OPTIMISING

REFRIGERATION SYSTEM
SUSTAINABILITY FOR FOOD

RETAILERS

Keeping food cold in retail stores uses a lot
of energy and makes a major contribution to
global warming. Now an STl-backed research
project has shown how optimising design
and materials used can significantly reduce
lifetime environmental impact, cutting energy
consumption by over 50%.

‘Our research focused on
reducing the
environmental impact
of refrigeration and
saving energy, benefiting
both retailers and
consumers.’

It’s a startling statistic — about 10% of all the
electricity consumed in the UK goes on
keeping food and drinks cool in shops and
supermarkets. The need for refrigeration is
unavoidable as all kinds of food must be kept
cold — unwrapped and wrapped, fresh and
prepared, chilled and frozen.

‘The demand for refrigeration in food retailing
is growing all the time, and high energy
consumption presents a huge incentive to
develop more efficient refrigerated cabinets,’
says Professor Savvas Tassou, head of Brunel
University’s School of Engineering and Design,
who led the STI project. ‘Our research focused
on reducing the environmental impact of
refrigeration and saving energy, benefiting
both retailers and consumers.’

The IMPRESS project (IMProving REfrigeration
System Sustainability) applied new
methodologies for design and impact
assessment that could dramatically improve
sustainability by halving energy consumption
and simplifying recycling. Research focused
on the most widely used types of food cabinets,
both those with doors and those that are open
to the ambient air to provide ease of access for
customers.

‘We developed an environmental impact
assessment methodology, embodied in
software, which allows a user to assess the
environmental performance of alternative
designs as well as to consider the merits of
recycling or remanufacturing the equipment
at the end of its life cycle,” explains Professor
Tassou. ‘We carried out detailed assessment
of refrigerated cabinets used for merchandising
chilled and frozen food products by looking
at their whole life cycle from manufacture to
disposal.’

Environmental impacts associated with
materials used were found to arise
predominantly from the release of respiratory
inorganics and the use of fossil fuels and
minerals. Stainless steel and copper
contributed about 25% each to the total
impact. By changing from a nickel-containing
stainless steel (304) to a ferritic one (430), it

was found that a reduction in environmental
impact of 36% could be achieved.

‘These results demonstrate the scale of
environmental improvements that are now
attainable,’ says Professor Tassou, ‘We believe
the possibility of changing to “nickel-free”
stainless steel should be considered carefully
by manufacturers and customers.’

Refrigerated cabinets typically have a life of
about eight years, after which they are
commonly scrapped. However, results showed
it may be financially attractive to
remanufacture the cabinets. Remanufacturing
also makes it possible to upgrade components
such as compressors, heat exchangers,
insulation and defrost controller, reducing
environmental impact still further. Design
and construction guidelines have been
established for disassembly.

The project determined that the main
environmental impacts (90-95%) of small
refrigerated cabinets are caused by the
electricity they use. Researchers developed a
modelling and design methodology to
optimise cabinet design from the outset, taking
into account factors such as physical size,
product display capacity, temperature at which
the products will be kept and the size and
configuration of refrigeration components.
The software automatically adjusts the sizes
and types of the components and searches for
an optimum design that has the lowest energy
use and environmental impact and will
maintain the product at the desired
temperature.

‘Automatic optimisation of cabinet design
contrasts with the traditional method of
choosing components based on their
individual performances,’ explains Professor
Tassou. ‘It overcomes the problem that
designers can never be entirely sure how the
finished cabinet will perform. By simulating
performance, our software provides a tool to
encourage innovation and help manufacturers
to develop more competitive and
environmentally benign designs.’
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Redesigning a typical cabinet was shown to
lead to reductions of 16% in energy
consumption and 18% in environmental
impacts over its full lifecycle. Even higher
energy savings — in excess of 50% - can be
achieved by applying further energy efficient
measures such as changing the fan motors for
electronically commutated ones, use of higher
efficiency compressors with variable speed
control and replacing electric evaporation of
defrost water with discharge heat evaporation.

Results confirmed that energy-saving designs
could meet commercial requirements to recover
investment within two to three years. ‘The
project demonstrated that a number of simple
changes can have minimal first cost
implications and very short paybacks, of the
order of a few months,’ says Professor Tassou.
‘What’s more they can also facilitate easy
recycling of components or remanufacture of
the cabinet.’

Additional project information
and background

How was the environmental impact of
refrigerated cabinets assessed?

The whole life cycle from manufacture to
disposal was assessed, taking into account
embodied energy and embodied
environmental impact of all the materials used,
together with the effects of electricity consumed
during the useful life of the cabinet.

How were different types of refrigerated cabinets
evaluated?

The mass and type of every material (glass,
plastics, refrigerant, copper, etc.) used was firstly

measured in a comprehensive inventory
assessment. Life cycle analysis software was
then used to include the environmental effects
of transport, energy used during the life of the
cabinet, and disposal at end-of-life.

What guideline principles were established for

design and construction for disassembly of

refrigerated cabinets?

The main guideline principles are as follows:

- Reduce component count by using side-panels
that extend the full height of the cabinet.

- Use quick-release fastenings and avoid rivets
and welds.

- Avoid tightly bonded composites.

- Label plastic items with their ID number.

- Seek recyclable heat exchangers.

- Contain most electrical items (ballasts, relays,
etc.) within one easily removable box.

- Label with disassembly information.

How can the environmental impact of materials
such as copper be reduced?

Options for reducing the environmental impact
of copper are limited as the most significant
impact comes from smelting, when copper
sulphide is processed. The main option is to
ensure that the copper can be easily extracted
from the cabinets at recycling.

How effective is optimisation of cabinet design?
An example of the use of the modelling and
design methodology is shown in the following
tables, which summarise performance of a
refrigerated display cabinet before and after
optimisation. A redesigned cabinet using a
larger evaporator coil and modified air flow,
although it requires a slightly larger refrigerant
charge, will lead to a 16% reduction in energy
consumption and 18% reduction in
environmental impacts over its life cycle.

Table 1: Comparison of energy performance

PARAMETER TEST CASE
Refrigerant Charge (kg) 0.9
Compressor Displacement (cm3) 20.4
Evaporator Tubes High 3
Evaporator Tubes Deep 6

Evaporator Air Off Temperature (°C) 1.5
Total Power Consumption (kW) 1.47

OPTIMISED SOLUTION
11
15.0
5
8
1
1.24

Table 2: Comparison of Life Cycle environmental impacts

ENVIRONMENTAL IMPACT

PARAMETER

Manufacture and Transport 57
Electricity 3350
End of Life Recycling -8.7
Total After Recycling 3398
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COUNCIL

TEST CASE
ECO-INDICATOR POINTS

OPTIMISED SOLUTION
ECO-INDICATOR POINTS
67
2740
-10.3
2797

Biological Sciences Research Council (BBSRC) and the Economic
and Social Research Council (ESRC).

Oakdene Hollins consultants deliver waste reduction to industry,
and technical and economic studies and programme co-ordination
to the investment sector, industry and Government.




