy use,” Int.

J. Therm. Sci., vol. 41, pp. 1121-
1129, 2002.

[5] D. Leducq, M. Noubhin, J. Guil-
part, and G. Roger, “Contrdle
optimal d"une installation frig-
orifique,” Rev. gén. du froid, pp.
31-36, 2003.

[6] D. Leducq, J. Guilpart, and G.
Trystram, “Low order dynamic
model of a vapour compression
cycle for food process control
design,” Journal of Food Process
Engineering, vol. 26, 2003.

Denis Leducq

Cemagref

Refrigerating processes engineering re-
search unit

Parc de Tourvoie, B.P. 44

92163 Antony - FRANCE

"+33(0) 14096 6507

7 +33(0)14096 6249
http:/fwww.antony.cemagref.fr/webg-
pan/accueil Gpan.htm

g

IEA Heat Pump Centre Newsletter

Volume 22 - No. 3/2004

www.heatpumpcentre.org

29



Books & Software

Ice Slurry: a Promising
Technology

This technical note from the IIR pro-
vides an overview of the current
knowledge of ice slurry technology.

This technical note is available at: www.

iifiir.org

Renewable Energy — Market Policy and
Policy Trends in IEA Countries

This report documents the experi-
ence of the IEA countries over the
years since the oil crises in the 1970s.
It provides statistical data on more
than 100 specific markets, and details
nearly 400 policies and measures that
IEA countries have established, rang-
ing from R&D to support for market
deployment.

Can be ordered from the IEA bookstore
at: www.iea.org

Statistical Profile of the Air Con-
ditioning, Heating, and Refrigera-
tion Industry

The 2004 edition of ARI’s statistical
profile is now available from ARI’s
web site. It is free for ARI members,
and can be ordered from ARI’s book-
store by non-members. The report
contains statistical data in the follow-
ing categories:

o People — number of workers
and salaries

o Number of manufacturing
establishments, shipment values etc
o Equipment — shipments

o Distribution — houses with

central air-conditioning and heating,
mobile homes, automobiles etc.

Awailable from ARI at: www.ari.org

Residential CO2 Heat Pump Sys-
tem for Combined Space Heating
and Hot Water Heating
Measurements on a 6.5 kW brine-
to-water CO2 heat pump with a tri-
parted gas cooler and a 200 litre hot
water storage tank have been used
to develop a simulation model of the
system. Further analyses were made
using the model. The results show
that this type of heat pump can be
more energy-efficient than the cur-
rent best brine-to-water heat pumps,

if the hot water demand is at least 25-
30 % of the total heat demand, if the
heating system is a low-temperature
type, and if the thermal losses in the
storage tank are kept to a minimum.
This PhD thesis was written by Jern
Stene, SINTEF Energy Research, and
presented on 3 June 2004.
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2004

35th International Congress on
Heating, Ventilation, Air Conditioning
1 — 3 December, 2004

Belgrade, Serbia

Contact: Branislav Todorovic

E-mail: todorob@eunet.yu

International Mechanical Engineering
Conference 2004

5 -8 December, 2004

Kuwait City, Kuwait

Contact: Mohammad Al-Hajeri

Tel: +965 244 9072 ext. 403

E-mail: imec@imec2004.com
www.imec2004.com

2005

ASHRAE Winter Meeting
5 — 9 February 2005
Orlando, Florida, USA

Tel: +1 404 636 8400
E-mail: jyoung@ashrae.org
www.ashrae.org

RIO 5 — World Climate and Energy
Event

15 — 17 February, 2005 in Rio de Ja-
neiro, Brazil and 18 — 20 February, 2005
in Fortaleza, Brazil

Organization Office

a/c PML, Av. Rio Branco, 25-18° andar
20093-900 Rio de Janeiro — RJ, Brazil
Phone: (+55-21)-22 33 51 84, (+55-
21)-88 23 19 63, (+55-21)-25 47 82 98,
(+55-21)-98 14 30 31

Fax: (+55-21)-25 18 22 20

E-mail: info@rio5.com
http://www.rio5.com

RAC 2005

1 -3 March
Birmingham, England
www.racexhibition.com

Latest Developments in Refrigerated
Storage, Transportation and Display
of Food Products

28 — 30 March, 2005

Amman, Jordan

Contact: Mahmoud A. Hammad
University of Jordan

Faculty of Engineering

PO Box 13240

11942 Amman

Tel: +962 652 38783

Fax: +962 653 55588

E-mail: hammad@fet.ju.edu.jo
www.fetweb.ju.edu.jo

HEAT-SET 2005 - Heat Transfer In
Components And Systems For Sus-
tainable Energy Technologies

5 —7 April, 2005

Grenoble, France

Contact: GRETh

Fax: +33 (0)4 38 78 51 61
E-mail: greth@cea.fr
http://www.greth.fr/heatset2005

Ammonia Refrigeration Systems,
Renewal and Improvement

6-8 May, 2005

Ohrid, Republic of Macedonia
Contact: Prof. R Ciconkov

Box 464

1000 Skopje, Macedonia

E-mail: ristoci@ukim.edu.mk
www.mf.ukim.edu.mk

8th IEA Heat Pump Conference 2005
30 May — 2 June 2005

Las Vegas, Nevada, USA

Contact: The Conference Secretariat
Oak Ridge National Laboratory
P.O.Box 2008, MS-6067

Oak Ridge, TN 37831

Tel: +1 865 576 8620

Fax: +1 865 574 9331

E-mail: hp2005@ornl.gov
http://www.ornl.gov/hp2005

International Sorption Heat Pump
Conference

22 — 24 June, 2005

Broomfield, Colorado, USA
Contact: Mrs. Lori C. Puente
University of Maryland

Tel: (301) 405 5439

Fax: (301) 405 2025

E-mail: Ipuente@umd.edu
www.enme.umd.edu/ceee/ishpc

17:e Nordiska Kyl- och Varmepump-
motet

(the 17th Nordic Refrigeration and
Heat Pump conference)

24 — 26 August 2005

Stockholm, Sweden

Conference Secretariat

Stockholm Convention Bureau

Box 6911

102 39 Stockholm, Sweden

Tel: +46-8-5465 1500

Fax: +46-8-5465 1599

E-mail: stocon@stocon.se
http://www.kylvp2005.se/

Commercial Refrigeration
30 - 31 August 2005
Vicenza (Padua), Italy
Contact: Alberto Cavallini
Fax: +390 49 827 6896

Tel: +390 49 827 6890
E-mail: alcav@unipd.it

Thermophysical Properties and
Transfer Processes of New Refrige-
rants

31 August — 2 September 2005
Vicenza (Padua), Italy

Contact: Alberto Cavallini
Fax: +390 49 827 6896
Tel: +390 49 827 6890
E-mail: alcav@unipd.it

The 2005 World Sustainable Building
Conference, SB05 Tokyo

27 — 29 September, 2005

Tokyo, Japan

Conference Secretariat of SB05 Tokyo
c/o Institute of International Harmoniza-
tion for Building (iibh)

#30 Mori Building 3-2-2, Toranomon,
Minato-ku, Tokyo, 105-0001 Japan
E-mail: info@sb05.com
http://www.sb05.com

Clima 2005

9- 12 October 2005
Lausanne, Switzerland
Tel: +41 (0)31 852 13 00
Fax +41 (0)31 852 13 01
E-mail: info@sweki.ch
http://www.clima2005.ch/

2006

ACREX 2006 International Exposition
on Building Services

22 — 25 January, 2006

New Delhi, India

ACREX Secretariat

K-43, Basement, Kailash Colony
New Delhi- 110048, India

Tel: +91 11 516 356 55

Fax: +91 11 264 249 25

E-mail: acrex@touchtelindia.net
www.acrex.org.in

Natural Working Fluids 2006: 7th lIR-
Gustav Lorentzen Conference

E-mail: Trygve.M.Eikevik@sintef.no

2007

22nd IIR International Congress
of

Refrigeration

21 — 26 August 2007

Beijing, China

http://www.iifiir.org

For further publications and events,
visit the HPC internet site at

http://www.heatpumpcentre.org

In the next Issue
Heat Pumping

Technologies in New
Markets

Volume 22 - No. 4/2004
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International Energy Agency

The International Energy Agency (IEA) was
established in 1974 within the framework of
the Organisation for Economic Co-operation
and Development (OECD) to implement an
International Energy Programme. A basic aim
of the IEA is to foster co-operation among its
participating countries, to increase energy
security through energy conservation,
development of alternative energy sources,
new energy technology and research and
development.

IEA Heat Pump Programme
International collaboration for energy efficient
heating, refrigeration and air-conditioning

Vision

The Programme is the foremost world-wide
source of independent information &
expertise on heat pump, refrigeration and
air—conditioning systems for buildings,
commerce and industry. Its international
collaborative activities to improve energy
efficiency and minimise adverse
environmental impact are highly valued by
stakeholders.

Mission

The Programme serves the needs of policy
makers, national and international energy &
environmental agencies, utilities,
manufacturers, designers & researchers. It
also works through national agencies to
influence installers and end-users.

The Programme develops and disseminates
factual, balanced information to achieve
environmental and energy efficiency benefit
through deployment of appropriate high
quality heat pump, refrigeration & air-
conditioning technologies.

IEA Heat Pump Centre

A central role within the programme is played
by the IEA Heat Pump Centre (HPC). The
HPC contributes to the general aim of the IEA
Heat Pump Programme, through information
exchange and promotion. In the member
countries (see right), activities are coordinated
by National Teams. For further information on
HPC products and activities, or for general
enquiries on heat pumps and the IEA Heat
Pump Programme, contact your National
Team or the address below.

The IEA Heat Pump Centre is operated by

SP Swedish National Testing
and Research Institute

IEA Heat Pump Centre

SP Swedish National Testing

and Research Institute

P.O. Box 857

SE-501 15 Boras

Sweden

Tel: +46 33 16 50 00

Fax: +46 33 13 19 79

E-mail: hpc@heatpumpcentre.org
Internet: http://www.heatpumpcentre.org

heat pump
centre

National team contacts

AUSTRIA

Dr Hermann Halozan

Technical University of Graz
Institute of Thermal Engineering
Inffeldgasse 25,

A-8010 Graz

Tel.: +43-316-8737303

E-mail: Halozan@iwt.tu-graz.ac.at

CANADA

Mrs Sophie Hosatte
1615 Lionel-Boulet Blvd
Varennes (Quebec)
Canada J3X 1S6

Tel.: +1 450 652 5331

E-mail: sophie.hosatte@nrcan.gc.ca

FRANCE

Mr Etienne Merlin

ADEME/DIAE

27 rue Louis Vicat

F-75737 PARIS Cedex 15

Tel.: +33-1-47-65-21-01

E-mail: Etienne.Merlin@ademe.fr

GERMANY

Dr Claus Bérner
Forschungszentrum Jilich GmbH
PO Box 1913,

D-52425 Julich

Tel.: +49-2461-613816

E-mail: c.boerner@fz-juelich.de

JAPAN

Mr Takeshi Yoshii

HPTCJ

Kakigara-cho, F Building (6F)
1-28-5 Nihonbashi, Kakigara-cho
Chuo-ku, Tokyo 103-0014

Japan

Tel:+81-3-5643 2404

E-mail: yoshii@hptcj.or.jp

NETHERLANDS

Mr Onno Kleefkens

Novem

P.O. Box 8242

NL-3503 RE Utrecht

Tel.: +31 30 2393 449

E-mail: o.kleefkens@novem.nl

NORWAY

Mrs Trude Tokle

Enova SF

Abelsgatan 5

N-7030 Trondheim

Tel.: +47 73 19 04 54

Fax: +47 73 19 04 31

E-mail: trude.tokle@enova.no

SPAIN
Ms Marta Garcia
ENEBC

Po General Martinez Campos, 11 10

28010 - Madrid
Tel.: +34 914445904
E-mail: enebc@enebc.org

SWEDEN

Dr Bjérn Sellberg

FORMAS

PO Box 1206

S-11182 Stockholm

Tel.: +46-8-775 4028

E-mail: Bjorn.Sellberg@formas.se

Peter Rohlin

STEM

Buildings & Community Systems
PO Box 310

S-63104 Eskilstuna

Tel.: +46 16 544 2112

E-mail: Peter.rohlin@stem.se

SWITZERLAND
Dr Thomas Kopp,
Hochschule Rapperswil

On behalf of the Swiss Federal Office

of Energy, Energy Renewable
Division, CH-8640 Rapperswil
Tel: +41-55-222 4923
E-mail: tkopp@hsr.ch

UK

Mr Roger Hitchin

BRECSU, BRE

Energy Efficiency

Garston, Watford, WD25 9XX
Tel.: +44 1 923 664773
E-mail: HitchinR@bre.co.uk

USA

Mrs Melissa V. Lapsa

Oak Ridge National Laboratory
Building 4500 N, P.O. Box 2008
Oak Ridge, TN 37831-6183
USA

Tel.: 1 865 576 8620

E-mail: lapsamv@ornl.gov



