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INTRODUCTION
BG 1/2010 The Illustrated Guide to Mechanical Cooling starts with a
general overview of the various cooling systems and their purpose
in maintaining comfortable conditions in buildings. It then
describes the main refrigeration systems and their application
principles, the types of refrigerants available, and the various ways
in which renewable forms of cooling energy can be used. The
guide goes on to explain the various ways in which cooling can be
delivered to an occupied space.
The use of buildings is intensifying. More people are using more
IT equipment and the internal heat loads are growing. In addition,
expectations are increasing with almost every new car being sold
with air conditioning. And climate change is resulting in more
extremes of weather. Hardly surprising that the demand for
cooling our buildings is also growing.
As concerns over our impact on the environment escalate, we
need to maximise every opportunity to reduce cooling loads
before we consider how to remove the remaining unwanted heat.
Traditionally we have used refrigeration based cooling but for the
lay person, what is it?
Essentially, it’s where the water in hydraulic circuits or the air in
ventilation systems is cooled by some form of powered
refrigeration cycle. It can either be gas-powered or electricallypowered, and some or all of the cooling work can be done by
recourse to natural resources, such as the use of ground water. At
the more complex end, equipment known as absorption chillers
can utilise hot water to create cold water. The absorption cycle
enables waste heat from combined heat and power machines or
any other source of high grade waste heat such as exhaust steam
from a laundry to be used to produce cooling. But all that, of
course, just begs another question: “what is combined heat and
power”?
Non-technical people struggle with these concepts on a regular
basis. Even technical people can have difficulty with explaining
how systems work – the absorption refrigeration cycle being a
classic example. This is why BSRIA has created a series of
illustrated guides that explain and demystify complex
environmental engineering systems. The various technologies are
described in straightforward language that non-technical people
can understand. Simple illustrations also provide a deeper insight
to the workings of often arcane concepts.
It’s important to appreciate that cooling systems can be both
augmented and/or boosted by passive design measures, such as
thermally heavyweight and well-insulated building structures.
Some systems, such as ground-coupling, can provide what is
known as free cooling. This can significantly reduce or even
eliminate the electrical energy required to cool air or water.
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It is vital for everyone involved in considering a cooling system –
clients and designers alike - to ensure that a building’s cooling
loads are reduced as far as is practicable. Whatever equipment is
installed must be as efficient as possible to reduce waste. Those
two principles are inviolate – they’re not negotiable. Clients need
to accept them, and designers need to uphold them. Once cooling
loads have been driven down, and the equipment efficiencies
driven up, sources of on site or off site renewable energy can be
used to offset the remainder. This sequence is important – just
because renewable energy is clean (and often free), doesn’t mean it
is acceptable to waste it. In fact, wasting renewable energy is
arguably a greater crime than wasting fossil fuel energy, as there is
so little of it to go round.
Twenty five years ago, cooling systems tended to rely on simple
mechanical refrigeration based on chlorofluorocarbons (CFCs).
Today, cooling involves far greater complexity, and often requires
more than one system. Commissioning, controlling and
maintaining these systems places a greater burden on both the
construction team and the client’s premises management team.
This publication therefore provides some key commissioning and
maintenance guidance, along with key design checks for each
technology described.
There is much more that can be said, but for more detailed
guidance on commissioning and operation, readers are urged to
consult other BSRIA guides that go into these topics in far greater
detail. A list of these guides is provided in the appendix.
This guide is chiefly but not exclusively concerned with central
systems. It covers all of the most popular types of central
mechanical cooling systems and other important types such as
absorption cooling, even though the purists might argue that this
is not mechanical cooling.
Whatever cooling system is being considered, clients and designers
are urged to keep things simple, install it well, plan for
commissioning well in advance, and fine-tune it during the initial
period of operation. It must be easy to maintain, and
straightforward to control. A provision in the budget for seasonal
commissioning may also show dividends. Occupants of buildings
like stable conditions - they don’t like disruption, and they don’t
like unreliable or unmanageably complex control. And of course
comfortable people are productive people. When selecting a
cooling system, that’s a good place from which to start.
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OVERVIEW OF COOLING SYSTEMS
A full air conditioning system provides complete control of air
temperature, humidity, air freshness and cleanliness. In practice, the term
air conditioning is often mis-applied to describe systems that do not
provide full control of humidity in the occupied space. Systems without
humidity control are more correctly known as comfort cooling systems.
This guide uses the term cooling to cover both air conditioning and
comfort cooling systems.
The decision to cool a building requires consideration of many factors,
including the following:
Cost. Both initial costs and life cycle costs
Comfort. The level of thermal comfort required. Clients and
their designers need to determine whether internal conditions
can be relaxed, allowing internal conditions to rise to say 25oC in
peak summertime conditions instead of maintaining say 21 oC in
order to save energy, reduce the size of the air conditioning
plant, or even forgo air conditioning altogether
Control. The level and types of control required
Complexity. Clients and designers need to determine what type
of system will be appropriate and how difficult it will be to
operate and maintain. A full air conditioning system provides
close control of air temperature and humidity, but this comes at a
price
Noise levels. Some air conditioning systems adversely affect
noise levels in occupied areas. The amount of acceptable
mechanical noise will need to be determined
Adaptability and flexibility. To meet possible future
requirements
Energy use. The amount of energy required to operate the
plant. A refrigeration and air-handling plant can account for a
major part of a building’s electrical load
Global warming potential. The environmental effects of
chillers can be determined using the Total Equivalent Warming
Impact (TEWI). This is a measure of the global warming impact
of equipment based on the total related emissions of greenhouse
gases during the operation of the equipment and the disposal of
the operating fluids at the end of its life. This takes into account
both direct fugitive emissions, and indirect emissions produced
through the energy consumed in operating the equipment.
TEWI is measured in units of mass of carbon dioxide (CO2)
equivalent
Plant space. Air conditioning systems can require a large
amount of space to accommodate the refrigeration and airhandling plant. Access for operation, maintenance and
replacement must be considered.
The most common types of cooling system can been classified as
centralised or partially centralised air/water systems, or local systems.
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