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cooking and heating. Many of the internal loads are appliances that are outside the
control of the designer. All of the energy supplied finishes as heat, even when there is
a useful intermediate state such as light or a moving fan. There is now pressure being
brought to bear on producers to label the energy consumption of appliances to
enable the consumer to make educated choices about lower energy appliances (see
Chapter 10).

Table 3.2 shows some typical energy consumption figures for a variety of processes
and the associated CO, production.

Figures 3.2 and 3.3 show typical energy flows in a house and an air-conditioned
office.

If we first consider the domestic situation, we see in Figure 3.2 that there is an
input from the Sun which contributes to heating and lighting and which, although
free, is highly valuable.

The advantages of daylight and solar gains need to be balanced against potential
overheating and heat loss through glass. This issue also obviously applies to offices
and other building types. It illustrates the need to view the building as a system
and at times to balance contradictory factors. If one element is given too much
empbhasis — for example, daylighting in system-built schools in the UK in the 1960s —
problems can result. In the summer such schools suffered from overheating and glare,
and in the winter they had high heat losses. If, on the other hand, form, glazing,
fabric, ventilation and services work together, comfort and energy efficiency can be
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Table 3.2 Approximate energy consumption and carbon dioxide production for selected activities,
equipment and buildings*

Item Energy Cco, Period Notes
consumption production
(kWh) tkg)
Man at rest 2.8 Day
Shower 1.8 0.3 5 minutes Water heated with gas
Bath 33 0.6 80 litre bath heated
with gas
Dishwasher 2 1.0 1cycle Including heating the
water with electricity
Fridge/freezer 22 11 24 hours
100-watt filament
light bulb 24 13 24 hours
Equivalent miniature

fluorescent 05 03 24 hours
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* Figures are indicative and can often be improved with design.

Ventilation provides oxygen, fresh air, removes CO, and odours and helps prevent
condensation problems by taking away water vapour. Heating systems replace heat
loss through the fabric (which is falling as insulation standards increase) and heat the
ventilation air in the winter.

The heat requirement for the ventilation air supply becomes more and more
important as fabric heat losses fall.
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As the heat retention and recovery systems improve, the internal heat gains begin
to become sufficient to heat the buildings for some or all of the winter.

These same gains can also create more of a problem in summer and potentially
cause overheating. The only passive way of getting rid of the heat is by ventilation.
The fabric can store the excess heat during the day which can then be purged with
cooler night air. (Chapter 18 describes the natural ventilation and heat extraction
systems at Heelis, the National Trust Offices.)

Most air-conditioned buildings are completely sealed off from the outside and air is
supplied from a central air-handling plant (shown schematically in Figure 3.3). Heat
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from the Sun, equipment and people must be removed by air from the central plant
and this necessitates a cool air supply and so requires energy. Figure 3.4 gives typical
data.

Energy for cooling (and associated equipment) and lighting are two areas where
significant reductions can be made, and we shall examine some approaches in later
chapters.

Construction in theory and practice

There is an expectation that buildings will be better insulated and better sealed
than they have in the past. This increasing standard will be challenging for all profes-
sionals and constructors in the industry who will have to learn new ways of working.




image15.png
——| KeY

1.Gasloll heating and hot water (30%)
2. Catering gas %)

3. Cooling (6%)

4. Fans, pumps and contols (10%)

5. Humidifcation (6%)

6. Lighting (8%)

7. Offce equipment (6%)

equipment (4%)

9. Other alclrcly (%)

10. Computer roam (24%)

Designers will have to understand how to seal and insulate a building and understand
the limitations of the constructor’s capabilitics. Poor design will simply not work,
whilst badly communicated design runs the risk of being
adequate supervision.

nergy savings can also be made with better control of the heating, cooling, vent
lation, lighting etc. Again the industry is used to making the systems work to prevent
complaints for the occupants, not to swve energy. This will be another cultural
shift.

The new building regulations in the UK require very high standards of construe-
tion and testing of buildings for air tightness. These standards are well ahead of the
construction industry’s capabilities currently

Well-sealed buildings will bring other problems of air quality, moisturc and mould
errerh which et he artended ta soith carefidl cnnten] of the cont

stalled incorreetly without

GUIDELINES 35

3.4 Delivered energy use
in a typical air-
conditioned office
building.*




image16.png
construction industry’s capabilities currently.
Well-sealed buildings will bring other problems of air quality, moisturc and mould
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Table 8.3 Approximate values of light reflectance’

Material Reflectance

1. Internal
White paint® 0.85
White paper 08
Light grey paint 0.68
Strong yellow paint 0.64
Wood—light vencer 04
Strong green paint 022
Quarry tiles 01
Carpet—deep colours 01

2. External
Snow (new) 08
Portland stone 0.6
Sand 03
Brickwork (red) 02
Green vegetation 0.1

* BS 4800 colour codes arc given in the original reference.
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Buildings and energy balances

3.1 Introduction

In this chapter the importance of buildings to energy use and carbon dioxide pro-
duction in the UK is indicated. Energy use in different types of buildings is also
examined in preparation for reducing it through design in subsequent chapters.

3.2 Buildings-in, the broad context

Buildings use energy and, as most of the UK’s energy comes from the combustion of
fossil fuels, produce CO, in the process. Delivered energy is the energy in fucls at
their point of use (Chapter 7). Figure 3.1 shows delivered energy use and carbon
dioxide emissions in the UK. Buildings account for about 45-50% of delivered
energy use and just under 50% of all CO, emissions. The UK itself is responsible for
about 3% of global CO, emissions.

Approximately 60% of building-related CO, emissions is due to the domestic
sector and about 30% is attributable to the service sector, i.e. UK public and com-
mercial buildings.' In the service sector the total CO, emission is about 89 million
tonnes and approximately 44% of this is due to space heating (Table 3.1). Architects
can have a major input through design on reducing these figures.
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with better sealed double glazed units, insulating hot water cylinders, installing
condensing boilers and better controls contribute to a reduction in domestic energy
consumption.

3.3 Energy flows in buildings

In Chapter 2 we saw that energy exchanges affect people and buildings. Externally,
the building envelope is subject to solar gain, radiation exchange with its surround-
ings and convective heat loss (or gain) owing to the winds that almost continuously
flow past it. Moisture, too, can be lost to the surroundings (and, somewhat differently
from the human body, gained as when driving rain penetrates into the external wall).
Internally, the building is the site of the activities of the occupants and processes
which include lighting, running of equipment from ventilation fans to photocopiers,
cooking and heating. Many of the internal loads are appliances that are outside the
control of the designer. All of the energy supplied finishes as heat, even when there is

a useful intermediate state such as light or a moving fan. There is now pressure being
MR
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Table 3.1 UK carbon dioxide emissions by
end use for the UK service sector®

Use of fuel %
Space heating 44
Water heating 7
Lighting 17
Cooking 6
Air conditioning 6
Refrigeration 7
Power oo 13

While architects can influence new building design fairly easily, it must be recog-
nized that the vast majority of the building stock is existing. To reduce energy con-
sumption the insulation of these buildings needs to be upgraded, but in practice this

can be difficult. Increasing the loft insulation of housing has proved to be one of the
easier approaches so far.

3.1(b) United Kingdom
carbon dioxide emission
by sector and by
delivered fuel type
(1987).2




