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FOREWORD

The project aims to provide guidelines on how to incorporate EE and RE technologies and principles into
housing designs. This will ensure that houses constructed in future by individuals, organisations and the
GRN incorporate these EE principles. It is believed that the incorporation of these principles will ultimately
contribute to the improvement of living standards and reduction of energy consumption by homeowners.

The Habitat Research and Development Centre was requested to compile this guide as part of the Renewable
Energy and Energy Efficiency Capacity Building Project (REEECAP), which was funded by the Danish
International Development Agency (DANIDA).

The objectives of this guideline document are:

. To develop a technical instruction guide focussing on energy efficient building methods and
measures in the housing environment

. To empower persons in the housing sector to construct energy efficient houses

. To mainstream energy efficiency in the housing sector of Namibia

The HRDC is demonstrating and testing various energy efficient designs, materials and technologies. The
Centre serves as an example for the utilisation of alternative designs and materials for energy efficiency.
Therefore many of the proposals have already been utilised and experiences gained. Interested persons are
encouraged to visit the HRDC to view issues discussed in this document.

The Commonwealth of Australia (2005) has pointed out that the Building Industry as a whole is directly and
indirectly responsible for significant:

* Consumption of the earth's resources (especially energy),

* Generation of polluting toxins and waste,

* Creation of conditions leading to loss of soils and biodiversity, and

* Interference with life support systems (e.g. the water cycle, soil systems and air quality).

It is estimated that about 60% of all energy consumed on earth goes towards the manufacturing of building
materials, the physical building of structures, their operation throughout their life-span and eventual demolishing
and recycling.

In addition the guide also serves as an educational tool to inform individuals and groups about energy saving
measures, especially in the light of projected increases in energy costs for the next five years. The suggestions
made can be utilised for buildings in urban as well as rural areas. By raising awareness and providing
solutions or ideas, the guide assists in providing information on choices that can be made by an individual or
group, which can save households, offices or working places substantial expenditure on energy usage.
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INTRODUCTION

Namibia is the most arid country south of the Sahara. This means that solar energy is one of the most
abundant resources available. Grid electricity is becoming more expensive and power blackouts in the
Southern African region are now a common occurance and bound to continue in the future. It is therefore
necessary to reduce energy consumption and to find additional renewable energy sources. There are
numerous ways of utilising this energy, from active interventions to passive benefits. Energy efficient buildings
are more comfortable to work and to live in and have lower running and maintenance costs.

The easiest way to achieve the objective of energy efficiency is when a new building is planned. If existing
structures are to be refurbished, the costs of such an exercise are usually higher than planning correctly
from the start. However, there are opportunities to improve such buildings. This requires careful planning
and an awareness of possible solutions.

This building guide will describe ways of using the sun’s energy throughout the year. It is useful for existing
buildings and those who are planning to build a new house or office. The guide offers theoretical as well as
practical proposals, to illustrate what and how energy efficiency can be incorporated in buildings. Therefore
the guide is a resource for alternative ideas and practices, which aim at saving energy and as a consequence,
money. It is not a technical design document, but aims to inform the reader on the concepts of energy
efficiency (EE) principles and their application during the planning and construction of residential buildings.

FORMS OF ENERGY
Solar

Namibia is a country with high values of solar radiation. About 300 sunny days per annum are experienced. It
is therefore ideal to utilise solar radiation, which can be done by selecting solar hot water geysers, PV panels,
and passive solar design.

The diagram below illustrates the average values for solar radiation in kWh per m2. Solar radiation is lowest
along the coast at up to 5.2 kWh per m2. Frequent cloud and fog cover accounts for the low radiation levels.
Solar radiation gradually increases inland along the coastal plain to about 5.8 kWh per m2. The highest total
radiation values are recorded on the plateau in central northern Namibia with values of between 6.2 and 6.4
kWh per m2 as a result of the high sun elevations. The southern parts have lower values due to lower sun
elevations on average, while in the north eastern regions more cloud cover accounts for the lower radiation
levels.

Average values of solar radiation in Namibia
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Sunshine hours

Namibia enjoys sunny days throughout the year. Sunshine determines the amount of radiation that reaches
the earth’s surface. The map below illustrates the number of hours of sunshine per day. Sunshine hours are
lowest along the coast — up to 5 hours - due to fog and cloud cover. The number of hours increases as one
proceeds eastwards inland with a zone stretching from the central Namib desert south-eastwards enjoying
between 10 and 11 hours of sunshine per day. The central and northern parts of the country enjoy less
sunshine hours (between 8 and 10 hours) due to cloud-cover during the summer months.

The aridity is the result of many cloudless days, therefore Namibia has high solar radiation levels.

Average hours of sunshine per day in Namibia
'n'.'\_’ Outapi Dslkr::?_ngn Ny

h
b, . Rundu
Opuws o o

Legend

—— Border
+  Setflement

Hours per day
= <

|2

Mag produced t%/
SFB 389 'ACACIA’, subproject E
University of Cologne E1
17 500,000
Db s0ur e

0 125 250 00 krn Alaz of Namibla Projed, 2002, Directorate of Envisormental Aftars,
L M| - Miriztry of Enironment and Tourism . it s den mot gov.ne (2003)

Embodied energy in building materials

Two types of energy are embodied in the physical structure of a building: initial and recurring embodied
energy. The first refers to energy used in the construction of buildings and the manufacturing of materials,
including the extraction of raw materials and their processing. It also refers to the transport of materials and
components from the factory to the building site. The energy used is non-renewable. The second refers to
energy required to repair, replace, and refurbish components or parts of a building; in other words, the
maintenance aspect of a building.

There are wide ranging differences with regard to embodied energy, as for example used in the production of
building materials. Aluminium is among the most energy intensive materials in its production. Similarly, other
widely used energy intensive building materials are cement and steel. Alternative materials, such as clay
(adobe), do not require any energy inputs. To reduce the content of embodied energy, choices between
materials to be used can be made. Some examples (see Commonwealth of Australia. 2005):

Material Per embodied energy MJ/kg Material Per embodied energy MJ/kg
PVvC 80.0 Copper 100.0
Cement 5.6 Glass 12.7
Galvanised steel 38.0 Concrete blocks 15
Aluminium 170.0 Stabilised earth 0.7
Hardboard 24.2 Acrylic paint 61.5
In situ concrete 1.9 Synthetic rubber 110.0
Glue-laminated timber ~ 11.0 Plywood 10.4

The choice of building materials in construction determines the embodied energy of a building. Energy saving
and energy consciousness generally, in building construction, also requires proper planning. It is obvious
from the materials listed above that in order to save energy and therefore reduce the amount of embodied
energy of a building one would have to avoid the use of some high embodied energy materials like aluminium.
For example, concrete blocks could be substituted with stabilised earth blocks where structural requirements
permit.



Renewable energy

Several forms of energy are regarded as renewable. They include solar, biogas, biomass,bio-oil, wind and
hydro. In Namibia the most abundant form of renewable energy is solar energy, which can be utilised to heat
water or to generate electricity (see SOLAR ENERGY).

PASSIVE SOLAR DESIGN

Utilising solar energy without the use of any mechanical equipment is called passive solar design. The aim is
to make a building more comfortable, by reducing heating and cooling, and to eliminate contributions to
climate change. A building’s envelope (walls, roofs, windows, floors and doors) determines how much heat
is gained in summer and how much heat is lost during winter. This is of importance in a country with large
temperature differences between day and night time, such as Namibia.

Orientation of buildings

The orientation of a building is of utmost importance if solar passive design is considered. Most building sites
are not oriented in a north-south direction. Any deviation from the north-south direction reduces the effects of
passive design of a building. The longest side of a building with most windows should be facing north. In
Namibia during the winter months; due to the low angle of the sun; the northern face of a correctly oriented
building should receive adequate solar energy. In summer when the sun’s angle is higher, the sun does not
shine directly on the northern side, thus the interior of the house is cooler. This is illustrated below:
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It is recommended that a building’s long side should be oriented in an East-West direction, and the shorter
side of the building should face North-South (see also Principles of passive solar design).

The main problem occurs around October when the sun’s warmth is becoming more intense, and in May
with the onset of winter. Some of the heat can still be transferred into a building if no shades are provided. If
shades are fixed, it will keep out the sun in winter and the rooms will become very cold without artificial
heating.

Principles of passive solar design

In the design of a building, which incorporates solar passive principles, the use of dense building materials is
crucial, as they have the ability to store heat, for example in the floor and walls (see BUILDING MATERIALS).
These components then heat the ambient air during the night. Short wave radiation can pass through glass
and is absorbed by dense materials, such as walls and floors. This thermal mass can be concrete, clay,
stabilised soil blocks or stone.

Sumrmet sun;
shaded window area

Insulated roof'space

>
Wifinter sun;

Warming ingide areas
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—_— Warmed floor P
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Principles of passive solar heating

Large windows enable the sun’s energy in the form of heat to be stored in the floor and walls so that during
the night, the warmth is radiated back into the room. Thick outside walls, built with materials that take a long
time to warm up, also enhance the indoor climate. Permanent shading in front of the windows/doors may
obstruct the sunlight in winter. An example is shown below with a large window on the northern side of the

building: West

South D

MNorth

East

Orientation of windows

Bathrooms, kitchens and store rooms should be located on the southern side of a building, whereas the
bedrooms and living areas should be on the northern side.

UTILISING SOLAR HEATING AND COOLING

When solar heating and cooling are considered for a building, two aspects need attention. The first is part of
the planning and the design, the second refers to physical components of a building. A bad design is difficult
to change after a building is completed. Therefore, the principles of both heating and cooling require
deliberation.



Solar floor heating

Heating floor areas with the help of technology and the sun, guarantees a constant temperature of, for
example, 23° C throughout the winter. This requires an initial investment in specialised technologies, such
as solar collectors, a storage tank with a heat exchanger, and a distribution system consisting of pipes and
a pump. The latter serves to circulate warm water through the pipes embedded in the floor.

Each room can have its own circuit and all circuits are connected to a distribution manifold, which is connected
to a water storage tank. Each room can also have its own circuit. To apply individual room temperature
control, a thermostat can be fitted in each room, which is connected to a valve on the circuit serving that
particular room.

Concrete slab Edge
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Section of floor of a solar floor heating system

The installation of solar floor heating systems should be done by a qualified artisan in order to ensure that the
system works without problems.

The water tank and floor heating connections for a residence at the Harmony Centre, Aris



Passive solar heating

Another method to take advantage of the sun’s energy is by passive solar heating, especially during winter.
Passive solar heating entails keeping the summer sun out while letting in the winter sun. Certain cost effective
design aspects including northerly orientation of window areas, thermal mass to store heat, insulation, draft
sealing, have to be taken into consideration to ensure effectiveness. In addition, large windows should be on
the northern side to let the sun’s heat into the building. It is recommended that small windows are placed on
the East-West side of a building.

Winter sun
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West side of a building

Deciduous trees enable the warming of a building in winter

If trees are planted, it is necessary to have trees that shed leaves in autumn. Sunlight can then penetrate
the rooms, which are shielded from the sun in summer (see Principles of solar passive design).

Cooling

When designing and constructing a building incorporating the passive cooling technique, the focus is on the
envelope of the building. In addition consideration has to be given to available natural cooling sources, and
adapting one’s life-style. The envelope is crucial in achieving cooling without unnecessary cost, i.e. the
insulation properties of the various elements of the building and the materials used.

The design of a building can also help to reduce the heat inside rooms in summer. By including windows
under the roof (see Figure below), heat can escape during summer and during the winter, if the building is
positioned correctly, the sun’s warmth can enter the room. In addition, natural light can reduce the need for
artificial lighting.

SUMmer sun

Winter sun

Design to maximise comfort levels inside a building



Roof insulation

Insulating the roof is one of the most important factors in cooling a building. Most of the heat in summer is
radiated through the roof, whereas in winter warmth is lost through a non-insulated roof. Air tightness of the
roof is therefore important in reducing the loss of warmth in winter and minimizing heat gain in summer.

To insulate a roof various means are available. The roof space can be filled with glasswool or shredded paper.
The HRDC has used old cardboard boxes, which were flattened and placed in the space between the ceiling
and roof sheets. Another method is sheep wool put into old plastic bags, with some lavender to keep insects
out.

Insulating walls and roofs

Special foils can be placed on purlins before the roof sheets are fastened. They form a barrier between the
inside and the outside of the roof space. Special reflective paint on the outer surface of the roof sheeting can
also reduce the interior temperatures.

Shading

Shading is a natural way to cool a building during summer time. Various possibilities can be considered, such
as pergolas, roof overhangs, awnings or louvres, creepers and trees. Trees that shed leaves during winter
are most suitable if they are planted in such a way that they shade the walls of a building. In summer the leafy
trees will protect the walls from direct heat gain and keep the inside cool. The trees should be indigenous
trees, in order to save water.

A

SUMImer sun

The shade of trees cools a building in summer
Windows

Windows are another factor of heat gain or loss. The orientation of a building (see Orientation) and its windows
plays a major role in the heating up of an internal space. Glass can be fitted with a special coating, which
reflects light and heat. In this way the transmission of solar heat is reduced.

If windows are used to reduce heat gain during the hot season, the warming up of internal space is also
reduced in the cold season. Therefore, in case of a passive solar design, the northern side of a building should
not be fitted with windows that reduce heat gain.
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Heat gain through windows can also be reduced if external shading is installed. This can be in the form of
fixed installations or shades that can be retracted, such as an awning blind or roller shutter. Heat build up in
the outside areas, e.g. the garden, can be reduced if plants and natural surfaces are used. Paving will absorb
heat and re-radiate it to the surroundings.

Retractable shading Fixed shading
Shading techniques

Wind towers

In hot and dry climates wind towers are a simple technology to cool the inside of buildings. Utilising natural
processes, such as evaporation and wind, cooling is achieved by channelling wind into a tower, where water
cools down the air and moistens it. This heavy air then flows into the rooms, replacing the warm air of a room,
which can escape, for example, through windows or roof ventilation.

The principles are as follows (as demonstrated at the HRDC):
Warm & dry air

Cool & moist air

Water reservoir

Operations of a wind tower
Sky lights
Existing roofs can be modified by installing a sky light. Natural day light is provided to a room, whereas heat

can escape to prevent the warming up of a room during summer. Some skylights can be covered to avoid the
transmission of solar heat into a room.

Skylight on a flat roof, a solar tube and a skylight for a sloping roof (Source: VELUX)



Ventilation

One simple way of cooling a space is by cross-ventilation as this encourages the movement of air. Care has
to be taken to ensure that ventilation in summer does not increase air leakage and heat loss in winter (see
also Windows).

N N
—
I I

Warm air  Window
—

No ventilation Cross ventilation

Cool air

In hot arid areas ventilation under the roof is an effective way of reducing the inside temperatures. Warm air
rises and stays, for example under a ceiling, if no escape is provided for. Therefore roofs can be built in such
a way that at the highest point, roof ventilation is provided for, by constructing a high and sloping ceiling (see

also Cooling).
(\r w

No roof ventilation Roof ventilation

Passive Roof ventilation at HRDC. Passive Ventilation Industrial Product
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If new buildings are designed, the following window design can be incorporated to provide a flow of air
through a room and to enable warm air to escape (see also Cooling):

Clerestory windows for ventilation and light

BUILDING MATERIALS

Construction methods and building materials can influence long-term energy usage and the interior climate
of a building. The durability, life cycle costs and energy consumption needed for maintenance, possible
transportation of components or materials, the recycling potential at the end of a life cycle, and the
environmental impact, determine the energy used. The cheapest materials, from an energy point of view, are
those which are locally sourced and available, as they do not require long distances to transport. In other
words these have low embodied energy and therefore their impact on the environment is minimal.

Industrial

Industrial materials usually require heavy investment in energy. The route from mining to processing to the
finished product is energy intensive. Various machines and equipment are used in the mines, the ore is then
transported for further processing, after which it is again shipped to factories, and then to warehouses and to
retailers. Transport costs add to the price consumers have to pay. Examples include steel imported from
South Africa, burned clay brick manufactured in Kombat and Mariental, or ready mixed concrete in Windhoek.
Industrial products contribute significantly to the problem of pollution and global warming.



One way to reduce several of the problems is to use what is locally available. This requires an investigation
into local resources. The latter refers to building materials and human resources, such as builders, artisans
or artists.

Natural

Natural building materials often only use the energy from the sun, for example thatch requires sunlight to
grow, or clay blocks use the sun’s warmth for curing. Stone does not require any energy, except if transport
is required or cement mortar is used during the construction. Sometimes different types of materials can be
combined, for example in the case of soil cement blocks, where soil and cement are mixed.

Walls can be built with non-conventional building materials for example sand bags, rammed earth, gabions
filled with building rubble or stone, or natural stone (see above). It is necessary that the bottom of the trench
is compact and level. The sides have to be plumb to provide for a solid foundation.

LY Ly
PR

Rammed earth foundation and clay wall construction

Once the foundations have been completed, the construction of foundation walls and walls can proceed,
similar to conventional building methods. The difference is the materials, for example adobe (sun dried clay
blocks) and clay mortar.

Suitable material consists of about 65% sand, 20% clay, and 15% silt. The suitability of material can be
tested as follows:

. Take some moistened soil and compress it in the hand.
. drop the lump on the floor from a height of about one meter.
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If the lump breaks up into a few pieces, then the material can be used for construction. If the lump breaks up
and scatters into many small pieces, more clay needs to be added.

Good quality clay does not require any additions. However, if the material needs reinforcement straw or grass
can be used. Reinforced clay balls formed by hand are then used to build the walls by twisting them to form
a solid mass.

Clay blocks several can be produced either from moulds made of wood or steel, or from ice cream
containers.

Once the wall is completed, chicken mesh is fastened to the walls. The wall can then be plastered.
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In regions with a lot of sand, sand bags offer an opportunity to build houses. Plastic bags are used, which are
filled with local soil and stacked as shown below:

Soil-cement blocks can also be produced using the so-called hydraform machine to produce the blocks.
Around 75% of Namibian soils can be utilised. Cement or lime can be added to ensure the required strength
of the blocks. At the HRDC, blocks with a cement content of 4-8% were manufactured, thereby savings on
cement usage were achieved. These blocks do not require mortar in between, except for the first layer to
obtain a level surface. This constitutes another saving. However, they have to be cured for a week to ensure
that these stabilised blocks are of good quality before they are used in construction.

Manufacturing, curing, and construction with stabilised soil blocks

Recycling and reuse
Many industrial products can be recycled such as glass, steel components, building rubble, and old tyres.

Alternative wall construction materials (building rubble in gabions, tyres, bottles)
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Recycled construction elements (steel pieces, broken tiles, second hand windows)

The local soil may be used for the filling of tyre walls as shown below, by ramming the materials into the tyres.
The material is compacted in this process, which provides the necessary strength of the wall. The construction
follows the same principles as those for a conventional wall.

S Sl
Tyre wall construction
Insulating roofs

Roofs can contribute to the warming or cooling of inside spaces (see also Roof insulation). The material used
could be an industrial product such as glass wool or it can be recycled materials, for example old cardboard
boxes, fiberglass, polystyrene board or packing, silver foil or bubble foil, cellulose fibre, and shredded paper.
Plastic bags filled with sheep wool were used at the HRDC, as shown below:

Ceiling made from reed, old plastic bags and wool filling

An insulated roof does not transmit the sun’s heat into the interior of a building
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SOLAR ENERGY

Cooking

Cooking always requires energy. According to the 2001 census, energy sources for cooking were dominated
by wood in 64% of all Namibian households. About 25% used electricity, ten percent used paraffin or gas, and
less than 0.2 percent undertook solar cooking.

Two types of solar cookers are available: the box cooker and the parabolic mirror. In the first case, food can
be baked or cooked without any fear of burning. The second concentrates the sun’s light at one point, which
results in very high temperatures. Here care must be taken not to cook for too long as food can easily burn.
Looking into the centre of the mirror must be avoided as the concentrated light can injure the eyes.

Solar cookers (parabolic and box cooker)

Water heating

Various types of hot water geysers are available in Namibia for domestic and industrial use, whether on flat or
sloping roofs. The majority at present are flat plate systems that collect the sun’s radiant heat. They consist
of an insulated tank and solar thermal collectors. Fluid is circulated through in the tubes of the collector. This
exchanges the heat from the absorber and transports it to the water tank.

Indirect Solar Water Heater Systems with heat collector.

Another system has entered the market, consisting of a series of modular transparent tubes, or rows of
parallel transparent glass tubes. Inside the tubes are absorber tubes, where a fluid or gas is heated. This heat
is then transferred to the water tank. These evacuated tube systems are lighter than the flat plate systems.
However, the tubes are much more fragile than the flat plate. All systems should be installed by qualified
companies.
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Electricity generation from the sun

Solar energy ; Photo Voltaic (PV) panels generate electricity from

-

the sun by converting direct sunlight into energy.
These systems do not have moving parts and as a
result require minimal maintenance. The electricity
is generated with no emissions and no noise.
Multiple cells make up a PV panel. They consist of
two or more thin layers of semi-conducting material,
such as silicon. When the cell is receiving sunlight,
an electrical charge is generated. There are four
types of of these cells namely: 1. mono crystalline,
2. polycristalline, 3. thin film, and 4. armophous.

IMPORTANT:
The panels should be oriented towards the NORTH
and tilted to generate electricity efficiently.

Direct Heat Exchange via Vacuum Pipes

Photo-voltaic (PV) panels

Stand-alone systems require batteries to store the energy generated. This
enables households to utilise electricity after sun set. The batteries need cool
surroundings to extend their life-span to the maximum. Suppliers should be
requested to provide information on how to store the batteries.

Another possibility is wind energy, which can be converted into electricity. The
higher the mast on which a turbine is mounted, the higher the effectiveness of
the system, as more energy is generated due to the higher wind speeds at a
higher altitude. This energy is stored in batteries to ensure that electricity is
available whenever needed.

Solar PV modules
SAVING ENERGY

The cheapest and easiest way of saving energy is not to use it or using reducing consumption. Passive solar
design is one option. Another includes skylights or clerestory windows to maximise the use of daylight and
distribute the light in a room (see Skylights). One possibility of saving energy, is replacing energy intensive
appliances and light bulbs. Fluorescent bulbs save up to 85% of energy consumed by an equivalent incadescent
bulb for the same amount of light. Although they are slightly more expensive than the “regular” bulbs, the
money saved on electricity consumption is more than the extra costs paid over the life time of a compact
fluorescent bulb.

Footnote:
The Namibia Renewable Energy Programme (NAMREP) is responsible for compiling a Namibian code of practice including
quality standards for solar technologies.



Electrical appliances and equipment should be compared to determine the amount of energy they consume.
Below is a list of the most commonly used appliances in the home with their electricity consumption loads,
average hours used per day and the approximate electricity consumption costs per month at current Windhoek
prepaid meter electricity prices. The last column is a projection of monthly costs at a constant electricity
price increment at 10% per annum over 5 years.

Appliance

Geyser

Heater

Two plate cooker
Oven

Fridge

Kettle

Incadecent bulb (x3)
Iron

T. V. (colour)

Radio

Fluorecent bulb (x3)
sewing machine

Over the five year period, the running cost of the appliances would on average increase by about 33%.

However, the costing of appliances used in the home does not consists only of purchase and operation
costs. An appliance costs have to be considered for its operational life - what is termed life cycle costing ."Life
Cycle Costing is a process to determine the sum of all the costs associated with an asset or part thereof,
including acquisition, installation, operation, maintenance, refurbishment and disposal costs” (GAMC, no
date). Below are estimated lifecycle costs of common appliances used in the home. The costs include the
cost of electricity connection, appliance costs, appliance replacement costs, and energy costs at current

Electricity = Hours

Demand (w) used per day

2500
1600
2000
2500
300
2200
60
1000
80
6

15
100

ol

WODRRAROODOWRNAU
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Monthly
Cost (N$)

285.00

145.92
91.20
57.00
20.52
25.08
24.62
11.40
7.30
0.55
6.16
6.84

prices. The Ifecycle cost is calculated for a period of five years.

Appliance

Geyser

Heater

Two plate cooker
Fridge

Kettle

Iron

T. V. (colour)
Fluorecent bulb

Electricity Hours

Demand (w) used per day

2500
1600
2000
300
2200
1000
80

15
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Monthly
Cost (N$)

285.00
145.92
91.20
20.52
25.08
11.40
7.30
6.16

10% price increase
over 5 years(N$)

427.50
218.88

136.80
85.80
30.78
37.62
36.94
17.10
10.94

0.82
9.23
10.26

Estimated Lifecycle cost
over 5 years(N$)

22 608.73
12274.20
8 941.95
7 330.20
5019.75
4263.90
6 617.00
3711.16
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FEATURES OF AN ENERGY EFFICIENT BUILDING:

1. Planned and designed in terms of energy efficiency principles before construction
2. Is located in a properly designed neighbourhood that facilitates the sustainable use of resources
and close to amenities and services
. Doubles as a working environment to reduce transport and additional office buildings
. Is just large enough to satisfy demand and built with materials with minimum embodied energy
. Has multi-functional open plan spaces to reduce circulation area and walling structures.
. Is designed to maximise the advantages of correct orientation first, prevailing wind directions
second and lastly aesthetic natural views.
. Is an elongated building oriented to the north, with the long sides facing North / South and the short
sides facing East/ West
. Has its service rooms on the East / West sides to act as a buffer against the warm afternoon sun
. Has large windows/ openings on the northern side with small vertical ones on the east and western
sides
10. Has shading over windows / openings to keep out direct summer sun
11. Has windows that allow for cross ventilation for cooling
12. Has security doors and burglar bars over windows to allow ventilation during the evenings
13. Has windows of the correct size and ideally placed to maximise natural light and restrict the use of
artificial light during day time
14. Has high and sloping ceilings with roof opening to allow hot air to escape
15. Has thick outside walls constructed out of heavy natural materials with long heat transfer periods
16. Uses well insulated and / or reflective roof materials that prevent heat transfer to the inside of the
house
17. Has floors constructed of high thermal mass materials in order to collect heat from the winter sun
and releasing it slowly thus heating the house at night
18. Is painted in light colours internally and externally; internally to maximise light, externally to reflect
heat
19. Has water saving indigenous trees planted on the western side to shade the building from the
afternoon sun
20. Has a bhiogas digester to recycle human and other organic waste to produce (methane) gas for
cooking, fertiliser and water for gardening
21. Is fenced rather than walled in order to permit the circulation of cooling breezes
22. Has outside security lights shining downward and controlled by motion sensors to reduce electricity
consumption
23. Uses Energy Efficient / low energy rated / low emission appliances, light fittings and bulbs
24. Has a solar water heater to supply the kitchen, bathroom and laundry
25. Uses solar cookers and liquid petroleum gas or biogas stove
26. Has a vegetable and fruit garden fertilised and watered with effluent from a biodigester

o Ol bh W

\‘

O oo

Adapted from: Nina Maritz. 2008. Energy Efficiency Guidelines For Namibian Home Builders

BASIC CHECKLIST FOR BUILDERS AND HOMEOWNERS

The recommendations for EE building apply to areas in the southern hemisphere with the following
climatic features:

Low rainfall and low humidity

Cool to cold winter months

Hot to very hot summer months
Significant day / night temperature range




19

Orientation

The longest side of the building with most windows should face north in order to take advantage of the winter
sun.

Layout

The living areas should be located on the northern side with north facing windows so as to capture the winter
sun. Bedrooms and bathrooms should be located on the southern side. Arrange spaces to promote the easy
penetration of light and air circulation.

Insulation

Add insulation to roof and ceiling in order to slow down heat loss in winter and heat gain in summer.

Windows

Design the house such that north facing windows let through maximum sun energy in winter. Avoid window
areas on the east and west sides. Use small glass areas on the south side of the house.

Shading

The most effective way to keep summer heat out of the house is to use adequate external shading including
vegetation. North facing windows can be easily shaded with fixed shading devices, such as an eaves overhang,
horizontal shade or awning, and pergolas. These shading devices must be designed so that they allow sun
entry in winter and totally shade the windows in summer.

REFERENCES AND FURTHER READING:

C@tas. Materials &Construction. http://www.catas1.org/eng/matcon.htm
C@tas. Stabilized Earth Construction. http://catas1.org/eng/matcon/adobe/adobel.pdf
CHP. Clay Construction Manual. Otjiwarongo: CHP

Commonwealth of Australia. 2005. Australia's guide to environmentally sustainable homes. http://
www.greenhouse.gov.au/yourhome/technical/fs00.htm

GAMC.no date. Life-Cycle Costing. http://www.gamc.nsw.gov.au/tam/default.asp?PagelD=82
Universitat Kon. Atlas of Namibia Project. www.uni-koeln.de/sfb389/e/el/download/atlas_namibia/index_e.htm

Ministry Of Mines And Energy: Barrier Removal To Namibian Renewable Energy Code of Practice and Register of
Products for Namibian Solar Energy Technologies. June 2006

Ministry Of Mines And Energy. New And Renewable Energy Sources. http://www.mme.gov.na/energy/renewable.htm
Ward, S. 2002. The Energy Book for urban development in South Africa. Noordhoek: Sustainable Energy Africa
National Planning Commission. 2005. 2001 Population And Housing Census. Windhoek: NPC

VELUX. http://www.velux.com/
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ANNEXURE 1:

Accredited Solar Technicians for the Supply and Installation of Solar Systems

Source: http://www.mme.gov.na/energy/renewable.htm (March 2008)

anindp i £l 4% BLE LBO edoaoyl] FE
FIN{r4EX 50919 OGE0 455 L0 FEIPUSAES - SUILNGUEY ENINE N “LE
NEEYST  OE0T 099FZ7 - 580/ S98T +2) 1&0 Sfoan |BaRE (g ApPEYS EHIPUEYS 104010 O
nueEquy (75 feg ajeng FOBLSE - 500/ t449 L57 180 S Fypamblys sen0] BT
YT V] < =T BFOccs - Lo0/ SakL ok La0 1= 4 IE[OS 21NN 4 Rpoasald 0INquWer] 57
npun y SLE () | 45407 () 045007 - 000/ OE6D £LE LB 22 423 ] w40 H SN|SE|Q OWE A 47
apny EWEY ‘azeabiy  SEOF (N OZEEGT 1 L1 S92 - 900 4 POZE 547 LE0 a0 Afi1aUg Qe MUY IZ3qIE 7 SIUEL S [JWE A5 57
NEEYST LT TLOZZT - 500/ BEE #2180 (B2l 3| 1ana10 4 IEAqy EARBEAEAYS "GF
Te|duurdssmy FAELOE - 1O0/ Ob40 221 130 | ABojouyas) awsishs (paupaa|d 2per 1BAa3H UBp UEA UE RS &7
aBuEqY =0 Bittr FBEE 08T 180/ ARG 05F L8O a2 fifiiaug 8|QEMBURY =04 JE|0S plEUDE] EUEHES "EF
ROYPULAL, L 06 (4] 1L 956TT (F 8P9sET - 180/ S005 95F 180 }a(In0 JE9 5 EpLACET E|I{PEWEN N SENEWES 7T
punwdoyems a7 LZ5T 84T LED [EA18233 Jdr EAURNWEH snilad " |7
e ¥ CO0kIT - SO0/ 9ERE 64T LS0 I3mnag B OH EQUIE EqQWIFY 13}ad 0
FINJriE  GEA0R (3] £00S0EET - 1807 90k L0 1LE0 suopn|og IE|0g Apaads SWE( an Enyednip Gl
NEHEYSD) 0 DB 33EAI- i) 00ELTE - G0 E299 45T L0 o0 meudimug Brugung SEUUEYOr O[0EBN EL
nINIEWD a7 SOS7ET - AO0 ) BESL LAT LEO szamgas Afilaug 1ejog nunlew obunbuep EqIEN " 2)
FIEIENEHD 7|1 Z B a1emig 0 77418 () BO0LLE - £30 7 SFES 9T LSO a8} W3Rl EIEIENEHT Bie ==y onoingy gl
EnBUEPUD  EEET T8 SHT - 500/ 61T EFT LEO a0 01E|3 (|EGUEAN I IIEQUEAN [ SNaGEW "Gl
EINJGEX  |OEDG LGETLT - 190 LEED BT 1E0 Af1BUT 1|05 UOSHIES qasoliEns WHEW t|
NEEYSD  SLESE 0 /80077 1Ee007F - 590/ 8075 GET LSO F|uoIpRa |3 1ee s L0 F|aHOHYS IR} gl
NEMEYST  FGLT () 889727 (¥ 622077 - 530/ L6Z0 67 180 [Eaupo 3| odaned 3|1, OAE T T
HEEYST ) W00E 177 - 500/ 7206 65T 180 ETEEEERT AIEPNH ERHIPU SN ")
o e mify0 B 0 {5808 (N ELEE0E - £90 7 OEEF IFE LB0 Afiaug IE05 110 PIEY2IY QEYIEH ")
AqEq0g i £219 £5T L0 AR AHEYEWD [ EE[L ELENEH 5
NEHEYSO S5 DEg AEmid | ) GROSEET (1 ST09S77 - SO0/ (267 L67 180 o0 aWasis ABsUT 1E[0g WA N ET
QY ELIGE 85T I 00fPSE ) 1L AEST - 980/ 0321 A08 130 IR ET
FINIriEX  E5QL0 BEHRPTS - TO0/ 848k GOF 1E0 20 2R3 g5 H saqag Yinw|ay g
IR TE L0 ¥ SE00SF - GO0/ 9445 T4T LS80 a2 FUBRN|C S AlEUS Ajlod SWnIEH "5
WOYPUL,  SE0ST Q55857 - 100/ FE6EG LET 180 a3 Fuoin|a 5 1e|eg 1depuain | |depuslung puUEUIpIR 4 &
NEXEYSD OOESH LO0DET - 580/ LEOE LE7 180 rBuiqwey Fyedy £
EnDUEpPUD E0G EREtEE - GR0/ Ll Lk EEF VRO a0 ABojouy23] D3N Hagqny auamg 7
WOYpUL,  (EET ECfil ST 180 a2 puonjaa| g 23 ung 1adng SEWO] EAEM ML "]
(08 "0 d) SS=IpPy [EFE0d (Hx=4-(1 Pl HOILYSINYaHO TN




21

ANNEXURE 2:

Accredited Solar Companies for the Supply and Installation of Solar Systems

Source: http://www.mme.gov.na/energy/renewable.htm ( March 2008)
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