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7.1.

7.1.1.

7.1.2.

BUILDING ENVELOPE

Overview

Definition.

The building envelope is defined in this context as those
elements of the building that form the boundary between
the indoor environment of a building and the external
environment in which it is located for example, the floor,
walls, roof, windows, etc.

Building envelope and energy performance.

The building envelope is in a sense a filter between the
internal and external environments. It serves to protect the
indoor spaces from undesirable impacts such as excessive
cold, heat, radiation, and wind, while allowing desirable
impacts to pass through such as cool breezes on a hot day,
warmth from the sun on a cold day, daylight, etc.

The building envelope directly influences the energy
performance of a building in the following ways:

Resisting undesirable heat transfer.

Allowing desirable heat transfer.

Providing heat storage (delayed heat transfer).
Allowing daylight penetration.

Preventing undesirable light penetration (glare).
Allowing desirable ventilation.

Preventing undesirable ventilation.

O O0OO0OO0OO0OO0Oo

These are discussed in more detail in the following
sections.

Essentially there are two different approaches to envelope
design in relation to building energy performance, which
are described in more detail in tBection 6, Planning

One approach seeks to isolate the interior of the building as
much as possible from the external environment. Insulation
Is used extensively in all the envelope elements to reduce
heat transfer as far as possible. Such buildings rely entirely
on air conditioning systems to provide heating or cooling to
maintain comfort conditions. This is often referred to as an
‘active’ approach to building energy design.

Another approach to building energy design is referred to
as “passive” design. This seeks to encourage beneficial
interactions between the building and the outside
environment, while reducing as far as possible the
undesirable interactions. In climates such as that of
Botswana, where the average daily temperature is generally
close to indoor comfort conditions, this approach tends to
make use of thermal mass to reduce the extremes of day
and night temperature. Careful use of both insulating and
conductive materials as appropriate for different elements
of the building prevent or encourage heat transfer when it is
useful, and controlled ventilation allows air movement
through the building to provide fresh air and help to keep
the temperature in the comfort zone.

When successful, this approach can allow the external
environment to address some or all of the internal loads,
reducing the energy required by mechanical systems.

Energy Efficiency Building Design Guidelines for Botswana — Section 7. Building Envelope
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Cooling of the building takes place when heavy elements
such as walls absorb heat from the building during the day
and release it to outside at night. Ventilation of the building
when the outdoor air is cool can also help to cool the
building. In winter heat from the sun can be stored in the
walls and released into the building at night when heating is
needed. When it fails, this approach can lead to high energy
consumption if mechanical systems are required to pump
heat into or out of thermal mass elements that conflict with
the desired internal temperature.

Generally buildings such as residential houses with
relatively low levels of internal heat gain from occupants,
lights and equipment, can be designed using passive
principles to achieve comfort conditions for most of the
year with little or no mechanical heating or cooling.

Buildings with high levels of internal heat gain such as
office blocks will generally require mechanical systems to
maintain comfort conditions, but there are significant
opportunities to reduce the energy consumption with
careful design.

In the design of energy efficient buildings dominated by
internal heat gains particular attention should be given to
matching the mechanical systems to the internal loads, and
to ensure that control systems are designed and operated to
avoid conflict between the mechanical systems and the
thermal mass elements of the envelope and internal
structure.

7.1.3.

Building envelope energy performance in the
climate of Gaborone.

Much information is available on how to design energy
efficient buildings in climates similar to that of Botswana.

In most cases there are however no figures to show the
actual impact of such recommendations on building energy
consumption, or indoor temperature.

Recently an exercise was carried out to quantify the impact
of different strategies for improving building performance,
using computer simulations of three ‘generic’ building
types to determine the effect on comfort conditions and
energy consumption of changing various building envelope
or operational parameters.

The results are summarised in the more detailed discussion
below, and indicate that the local climate is such that some
of the ‘conventional wisdom’ relating to energy efficient
building design needs to be re-considered.

For buildings with little internal heat gain from occupants
and equipment, it was found that the energy needed for
heating in winter is similar to or even greater than the
energy needed for cooling in summer. Even in summer,
there is opportunity for buildings to loose heat to the
environment through the walls and roof at night, and
through the floor at all times of day. The result is that the
optimal interaction between building and environment is
quite complex, and certainly not as simple as providing
maximum insulation all round, as may be the case in
climates that are generally either too cold or too hot.

Energy Efficiency Building Design Guidelines for Botswana — Section 7. Building Envelope



7.2.

7.2.1.

Thermal properties of building materials

Thermal properties of building materials include those that
are related to a particular material irrespective of its
dimensions and location, and properties that relate to the
material or groups of materials in a particular configuration
as it is used in a building. The first group are described
below under ‘material properties’. The second are described
under ‘construction properties’.

7.2.1.1.

7.2.1.2.

Material properties.

Building materials can conveniently be considered in two
categories; opaque and translucent. 7.2.1.3.
Opague materials are those that do not allow transmission
of light or thermal radiation. They include typical wall
materials such as bricks, concrete, timber, metals and fibre
insulation.

7.2.1.4.

The properties of opaque building materials that are most
relevant to the thermal performance include the following:
Thermal conductivity.
Thermal resistivity.
Specific heat capacity.
Density.

Translucent materials are those that allow the transmission
of light or thermal radiation. They include materials such as
glass and plastics used in windows, curtain walling and
skylights. In addition to the properties of opaque materials,
it is important to know the transmissivity of translucent
materials.

The thermal properties of a number of common building
materials are given in Appendix 1.

Thermal conductivity.

Thermal conductivity is a measure of the ability of a
material to transfer heat by conduction. It is measured in
units of [W/m.K].

Thermal resistivity.

Thermal resistivity is a measure of the ability of a material
to resist heat transfer by conduction. It is the inverse of
thermal conductivity, and is measured in units of [m.K/W].

Specific Heat Capacity.
Specific Heat Capacity measures the ability of a material to
store heat energy. It is measured in units of [kJ/kg.K]

Density.

Density measures the mass of a unit volume of material. It
is useful to allow the calculation of heat capacity by
volume. It is measured in units of [kgfm

Energy Efficiency Building Design Guidelines for Botswana — Section 7. Building Envelope
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7.2.2. Construction properties

A material or group of materials forming a construction
element of a building has properties that are determined
partly by the thermal properties of the materials themselves,
and partly by the surface characteristics and geometry of
the construction.

The properties of construction elements that are most
\ relevant to thermal performance are as follows:
Absorbed sola o Overall heat transfer coefficient (U-value).

.— |radiation Overall thermal resistance (R-value).

\ Heat capacity.

Emissivity (= absorptivity).

Relectivity
Transmissivity.

=

O OO0 O0Oo

The thermal properties of a number of common building
construction elements are given in Appendix 1.

7.2.2.1. Overall heat transfer coefficient (‘U’ value).
The overall heat transfer coefficient is an approximate
measure that simplifies the calculation of heat transfer
through walls, floors and roofs. It combines the heat
transfer coefficients for convective and radiative heat
transfer from both surfaces with the conductive heat
transfer to provide a single overall heat transfer coefficient
for the surface. It is somewhat approximate, since the
surface heat transfer coefficients for both convective and
radiant heat transfer are dependant on the surface
temperatures.

Fig. 7.1 Mechanisms of Heat Transfer through the Building
Envelope.

It is measured in units of [W/K].
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7.2.2.2. Overall thermal resistance (‘R’ value).
Overall thermal resistance is the inverse of overall heat
- ) : 7.2.2.5.
transfer coefficient, and is a measure of the resistance to
heat transfer of a building element such as a wall, floor or
roof. It is found by adding the individual thermal
resistances of each layer of the element, including the
surface resistances of the inner and outer surfaces.

It is measured in units of faK/W]. 7.2.2.6.

7.2.2.3. Heat Capacity.
Heat capacity is a measure of the ability of a building
element to retain heat. Specific Heat Capacity measures the 7.2.2.7.
ability of a material to store heat energy.

It is measured in units of [kJfin

7.2.2.4. Combined Heat Capacity and Resistance.
It has been suggested that the combined effect of heat
capacity and resistance may be an important criterion for
the effectiveness of wall materials. This is defined as the
product CR (heat capacity multiplied by overall thermal
resistance). It is suggested by Hamilton et. al that a figure
of CR=93 [x1@sec] may be optimum for the climate in
Botswana.

It has units of seconds.

Emissivity.

Emissivity is a measure of the ability of a surface to emit
radiant heat energy, relative to that of a black surface at the
same temperature. It is a dimensionless ratio between 0 and
1. It is equal to absorptivity, which is a measure of the

ability of a surface to absorb radiant heat energy.

Reflectivity.
Reflectivity is a measure of the ability of a surface to reflect
radiant energy. It is a ratio between 0 and 1.

Transmissivity.

Transmissivity is a measure of the ability of a material to
transmit radiant energy through it. It only applies to
translucent materials such as glass. It is a ratio between 0
and 1.

Energy Efficiency Building Design Guidelines for Botswana — Section 7. Building Envelope
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7.3. Orientation.

7.3.1. Reducing solar heat gain in summer.

The main factor that determines the optimal orientation for
a building is the daily path of the sun through the sky, and
the pattern by which this changes through the year. The
main aim is to minimise solar gain on vertical surfaces in
summer. The east and west walls are exposed to the sun in
the mornings and afternoons respectively, and the area of
these walls should be reduced as far as possible. The
optimum orientation is therefore with the longer axis of the
building running east - west.

7.3.2. Allowing solar heat gain in winter. Fig. 7.2 Sunpath in Gaborone in summer and winter.

In buildings that require heating in winter, a further
consideration is to achieve solar heat gain in the winter.
The north wall may be designed to receive sunshine in
winter, but not in the summer, by arranging shading
devices (which may include the roof overhang), that expose
the wall to the low winter sun, but shade it from the sun in
the spring and autumn when heating is not needed.

Buildings with high internal heat gains such as offices have
very little need for heating even in winter, and in this case
solar heat gain should be avoided at all times.

Fig. 7.3 Using the roof overhang to shade the north wall in
summer.

Page 10 Energy Efficiency Building Design Guidelines for Botswana — Section 7. Building Envelope



Indicator Classroom Residential Office

Orientation E-W (base) N-S E-W (base) N-S E-W (base) N-S

Summer (6 months)

Heating energy [KWh/m2.yr] 0 0 0.3 0.2 0 0

Cooling energy [KWh/m2.yr] 47.3 54.2 15.2 15 99 104
Total [KWh/m2.yr] 47.3 52.p 15.5 15.2 99 104

% increase over E-W 10.4% -1.9% 51%
Winter (6 months)

Heating energy [KWh/m2.yr] 3.6 3.5 12.6 18.4 1 1
Cooling energy [kWh/m2.yr] 14.2 13.5 1.7 .7 53 49
Total [KWh/m2.yr] 17.8 1y 14.3 151 54 50

% increase over E-W -4.9% 5.6% -1.A%
Annual (12 months)

Heating energy [KWh/m2.yr] 1.8 1.7 6.4 5.8 1 1
Cooling energy [KWh/m2.yr] 30.8 34.9 8.5 B.4 76 76
Total [KWh/m2.yr] 32.6 34.6 14.9 13.2 77 77

% increase over E-W 6.1% 2.0% 0.p%

Table 7.1 Effect of orientation on energy consumption for three types of buildmGaborone (EECOB Report: ‘Parametric

simulation of the energy performance of three generic building types in Gaher Botswana’)

Energy Efficiency Building Design Guidelines for Botswana — Section 7. Building Envelope
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By considering the optimal characteristics of each element

7.3.3.  Quantifying the effect of orientation. of the building envelope, the most appropriate combination
The effect of changing orientation from E-W to N-S was of elements can be achieved. This requires the coordinated
simulated for three building types. The effect on energy input of different specialists to ensure that all the
performance in summer, winter and the full year is disciplines involved in the building are considered.

summarised in table 7.1.

The overall effect on energy performance is significant for
the classroom building (6.1% increase in annual energy
consumption for heating and cooling). It was less for the
residential building (2% increase in annual energy
consumption for heating and cooling). It had no effect at all
for the office building; a winter saving of 8.4% cancelled a
summer additional cost of 5.9%.

Total energy consumption is however not the only
important criterion. Windows that admit direct sunshine
result in internal areas that are too hot and subject to glare
(seeSection 9. Lighting. An E-W orientation allows for

the larger elevations of a building to face north and south.
The north elevation can be more easily protected from the
sun than the east and west elevations, and the south
elevation is not a problem in this regard.

Fig. 7.4 Envelope heat flows.

7.4.1. Ground Floor.

7.4. Characteristics of envelope elements The average monthly temperature in Gaborone ranges
The design team must find the combination of between 25C in January and 2€ in July. The ground
characteristics for each building element that best achieves temperature at a depth of 500mm below natural ground
the requirements of the design brief. This requires level is approximately equal to the average monthly
consideration of the particular conditions that each element temperature.
is exposed to, in terms of the opportunities and threats that o _ )
these offer the building. Buildings generally benefit from ground floors that are in

good thermal contact with the ground, by losing heat to the
ground.
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7.4.2.

7.4.2.1.

The simulation for a classroom building indicated an
increase in annual heating and cooling energy of 22.9%
when 50mm of insulation was provided between the floor
and the ground, compared with no insulation.

Roof.

Of all the building elements, the roof is most exposed to
climatic sources of heat gain and heat loss. Throughout the
day the roof is exposed to direct solar radiation, which is
potentially the most significant source of heat gain. During
the night the roof radiates to the night sky, and also loses
heat by convection to the cool night air.

The most important strategy is to manage the transfer of
heat through the roof structure. For most of the year this is

achieved by reducing heat transfer as much as possible. The

most effective strategy is to use a reflective surface for the
roof finish, such as white painted galvanised steel. This

reduces the amount of heat that passes into the roof space in

the first place. A similar advantage may be achieved by
using a reflective underlay (such as Sisalation) under
concrete tiles.

Ventilation of the roof space can help to reduce the
temperature further, and insulation laid over the ceiling can
help to reduce the transfer of heat from the roof space into
the occupied rooms below.

Lightweight roofs.

Lightweight roofs generally consist of an outer
weatherproof layer, typically sheet metal or concrete tiles.
This is supported on either steel or timber trusses, with a

ceiling fixed under or over the structure depending on
whether this is designed to be seen as part of the indoor
spaces.

If the ceiling is suspended under the structure, there is
typically a roof void that may or may not be ventilated to
the outside of the building.

Generally the roof should be light coloured to reflect solar
radiation, and well insulated to prevent heat gain in the
summer and heat loss in the winter. The most cost effective
improvement that can be made to a building with a
galvanised roof is to paint it white.

Fig 7.5. Roof details.

Energy Efficiency Building Design Guidelines for Botswana — Section 7. Building Envelope
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7.4.2.2. Heavyweight roofs.

Heavy roofs are generally constructed as concrete slabs,
having significant thermal mass and a degree of insulation
within one element.

Additional insulation is needed to avoid excessive heat gain
to the building in summer and heat loss in winter. The
positioning and capacity of this insulation is important, and
again there are a number of options.

Insulation may be added above the slab.

This will reduce heat exchange between the slab and the
outdoor environment, and maximise the effectiveness of the
slab as a heat capacitor for the building, reducing
fluctuations.

As with all thermal mass elements, there is the danger that
this may be in conflict with the mechanical heating and
cooling system leading to excessive energy consumption. In
a building with no air-conditioning system this may be
beneficial in reducing temperature fluctuations, and
moderating the indoor temperature to a reasonably
comfortable average of outdoor maximum and minimum
temperatures. This depends on many other factors,
including internal loads and the performance of other
building elements.

Insulation may be added below the slab.

Providing insulation below the slab will moderate the effect
of the thermal mass. Depending on the relative impact of

daytime radiant heat gain and night time radiant cooling,
the underside of the slab may be close to the indoor comfort
temperature for much of the time.

This may be a good solution for buildings that are air-
conditioned, since the heat transfer through the insulating
element will be further reduced by the smaller temperature
difference across this element.

Simulation of roof interventions.
The three storey commercial building showed an annual
energy saving of 4.8% with a white roof compared to a
galvanised roof. In the classroom building, the equivalent
saving was 46%.

The simulation for a double storey residential house
showed that increasing the ceiling insulation from 50mm to
150mm lead to an energy saving of 2.7%. However this
was fitted with a concrete tile roof finish with Sisalation
underlay which is reasonably efficient to begin with. For
the classroom building the saving by providing 200mm
insulation was 43.6%.

An insulated concrete roof resulted in an energy saving of
52.9% in the classroom building, compared with the
galvanised steel roof with no ceiling insulation. In the
residential building the concrete roof resulted in a 3.6%
increase in energy cost, and similarly in the office building
annual energy cost was increase by 5%.
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Indicator Classroom Residential Office

Roof Galv White 100mn1 Conc. tiles White  +100mm Green White  +100mmj
uninsulat'd metal insulation (base) metal Insul'n metal metal Insul'n

(base) (base)

Summer (6 months)

Heating energy [kWh/m2.yr] 0 0.1 0 0.3 0.4 0.3 0 0

Cooling energy [KWh/m2.yr] 47.3 24.3 P7 15.2 14.1 15 99 94 7|

Total [KWh/m2.yr] 47.3 24.4 7 15.5 14.5 15.3 99 94

% increase over base -48.4% -42[9% -6.5% -1.3% -5.1% %)

Winter (6 months)

Heating energy [kKWh/m2.yr] 3.6 5.7 3.1 12.6 13.1 12.1 1 1

Cooling energy [kKWh/m2.yr] 14.2 5.4 6.6 1.7 1.5 1.7 53 50

Total [KWh/m2.yr] 17.8 11.1 9|7 14.3 14.6 1B.8 54 51

% increase over base -37.6% -45[5% 2.1% -83.5% -5.6%

Annual (12 months)

Heating energy [KWh/m2.yr] 1.8 29 1.6 6.4 7.2 6.2 1 1

Cooling energy [KWh/m2.yr] 30.8 14.8 16.8 8.5 7.8 8.3 76 72 79

Total [KWh/m2.yr] 32.6 17.7 18|4 14.9 15 14.5 77 73

% increase over base -45.7% -43(6% 0.7% -2.7% -5.2%

Table 7.2 Effect of roof colour and insulation on energy consumption of threddiog types in Gaborone (EECOB Report: ‘Parametric
simulation of the energy performance of three generic building types in Gaher Botswana’)

97
2.0

54
55
1.9%

77
0.0%
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7.4.3.

7.4.3.1.

7.4.3.2.

Walls.

In designing the walls consideration should be given to the
different conditions that they will be exposed at each time
of day and season depending on their orientation. In some
cases there are conflicting opportunities or constraints at
different times of year, e.g. a west facing wall may benefit
from the heat of the sun in winter, but suffer in the summer.
It appears that different solutions are appropriate for
different types of building.

East and West Elevations.

Walls that face the east and west should generally be as
well insulated as possible, to prevent summer heat gain
from the low morning and evening sun.

These elevations can benefit from shading from trees,
shrubs or climbing plants. If these are deciduous, the
building can benefit from morning and afternoon heat gain
in the winter months while being protected in the summer.
For buildings with large internal loads that require cooling
in winter, evergreen trees or climbers would be more
appropriate. $ee Section 6. Planning

North Elevation.

The north elevation receives sunshine during the winter
months, with the sun at an average midday altitude of 42

in June. In midwinter the sun rises in the northeast and sets
in the northwest. During this time, the north elevation is
therefore exposed to quite large amounts of direct solar
radiation that can provide some useful heat gain in this cold
period for buildings such as residential houses that require
heating. Buildings such as offices or classrooms that have

Fig 7.6.

Sunpath in Gaborone in summer and winter.

very little need for heating should have the north walls
protected from the sun if possible.

The heating season typically begins in April and ends in
August. At these times of year the midday sun reaches an
altitude of about 55 It now rises and sets about’Itorth

of the east — west axis so that it sees little of the north wall
in the early morning and late afternoon. Shading of
windows on this elevation should therefore be designed to
protect the windows when the sun is above an altitude of
about 60.

Page 16
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Indicator Classroom Residential Office

Wall insulation 220mm ins. cavity ins.masp 220mm ins. cavity ins.masp 220mm ins. cavity ins. masp
base base base

Summer (6 months)

Heating energy [KWh/m2.yr] 0 0 0 0.3 0.1 D.1 0 0 0

Cooling energy [kWh/m2.yr] 47.3 51.8 52.5 15.2 15.1 15.1 9 9 101 102

Total [KWh/m2.yr] 47.3 51.8 52|5 15.5 15.2 1b.2 99 101 102

% increase over 220mm 9.5% 11)0% -1.9% -1.9% 2.0% 3.0%

Winter (6 months)

Heating energy [KWh/m2.yr] 3.6 2.6 25 12.6 4.7 3.8 1 0 0

Cooling energy [kKWh/m2.yr] 14.2 16 16.3 1.7 1.8 1.9 53 60 62

Total [KWh/m2.yr] 17.8 18.6 18|8 14.3 6.5 b.7 54 60 62

% increase over 220mm 4.5% 5.6% -54.5% -60.1% 11.1% 14.8%

Annual (12 months)

Heating energy [KWh/m2.yr] 1.8 1.3 13 6.4 2.4 2 1 0 0

Cooling energy [kWh/m2.yr] 30.8 33.9 34.4 8.5 8.5 8.5 76 81 82

Total [kWh/m2.yr] 32.6 35.2 35{7 14.9 10.9 1p.5 77 81 82

% increase over 220mm 8.0% 9.p% -26.8% -29.5% 5.2% 6.5%

Table 7.3 Effect of wall insulation on energy consumption for three buildiggés in Gaborone (EECOB Report: ‘Parametric
simulation of the energy performance of three generic building types in Gaher Botswana’)

Energy Efficiency Building Design Guidelines for Botswana — Section 7. Building Envelope
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7.4.3.3.

7.4.3.4.

South Elevation.

The south elevation receives only a glancing blow from the
sun in the early morning and late afternoon in mid summer.
By midday the sun is almost directly overhead. The south
wall may therefore be a good opportunity to introduce
thermal mass to increase the thermal capacitance of the
building.

This is the best elevation on which to locate windows for
daylighting, since these receive little or no direct sunlight.

Simulation of wall interventions.

The simulation showed that for the residential building type
substantial energy savings can be achieved by using
insulated cavity walls, or insulated mass walls in place of
standard 220mm walls. Increased mass walls with
insulation are marginally better than insulated cavity walls,
but the improvement was marginal.. The benefit was almost
entirely in reduced heating energy in winter. When the
building requires cooling, the walls actually help by
absorbing heat from the inside during the day and
transferring it to the outside at night. As a result, insulated
walls resulted in increased energy consumption for both the
classroom and office building types, where cooling energy
greatly exceeds heating energy. (See Table 7.3)

7.4.4.1.

Fenestration.

The primary objective in designing the fenestration for a
building should be to maximise the benefits, namely:

o Daylighting.

0 Views.

o Ventilation.

while minimising the negative qualities:
o Glare.
o Radiant heat gain.
o Conductive and convective heat gain and heat loss.

Daylighting.
The subject of daylighting is covered in more detail in
Section 8. Lighting

The objective of window design with respect to lighting
should be to provide as much of the indoor lighting
requirement with daylighting as is possible without
compromising other energy efficiency considerations. In
particular this will require consideration of the heat transfer
properties of the glazing. This is an element that may
justify some cost analysis, as there is a clear relation
between cost and thermal effectiveness. Improved
insulation can be achieved using various configurations of
multiple glazing, and selective coatings, the cost of which
is generally more the greater the effectiveness of the
product. Selective coatings may also reduce the light
penetration, so that in some cases the same quantity of
daylight may be achieved with smaller clear windows as

Page 18
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7.4.4.2.

7.4.4.3.

with larger coated windows, with lower cost and overall
heat loss.

Typical properties of different types of glass available in
Southern Africa are given in Appendix X.

The shading coefficient is the ratio of Total Solar Energy
Transmission of a glass compared to the Total Solar Energy
Transmission for ordinary 3mm glass.

The ratio of Total Visible Light Transmission compared to
Total Solar Energy Transmission has been included to give
a comparison of which glass is most effective at
transmitting maximum light with minimum energy.

Views.

Views of the outdoor environment have an important
impact on the quality of the indoor environment for a
variety of occupations, and can significantly improve
people’s productivity.

Simulation of window interventions.

Various interventions were simulated on the three types of
buildings, including shading of north facing windows,
double glazing, increasing the glazing ratio, and using
specialised glass.

Double glazing was found to have very little effect on
energy consumption, with an annual savings as follows:

0 Residential 3.6%
o Classroom 0.3%
o Office 0.0%

North window shading has some benefit for classrooms and
office buildings, but not for the residential building, with
annual energy savings as follows:

o Residential -0.3% (increase in energy)

o Classroom 4.8%

o Office 6.0%

Increasing the glazing area from 20% to 40% of external
wall area resulted in substantial increases in energy
consumption for all building types. This was somewhat
mitigated by using ‘Coolvue’ glass with a selective coating,
but overall energy consumption was still between 10% and
30% higher than in the base case. (See Table 7.4.)

It is recommended that glazing areas are generally kept to
no more than about 30% of external wall area. Higher
glazing levels in air conditioned buildings will lead to
excessive consumption of energy unless sophisticated
design measures such as ventilated double facades or solar
control glass with external shading are employed.

In buildings that are not airconditioned, large amounts of
glazing will result in high indoor temperatures and
uncomfortable buildings.
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Indicator Classroom Residential Office
Window glazing 20% clear 40% clear 40%| 10% clear 40% clear 40%| 20% clear 40% clear 40%
(base) Coolvue (base) Coolvue (base) Coolvug
Summer (6 months)
Heating energy [KWh/m2.yr] 0 0 0 0.3 0.3 D.3 0 0 0
Cooling energy [KWh/m2.yr] 47.3 53.3 52.6 15.2 21.4 9.9 9 9 106 102
Total [kKWh/m2.yr] 47.3 53.3 52|16 15.5 21.7 2p.2 99 106 102
% increase over base 12.7% 11)12% 40.0% 30.3% 7.1% 3.0%
Winter (6 months)
Heating energy [kWh/m2.yr] 3.6 3.7 3.6 12.6 10.5 11.6 1 1 1
Cooling energy [KWh/m2.yr] 14.2 18.5 18.3 1.7 4 3.6 53 66 60
Total [kWh/m2.yr] 17.8 22.2 2119 14.3 14.5 1p.2 54 67 61
% increase over base 24.7% 23j0% 1.4% $.3% 24.1% 13.0%
Annual (12 months)
Heating energy [KWh/m2.yr] 1.8 1.9 1.8 6.4 54 5.9 1 1 1
Cooling energy [KWh/m2.yr] 30.8 35.9 35.5 8.5 12.7 11.8 76 86 81
Total [kWh/m2.yr] 32.6 37.8 3713 14.9 18.1 1.7 77 87 82
% increase over base 16.0% 1414% 21.5% 18.8% 13.0% 6.5%

Table 7.4 Effect of glazing interventions on energy consumption for threedind types in Gaborone (EECOB Report: ‘Parametric
simulation of the energy performance of three generic building types in Gaher Botswana’)
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Even stimulating views -- widely argued to be distracting
students and workers alike -- seem to have a positive effe
performance. A 2003 energy commission study of the Fre

School District found that complex window views -- with

greenery or people and distant landscapes -- supported
learning results.

Similarly, a study of the effects of views at the Sacrame

Municipal Utility District's customer service call centeund
that better views were consistently associated with b
performance. Workers enjoying the best possible vi
processed calls 7 to 12 percent faster than those with no v
Better views have also been associated with better h
conditions. In one study, computer programmers with vi
spent 15 percent more time on their primary task, while tf
without views spent 15 percent more time chatting on the pk
or to one another.

Healthy buildings pay for themselves

Daylight, views are more than mere amenities.
Carol Lloyd

Sunday, July 23, 2006

San Francisco Chronicle

for
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7.4.5.

Ventilation.

Ventilation in buildings serves two main purposes;
improvement of air quality, and improvement of indoor
climate.

7.4.5.1.

Ventilation is the primary means of improving air quality,
by removing polluted air and replacing this with better
quality outdoor air. This of course assumes that the
outdoor air is of an adequate quality to achieve this. Where
this is not the case, filtration may be required to achieve an
acceptable level of indoor air quality (sg&ection 4.

Indoor Environment).

Ventilation can also be used as a means of improving
indoor climate under favourable conditions.

Ventilation may be achieved by openings in the walls or
roof that are controlled by the occupants, such as doors and
windows, or by mechanical means using fans and ducting.

Design of ventilation systems must take into consideration
the potential problem of drafts which can cause localised
discomfort as well as creating problems such as paper
blowing around.

The issue of security also needs to be considered if
windows are to be left open at night to take advantage of
cool night air.

Simulation of ventilation interventions.

Simulations were carried out to quantify the effect of using
ventilation to modify indoor temperature when the outdoor
air temperature is beneficial. The annual energy savings for
the three types of building were as follows:

0 Residential 27.0%
o Classroom 5.1%
o Office 27.8%
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7.5.

For the office building type, ventilation has the greatest
potential to reduce energy cost of all the interventions to
the building envelope that were simulated. Some practical
problems do need to be addressed in order to achieve this
level of ventilation in a controlled manner, without causing
problems with draft.

Codes and Standards

Codes have been adopted in a number of countries that
define minimum energy performance standards for
different classes of buildings. These typically include
specific requirements for building envelope elements.

An example of such a code is the ASHRAE Standard 90.1
2001: Energy Standard for Buildings except Low Rise
Residential Buildings.

This specifies maximum permissible U-values and
minimum R-values for various envelope components,
based on the climate in which the building is situated.
Climate is defined in terms of heating and cooling degree
days.

Appendix 3 gives details of some of the requirements of
this standard for Pretoria, together with the relevant
climatic data.
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7.6. Resource Material

7.6.1. Books and reports.

ASHRAE Standard 90.1-2001. Energy Standard for Buildings
except Low Rise Residential Buildings.

Energy Code for New Federal Commercial and Multi-Family High
Rise Residential Buildings; Final Rule, October 2000.
Department of Energy, Office of Energy Efficiency and
Renewable Energy, US Government.

EECOB Report: ‘Parametric simulation of the energy performance
of three generic building types in Gaborone, Botswana’'.
Department of Energy, Government of Botswana, January
2007.

Hamilton, L.B., et. al. 1984. Passive Solar Design Workbook.
BRET. Botswana.

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

Koch-Nielsen, H. 2002 Stay Cool - A design Guide for the Built
Environment in Hot Climates. London: James & James
(Science Publishers) Ltd.

Lechner, N. 1990. Heating, Cooling, Lighting — Design Methods for
Architects. USA. John Wiley & Sons.

Rogers, G.F.C., Mayhew, Y.R. 1967. “Engineering
Thermodynamics Work and Heat Transfer” Longman.

Tutt, P. and Adler, D. (Ed.). 1979. New Metric Handbook —
Planning and Design Data. Oxford: Butterworth-
Heinemann Ltd.

7.6.2. Codes and Standards.

ASHRAE Standard 90.1-2001. Energy Standard for Buildings
except Low Rise Residential Buildings.

Energy Code for New Federal Commercial and Multi-Family High
Rise Residential Buildings; Final Rule, October 2000.
Department of Energy, Office of Energy Efficiency and
Renewable Energy, US Government.

Malaysian Standard MS1525: 2001. Code of Practice on Energy
Efficiency and Use of Renewable Energy for Non-
Residential Buildings. Department of Standards, Malaysia.

Guam Energy Code, American Samoa and Guam Energy Code
Development Project. January 25, 2000

7.6.3. Web sites.

Soil Temperature Variations With Time and Depth
http://soilphysics.okstate.edu/toolkit/temperature/index0.html

PG Glass
http://www.smartglass.co.za

ASHRAE American Society of Heating, Refrigerating and Air-
conditioning Engineers.
http://www.ashrae.org/
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CIBSE Chartered Institute for Building Services Engineers
http://cibse.org

EDR. Energy Design Resources
http://www.energydesignresources.com/

EERE Building Technologies Program Home Page
http://www.eere.energy.gov/buildings/

SBIC. Sustainable Buildings Industry Council.
http://www.sbicouncil.org

SQUARE ONE environmental design, software, architecture,
sustainability.
http://squl.org/wiki/Concepts

WBDG - Whole Building Design Guide
http://www.wbdg.org/
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