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8. MECHANICAL SYSTEMS (HVAC) 

8.1. Overview 
 This section addresses the subject of mechanical systems in 

buildings and the heating and cooling loads that they are 
designed for. It begins by discussing the loads, which 
include both external loads relating to the influence of the 
external climate through the building envelope as well as 
internal loads generated by the users of the building, their 
lighting, and other equipment. 

 
 It is not the intention to present comprehensive design 

guidelines, but rather to highlight opportunities for 
increased energy efficiency related to the classes of 
building covered by these Guidelines. 

 
 The section is structured with chapters 8.2 and 8.3 

providing background information on thermal loads and 
design of HVAC systems. Chapter 8.4 discusses HVAC 
system selection, and Chapter 8.5 outlines a range of 
different HVAC systems available. The following chapters 
8.6, 8.7 and 8.8 include detailed advice on ventilation, 
cooling and heating systems respectively. Chapters 8.9 and 
8.10 address controls, commissioning and maintenance of 
systems. 

8.2. Building heating & cooling loads 
 In Botswana in most large buildings such as offices there is 

very little requirement for heating even in the winter 
period. 

 

 The cooling load of a building in summer will depend on: 
a) the desired internal temperature (cooling a building to 

20°C will use a lot more energy than cooling a building 
to 24°C) – see design criteria in Section 4, Indoor 
Environment. 

b) the amount of fresh air ventilation delivered to the 
occupants – see design criteria in Section 4, Indoor 
Environment. 

c) fabric heat gains - the amount of heat entering the 
building from outside (through windows, walls, roof 
and by uncontrolled air infiltration)  

d) internal heat gains – the  amount of heat generated 
inside the building by the occupants, equipment such as 
computers, lighting etc. 

e) amount of passive cooling available (from thermal mass 
etc) 

8.2.1. Fabric heat gains 
 There are three main sources of heat gain through the 

building envelope 
a) Solar gain through windows – solar radiation passing 

through windows will cause very high heat gains if 
windows are too large and without external shading. 
Gain can be reduced using solar coated glazing (see 
Section 7, Building Envelope). In a well designed 
building, it should be possible to limit gains to around 
25W/m² (floor area) or less. In a poorly designed 
building with extensive glazing, solar gains may easily 
be over 100W/m². 

b) Conduction gain through windows, walls and roof – 
when it is warmer outside than inside, heat is conducted 
through the building fabric. The amount of heat 
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conducted depends on the insulation properties of the 
construction. Insulation is particularly important in the 
roof. With roof insulation and a ventilated cavity it 
should be possible to reduce conduction gains to around 
5 W/m² or less. 

c) Uncontrolled air infiltration – warm outside air entering 
the building through gaps in the envelope, cracks, open 
windows, open doors etc will heat up the internal 
spaces. Any building with cooling should always be 
constructed so as to be as airtight as possible (allowing 
the amount of fresh air to be controlled). With poor 
construction techniques, infiltration can lead to gains of 
well over 50 W/m². With good airtight construction, it 
should be possible to limit these to 5 W/m². 

8.2.2.  Internal heat gains 
 Sources of internal heat gains will depend on the use of the 

building, but typically include 
a) Occupants – people generate heat from their bodies - 

See Section 4, Indoor Environment for further details. 
The greater the occupant density (ie people/m²) the 
greater this heat gain will be. Typical values for an 
occupant density of 1 person/12m² would be 8W/m² 

b) Lighting – fluorescent lighting generates much less heat 
than intumescent lighting and will therefore reduce 
cooling loads. Typical values are 12W/m² for an 
efficient fluorescent scheme, 50W/m² or more for a 
scheme with extensive dichroic and other decorative 
lights. 

c) Office equipment – computers, photocopiers etc all give 
off heat. Modern LCD flat screens give off much less 
heat than CRT monitors and should therefore be 

encouraged. Typical values for an office would be 10-
15 W/m². Note that the amount of heat given off by a 
piece of equipment is usually much less than the rated 
power requirement (which is the peak power 
requirement). 

d) Catering equipment. 
e) HVAC equipment – equipment such as fan coil units 

located inside the building give off some heat. 

8.2.3.  Passive Cooling 
 Heavyweight buildings with exposed high density finishes 

such as concrete ceilings or tiled floors absorb heat during 
the day and radiate it out during the night. This has the 
effect of stabilising internal temperatures and means that 
less active cooling is required to maintain comfortable 
conditions. To analyse the extent of cooling achieved 
normally requires a computer simulation, but can be 
equivalent to 15-20 W/m² in a well designed building. 
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8.3. HVAC system design. 
 There are substantial opportunities for reducing energy 

consumption in buildings in Botswana by optimising 
HVAC system design for energy efficiency. This will 
require a move away from current designs which are 
directed more towards ensuring that there is always excess 
capacity. 

8.3.1. Design Brief. 
 It is vital that a clear brief is agreed between the designers 

and client. This will include: 
- required internal temperatures and whether occasional 

periods outside these conditions are acceptable. 
- occupant numbers or density (m²/person). 
- hours of occupation. 
- equipment to be used in the space. 
 
The designer must then agree the appropriate external 
design conditions (either a design summer day or preferably 
a weather file to be used for thermal simulation) (see 
Section 3, Climate). 

8.3.2. Zoning. 
 Effective zoning of the building for HVAC design is 

critical to achieving energy efficiency.  
 
 Generally the zoning should match the thermal 

performance of different parts of the building. Large 
buildings are often divided into an internal zone, and a 
number of perimeter zones for each floor. The internal zone 
will tend to be dominated by internal loads, while the 

perimeter zones experience the combination of internal 
loads and envelope loads. These may vary through the day, 
with the impact of solar radiation on the different elevations 
of the building. At certain times of year it may be that one 
zone requires heating while another requires cooling, which 
offers the opportunity to transfer heat from one zone to 
another in the same building. 

8.3.3. Selecting the type of system. 
 Some advice on selection of systems is given in the 

following section. Many factors need to be considered, 
including the following: 

o Energy efficiency. 
o Resilience in the event of breakdowns. 
o Maintenance and repair capabilities. 

 
 Clearly in a financial data centre or food processing 

factory, the implications of failure of the systems and 
overheating are likely to be much more severe than in say a 
college, and the design will have to reflect this.  

8.3.4. Sizing the system. 
 Accurate sizing of the HVAC system can lead to 

substantial savings both in initial capital cost and operating 
cost.  

  
 Design Day Calculations – here a design day is chosen 

(typically the hottest day in a “typical” year), and the 
various heat gains into the space calculated at each hour of 
the day. The cooling system is then designed to meet the 
highest heat gain. Such methods tend to lead to oversizing 
of equipment, but are widespread not least since occupants 
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will rarely complain if a system is oversized but will 
complain if the building overheats. A study in Ireland 
found that a large commercial building in Dublin had been 
designed with between 28% - 90% higher capacity systems 
using static methods than was required when dynamic 
simulation was used to size the system. 

 
 Computer simulations – here the building is modelled 

typically every 10-60 minutes and heat flows in and out of 
the building analysed. Either one design day is taken 
(which is repeated several times to establish constant 
results) or else a whole summer period of typical weather 
data is used. This type of modelling allows the passive 
cooling effects of the building to be taken into account, and 
allows much more accurate sizing. Computer simulation is 
essential to predict the performance of low energy, passive 
or semi-passive buildings. Refer Section 11, Simulation 

 

8.4. Heating, ventilation and air conditioning 
systems (HVAC) 

 
 The mechanical systems in a building provide ventilation, 

cooling and heating to maintain comfortable conditions. 
 
 To achieve good energy efficiency, the selection of the type 

of mechanical systems in a building has to be decided at the 
very early concept stages of the design (See Section 2, 
Design Brief and Section 5, Design and Construction 
Process). 

 
 “Low Energy” cooling systems typically have limited 

capacity for cooling, and will therefore only be successful 
if the building envelope, building structure and indeed the 
use of the building is controlled within strict limits. It is 
essential that these limitations are understood by the client 
and the rest of the design team. 

 
 The usual way to represent this is in terms of the system’s 

ability to provide cooling in Watts/m². Note that this is 
approximate only. 
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Fig. 8.1 Selection of cooling systems (Source: ARUP) 
 

8.4.1. Naturally Ventilated Buildings 
 There are many examples of naturally ventilated buildings 

in Botswana such as houses, schools, offices, etc. many of 
which remain reasonably comfortable throughout the year. 
Such buildings use much less energy than air conditioned 
buildings, and the design of such buildings is therefore to 
be encouraged. 

 
 To remain comfortable in summer, naturally ventilated 

buildings rely on passive cooling from the use of thermal 
mass. Typically this involves exposed concrete ceilings 

and/or heavyweight floor finishes. For this to work the 
building must be ventilated at night so that heat absorbed 
during the day is released. Concrete ceilings must have 
insulation above them so that they are not heated up by the 
sun. 

 
 Windows must be openable and controllable such that they 

can be opened a small amount without causing large drafts. 
 
 Ceiling fans can be used to provide air movement on hot 

days which improves comfort conditions, at the expense of 
increased energy use. 

 
 For a naturally ventilated building to be successful in 

Botswana, windows should be designed to avoid all direct 
sunlight into the building during summer months, and 
internal heat gains from lighting and equipment must also 
be kept very low. 

8.4.2. Semi-passive buildings 
 It is possible to use fans to assist the ventilation process and 

increase the amount of cooling available from the structure. 
Typical systems include blowing air through the centre of 
extruded concrete beams (e.g. Termodek system), basement 
thermal labyrinths or using chambers filled with rocks as a 
thermal store. 

 
 By using a fan it is easier to guarantee night time 

ventilation, and it is also easier to control the volumes of 
fresh air being delivered during the day, reducing the risk 
of temperatures being too cold early in the morning. For 
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these buildings to be successful, it is essential that they are 
made airtight. 

8.4.3. Mixed-mode Buildings 
 Here buildings are provided with cooling systems, but are 

designed such that this can be switched off and the building 
operated as a naturally ventilated building when outside 
conditions allow. In Botswana there is a large part of the 
year when buildings could be operated like this, thus saving 
considerable amounts of money. However, to be successful, 
buildings have to be carefully designed with all of the 
features of a naturally ventilated building outlined above. 
Unless the system is simple to operate and the occupants 
understand it, there is a risk that the cooling systems will be 
used all year round. 

8.4.4. Comfort Cooling / Unitary Systems 
 It may be that only certain of the rooms within a building 

require cooling (for example computer rooms, meeting 
rooms etc). Unitary systems (such as dx split units) may be 
suitable where only a few rooms need to be conditioned. 

8.4.5. Air Conditioning / Centralised Systems 
 Generally centralised air conditioning systems are likely to 

be suitable for buildings that require conditioning 
throughout most of the building, and have relatively high 
internal loads, such as multi-storey office buildings which 
have been designed with large areas of glazing (gains of 
75W/m² and over). Different types of centralised systems 
are described in the following section. 
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8.5. Ventilation & Cooling Systems 
 The choice of ventilation & cooling system will depend on 

many factors, including: 
o Capital cost 
o Running and replacement costs 
o Energy use 
o Comfort level requirements 
o Maintenance requirements 
o Adaptability and flexibility 
o Space requirements (for plant rooms and risers) 

  
 The following gives some guidance on what systems could 

be considered. 

8.5.1. Evaporative Cooling 
 The principle behind evaporative cooling is that when 

water evaporates, it takes heat from the surrounding air. 
This makes the air cooler, but also more humid. 
Evaporative cooling systems may be suitable for rooms 
with lower heat gains and/or where internal design 
conditions are less stringent, for example classrooms, clinic 
waiting areas, shops and residential houses. They may in 
some cases be combined with a few unitary systems, e.g. in 
a clinic it may be appropriate to use evaporative cooling for 
general waiting areas and corridors, and have a split units in 
the consulting rooms.  

 
 Various types of evaporative cooling can be used: 
 

 
Fig 8.2 Downflow evaporative cooling unit 
 
a) Local Downflow units 
 These units are typically roof mounted, and are widely used 

in retail spaces in Botswana. Air is drawn downwards by a 
fan over pads which are continually wetted with water. The 
cool, moist air is then supplied to the space. 

 
b) Evaporative Coolers incorporated within AHUs 
 
i) Direct 
 The units are designed to fit within air handling units 

(typically after the supply fan), and humidify the air either 
using wetted pads or spraying a fine mist of water into the 
air. Typically water treatment is required to ensure that the 
sprays do not clog and that health risks are minimised. This 
is because it is likely that building occupants will inhale the 
water droplets. 

 As with downflow units, it is essential that the units are 
maintained and cleaned properly.  
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ii) Indirect 
 In these units the humidification occurs on the extract air. A 

thermal wheel in the AHU then transfers some cooling 
from the cooled extract air to the supply air. The advantage 
of this arrangement is that the supply air is cooled but not 
humidified. Disadvantages are the increased complexity 
and decreased efficiency. 

 
iii) Two stage 
 A number of variations of basic evaporative coolers exist. 

In one, the water is first circulated in a dry coil in front of 
the incoming air, to cool the air without humidification. 
The slightly warmer water is then trickled over a core and 
evaporated into the incoming air. 

 

 
 
 Fig. 8.3 Two stage evaporative cooler AHU 
 

c) Other ways of taking advantage of evaporative cooling include 
fountains, water features etc. However, these are usually 
less controllable and effective than purpose designed 
equipment.  

8.5.2. Local Comfort Cooling 
 

      
 
 Fig. 8.4 VRV outdoor unit and indoor concealed unit 
  
a) Variable Refrigerant Volume (VRF/VRV) 
 These systems comprise several indoor units (cassettes or 

concealed ducted units) connected to a large condenser 
unit(s) typically mounted on the roof. The units are linked 
with refrigerant pipework. Care should be taken when 
routing refrigerant pipework through spaces where people 
may be sleeping, and depending on the volume of 
refrigerant, leak detection may be required in such spaces. 

 
 Refrigerants with a zero ozone depletion potential and low 

global warming potential should be used and R22 should be 
avoided. 
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 Fig. 8.5Split system outdoor unit and indoor cassette unit 
 
b) Direct Expansion (DX) split units (heat pumps) 
 These systems should be used with a separate system 

supplying fresh air (typically into the back of the unit).   
Opening doors and windows to provide fresh air will waste 
significant energy. 

 
 Again, refrigerants with a zero ozone depletion potential 

and low global warming potential should be used and R22 
should be avoided. 

 
 Although relatively easy to install and maintain, these units 

have significantly higher energy use than other options for 
cooling. 

 
 

8.5.3. Constant Volume Ventilation systems 
 In these systems, a central air handling unit provides all the 

air required for cooling as well as for fresh air. This means 
the AHU air volumes will typically be in the order of 50-
100 litres/sec/person. The AHU is equipped with filters and 
a cooling coil (either using chilled water or refrigerant) and 
serves a single zone of the building, so that all areas in that 
zone have similar cooling/heating loads and hours of 
operation.   

 
 When the air temperature outside is hot, the majority of air 

in the AHU is recirculated, with only a % of fresh air 
(typically 10 litres/sec/person) introduced. This minimises 
the energy used cooling the fresh air. However, when 
outside temperatures are below say 20°C, the AHU can use 
100% of outside air, and this provides “free cooling” 
reducing the number of hours that chillers are required to 
run. 

 
 Reducing the pressure drop through ducts and grilles will 

greatly reduce the energy used by the fan. A typical 
standard to aim for is a specific fan performance of 3 W/l/s. 

 
 One way of achieving very low pressure drops is to use a 

raised floor to supply the air. Air is blown from the AHU in 
to the raised floor (typically at least 300mm high) and 
allowed out via diffusers in the floor.  
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8.5.4. Variable Air Volume Ventilation systems 
 These systems are similar to constant volume system, but 

are able to vary the volume of air supplied to each room.  
 This requires more complex controls and automated 

dampers (VAV boxes) on each zone. The advantage of 
such a system is that it can cope with some rooms with 
higher heat gains than others, and the air-conditioning can 
be turned off in a room if it is not in use. 

8.5.5. Chilled Beams/Chilled Slabs 
 These systems are used in conjunction with an AHU which 

supplies the minimum fresh air requirement. They do not 
use fans to distribute cooling, and so are potentially more 
efficient than fan coil solutions.  

 

     
 
Fig 8.6 Chilled ceiling installation and active chilled beam 
  
 Chilled beams consist of metal plates attached to the ceiling 

through which chilled water is passed. The surface then 
provides cooling both by convection and radiation. Active 

chilled beams are combined with the air supply system to 
increase the cooling available. Care must be taken to avoid 
condensation forming on the plates, which limits how cold 
the surfaces can be made, unless the supply air is carefully 
controlled and dehumidified. 

 
 Chilled slabs are case with plastic pipework in situ, and 

chilled/cool water circulated through the slab. Such a 
system might be appropriate for a building which is 
naturally ventilated to improve comfort at peak summer 
conditions. However, control of the system is not 
straightforward. 

8.5.6. Fan Coil Units 
 Fan coil units are local fans with a filter and cooling coil 

which recirculate and cool/heat air locally. They are 
typically mounted either on the perimeter (under windows) 
or in a false ceiling. They provide very accurate local 
control of temperature, but are not very energy efficient due 
to the energy required to run the fan, pump the chilled 
water etc. Fresh air is typically supplied by an AHU. 
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Fig 8.7 Ceiling concealed fan coil unit and typical perimeter fan 

coil 
 
 Recent improvements in fan coils include the use of EC 

(Electronically commutated) motors which use 
significantly less energy than conventional AC motors. 

8.5.7. Desiccant Cooling 
 A variation on evaporative cooling is desiccant cooling. A 

thermal wheel in an AHU is coated with desiccant (a 
material which absorbs moisture). The supply air is sprayed 
with water (cooling it and making it more humid) and then 
passes through the desiccant wheel which reduces its 
humidity. Depending on the resulting humidity, it may be 
possible to lower the air temperature further by spraying 
with water again. The extract air is heated before it passes 
through the desiccant wheel in order to recharge (dry out) 
the desiccant.  

 

8.5.8. Groundwater cooling / Ground source heat pum ps 
 The ground and groundwater remain at a relatively cool 

temperature throughout the year. If groundwater is 
available it can be used as a cooling medium (and the 
warmed water then used for other purposes). 

 
 Ground source heat pumps operate by pumping water 

through a loop of pipe which is buried in a borehole or 
similar. 

 
 Because the ground stays at a constant temperature all year 

round, it can be used for cooling in summer and heating in 
winter. These systems are becoming more common in 
Europe but are relatively complex and have a high initial 
capital cost for the installation of boreholes etc. 
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Fig 8.8 Guide to system selection (BSRIA AG15/2002 Illustrated 

Guide to Building Services) 
  

8.6. Ventilation Equipment  
 For an energy efficient ventilation system, consideration is 

needed of:  
o Evaporative cooling where appropriate. 
o Variable speed motors for fans. 
o Variable air volume systems. 
o High efficiency motors for fans. 
o Insulation to air supply ducts. 
o Optimised AHU and duct sizes and design of fittings 

to reduce friction losses. 
o Optimised zoning and controls 
o Design details and construction supervision to avoid 

leaks and flow restrictions. 
o metering of electrical consumption of major plant 

 

8.6.1. Fans and AHUs 

  
 
Fig. 8.9 Typical AHU 
 
 EC and DC motors use less energy than standard AC 

motors, and are of particular benefit in smaller fans (eg 
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extract fans, fan coil units etc). Generously sized AHU (air 
handling units) will use less energy due to lower air 
velocities. Typically a cooling coil should be selected at air 
velocity < 2.5m/s and large ducts used (velocity in ducts 
typically < 8m/s) to minimise fan power. Filters should also 
be regularly cleaned and replaced since the pressure drop 
increases as the filters become blocked. 

8.6.2. Performance Standards - Ventilation 
 The Specific Fan Power takes account of  

·  the efficiency of the fan and  
·  the efficiency of the motor driving the fan.  
·  the pressure drop through the entire ventilation 

system. 
 

 It is calculated by taking the motor input power (in Watts) 
and dividing by the fan flow rate (in litres/sec) 

 A typical target is to achieve 2.5 - 3 W/l/s specific fan 
power (that is 3 Watts of electrical power supplied to the 
fan motor to move each litre/second of air through the 
building).  

 
 

8.7. Refrigeration and Cooling Equipment 
 For an energy efficient cooling system, consideration is 

needed of:  
 

o Efficient equipment. 
o Thermal storage if appropriate. 
o Variable speed pumping systems 
o Variable refrigerant volume systems. 
o High efficiency motors for fans and pumps. 
o Insulation of  pipes. 
o Optimised zoning and controls 
o metering of electrical consumption of chillers and 

pumps 
 

8.7.1. Cooling Towers/Water Cooled Chillers 
 

  
 
 Fig 8.10 Cooling Tower diagram 
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 For large buildings, cooling towers offer much more 
efficient cooling than standard air-cooled chillers. 
However, the water quality must be very carefully 
controlled to minimise the risk of legionella and other 
bacteria. 

 
 In a cooling tower, warm water is sprayed from the top of 

the tower typically over a metal honeycomb, with air blown 
upwards to cool the water. The cool water is collected in a 
pond at the bottom of the unit. Typically cooling tower 
might cool water from 35°C to 20°C. The cooling towers 
are then linked to water cooled chillers which provide 
chilled water at 6°C or as required. 

 
 Regular maintenance and water treatment is essential to 

minimise the risk of legionella infections. 
 
 Typical COP is 6-8. 

8.7.2. Absorption Chillers 
 Most absorption chillers use a material lithium bromide 

which produces a cooling effect when water is absorbed 
into it. Heat is required to regenerate the absorber. 

 
 Typically absorption chillers are most effective where there 

is a source of waste heat in the form of very high 
temperature water or steam (>100°C). Even then, the 
machines can be unreliable and unable to cope with varying 
chilled water demands. 

 
 Typical COP is 0.7, so the chillers are usually only a good 

solution if a low cost source of heat is available. 

  
 There are examples of solar powered absorption chillers in 

use, though they are not common, due to the high 
temperatures required to operate the absorption chillers 
efficiently. Some chillers are claimed to work with water 
temperatures as low as 80-95°C, which potentially makes 
them viable for use with evacuated tube solar heaters, but 
there are as yet few examples of such installations. 

8.7.3. Air Cooled Chillers 
 The most common form of chillers are air cooled. Typical 

COPs are in the range 3-5. Refrigerant R22 should not be 
used since this is an HCFC which damages the ozone layer. 
Alternatives such as R134a and R410a are now commonly 
used which, while less damaging to the ozone layer than 
R22, still have a significant global warming potential if 
released into the atmosphere.  

 
 Designing a system to operate at higher chilled water 

temperatures (such as 8°C flow 14°C return) significantly 
reduces energy use since the chillers operate with a higher 
COP. 

8.7.4. Thermal Storage 
 Ice or phase change materials (PCM) can be used to store 

coolth and reduce the size of installed equipment. They also 
allow the chillers to be run more efficiently at night, when 
outside temperatures are lower and cheaper electricity may 
be available. However, due to losses from the storage 
vessel, they have limited effect on the overall energy use of 
a building.  
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8.7.5. Performance Standards - Cooling 
 The energy efficiency of cooling systems is measured 

either by the Coefficient of Performance (COP), the Energy 
Efficiency Ratio (EER) or the Seasonal Energy Efficiency 
Ratio (SEER). All these measure the useful energy output 
(heating or cooling), in relation to the energy input (usually 
electrical power but sometimes heat).  

 
 Many standards for energy efficiency specify minimum 

requirements for COP for different conditions. 
 
 Table 8.1 gives the recommended minimum efficiency of 

various cooling systems: 
 

Type Size category 
(cooling 
capacity) [kW] 

Minimum  
Efficiency 
[COP] 

Air cooled split 
unit (Cooling 
mode) 

<19 
>19, <40 
>40, <70 

2.93 
2.9 
2.66 

Air cooled split 
unit (Heating 
mode) 

<19 
>19, <40 
>40 

1.99 
3.2 
3.1 

 Table 8.1.  Minimum Efficiency Requirements for Unitary 
Applied Heat Pumps. (ASHRAE Standard 90.1-2001) 

8.8. Heating Equipment 
 When a building has a substantial heating demand (e.g. a 

hospital) this should not be provided using electricity. That 
is because the majority of electricity supplied to Botswana 
is generated from coal, and it takes typically 2.7kWh of 
coal to generate and transmit 1kWh of electricity. It is 

therefore more efficient to generate heat locally using fuel 
sourced locally. The ideal would be to use unwanted 
materials (refuse, agricultural waste) or renewable fuels 
(biogas, wood) which are produced and managed 
sustainably. However, even using fossil fuels such as coal 
and oil is more efficient than using electricity. 

8.9. Controls  
 The simplest form of control would be a thermostat for 

each zone plus a timeclock to allow the plant to be switched 
on and off at a given time each day. At the other extreme is 
a complex BMS (building management system) which 
offers much more flexibility and potential for optimising 
plant usage and facilities for off-site monitoring/control etc. 

 
 However, complex controls only save energy if they are set 

up correctly. If the user does not understand how to use 
them or they are not reset, then the systems may end up 
using more energy. BMS systems should therefore only be 
used when it is clear that the building occupant will have 
the necessary resources to operate them. 

 
 Significant savings can be achieved using dead band 

control strategies, where the temperature is allowed to drift 
within a defined band with ventilation only, and no heating 
or cooling taking place. During the time when temperatures 
are within the dead band range, all equipment such as 
chillers, boilers and pumps are turned off. In one case 
where this was implemented as a retrofit, it resulted in 
savings of 48% in energy consumption. (Hunn, B.D. 
p.471). Poor controls will lead to the risk of pieces of 
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equipment “fighting” (eg one zone heating, one cooling), 
poor balancing etc. 

 
 The degree of user control of the systems is important. 

While it is desirable for the occupants of each room to have 
control over their environment, this can also lead to wasted 
energy. If the occupants of one room set their thermostat in 
heating mode and the adjoining room is set in cooling 
mode, the two units may be busy pumping heat from one to 
the other, with very little success in achieving the desired 
temperatures, but considerable expense of energy. It may 
be better to consider other means of amending the local 
climate to suit individual preference, such as ceiling or desk 
fans to reduce, or radiant heaters to increase perceived 
temperature. These will have little or no affect on dry bulb 
temperature, but considerable effect on comfort. 

8.10. Commissioning & Handover 
 Having designed a highly energy efficient system, it is 

important to ensure that it is installed and commissioned so 
that it functions as intended. The commissioning process is 
very often rushed and not properly completed because the 
contractor is eager to finish the job and the client eager to 
occupy the building. To avoid this, the commissioning 
process should be carefully programmed and the risks of 
early occupation explained to the client.  

  
 The commissioning process includes cleaning and flushing 

of pipework, establishing the correct water treatment, 
balancing the systems and then verifying that the controls 
are operating as intended. It is well described in the BSRIA 
series of documents. 

 
 An operation and maintenance manual should also be 

prepared including the installation drawings and 
information on the equipment, spare parts etc. The manual 
should be arranged with relevant sections addressed to the 
owner, the building users and the maintenance team.  

 
 Structured training in the operation of the systems should 

be given to the client, and the client should be encouraged 
to employ competent maintenance personnel who 
understand the basic tasks involved (see Section 10, 
Operation and Maintenance & Building Management 
Systems). 

8.11. Maintenance & Replacement 
 When the building and the mechanical systems are being 

designed, consideration must be made for maintenance 
access and for how plant will be replaced in the future. For 
plant located on roofs, safe access to the roof for personnel 
carrying tools should be provided, and balustrades should 
be considered to reduce the risks of falling.   

 
 The mechanical systems selected must be suitable to the 

maintainance capacity of the available local tradesmen. 
This means that a solution appropriate to Gaborone may 
not be suitable for a remote site in say Bobonong. 
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8.12. Resource material 

8.12.1. Books and papers 
Davis Energy Group. March 2004  “Development of an improved 

two-stage evaporative cooling system”. Prepared for 
California Energy Commission, Public Interest Energy 
Research Program . Contract P500-04-016. 
http://www.energy.ca.gov/reports/2004-04-07_500-04-
016.PDF 

 
e-News. Issue 57. December 2006. “Designing Office Buildings to 

Perform Better Than Title 24. 
 http://www.energydesignresources.com/resource/224/ 
 

Hunn, B.D. (ed) 1996. “Fundamentals of Building Energy 
Dynamics.”  Massachusetts Institute of Technology. 

8.12.2. Codes and Standards. 
ASHRAE Standard 62.1-2004 – Ventilation for Acceptable Indoor 

Air Quality (ANSI Approved) 
 
ASHRAE Standard 90.1-2004 - Energy Standard for Buildings 

Except Low-Rise Residential Buildings, SI Edition (ANSI 
Approved; IESNA Co-sponsored) 

 
ASHRAE HVAC Systems and Equipment 2004 
 
ASHRAE HVAC Applications 2003 
 
BSRIA Application Guides - Commissioning of Water Systems in 

Buildings 

 
CEN Standard: “Ventilation for Buildings. Design Criteria for the 

indoor environment. CEN/CR 1752: 1998-12; CEN; 
Bruxelles 1998 

 
CIBSE Guide A (Environmental Design) 2006 
 
CIBSE Guide B (Heating, Ventilation, Air Conditioning and 

Refrigeration) 2005  
 
CIBSE Guide F (Energy Efficiency in Buildings) 2004  
 
CIBSE Applications Manual 10 - Natural ventilation in non 

domestic buildings 2005 
 
CIBSE Commissioning Codes 

8.12.3. Websites. 
Air Conditioning and Refrigeration Institute (ARI) 
 http://www.ari.org/ 
 
ASHRAE  
 http://www.ashrae.org/ 
 
Association of Energy Engineers (AEE) 
 http://www.aeecenter.org/ 
 
CIBSE Chartered Institute for Building Services Engineers 
 http://cibse.org/ 
 
EDR. Energy Design Resources 
 http://www.energydesignresources.com/ 


