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1 INTRODUCTION
1.1 Purpose
These guidelines and calculator are intended for use by people involved in the development of human
settlement. This could include private developers, local, provincial and national government officials
and any other interested parties. The guidelines are designed to be used as a broad framework that
a) introduces the core themes and challenges of sustainable development at a high level, b) presents
some practical solutions as a starting point, and c) that supports and contextualizes the use of the
calculator. They are not intended to replace a competent professional team. At the end of the report a
suite of sustainable options will be presented that are considered to be appropriate for three different
housing categories, namely: Subsidy houses, Gap houses and Middle income houses.
1.2 Definition of housing type
The three house categories, for the purposed of this report, are defined as follows:
Subsidy
Household Income: <R3,500
Top Structure value: R55,706 (Department of Human Settlements, Feb 2010)
(excl. top-ups for abnormal climatic and geotechnical conditions)
Floor area: 40m2
Gap
(Charter Unit as defined by Financial Services Charter, i.t.o Section 12 of BEE Act of 2007)
Household Income: R3,501 to R15,000
Top Structure value: Approximately R150,000 to R500,000 (at Dec 09 current interest rates)
Floor area: 50m2 – 80m2
Middle Income
Household Income: >R10,000
Top Structure value: Approximately R450,000 to R650,000
Floor area: 80m2 – 120m2
1.3 Professional team
Sound sustainable design and construction requires the input from an integrated, multi-disciplinary
team of professionals who each bring their own different, yet essential input to the project. It is
therefore essential that a professional team is selected who all understand sustainability and
have experience in designing green/sustainable developments. The professional team should
include at the minimum an architect, an urban designer, an environmental engineer (water, sanitation,
energy and other civil engineering aspects) and a public participation specialist. These are in addition
to the standard professionals normally associated with the development of affordable and subsidy
housing. Other professionals might include cultural historians, ecologists, soil scientists, economists
and others depending on the needs of the particular project. The more diverse the team, the better
the chances for a robust and enduring design solution.
This guideline document is designed to be used only for projects where a full professional
team, experienced in green/sustainable developments, has been appointed.
1.4 Guiding principles
These guidelines are aligned with the broad principles of South Africa’s national housing policy –
Breaking New Ground (BNG). BNG is viewed as a key strategy for poverty alleviation that
1
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emphasizes the creation of holistic and integrated sustainable human settlement as opposed to the
earlier focus on the delivery of units of housing. Objectives include:
•
•
•
•
•
•

Utilizing the provision of housing as a job creation strategy;
Ensuring that property can be accessed by all as an asset for wealth creation and
empowerment;
Leveraging growth in the economy;
Combating crime, promoting social cohesion and improving quality of life for the poor;
Supporting the functioning of the entire single residential property market to reduce duality
within the sector by breaking the barriers between the first economy residential property boom
and the second economy slump; and
Utilizing housing as an instrument for economic development

1.5 Limits to growth and carrying capacity
Two key and interconnected ideas provide the high level frame for these guidelines and should inform
all decision-making. The first is the knowledge that we (human beings) are currently living one quarter
beyond the carrying capacity of the earth. This means that the earth is no longer able to absorb the
waste and pollution we are creating, nor is it able to provide the resources we need to sustain our
current ways of living. We thus need to develop ways to live within the limits of the earth’s system.
This happens at the scale of the planet (e.g. Carbon emissions) as well as at the scale of localized
development (e.g. Condition of local landfills). Each place has its own local carrying capacity (water
availability, arable land and so on), thus each new development will need to be understood within the
limits of the local conditions. Ecologists and environmental scientists are the professionals best
prepared to provide this kind of input to a development initiative.

Figure 1-1: Ecological footprint compared with the earths carrying capacity

1.6 Locally appropriate solutions
Sound sustainable design is based on local solutions that are informed by global good practice and
technological innovation. Each context has its unique climate, culture and socio-economic conditions,
and each developer has their own constraints and interests. A good design solution for one part of the
country will not necessarily be the same as one in another region. It is thus essential that local
knowledge and expertise is fully integrated into the project design and implementation process. A ‘one
size fits all’ approach is no longer appropriate as it is always more costly in social and environmental
terms, and frequently in financial terms.

2

Standard Bank Green Building Guidelines for Housing Developments
Final Draft 1-9-2010
1.7 Site selection
A thoughtful choice of site supports the realization of sustainable development objectives. Each of the
following points proposes a key principle in sustainable development:
•
•
•
•
•
•
•
•
•
•
•

The potential for socio-economic and racial integration
Proximity to and potential for public transport routes and sustainable mobility (including nonmechanized transport like bicycles)
Access to safe park spaces and public squares and places
Densification of existing building stock to support urban services and community life
Limits to the urban edge to protect valuable arable land and bio-diversity
Access to and protection of sensitive natural areas and declared bio-sphere reserves
The utilization of transitional land that historically remained vacant (buffer zones)
The local cultural history and how this can be integrated into the development
Access to land to support food security through urban agricultural initiatives
Access to economic opportunity focusing on ways to grow local, self-sustaining economies
Access to essential social services like clinics, community centers, libraries, schools and
sporting facilities

1.8 Management, governance and ownership
Successful developments are supported by well thought through management and governance
structures. The design of these structures and processes are as important as the physical design of
new developments. These structures are particularly important in sustainable design as service
systems are generally more localized, and there is a greater emphasis on communally ‘owned’
spaces and services. Various institutional designs and management approaches will need be
considered and co-developed with the beneficiary communities. These might include homeowners
associations, maintenance and service agreements with local energy and services companies,
building user guides and training, codes of conduct, body corporates and various kinds of collective
ownership. Key principles might include participation, civic engagement, accountability and
transparency.
Include ‘social’ and ‘management’ section of our outline doc in here – sweat equity, forms of tenure,
process of accessing a house, house as an asset.
1.9 Monitoring and evaluation
Appropriate monitoring and evaluation processes support sustainable development in that they
provide feedback for ongoing improvement and learning, feedback for investors and donors, and data
for the replication and promotion of sustainable development. Latest trends in monitoring and
evaluation encourage that the indicators are co-developed with the beneficiary communities. A skilled
monitoring and evaluation specialist is recommended as part of the project team.

2 SUSTAINABLE TECHNOLOGIES/INTERVENTIONS
The following sections take the reader through a series of key topics in the interconnected web of
sustainable settlement and systems design:
•
•
•
•
•
•

settlement and unit design
water
energy
sewage
solid waste
materials
3

•
•

Standard Bank Green Building Guidelines for Housing Developments
Final Draft 1-9-2010
indoor environmental quality
greening and food security

Each of these topics is part of a complex system that relates to the other areas, and as such, should
not be viewed in isolation. For example: renewable solar energy might power the harvested water
reticulation system up to a dam that allows for gravity feed to the irrigation system that supplies the
food gardens.

3 SETTLEMENT AND UNIT DESIGN
In many ways we are facing a global crisis of inappropriate design that results in working against the
needs of both people and the earth. The design approaches and solutions that seemed to work well in
the past, are no longer doing so, and are proving to be very costly, particularly in social and
environmental terms. The benefits of informed sustainable design are numerous, yet the design
solutions need not cost any more than current design approaches.
3.1 Mixed use
Before industrialization and cheap oil, all human settlements were mixed use. A mixed-use approach
to settlement design ensures that residential, commercial and community service functions (libraries,
community halls, schools etc.) are physically congruent to optimize economic opportunities and
community cohesion. In this way, people are supported to work from home, and children and the
elderly are considered and integrated into every day life.

Figure 3-1: Levels of commuting transport

This is a move away from now outdated modernist planning approaches that zoned cities into
dormitory suburbs separated from economic activity areas – a logical but damaging response to
industrialization. The negative impacts of this have resulted in a reliance and dependence on the
motorcar, a breaking down of community life, and critically, reduced access to economic opportunity.
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Figure 3-2Example of mixed use town planning (Source: BESG, The New Energy Book for urban
development in South Africa)

3.2 Densities
Pre-industrial human settlements tended to be much higher in density than the settlement forms that
have resulted from cheap oil and suburban planning. Medium and high-density living has many
benefits for sustainability. These include supporting:
•
•
•
•
•

affordable and efficient public transport networks
community life and social networks
choice and diversity
access to economic opportunity
efficient use of land and resources

Figure 3-3: Density matrix showing benefit of multi-storey units (Source: Delta Foundation, The New
Energy Book for urban development in South Africa)
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Figure 3-4: Housing Unit Typologies (Source: Overstrand Growth Management Strategy, ACG Architects &
Development Planners)

3.3 Hierarchies of space
Supportive living environments allow for a range of public and private spaces. This means that even if
one lives in a small house with no garden, that there are a number of semi-public and public spaces
that serve as extended ‘living rooms’ and support community life and social networks. Legible and
easy to use settlement design orders these spaces so that there is a clear layering and hierarchy
between the most public spaces (town squares and public transport interchanges) and the most
private of spaces (bedrooms).
In-between spaces might include:
•
verandahs that face onto the street,
•
woonerfs where children can play safely in the view of caretakers
•
small neighbourhood café’s, coffee shops or eating houses (often called ‘third spaces’)
•
neighbourhood parks and kick-about areas
•
communally owned gardens

Figure 3-5: Verandah on Victorian Row
housing in Woodstock, Cape Town. Photo:

Figure 3-6: Neighbourhood parks and kickabout areas (Source: Bredasdorp Gap Housing

Donne Putter

Tender, ACG Architects & Development Planners)

3.4 House form
The form of the building is an area where good design can have a significant impact on sustainability
without adding additional costs. Building form should respond to the climatic conditions of the local
area as well as optimizing the garden space to allow for future extensions and urban agriculture. The
diagrams below demonstrate these concepts.

6
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Figure 3-7: Design Criteria for some of South Africa’s Climates (Source: BESG, The New Energy Book for
urban development in South Africa)
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Figure 3-8: Designing a house to make best use of the sun (Source: The New Energy Book for urban
development in South Africa)

Figure 3-9: From conventional to green housing (Source: After Mike Schroeder, The New Energy Book for
urban development in South Africa)

3.5 Extendibility
Houses that are designed to be extended easily provide great benefit to the inhabitants. They allow
for the addition of extra rooms as people grow their capacity to afford them. Extra rooms might be
additional space for the home, or else space for running a business from home, or space to rent out
as accommodation for additional income. Thoughtful design ensures that the starter unit is positioned
on the erf in such as way as to allow for new rooms without compromising wind flow and cross
ventilation in either the addition or the starter home. It also attempts to ensure that there is some
space left for growing food and recreation. The impact on wind movement through the settlement as a
whole also needs to be considered as inhabitants begin to extend their homes and should be part of
the initial design thinking.

8
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Figure 3-10: Gap house with options to extend (Source: Bredasdorp Gap Housing Tender, ACG Architects &
Development Planners)

3.6 Orientation
Correct orientation is essential in sustainable design as it enables the control of the sun into the
building, allowing for heating in winter and cooling in summer and thus increasing occupant comfort
and reducing energy demand. In the southern hemisphere a correctly oriented house is one with the
long elevations facing north and south, and the shorter ones to the east and west. Square plan forms
are not recommended, as it is difficult to heat, cool or cross ventilate these. This approach needs to
be applied at both the level of the individual unit as well as at the settlement scale.

Figure 3-11: Taxonomy of environmentally determined building forms
(Source: From Hawkes et al 2002:6 after Olgay 196; Green building handbook)
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Figure 3-12: Orientation, Shading & Wind (Source: The New Energy Book for urban development in South Africa)

3.7 Allowance for cars
Provision should be made for cars, whilst at the same time not allowing the car to dominate or dictate
the settlement design at the cost of human comfort and delight. An approach that creates spaces
where cars and people can co-exist is generally good design. The diagrams below illustrate this….

4 WATER
4.1

4.2

Introduction
The design of a sustainable development must involve minimizing the volume of water used in the
development. This can be done by reducing the volume of potable water used, reusing water (no
treatment required) where possible and even recycling water which requires treatment.
Grey water reuse

By installing a system to collect ‘grey’ water (i.e. from the washing machine, basins, shower and bath)
and pump it onto the garden, households will eliminate the need for any additional garden watering.
10
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Grey water can also be used safely for toilet flushing, but a potable water backup system will also
have to be designed. This would require a potable water feed and float valve to be installed in the
grey water collection tank.

Figure 4-1: Example of an installed greywater system Photo: Chris Wise

Grey water should always be filtered before being pumped in order to prevent the pump from being
damaged. Careful attention should therefore be given to the design of the filtration system and is in
fact the most important component of the design. The filter should be designed to be cleaned easily
and as infrequently as is possible. Water from the kitchen sink and dishwasher is not suitable for grey
water reuse because of all the solid particles and the drainage pipes in the house should be designed
accordingly. Also, shrubs and flowers generally do not like the soaps and oils in grey water, but lawns
thrive on the nutrients. The end user will have to be trained to clean the filter.
One of the disadvantages of grey water systems is that they use electricity to pump the water onto the
lawn (usually because the shower and bath are low down and the tank therefore has to be buried to
collect the water). However, if it is possible to run the grey water directly onto the lawn this should be
encouraged.
Other design considerations with grey water systems include:
• If the grey water is not used for a few days it can start to smell. This can be eliminated by
sizing the tank correctly.
• It is a good idea to flush out the tank once a month to clean out any residue that can cause
odours
• Because the water is not running down the sewage pipe anymore, there may not be sufficient
flow to self clean the pipe, which can lead to blockages. The site drainage should therefore be
designed for the lower hydraulic flows.
4.3 Low flow fixtures
Specially designed water-efficient appliances and fittings can also contribute to the conservation of
water.
Water for washing is the largest use of water in a home without irrigation. Low flow showerheads
reduce shower water used by 50 - 75% compared with conventional shower heads. Comfort is
maintained by adding air to the water to make it feel like it is flowing harder, providing the feeling of a
comfortable shower while using 1/3 of the water. This application can save between 2000 and 3000
litres per month (depending on the amount of people in the household). They cost in the order of
R350 to R450 and have a payback period of usually less than a year.
Consideration can also be given to not installing a bath as showers use significantly less water than
baths. There may be a problem however with acceptance of such a scenario due mainly to the need
to bath children. An option of a small bath could also be considered for subsidy houses.
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Tap aerators are small screens that are screwed onto the tap, which mix air with the water so it feels
as if more water is coming out of the tap while the pressure is maintained. Flow is reduced by around
50%. Aerators are not very effective for applications such a kitchen sinks were a certain water
volume is needed to fill the sink to wash dishes (i.e. the apparent pressure of the flow is not
important).
However, these units could potentially save a volume of water when installed on the single outdoor
standpipes installed on many Subsidy housing projects. These taps are often used for washing
laundry and can contribute 25% of the total water use in a Subsidy house. A potential saving of 1500
litres per month can be achieved with external tap aerators installed at subsidy houses.
4.4 Rainwater harvesting
Rainwater can be collected from the roof and used for the following possible water uses in the
houses:
•
•
•
•

Toilet flushing
Irrigation
Drinking water
Laundry washing

The use of rainwater for drinking and cooking is not usually recommended due to the possibility of
contamination. However in some water scare areas this has become common practice and perhaps
should not be eliminated automatically as an option during the planning phase of a project.
The use of rainwater for laundry washing should also not be automatically eliminated unless it is
determined during the planning stages that it is not likely to be acceptable by the end user. It is likely
to be a possible option for subsidy houses, in which case a 1000l roto-moulded tank should be
installed on a 400mm high plinth with a lockable tap and an integrated wash basin.
One can install a rainwater tank to collect water for garden irrigation. However, it has been shown that
this is usually not significantly beneficial (depending on the size of garden and tank installed) as
irrigation water is required during the months when there is no rain. Therefore, the rainwater tank
could be emptied within the first month into the dry season and remains empty.
Using rainwater for toilet flushing is probably going to be the most likely feasible option for rainwater
reuse. It would be best to elevate the tank to provide sufficient head to gravitate into the toilet cistern.
This will eliminate the need for a pump, but a specially designed low pressure ball valve would have
to be installed into the toilet cistern. The tank can be elevated my constructing two supporting walls
and a small slab below the eaves with a suitable sized horizontal roto-moulded tank.

4.5 Permeable pavements
Permeable pavement systems are hardened surfaces (usually paving bricks) with openings to allow
rainwater to seep through the pavement, much like it would do naturally. Below the hardened surface
are various layers of stone and sand that act as a drainage layer to encourage the water to seep into
the ground. Various concrete paving products are available from commercial suppliers that are
designed specifically as permeable pavers. They are particularly effective in parking areas or low
order urban streets for reducing the amount of surface runoff and simulating natural infiltration.
Permeable pavements are considered standard engineering practice in Europe. They may require
more maintenance (sweeping) than traditional solid pavement to prevent them from clogging with fine
sand, but there are case studies where this has not been a problem.
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The storm water collected by the system can be reused on a development for irrigation or even toilet
flushing, but this depends largely on the topography of the site.
The design of a permeable pavement is very site specific and is also dependant on the drainage
material available. As such it should always be designed by a competent professional engineer.

Figure 4-2: Example of a permeable pavement (Source: Inca paving)

4.6 Groundwater abstraction
Abstracting groundwater is a possibility to supply irrigation or even drinking water for certain
developments, but this is a very site specific process and must be managed by a qualified
hydrogeologist. The existing groundwater conditions and potential yield should be determined to that
the long term sustainability of the groundwater reserves are not compromised.
Abstracting the groundwater can be very energy intensive (depending on the depth of the water) and
therefore renewable energy should be used.
4.7 Storm water reuse
Storm water systems are usually designed to remove the storm water from the site. However, this
storm water should be considered a valuable resource and opportunities should be found wherever
possible to reuse as much of possible in the development. This type of reuse is very site specific so
cannot be specified here. Some ideas would include;
• Wet ponds storage for summer irrigation
• Toilet flushing
• Treatment and reuse
4.8 Storm water quality treatment
Storm water can pick up any number of pollutants in an urban environment which will be carried into
rivers. In certain instances, storm water can be of a worse quality that poorly treated wastewater. The
treatment of storm water is therefore becoming a more common practice in South Africa and in fact
certain cities (e.g. City of Cape Town) has written bylaws enforcing proper treatment of storm water
for all new developments.
There is a whole host of technologies that can be used to improve the quality of storm water. Some
examples of the technologies that don’t require power are given below.
Bioretention
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These systems capture and retain storm water from small areas in offline vegetated area where it is
filtered through a drainage layer. The filtration can improve the quality of the storm water and also
encourages infiltration. Evaporation and transportation also removes some of the water. These can be
well landscaped to look attractive. The footprint needed for the facility is about 10% of the area being
drained. It does require a fair amount of fall from the drainage area to the storm water discharge point
for the filtration.

Figure 4-3: Bioretention system (Source: Caltrans, Storm Water Treatment BMP New Technology
Report, April 2004)

Austin Filter
These are concrete structures that have a sedimentation tank, litter trap and sand filter. They remove
sediment and improve microbiological quality. The maintenance required includes regular cleaning of
the litter trap and replacement of the filter sand every year.
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Figure 4-4: Austin Filter (Source: Caltrans, Storm Water Treatment BMP New Technology Report, April 2004)

Other interventions that can improve the quality of storm water include:
•
In channel litter traps (preferable with declined screens, such as SCS or Baramy)
•
Kerb side litter traps
•
Wetlands
•
Kerb side sand filters
•
Kerb side oil/water separators
•
Breakaway bags
•
Passive skimmers (to remove oils)
•
Inline UV filtration
•
Vegetated swales
The design of such systems are site specific and should be undertaken by a competent professional
engineer with experience is storm water quality treatment.
4.9 Multi purpose detention ponds
Detention ponds are often required to reduce the peak storm water runoff from a development and
can take up a large area. This area however need not be “dead” space and can be used for other
purposes, provided it is designed as a dry pond system as shown here.

5 ENERGY
Globally, there is an urgent move to both reduce energy consumption and to develop ways of
producing energy that is not derived from fossil fuels (coal, gas and oil), ie. renewable energy. The
burning of fossil fuels has been identified as one of the key culprits in generating greenhouse gases
that are resulting in potentially catastrophic climate change. At a local level, South Africa is one of the
top offenders globally as more than 90% of energy is generated by coal-fired power stations (with new
ones currently being commissioned).
Reducing the energy footprint, and consequently the carbon footprint of a development is crucial to its
sustainability. These interventions are therefore designed to reduce the amount of energy a home
uses, whether that be electricity or other forms of energy such as paraffin heating. Many of these
interventions are designed to improve the thermal efficiency of a house. This results in a lower space
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heating requirement in winter and therefore reducing energy costs. It also reduces the need for
cooling in summer, but the use of air-conditioners for domestic purposes is not significant at the
moment in South Africa and cannot at this stage be considered a saving.
5.1 Solar water heaters
Solar water heaters are becoming the norm in South Africa due to the increasing cost of electricity
and large amount of solar radiation available. There is a very large range of products on the market
and costs are dropping. Eskom provides a rebate depending on the type of system installed.
Solar water heaters however do not have a 100% utilization (i.e there are times when there is not
sufficient sunshine to produce the heat required). They therefore still have to be connected to the
electricity grid as a backup and as such still draw some electricity. This is important when evaluating
this technology for a subsidy house as they normally don’t receive any form of hot water geysers.
Therefore, there is a negative energy saving for subsidy housing using a solar water geyser.
Otherwise, these should be installed on all new developments. The payback period ranges from 4 to 7
years depending on the number of residents in a household (Rankin & van Eldik, 2008).
5.2 Ceilings
Research (Steenkamp & Malherbe, 2004) has shown that, after the selection of external wall material,
the provision of a ceiling is just about the most beneficial intervention to improve the thermal efficiency
of a house. The same research has shown that the thickness of the ceiling (6mm, 8mm or 12mm)
makes very little difference to the thermal efficiency. A 6mm thick plywood or gypsum plasterboard
would suffice.
Thermal modeling of a 40m2 subsidy house in Johannesburg (with 16ºC heating setpoint) showed a
8% saving in annual space heating with a 6mm ceiling.

Figure 5-1: Heat resistance gained by ceiling & insulation material (Source: National Energy Council as
reflected in The New Energy Book for urban development in South Africa)

5.3 Insulation
Insulation can further improve the thermal efficiency and reduce the space heating demand by
another 10% to 30% over the savings for a ceiling. However, increasing the thickness of the insulation
(irrespective of the type of insulation) from 50mm to 100mm shows a negligible reduction in the space
heating requirement.
There are essentially 3 types of insulation available on the South African market.
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Table 5-1: Common roof insulation materials

Material

Fibreglass rolls
Polyester rolls

No recycled content
Polyester from recycled
PET bottle
Cellulose
fibre Recycled paper
(milled paper)

Thermal
Resistance for
50mm layer
(m2°C/W)
1.25
1.1

Cost per m2

R40

1.61

It is apparent that the cellulose fibre material is likely to be the most beneficial from an environmental
perspective.
Insulation should also include the floor and the following drawing shows a typical detail for insulating a
floor.

Figure 5-2: Damp proof floors Source (Source: The New Energy Book for urban development in South Africa)

5.4 CFL lighting
Lighting typically makes up in the order of 10% of a house’s energy usage. Compact Fluorescent
Lights (CFLs), are essentially small fluorescent tubes designed to fit into a normal domestic bulb
fitting. Most of the energy that goes into a normal incandescent bulb is lost in heat, while a CFL runs
at much cooler temperatures and therefore transfer a greater percentage of the energy into light.
CFL’s therefore use about 20% of the energy of a normal incandescent bulb but produce the same
amount of light.
An environmentally negative point with regards to CFL’s is that they contain mercury which if not
disposed of properly, can be released into the environmental causing pollution.
Because CFL’s operate at different temperatures, the colour of the light is different to that of an
incandescent. It is best to avoid “cool white” CFL bulbs as these create a very clinical light. Also,
cheap products (similar to the type ESKOM used in the Western Cape CFL rollout), generally have
very poor light quality and tend to fail significantly sooner than the stated life expectancy. They also
tend to contain more mercury. Using cheaper CFLs as part of the initial installation can be counter
productive as it tends to cause the home owners to become disillusioned with the CFL concept. This
can cause them to replace the CFL with incandescent bulbs.
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5.5 LED lighting
Light Emitting Diode (LED) lighting is a relatively new technology that shows large promise. These
bulbs use even less energy than a CFL for the same light output and also don’t contain any mercury.
Typically a 3W LED is equivalent to a 50W halogen incandescent. Their life expectancy can be as
long as 20 to 30 years. Although the technology is still advancing very rapidly, they are only suitable
for certain lighting applications as the lighting is very directional. They are a good alternative to the
typical 50W low voltage halogen “downlighters”, due to their directional nature, and tend to be rather
expensive at the moment (typically R200 for a 3W bulb).
However, since the technology is advancing so rapidly, it is recommended that LED be considered in
a years time and the prices are likely to drop significantly as demand increases.
5.6 Biodigestors
See 7.3

6 SOLID WASTE
6.1 2 bag waste separation
South Africa has still not advanced sufficiently for “at-source” separation of solid waste into paper,
plastics, metal and glass fractions. Also, the majority of the houses in this study are unlikely to have
sufficient space for 4 or 5 bins in the kitchen. However, the City of Cape Town has had some success
with a 2 bag waste separation system whereby all recyclable waste is separated at household level
from the general waste and placed in a clear bag. This clear bag is collected on the same day as the
normal waste collection by a private waste contractor, who then separates the recyclables into its
various fractions for recycling.
This system can also be set up by a large development which can be run by a body corporate to
potentially generate revenue. A sorting centre can be incorporated into the design of the development
and a collection system designed to suit the communities living there. This would only work for a
development that has sufficient critical mass to make it financially viable and this should be
investigated by a suitable qualified professional during the planning phase.
Financial benefits are to the body corporate who sell the recyclables and to the municipality who save
on landfill airspace and collection costs. As a result, it may be possible to negotiate lower
Development Contributions, or lower services charges for the whole development.
6.2 Local composing (3 bag)
This system could be a further extension to the 2 Bag waste separation system whereby the
compostable organics are separated by the home owner into a 3rd bag. This can either be collected by
the body corporate for composting at a communal compost facility, or composted by the homeowner
themselves. As with the 2 bag system, the municipality benefits financially by the reduced load on the
landfill sites, which the body corporate may be able to be use to negotiate lower charges by the
municipality.
If it is composted by the homeowner themselves, small composting units can be provided by the
developer with each house. If negotiated with the local authority, this cost could be offset against the
lower Development Contributions. This can also reduce the Greenhouse Gas Emissions of the
project.

7 SEWAGE
7.1 Composting toilets
Composting or urine diversion (UD) toilets toilet were first implemented in South Africa in 1997 and
there are over 50,000 UD toilets in South Africa. These toilets separate urine from solids. Heat, fans,
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solar PV panels and various design options allow the solids to be decomposed and used as compost.
Chimney and other forms of ventilation systems draw odours away, and these systems can be
effectively used in households. Nearly 30,000 units have been installed in eThekweni and these
systems form an effective part of Durban’s ecological sanitation and water resource management
programs. Education and training are essential for UD toilet systems to be accepted and effectively
used in communities, as this unfamiliar technology may seem less civilized to communities that aspire
to water borne sanitation systems.
Service delivery mechanisms in South Africa have created a mindset that waterborne sanitation is
considered to be the top of the sanitation ladder. Therefore until urine diversion toilets are used in
higher income groups as well, waterborne sanitation will remain the sanitation system of choice for
low income groups. As such, urine diversion toilets have only really been a success in rural areas that
don’t have access to running water.
7.2 Biodigestor/reedbed
Biogas or anaerobic digestors utilize sewage, grey water, organic matter such as kitchen waste,
animal manure and garden waste and convert them into energy. This is done by anaerobic bacteria
that digest the waste and produce methane gas as a byproduct. This gas can be used for cooking (on
a gas stove) or, it can generate electricity. It is estimated that around 12g of methane gas can be
produced by one person’s daily sewage. Generally it has been found however that domestic sewage
does not have sufficient energy to supply the cooking energy needs of a typical household and needs
to be supplemented by other forms of organic waste such as chicken or cow manure. As such these
systems are usually used in a rural context.
They can be used on a household level (i.e. one per house) or on a communal level (one per block of
houses). There is however a natural public resistance to cook with the gas produced from sewage
and these perceptions need to be overcome in order to implement such a system on a communal
level. This can be done by providing communal cook houses where the gas from a communal
digester (collecting sewage from 10 to 20 houses) is free for anyone to use to cook on.

Figure 7-1: Biogas digestor (Source: The New Energy Book for urban development in South Africa)

Sludge develops in biogas digesters which has to be removed occasionally, similar to a septic tank. It
is important to remember that the liquid effluent from the biodigester still needs to be treated further or
discharged into a sewer. A reedbed is ideal for this application.
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7.3 Reedbeds
Reedbeds (also known as constructed or artificial wetlands) are a copy of the processes that occur in
natural wetlands in order to treat domestic sewage. The aquatic plants pump oxygen into their stems
and roots under the water which is used by micro organisms in the roots and soils to breakdown
organic material. The plants also can take up the nitrogen and phosphorous from the wastewater.
There are many examples of where wetlands have been used to effectively treat sewage. Certain
aspects should however be considered when designing such a system. Firstly they require large
areas, approximately 3 to 6 m2 per person (EPA/625/1-88/022, Design Manual: Constructed Wetlands
and Aquatic Plant Systems for Municipal Wastewater Treatment). There are also no clear design
equations and as a result they are usually designed using empirical data or by trial and error. They
also take a while to get running; up to two years to reach maximum treatment efficiency. Thus, it is
advisable to under load them in the beginning.
The effluent from constructed wetlands usually does not meet the required standards for discharge
into a natural watercourse. The water thus cannot be discharged directly into a river. However, it often
meets irrigation standards and than therefore be used to irrigate certain areas such as pasture lands.
There is also no reason why wetlands cannot be used as a pre-treatment before discharge into a
sewage system. This would significantly reduce the organic and hydraulic load on the sewage
treatment plants and therefore reduce the amount of energy need to treat the wastewater. It will also
reduce the amount of organic carbon that is sent to the wastewater treatment works which will reduce
the carbon dioxide emissions.
7.4 Hold flush/multi-flush toilets
Savings of approximately 2000 litres per month can be achieved by installing a ‘dual-flush’ or ‘multiflush’ (also know as hold flush or demand flush) toilet. Dual flush devices have two fixed settings, a
light setting (3 litres) for urine and a heavier one (6 litres) for solids. Multi-flush devices allow
households to flush any amount by holding down the handle for as long as is needed to flush the
contents.
Research (Haarhof & Jacobs 2004) has shown that multi-flush toilets tend to use slightly less water
that dual flush toilets. However, users need some time to get used to holding down the handle and
some user education upfront can alleviate much frustration.
7.5 Basin to feed cistern
This is a simple system whereby the water leaving a wash hand basin lows by gravity to fill a toilet
cistern. There are products available on the market where the wash hand basin sits directly above the
cistern. However, it is doubtful whether this will be popular with home owners as it would be difficult to
reach the basin easily. An alternative system whereby the basin is slightly higher than a normal basin
and is located alongside the toilet with a connecting pipe should be more effective.

8 MATERIALS
8.1 Global and local issues
Environmentally preferable materials have a reduced negative effect on human health and the
environment; contribute to improved safety and health; reduced liabilities, reduced waste costs, and
achievement of environmental goals. The production, use & maintenance of building materials can
have serious impacts on the environment. A sustainable building is constructed of materials that
minimize embodied energy/ life-cycle environmental impacts such as global warming, resource
depletion, and human toxicity. (http://www.wbdg.org/design/sustainable.php 9/4/2010). Basic
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concepts include reducing the amount of natural resources used, re-use of whatever materials can be
re-used & recycle wherever possible.
8.2

Embodied energy concept

Embodied energy of a material is the energy that must be committed to produce 1kg of usable
material & is measured in MJ/Kg (megajoules per kilogram). It should include all of the processes
associated with the production of the material, from the acquisition of natural resources to product
delivery. Embodied energy is a significant component of the lifecycle impact of a home. The single
most important factor in reducing the impact of embodied energy is to design long life, durable and
adaptable buildings. Embodied energy content varies enormously between various products and
materials. The importance of embodied energy and other environmental impacts becomes apparent
when the materials are examined from a life cycle approach, usually known as Life Cycle Assessment
(LCA).

Figure 8-1: Building Life Cycle (Source: Green building handbook)

To assess the embodied energy contained in the structure of a building is difficult. This energy use is
often hidden and can only be fully quantified through a complete LCA. It also depends on where
‘boundaries’ are drawn in the assessment process.
Some definitions:
• Gross Energy Requirement (GER) is a measure of the true embodied energy of a material,
which would ideally include all energy in the manufacture, transportation, assembly &
infrastructure and more. In practice this is usually impractical to measure.
• Process Energy Requirement (PER) is a measure of the energy directly related to the
manufacture of the material. This is simpler to quantify.
Consequently, most figures quoted for embodied energy are based on the PER. This would include
the energy used in transporting the raw materials to the factory (cradle to gate) but not energy used to
transport the final product to the building site. There are not currently accepted comprehensive up-todate independent embodied energy figures available for products in South Africa (Australian & UK
figures are frequently referred to see: http://www.bath.ac.uk/mech-eng/sert/embodied/).
LCA examines the total environmental impact of a material or product through every step of its life from obtaining raw materials all the way through manufacture, transport to a store, using it in the
home and disposal or recycling. An internationally agreed standard (ISO 14040) defines standard
LCA methodologies and protocols (Green Building Technical Manual, Australia).
Further definitions:
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• Cradle-to-grave: Cradle-to-grave is the full Life Cycle Assessment from manufacture ('cradle')
to use phase and disposal phase ('grave'). All inputs and outputs are considered for all the
phases of the life cycle.
• Cradle-to-gate: Cradle-to-gate is an assessment of a partial product life cycle from
manufacture ('cradle') to the factory gate (i.e., before it is transported to the consumer). The
use phase and disposal phase of the product are usually omitted. Cradle-to-gate assessments
are sometimes the basis for environmental product declarations (EPD).
• Cradle-to-cradle: Cradle-to-cradle is a specific kind of cradle-to-grave assessment, where the
end-of-life disposal step for the product is a recycling process. From the recycling process
originate new, identical products (e.g., glass bottles from collected glass bottles), or different
products (e.g., glass wool insulation from collected glass bottles).
(http://en.wikipedia.org/wiki/Life_cycle_assessment, 12/5/2010)

Figure 8-2: Embodied Energy for some common building materials
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8.3 Local materials
Preference should be given to materials sourced within a 50-400km radius of the site. Local
economies can benefit greatly through the selection of local materials, developing local industry,
employment, skills etc. Transportation costs & associated pollution is also reduced.
8.4 Eco-labelled and certified materials
Independently verified Eco-labeling should be utilised when selecting products. Look for eco labels
that include a physical on-site verification audit of the manufacturing facility as this is the only way to
ensure that product claims are in fact true. This helps to distinguish between a legitimate Eco product
& green-washing (those claiming to be sustainable with no substantial evidence) E.g. Eco Standard
SA (see: http://www.ecostandard.co.za)
8.5 Re-cycled & re-used bricks
Bricks with a high recycled material & reduced cement content can substantially reduce the embodied
energy. Re-use of bricks, when possible, can reduce impact significantly.

Figure 8-3: Recycling bricks

8.6 Fills
Suitable site construction waste can be utilized on site for fill, rather than transporting it off site &
disposing of it.
8.7 Choice and treatment of timbers
FSC COC (Forestry Stewardship Council Chain of Custody) approved timber should be specified
wherever possible. This can be difficult (especially with hardwoods) but does ensure sustainable
sourcing. Treatment has a significant effect on the toxicity of timber. Boron is recommended as a
preferable treatment of external timbers. Low VOC & solvent free coatings should be utilized for
interior applications.
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Figure 8-4: Boron Treatment tanks

8.8 Cement
Due to the high embodied energy of cement, the use of cement should be reduced as far as possible.
Cement is primarily used in reinforced concrete.
Table 8-1: Advantages and disadvantages of cement (Source: Meshfield 2009)
Pro’s:
Con’s:
• Very strong and durable
• Production
of
constituent
• Many applications
materials causes high levels
• Low thermal conductivity
of pollution & emissions
• Plastic material – can take
• Disassembly labour intensive
almost any form
• Exposure to wet cement can
• Steel can be recycled
cause reaction on skin
• Concrete can be crushed and
• Constituent materials have
used as aggregate
low strength to weight ratio
• High compression strength,
• Physical
degradation
for
high tensile strength
mining of aggregate
• Many alternatives to stone
• Construction slow due to
as aggregate eg recycled
curing times
glass or ceramics
• Toxic for workers exposed to
• Aggregates can often be
cement dust
sourced locally
• Additives can be toxic eg
• Fire resistant
colouring
pigments
containing heavy metals
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8.9

Steel

Table 8-2: Advantages and disadvantages of Steel (Source: Meshfield 2009)
Pro’s:
Con’s:
• Relatively high strength to
• Non renewable resource
weight ratio
• Production causes high levels
• Does not burn
of pollution & emissions
• Highly
reusable
and
• Production
is
energy
recyclable
especially
if
intensive
designed to be disassembled
• Twists
or
melts
when
• Countless
applications
–
exposed
to
high
structural to finish
temperatures
• Provides ideal material for
• High electrical & thermal
fixing structural materials to
conductivity affecting indoor
each other e.g. Timber climate
average of 150kg of nails
• When discarded, can cause
and bolts used in timber
contamination
of
ground
frame house
water
• Enables very long spans
• Subject to biological decay
• Very high tensile strength
especially if not properly
• Quick erection time.
detailed and maintained
• Toxic surface treatments are
often used in form of paints
or fire retardants
• Zinc coating to prevent
corrosion is a limited non
renewable resource.

8.10 Pre-fabricated panels
Frequently put forward to as a ‘sustainable solution’, these systems may not be as beneficial as
initially thought.
Table 8-3: Advantages and disadvantages of Prefabircated Panels (Source: Meshfield 2009)
Pro’s:
Con’s:
• Speed of erection
• Frequently complex
• Standardisation
&
cost
composites with limited
efficiencies
recyclability
• Thermal performance
• Limited to certain modules
• Use of renewables e.g.
• Transport cost & distances
prefabricated
hemp
lime
• Can be regionally & culturally
panel,
sustainable
fibre
inappropriate
boards, straw boards, wood
• Extendability is limited if
chip etc.
specialized systems not
easily available to future
owners.

8.11 Roof coverings
Roof converings has a small affect on the thermal performance of a building. Research (Steenkamp &
Malherbe, 2004) has shown that Concrete roof tiles have the highest thermal performance, however
the difference in performance between concrete roof tiles and fibre cement sheeting is small.
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Figure 8-5: Thermal performance of various roofing materials (Source: Steenkamp & Malherbe, 2004)

Steenkamp & Malherbe did however show that the solar heat absorption coefficient (effectively the
colour) of the roof had a much more significant impact on the thermal performance of the house than
the roofing type.
8.12 Paints and varnishes
Careful selection of paints & varnishes should be made to minimize Volatile Organic Compounds
(VOCs) & solvents - see IEQ section.
8.13 PVC minimization
PVC is currently a significant source of VOCs in buildings & use should be minimised as far as
possible. Manufacture & Degradation. Alternative options include galvanized iron, ceramic & polycop.
8.14 Walls
Walls have the biggest influence on the thermal performance of a house. The table below shows the
R-values for various walling types (Agrement SA, Criteria for the Thermal Performance of Buildings,
October 2002). The higher the value, the better the thermal performance.
Table 8-4: Thermal Resistance of various wall constructions (Source: Agrement SA)

Thermal
Resistance
R-value
(m²˚C/W)

Type of construction
140 mm solid concrete brick plastered externally

0.27

150 mm thick hollow concrete block wall bagged both sides

0.31

230 mm thick imperial brick solid wall plastered on both sides
270 mm thick imperial brick cavity wall (110-50-110) plastered on the
interior face
82 mm thick insulated lightweight wall: steel frame clad on both sides
with 9 mm thick unpressed fibre-cement sheets and 25 mm thick
mineral wool insulation in 64 mm space between sheets
82 mm thick insulated lightweight wall: steel frame clad on both sides
with 9 mm thick unpressed fibre-cement sheets and the 64 mm space
between sheets filled with mineral wool insulation

0.48
0.59
1.00

1.67

SANS 204 also has minimum guidelines for R-Values of thermally efficient buildings, which can be
used as a guide.
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9 INDOOR ENVIRONMENTAL QUALITY
9.1 Global and local issues
The indoor environmental quality (IEQ) of a building has a significant impact on occupant health,
comfort, and productivity. Among other attributes, a sustainable building maximizes daylighting; has
appropriate ventilation and moisture control; and avoids the use of materials with high-VOC
emissions. Additionally, consider ventilation and filtration to mitigate chemical, biological, and
radiological attack. (http://www.wbdg.org/design/sustainable.php 9/4/2010)
Tuberculosis reduction with better circulation of fresh air is also a by-product of improving IEQ.
9.2 Volatile Organic Compounds (VOCs)
VOCs are emitted as gases at room temperature from certain solids or liquids. VOCs include a variety
of chemicals, some of which may have short- and long-term adverse health effects. Concentrations of
many VOCs are consistently higher indoors (up to ten times higher) than outdoors. VOCs are emitted
by a wide array of products from paints and lacquers, cleaning fluids, chipboard,vinyl, carpets and
furnishings etc. (http://www.epa.gov/iaq/voc.html 5/5/2010)
Appropriate levels to be obtained from latest Green Building Council Technical Manual. Note that a
low VOC coating may contain high boiling point solvents (CIT’s, Formaldehyde, Glycols or lead). This
is an additional factor that should be considered. (Also see IEQ section)
A basic current guide is:
Table 9-1: Guideline for rating VOC levels
Average Water Low VOC
Based paint
25-100g/l
Less than 16g/l
VOC’s
VOC’s

Zero VOC

Solvent & VOC Free

Less than
5g/l VOC’s

Products are Zero
VOC & do not contain
Solvents

9.3 Daylight
Large reductions in electric lighting can be enjoyed through careful placement of windows.
9.4 Mould prevention
Natural ventilation (opening windows) is one of the best preventions of mould growth. Cavity walls
reduce the temperature difference between inside & outside, that reduces condensation on walls.
Insulation in walls can also assist. Anti-bacterial & anti-microbial paints can also reduce mould growth.
9.5 Openable windows
Indoor air quality greatly influences the quality of the IEQ. The number of air changes for rooms
should be in accordance with the latest Green Building Council Technical Manual.
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10 GREENING AND FOOD SECURITY
10.1 Global and local issues
The benefits of greening human settlements is well known. These areas provide space for recreation,
are aesthetically pleasing and improve the quality of life of city dwellers. Trees and plants do a great
deal to improve the physical environment in cities. Trees provide much needed shade and the
transpiration of plants act as temperature regulators, bringing the temperature down in the summer
through evaporative cooling whilst trapping warmer air in the winter. Green areas reduce the heat
island effect caused by areas of concrete, brick etc. Plants act as wind breaks and barriers against
noise and improve air quality. Planted areas allow storm water to be absorbed directly into the ground
reducing run off and therefore load on municipal stormwater systems and preventing the pollution of
rivers, wetlands and coastal areas. The potential for much needed biodiversity is increased through
the introduction of green areas.
The introduction of green areas also increases the potential for communities and individuals to move
towards sustainability.
These areas can be used for the production of food. This improves peoples’ ability to provide for for
themselves and reduces dependence on external food suppliers which in turn builds more resilient
neighbourhoods. It has been shown that food gardens improved nutrition due to the greater variety of
foodstuffs produced at low cost. Food gardens also present an opportunity for economic
empowerment through the creation of employment and the potential for building small businesses.

Figure 10-1: Positive public space and Open space (Pages 45 and 22, Future Cape Town, City of
Cape Town, 2006)

10.2 Design Solutions
Greening of settlements can be introduced through the following design solutions:
• Permeable paving which allows for planting between pavers and reduces stormwater runoff
• Allowance for tree planting in streets, parking lots and urban squares
• Adequate provision and management of public parks / outdoor community facilities
• Use of left over spaces such as road and rail reserves, buffer zones
• Establishment of nature reserves within city limits eg Table Mountain National Park
• Establishment of wildlife corridors throughout the urban fabric
• Siting of new buildings which allows for suitable areas for food and other gardens
• Green roofs which allow for increased biodiversity, reduced heat island effect and potential for
food gardening
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Figure 10-2: Green roof on Ford River Rouge factory

11 WHO BENEFITS?
In a study of sustainable housing design, it is useful to determine who benefits from the sustainable
intervention. Table 11-1 provides a quick guide at to who might benefit from the sustainability
measures discussed up to this point. This is not intended to be an exhausting guide, but simple a
quick assessment tool.

Settlement and unit design
Mixed use
Densities
Hierarchies of space
House form
Extendibility
Orientation
Allowance for cars
Water
Greywater reuse
Low flow fixtures
Rainwater harvesting
Permeable pavements
Groundwater abstraction
Stormwater reuse
Stormwater quality treatment
Multi purpose detention ponds
Energy
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Economy

Health
Systems

Natural
Resources

Developer

Municipality

Resident/
Owner

Table 11-1: Summary of beneficiaries of sustainable design
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Solar water heaters
Ceilings
Insulation
CFL lighting
LED lighting
Biodigestors
Solid waste
2 bag waste separation
Local composing (3 bag)
Sewage
Composting toilets
Biodigestor/reedbed
Reedbeds
Hold flush/multi-flush toilets
Basin to feed cistern
Materials
Indoor environmental quality
Volatile Organic Compounds
(VOCs)
Daylight
Mould prevention
Openable windows
Greening and food security
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12 MODELLING THE IMPACT OF SUSTAINABLE
INTERVENTIONS
Some of the interventions described above are able to be modelled to determine the environmental
savings (water and energy) as well as the cost benefit. This was done by modelling a “typical” base
case house and then applying the interventions and comparing the results. Modelling was undertaken
for houses in Johannesburg and Cape Town in order to investigate the climatic influence on the
impact of the intervention. Three types of houses were modelled, namely, a subsidy house, Gap
house and Middle Income house. The definitions of these houses are provided in Section 1.2.
The following interventions were able to be modelled:
Table 12-1: Measurable interventions

Intervention
Category

Water

Grey water Reuse

Low Flow fixtures

Energy

Rainwater Harvesting

Water Heating
Ceiling plus Insulation
Ceilings
Lighting

Sewage

Thermally Efficient
Design
Sewage Treatment

Materials

Wall Construction

Windows
Roofing Material

Intervention Type
Toilet Flushing (assuming hold flush)
Toilet Flushing (assuming normal toilet)
Irrigation
Low Flow fixtures (assuming solar geyser)
Low Flow fixtures (assuming electric
geyser)
Toilets
Irrigation
Drinking water
Laundry
Solar Water Heater
50mm Eco Insulation
6mm fibre board
CFL
LED
N-facing Orientation & building shape
Duplex
Reedbeds
Hold/multi-flush toilets
Basin to feed cistern
Conventional 140mm concrete block
Cavity Walls - 110-50-110 clay brick
Compressed Earth Block
Cavity wall - 90-50-90 clay brick
Cavity wall with insulation
Aluminum frame
Wood frame
Standard sheet roofing
Tile Roof

A definition of each of the above interventions as modelled is provided in Appendix A.
12.1 Modelling assumptions
In order to model the base-case house, certain assumptions had to be made for each category of
house. These assumptions are summarised here and a detailed list of assumptions is provided in
Appendix A.
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Table 12-2: Assumptions used when modelling standard house types

Location
House size
Garden size

Subsidy
Jhb
Cpt
40 m²
40 m²
15 m²
15 m²

Wall material

140mm hollow concrete
block

Ceiling material

No ceiling

Heating set point
Average daily
space heating
during winter
months
Average annual
daily water
demand
Average annual
precipitation
Average
household size

16 °C

With ceiling
18 °C

Gap
Jhb
60 m²
50 m²

Cpt
60 m²
50 m²

140mm hollow concrete
block
With
ceiling
16 °C

With
ceiling
18 °C

Middle Income
Jhb
Cpt
100 m²
100 m²
150 m²
150 m²
230mm
270mm
thick solid
thick cavity
wall
wall
With
With
ceiling
ceiling
16 °C
18 °C

14.0 kwh/d

8.2 kwh/d

14.8 kwh/d

12.4 kwh/d

14.7 kwh/d

10.1 kwh/d

510 kl/day

510 kl/day

595 kl/day

595 kl/day

752 kl/day

752 kl/day

714 mm

497 mm

714 mm

497 mm

714 mm

497 mm

4 persons

4 persons

3 persons

3 persons

3 persons

3 persons

The details of the capital cost estimates for each of the interventions is provided in Appendix B.
12.2 Modelling findings – Water & Sewage
The average monthly water savings predicted for each intervention is shown in Figure 12-1 for each
house category. The results shown here are applicable for Johannesburg, but there is very little
variation for the Cape Town results.
The following findings can be reported:
a) Rainwater harvesting for toilet flushing provides similar water savings as using grey water for
toilet flushing across all three house categories.
b) If a normal flush toilet is used (6litre volume), the greatest water savings can be achieved by
using grey water from the shower/bath for toilet flushing
c) Using grey water for irrigation does not yield much benefit for subsidy and Gap houses, but
provides significant water savings for Middle income houses. This is because of the larger size
of the garden, which allows more of the grey water to be used.
d) Low flow fixtures provide very significant benefit at a very low cost
e) Rainwater for irrigation provides little benefit. This is because of the seasonality of the rain.
f) Because a large amount of water is used for laundry washing is a subsidy house (because an
external standpipe runs for very long periods of time), using rainwater for laundry washing
provides significant water savings.
g) Multi-flush toilets provide good water saving benefit.
h) Basin to cistern feeds provide a small benefit.
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Figure 12-1: Average water savings for various water saving initiatives

Another consideration to note is that all electricity saving interventions also have an indirect water
saving benefit as well. This is because Eskom uses 1.35 m3 of water to generate 1kWh. This water
saving is not directly seen by the user or developer, but is certainly a water saving to the country.
12.3 Modelling findings – Energy
The effect of building materials and design was modelled and is reported under materials. The energy
savings for solar water heaters, low flow shower heads and lighting interventions are discussed here.
Solar water heaters
The calculation of the energy savings of a solar water heater, compared with a conventions geysers
are given in Table. (Adapted from Rankin & van Eldik, 2008).

Table 12-3: Estimated electricity savings for solar water and conventional geysers
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Normal geyser
Solar Water heater

Saving

No of users
kwh/year
kwh/month
kwh/day
kwh/year
kwh/month
kwh/day

Subsidy
3
0
0
0
2000
167
6

GAP
3
6500
542
18
2000
167
6

Medium
3
6500
542
18
2000
167
6

kwh/month

-167

375

375

Two important considerations with respect to solar water heaters are:
• They draw some current from the national grid to heat water at night and in low solar
conditions
• Subsidy houses no not typically receive a geyser and therefore would not normally draw
current for water heating
As such, it is noted that there is not a saving in electricity when installing a solar water heater in a
subsidy house, but rather an additional expense when it draws current during night times.
Lighting
A comparison between conventional incandescent lights, CFL’s and LED lighting is provided in Table.
Table 12-4: Estimated electricity savings for lighting interventions
Subsidy
Gap
60 W
60 W
Incandescent Usage
28.8 kWh/month
55.8 kWh/month
0.96 kWh/day
1.86 kWh/day
CFLs
11 W
11 W
CFL usage
5.28 kWh/month
10.23 kWh/month
0.176 kWh/day
0.341 kWh/day
Saving
23.52 kWh/month
45.57 kWh/month
LED
5 W
5 W
LED usage
2.4 kWh/month
4.65 kWh/month
0.08 kWh/day
0.155 kWh/day
Saving
26.4 kWh/month
51.15 kWh/month

60
86.4
2.88

Middle
W
kWh/month
kWh/day

11
15.84
0.528
70.56

W
kWh/month
kWh/day
kWh/month

5
7.2
0.24
79.2

W
kWh/month
kWh/day
kWh/month

Because LED lighting is of a rather directional nature (compared with CFL’s), one tends to need more
LED fittings in a household to achieve the same light quality. As such the energy savings for LED’s
tend to be similar to CFL’s. Also at present, costs tend to be prohibitive, but in a few years time
technology is likely to have improved to the extent that fewer fittings will be required and costs will
have dropped. As such it is recommended that LED be re-investigated in a few years time.
Low Flow Showerheads
Although not directly related to energy consumption, reducing the amount of hot water used in a
shower will reduce the hot water energy requirements. Table 12-5 shows the reduction in use of hot
water and the resultant energy savings that can be attributed to low flow shower heads. Savings will
naturally be different depending on whether a conventional or solar water geyser is used and these
are depicted in the table.
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Table 12-5: Estimated electricity savings from low flow shower heads
Subsidy
GAP
Persons
4
3
1
Normal hot water demand
l/p/d
50
50
l/d
200
150
Assumed hot water demand from
shower 2

Middle
3
50
150

l/p/d

35

35

35

l/d

140

105

105

l/s
l/s

18
9

18
9

18
9

l/p/d
l/d

17.5
70

17.5
52.5

17.5
52.5

Total Hot water Saving

l/d

70
35%

52.5
35%

52.5
35%

Normal electric geyser consumption
Solar water heater consumption

kwh/month
kwh/month

Electricity saving on normal geyser
Electricity saving on solar geyser

kwh/month
kwh/month

0
167
35%
0
58

542
167
35%
190
58

542
167
35%
190
58

Normal shower flow rate
Low flow shower flow rate
Hot water demand with low flow shower

2

1

Application of a residential end-use model for estimating cold and hot water demand,
wastewater flow and salinity, HE Jacobs and J Haarhoff
2
Assumed that 70% of the hot water demand is from the shower

12.4 Modelling findings – Design and Materials
The affect of the house design and choice of building materials on the thermal performance of the
house (and thus space heating requirements) was modelled. This was done by first modelling the
thermal performance of a standard house, based on current standard building specifications, in both
Johannesburg and Cape Town. The thermal performance was measured by the space heating energy
required to maintain a certain temperature set-point in the house. The standard house was then
altered by adding design elements or by changing certain building materials and the affect of the
space heating requirements monitored under the same climatic conditions. The difference between
the space heating requirements for the altered house and the standard house is the space heating
energy saved.
An important note about space heating in subsidy houses is that paraffin stoves are usually the space
heating method of choice, not electric heaters. As such, the space heating energy saved in a subsidy
home is in fact a saving in paraffin costs and does not necessarily result in an electricity saving. It will
result however in a cost saving to the home owner.
The modelling was undertaken using Hot2XP v2.74, a thermal modelling package developed by the
Natural Resources Canada (Copyright ©, August 2005).
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The results from the modelling are shown in Figure 12-2 and Figure 12-3. Figure 12-2 shows the
resultant energy savings in percentage of the space heating energy requirement for the standard
house. Figure 12-3 shows the average monthly energy saved. The greater the number the better the
thermal performance.

Figure 12-2: Summary of thermal modelling results expressed as a savings as % of the normal space
heating consumption
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Figure 12-3: Summary of thermal modelling results expressed as a average monthly space heating
savings

12.4.1 Ceilings
Installing a standard 6mm fibreboard ceiling where there is not normally a ceiling (which is the case
only for subsidy houses in inland areas) makes a marginal difference to the annual space heating (in
the order of 8%).
12.4.2 Insulation
When modelling ceiling insulation it was found that the thickness of the insulation layer above 50mm
made very little difference to the thermal performance of the building. This is shown in Figure 12-4
which indicates the modelling results for a 60m2 gap house in Johannesburg using cellulose fibre.
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Figure 12-4: Influence of roof insulation thickness on thermal performance of a Gap house in
Johannesburg

The difference between no insulation and a 50mm insulation layer is significant (12%), but increasing
the thickness to 100mm only improves the thermal performance by 2%. It is therefore recommended
that insulation with a thermal resistance of greater that 1.61 m2.C˚/W not be considered.
It is estimated that a ceiling plus 50mm of insulation will make an 18% improvement to the thermal
performance of a subsidy house in Johannesburg, 8% of that improvement is due to the installation of
a ceiling.
A 50mm thick insulation layer on a Gap house allows for a 12% reduction in annual space heating
costs (19 to 22kwh/month).
The greatest savings are shown in a middle income house (25%-28%). This is because the middle
income base case house already has more thermally efficient wall and thus benefits from the
synergistic affect of the better wall and roof insulation.
12.4.3 Windows
The affect of providing better insulated windows (such as aluminium) is insignificant and the selection
of the window type should be based on durability and embodied energy benefits.
However, positioning the windows to better utilise solar energy and increasing the window size has a
much more significant effect on the potential space heating energy savings. This is particularly
apparent for the smaller houses as the solar energy has more opportunity to reach into the middle of
the house in a subsidy house. In larger houses with many rooms, the solar energy from the sun only
affects the north facing rooms and not the whole house. It must also be remembered that the opposite
effect will exist in summer (i.e. the rooms will be hotter) unless properly design overhangs are
installed.
This shows that the benefit obtained from good solar passive design has a greater impact on smaller
houses than on larger houses.
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12.4.4 House shape and design
The modelling also showed that by altering the shape of the house to better capture the solar energy
can have a significant impact on the energy savings. Again, the pattern indicates that the benefit is
greater for smaller houses where the suns rays can reach a greater portion of the house. The
improvement can be between 16% and 42% depending on the location and type of house.
12.4.5 Duplex
The benefit of moving away from free standing units to adjoining units is demonstrated by the energy
savings for an adjoining duplex. The energy savings are significant because of the shared wall and
resultant reduction in heat loss from that wall. A space heating saving of between 28% and 47% can
be anticipated by simply converting from a free standing unit to a duplex.
The savings are even greater for a row of houses, where the middle unit is anticipated to achieve 68%
space heating saving (for a Gap house in Johannesburg).
12.4.6 Cavity Wall
The base case for the subsidy house and Gap house is for a hollow concrete block wall. Replacing
this with a 270 cavity wall improves the thermal performance of the house by between 49% and 57%.
This is a very large energy saving and indicates that the wall construction has the greatest impact on
energy savings for a domestic house.
12.4.7 Wall insulation
The impact of adding an insulation layer into the wall construction was modelled and showed a
remarkable 75% to 86% energy savings for the Subsidy and Gap house. The savings are in the order
of 50% of a middle income house because the base case for this house assumes already assumes a
solid brick wall which has better thermal performance than the concrete block base case for Subsidy
and Gap houses.
As such wall insulation is shown to result in significantly large space heating energy savings.
12.4.8 Foundation insulation
The affects of foundation insulation were also modelled and was found to result in a minor
improvement in thermal performance (approximately 5%).
12.4.9 Results for the ideal house
In order to demonstrate how all these interventions could be combined, the space heating costs for
the standard Gap house in Johannesburg were compared with a house with the following
interventions:
•
•
•
•
•
•

50mm Isotherm Roof insulation
270mm cavity wall
30mm Isoboard wall insulation
Duplex house design
Optimal orientation of windows
Aluminium (sealed) windows

The space heating energy required for the base case house and ideal house is shown in Figure 12-5.
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Figure 12-5: Comparison between modelled annual space heating requirements for the base case GAP
2
house and ideal house (80m house in Johannesburg climate)

The modelling indicates that the ideal house achieves 95% space heating savings. It is clear that
space heating can be all but eliminated using the full basket of thermal efficiency interventions.

13 COST EFFECTIVENESS COMPARISONS
The results from the modelling in Chapter 11 were fed into the financial model developed by the
Sustainabilty Institute. A estimated budget capital cost for 15 interventions was calculated and the
water and energy savings were converted into utility cost savings. In some instances (e.g. low flow
shower heads), the intervention resulted in both water and electricity cost savings.
13.1 Financial modelling assumptions
An important consideration with respect to the energy savings is that in a subsidy house, space
heating is usually by means of a paraffin stove. In such cases, interventions that result in space
heating savings in a subsidy home do not result in electricity savings, but rather as cost savings to the
home owner. This has not been included in the financial modelling results presented here.
Furthermore, electricity generation in South Africa utilises a considerable quantity of water (1.35
l/kwh, Eskom, 2009). Thus, electricity savings also result in national water savings, but this benefit is
not experienced within the ambit of the housing development. This has therefore been excluded from
the financial modelling results presented here.
Table 13-1 presents the 15 interventions that were modelled along with the assumptions made for
costing purposes
Table 13-1: Assumptions used for capital cost estimates of 15 sustainable interventions
Intervention
Grey water Recycling
Rainwater Harvesting

Cost estimate assumptions
Subsidy: 100litre tank with pump and filter – reused for toilet flushing
Gap & Mid: 100litre tank with pump and filter – reused for garden irrigation
Subsidy & Gap: 600 litre elevated horizontal tank gravity fed to toilet with
potable water backup
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Low Flow Fixtures
Hold-Flush Toilets
Basin to feed Cistern
Solar Water Heater
CFL Bulbs
Ceilings
Ceiling Insulation
Efficient Design
Aluminium Windows
Duplex Units - share 1
wall
Cavity Walls with
Insulation
Compressed Earth
Block
Block 90//90

Middle: 1000 litre elevated horizontal tank gravity fed to toilet with potable
water backup
Single low flow showerhead (<9 l/min) and two tap aerators
One hold flush toilet mechanism per house
Basin drain fed by 50mm uPVC pipe to cistern
Subsidy: Low cost, subsidised solar water heater (approx R3000)
Gap & Mid: Commercially available solar water heater with rebate
Subsidy: 4 light fittings per house
Gap: 6 light fittings per house
Mid: 9 light fittings per house
Subsidy: 6mm fibre board for Inland houses only (ceilings are standard for
coastal regions)
Gap & Mid: Already standard
50mm thick shredded cellulose fibre
Increase north facing windows to 15% of wall area, orientating building to
optimise solar gain and reshaping to L-shaped house. The latter results in a
increased wall area and thus increased building cost.
Although material costs are higher than wood, installation/building costs are
lower and therefore result in a lower capital cost. Aluminium windows also
have a maintenance cost saving.
The construction cost saving of the shared wall in included here
110 – 50 – 100 clay brick wall with 30mm Isoboard® insulation panels
Compressed earth blocks using imported sand
90 – 50 – 90 maxi brick

Electricity costs were calculated at R0.64 / kwh and water at R4.55 / kl.
The payback periods were calculated using the following assumptions with respect to cost escalation:
• Electricity cost increases on average by 16% per annum
• Water cost increases on average by 10% per annum
• Paraffin cost increases on average by 5% per annum
13.2 Payback period results
A summary of the payback periods for each of the interventions modelled in the calculator is
presented in Table 13-2.
Table 13-2: Estimated payback periods for 15 sustainable interventions
Payback period (years)
Subsidy
Gap
Mid
N/A
27.1
14.7
46.2
48.4
62.4
2.8
0.5
0.5
0.5
0.3
0.3
9.0
6.0
6.0
N/A
3.0
3.1
0.3
0.3
0.5
77.0
Standard Standard

Greywater Recycling
Rainwater Harvesting
Low Flow Fixtures
Hold-Flush Toilets
Basin to feed cistern
Solar Water Heater
CFL Bulbs
Ceilings
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Ceiling Insulation
Efficient Design
Aluminum Windows
Duplex Units - share 1 wall
Cavity Walls with Insulation
Compressed Earth Block
Block 90//90

40.3
7.8
Instant
Instant
18.3
Instant
11.2

9.7
7.1
Instant
Instant
20.5
Instant
13.5

13.8
14.7
Instant
Instant
15.2
0.8
Standard

It must be remembered that these payback periods exclude the savings on paraffin costs for subsidy
houses. If this were to be included, the payback period for ceilings and ceiling insulation drops to 22
and 32 years respectively.
13.3 Conclusions
The findings of this process confirm that sustainable building interventions are more cost effective
over the full life cycle of a housing development. Many of the interventions broke even over a
surprisingly short period of time even without consideration of their environmental or health impacts.
The following are the highlights of these findings:
1.
The following interventions pay back within one year of construction:
• Hold-flush Toilets
• CFL Bulbs
• Aluminium Windows
• Duplex - Shared Walls
• Compressed earth blocks (If not locally available, Block 90//90 are also highly cost effective)
2.

•
•
•
•

The following interventions pay back within less than 15 years:
Low-flow Fixtures
Basin to feed cistern
Solar Water Heater
Efficient Design

Though ceilings and ceiling insulation were not found to be particularly economical interventions, the
significant health and comfort benefits they provide outweigh the costs of the interventions.
Grey water recycling is cost effective within a 15 year horizon, but only on middle-income housing that
currently utilise potable water for garden irrigation. Based on the design costed in this modelling, grey
water recycling is not cost effective for toilet flushing.
Though rainwater harvesting is not particularly economical, it does provide environmental benefits
and in water poor areas should be considered regardless of the costs.
In summary, the analysis revealed that nearly all sustainable building interventions were economic
over the life cycle of a building. If ecological benefits and savings to local government are also
calculated, the benefits of implementing these interventions become even more decisive.
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