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GREEN	  IS	  NOT	  JUST	  A	  COLOUR	  	  
	  

	  SUSTAINABLE ARCHITECTURE AND GLOBAL WARMING 
 

"I don't think sustainability is a design aesthetic, any more than having 

electricity in your building, or telephones, or anything else. It's an ethic, a 

basic consideration that we have to have as architects designing buildings." 

- Robert Stern (Dean of the Yale School of Architecture) 

 

 

“Building and the built environment are a major contributor to climate change, 

arguably the most significant, and should be center stage in the process of 

driving down demand for energy” 

- CSIR 
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1. INTRODUCTION 

 

“Species of plants and animals are disappearing a hundred or more times 

faster than before the coming of humanity, and as many as half may be gone 

by the end of this century.  An Armageddon is approaching at the beginning of 

the third millennium. But it is not the cosmic war and fiery collapse of mankind 

foretold in sacred scripture. It is the wreckage of the planet by an exuberantly 

plentiful and ingenious humanity”. 

The Future of Life, Edward O.Wilson (2002) 

 

The World Commission on Environment and Development says:  “Humanity 

has the ability to make development sustainable – to ensure that 

it meets the needs of the present without compromising the ability of future 

generations to meet their own needs . . .  

 

“Sustainable development is not a fixed state of harmony, but rather a 

process of change in which the exploitation of resources, the direction of 

investments, the orientation of technological development, and institutional 

change are made consistent with future as well as present needs”  

(Williamson et al., 17). 

 

Ghani (2012:1) says:  “The growing concern with environmental and 

ecological conditions have led to the search for eco-friendly building designs.   

 

FACT 1 

 

Building and the built environment are a major contributor to climate change. 

 

FACT 2 

 

Buildings and structures use 72% of a country’s electricity consumption. 
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FACT 3 

 

Buildings of the world consume: 

 

40% of the world's energy & materials 

25% of the wood harvested 

17% of our water 

 

FACT 4 

 

The average American house uses: 

 

13,127 board feet of lumber 

6,212 square feet of sheathing 

2,000 square feet of flooring 

 

FACT 5 

 

In the U.S., buildings account for: 

 

36% of total electricity consumption 

62% of electricity use 

30% of greenhouse gas emissions 

37% of ozone depletion potential 

 

And, ironically enough, most of us spend 90% of our time indoors. 

 

The way we live is killing us.  Buildings consume over 40% of our energy and 

resources and their use represents 70% of our total consumption. The 

environmental damage caused in the last hundred years is directly linked to 

how our buildings are built.  Architects and other building professionals are in 

a position to affect change on the environment. 
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Green building (sustainable & ecological) is a way of designing buildings in 

terms of reducing energy use, conserving water, improving indoor air quality, 

and reducing natural resource depletion.  The basic concepts for green 

buildings and construction methods have been around for decades it has only 

been in the last few years that there is significant growth in the greening of 

this industry. 

 
 

2. ABSTRACT 

 

Ecological design, green architecture, sustainable architecture, ecological 

engineering and ecological restoration, forms the future of the building 

industry. 

 

Choices made in architecture, affects the environment and energy use over 

the building's lifespan.  Manufacturing of building materials, influences the 

amount of energy used during production and transportation of these 

materials and hazardous chemicals may sometimes be used to produce 

building materials. 
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Not only is the construction industry one of the greatest sources of pollution 

due to high levels of energy consumption - during the construction process & 

its life cycle (such as air conditioning) – but external air temperature and the 

required internal temperature of the building also plays a role. The façade of a 

structure presents the level of heat transfer from the outside to the inside of 

tall buildings, and has an influence on energy consumption and contributes to 

CO2 emissions.  

 
 

The aim for this project is to design a carbon neutral house and to 
develop a system or list for evaluating CO2 emissions (energy 

consumption) for a house spanning its life cycle. 
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You can achieve sustainable construction by: 

 

- Reducing construction, demolition and excavation waste to landfill. 

- Reducing carbon emissions from construction processes and 

associated transport. 

- Ensuring products used in construction are responsibly sourced. 

- Reducing water usage during the construction process. 

- Carrying out biodiversity surveys and following up with necessary 

actions. 

 

3. RESEARCH METHODOLOGY 

 

3.1 HYPOTHESIS & PROBLEM 

 

The hypothesis:   Architects can reduce global warming. 

 

Problem:  A) Design a carbon neutral house  

B) Develop a list of building materials to evaluate 

CO2 emissions. 
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3.2 METHODOLOGY 

 

3.2.1 Research Process 

 

3.2.1.1 Background research 

   

Comprehensive background research was done, and can be 

read under section 4. 

 

3.2.1.2 Why this topic was chosen  

 

- Buildings consume more energy than any other sector 

 

According to the U.S. Energy Information Administration (EIA), the Building 

Sector in the USA consumes nearly half (48.7%) of all energy produced in the 

world, of which 75.7% is used just to operate buildings. This is the same 

amount of energy used by transportation and industry together.  Globally, 

these percentages are even higher.  

 

- Building Sector energy consumption is expected to increase 

 

Building Sector energy consumption is expected to increase. The EIA states 

that energy consumption in the building industry will increase by 5.85 

Quadrillion Btu (1 QBtu is equal to the delivered energy of thirty-seven 1000-

MW nuclear power plants).  Of this, fossil fuels are responsible for 76% of the 

total energy consumption in the construction business. Burning of fossil fuels 

to generate energy results in the production of carbon dioxide and other 

greenhouse gasses that are fueling climate change. 

 

- Buildings are the largest contributor to climate change 

 

The building sector is responsible for nearly half of CO2 emissions, whereby 

transportation accounted for 33.4% and industry just 19.9%.  The building 
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sector consumes more energy than any other sector.  Thus contributing more 

to climate change than any other industry on earth. 

 

- The economy is linked to the building sector 

 

Any country’s economy depends on a healthy building industry, as it 

influences nearly every other industry (steel, insulation, electrical equipment, 

glass, wood, metals, tile, fabrics, paint etc.). The building industry is currently 

in a downward spiral with foreclosures rising and less and less houses are 

sold, putting the real estate market in a slump.  Construction workers are 

losing their jobs.   And if the building industry suffers, as a result all the other 

industries also suffer. 

 

3.2.2 Research Methods 

 

- Background research 

- Designing an eco-friendly house 

- House plan and costing list 

- Calculating CO2 emissions for the design 

- Building a scale model of the design 

- Creating a list of building materials that are energy efficient 
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4 BACKGROUND RESEARCH 

 

Green (sustainable) building refers to a structure that uses processes that is 

environmentally responsible and resource-efficient during its life cycle, and 

are designed to reduce the impact of the built environment on human health 

and the environment by: 

 

- Efficiently using energy, water, and other resources 

- Protecting occupant health and improving employee productivity 

- Reducing waste, pollution and environmental degradation 

 

This includes:  Design, construction, operation, maintenance, renovation, and 

demolition, and requires cooperation between the architects, engineers, and 

clients. 

 

4.1 DEFINITIONS 

 

Sustainability 

A method of harvesting - or using a resource - so that the resource is 

not depleted, or permanently damaged. 

 

Going Green 

A term used to label any product or action meant to help the 

environment. 

 

Ecological 

The interdependence of living organisms, as well as the relationship 

between organisms and the environment. 

 

Society 

The community of people living in a particular region, with shared 

customs, laws, and organizations. 
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Ecosystem 

Organisms interacting - in an environment. 

 

Biodiversity 

The number and variety of organisms found within a specified 

geographic region. 

 

Durability 

Capable of withstanding wear and tear or decay. 

 

Longevity 

The length and/or duration of life. 

 

Global warming 

The rise of the average temperature in the Earth's atmosphere. 

 

Greenhouse gas 

Any of the atmospheric gases that contribute to the greenhouse effect. 

 

Greenhouse effect 

The phenomenon whereby the earth's atmosphere traps solar 

radiation. 

 

Energy consumption 

Amount of energy consumed in a process or system, or by an 

organization or society. 

 

Carbon 

A nonmetallic element that occurs in many inorganic and in all organic 

compounds. 

 

Carbon footprint 

The total sets of greenhouse gas (GHG) emissions caused by an  

organization, event, product or person. 
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Environmental impact assessment (EIA)  

An assessment of the possible positive or negative impact that a 

proposed project may have on the environment, together consisting of 

the environmental, social and economic aspects. 

 

LEED (Leadership in Energy and Environmental Design)  

A green building rating system, which defines a voluntary guideline for 

developing high-performance, and sustainable buildings. 

 

Sustainable construction 

The creation and responsible management of a healthy built 

environment based on resource efficient and ecological principles.  The 

design of buildings should fundamentally take account of their 

relationship with and impact on the natural environment. 

 

Sustainable architecture 

It is a design that uses natural building materials such as stone, that 

does not involve pollution in its treatment, that is energy efficient and 

make little or no impact on nature. 

 

Green design 

A design philosophy that treats environmental attributes as design 

objectives and not as constraints. 
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4.2 MAIN ENVIRONMENTAL ISSUES CAUSED BY THE BUILDING 

INDUSTRY 

 

Buildings account for over 40% of the world’s total energy consumption 

and produces a third of the total carbon dioxide emissions.  Green 

buildings reduce the environmental impact of building through 

sustainable design and construction, as well as energy- and resource-

efficient materials. 

 
 

- Global warming 

Global warming describes the process by which greenhouse gases 

accumulate in the atmosphere in abnormally high amounts, trapping 

the Earth’s radiation and causing its temperature to rise significantly. 

This leads to changes in rainfall patterns, rising sea levels and 

expansion of deserts.  The building industry is the highest contributor to 

global warming. 
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- Pollution  

Pollution of air, water and land, resulting from 

burning of fossil fuels during construction and producing building 

materials is endangering human health, biodiversity and the built 

environment. 

 

- Ozone depletion  

The ozone shields the Earth from ultraviolet (UV) radiation and its 

depletion is caused by emissions of chlorofluorocarbons (CFCs) and 

other ozone-depleting substances, used in construction and household 

appliances, into the atmosphere.  

 

- Water  

A third of the world population does not have access 

to safe water and, as the global population grows, the need 

for water will grow, as will waste and pollution which will 

increasingly threaten the quality of groundwater and rivers.  The 

building industry uses large amounts of water during production and 

construction. 

 

- Resources  

Non-renewable resources, including natural gas and petroleum 

resources, will eventually be depleted and renewable resources, such 

as timber, are at risk of overexploitation.  The building industry has to 

keep this into account. 

 

- Deforestation  

Deforestation for building materials causes the destruction of natural 

habitats and leads to the extinction of plant and animal species.  It also 

increases global warming and pollution. 
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- Soil degradation  

Urbanization, construction, mining, war, agriculture and deforestation 

can cause soil degradation, which increases flooding and destroys 

natural habitats. 

 

- Waste  

Increasing amounts of waste from construction sites puts pressure on 

landfills, which pollute air, soil and groundwater and produces toxic  

residue. 

 

- Extinction of flora and fauna  

The current mass extinction rates of plant and animal species are 

influenced by environmental damage to a building site. 

 

- Population  

Global population growth leads to more buildings that is associated 

with increased human-induced environmental impacts. 
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4.2.1 Why nature has to be preserved 

 

- Nature gives food and fuel. 

- Nature provides shelter and building material. 

- Nature purifies air and water. 

- Nature detoxes and decomposes waste. 

- Nature stabilizes and moderates the Earth’s climate. 

- Nature controls floods, droughts, temperature extremes and wind 

forces. 

- Nature generates and renews soil fertility and nutrient cycles. 

- Nature controls pollination of plants and crops. 

- Nature controls pests and diseases. 

- Nature maintains resources. 

- Nature has cultural and aesthetic benefits. 

- Nature can adapt and change. 
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4.2.2 Sustainable built environment 

 

The CSIR (2012, 32) sates that in order to make human settlement 

resilient, the following needs to be implemented: 

1 Reduce the loss of biodiversity. 

2 Reduce the exploitation of natural resources. 

3 Reduce pollution. 

4 Eco-management of land use. 

5 Reduce contributors to climate change. 

6 Building flexibility to promote recovery. 
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4.2.3 Data per capita 

 

1 Carbon footprint per capita (metric tons) in 2012: (the World Bank) 

2 Energy Consumption per capita (watt): 

3 Health Expenditure per capita (% of of gross domestic product): 

4 Carbon emissions for construction (million metric tons): 

 

Country  1  2   3  4 

 

USA    17,3  9538,8  17,6  587 

Canada   15,2  9825,2  11,4  101 

Australia   18,2  7446,8  9,1  49 

South Africa   10,1  3645,1  9,2  50 

England   7,7  4332,5  9,6  51 

France   5,6  5366,2  11,6  63 

India    1,6  753,1   4,2  401 

Italy    6,7  3747,4  9,3  53 

Kenya   0,3  642,9   4,8  2 

Russia   11,1  6581,2  5,6  294  

Mexico   4,0  2090,8  6,2  55  

Namibia   1,6  935,3   7,2  15 

Netherlands   10,3  6685,0  12,0  42  

Argentina   4,4  2458,9  9,5  30 

Belgium   9,6  7436,6  10,8  25 

Botswana   2,2  1501,6  10,0  1  

Cambodia   0,3  473,1   5,3  1 

Chile    3,9  2405,5  8,4  15 

China    5,8  2405,5  5,1  2,33 
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4.3 SUSTAINABLE ARCHITECTURE:  PLANNING PHASE 

 

Sustainable architecture should combine environmental, social, political and 

moral issues.  The design should be in harmony with the environment, by 

using practices such as sustainability, durability, longevity and appropriate 

materials. 

 

Construction projects uses large amounts of materials, it produces tons of 

waste, and involves weighing the preservation of buildings that have historical 

significance against the desire for the development of new designs.  
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4.3.1 What is sustainable architecture? 

 

It is a design that uses natural building materials such as stone, that does not 

involve pollution in its treatment, that is energy efficient and make little or no 

impact on nature. 

 

The first step in sustainable architecture is to do an environmental impact 

study and then reducing the overall environmental impact. 

 

4.3.1.1 An environmental impact assessment (EIA)  

 

It is an evaluation of the possible impact of a project on the environment. 

 

The main purpose of such an assessment is to ensure that key players 

consider all environmental impacts when deciding whether to proceed with a 

project.   It is a process of identifying, predicting and evaluating all relevant 



	   27	  

effects of a development in order to justify those decisions by means of 

detailed environmental studies. 

 

Building projects cause many effects during the production of building 

materials and machinery, additional land use, and mining of resources. The 

assessment benefits threatened species conservation.  

 

Factors to consider when conducting an evaluation: 

 

- Dust and other pollutants generated during construction 

- Disposal/Reuse of construction debris 

- Safety & Hygiene during construction and operation 

- Depletion of ground water 

- Rise in Heat Island Effect  

- Energy Conservation 

- Release of pollutants from heavy-duty generators 

- The rise in surrounding noise 

- Traffic congestion and related pollution 

- Discarded electronic waste, cables etc., which are toxic to environment 

- Additional load on sewerage 

- Solid Waste Management 

 

4.3.1.2 Reducing the architectural environmental impact 

 

-  Not building is preferable to building a new structure: 

Green architecture and construction aims to reduce the 

environmental impact of buildings, but as new construction 

projects almost always degrades a building site it is so 

preferable not to build.  

 

-  A building should be as small as possible.  

 

-  Do not contribute to the tendency for cities to spread out: 
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If an architect or construction crew contributes to the spread in 

cities, it won’t matter how green the building or structure is.  

 

-  Buildings use a large amount of land and energy: 

Care has to be taken to lower energy consumption and reduce 

carbon emissions.  

 

4.3.2 Making the decision to build green 

 

According to the GGGC it is critical to make the decision to build a green 

building early in the design process in order to maximize the green potential, 

minimize redesign, and assure the overall success and economic viability of 

the green elements of the building project. “Making a commitment to build 

green and establishing firm environmental objectives for the project must be 

done as early as possible because opportunities for incorporating green 

technologies and design solutions become less and less available and 

increasingly costly to implement as the project design and construction 

process progresses”.  The decision to build green should be made before 

selecting the building site, as many of the green criteria are affected by site 

characteristics and some sites are inappropriate for certain green projects. 

 

4.3.2.1 Steps in the green building process: 

 

• Goals 

Establish the environmental goals for the project such as energy 

efficiency, water conservation, on-site water treatment of rain 

water, materials, resources and waste management. 

 

• Team 

The members of the design and construction team must be on 

board with the goals set. 
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• The design process 

Creating a green building is a process in which every element 

must be evaluated in order to minimize the impact the design 

has on the environment and society. 

 

• Evaluating the elements of the green building project 

Sustainable design, water conservation & quality, energy & 

environment, indoor environmental quality and conservation of 

materials and resources. 

 

4.3.3 Goals of a green building 

 

- Green buildings have to eliminate its impact on the environment. 

- Green buildings have to eliminate negative influences on human 

health.  

- Green buildings have to use renewable resources. 

- Green buildings have to be in harmony with the natural features of the 

site.  

 

4.3.3.1 Positive life cycle assessment (LCA) 

 

A life cycle assessment (LCA) looks at all the steps during the construction 

process: manufacturing of building materials, distribution, use, repair, 

maintenance, and recycling. It looks at the impact a building has on energy, 

global warming potential, resource use, air pollution, water pollution, and 

waste, during its life cycle. 

 

4.3.3.2 Efficient structure design  

 

The design of a structure should be efficient.  The design is the foundation of 

any construction project.  Factors that should be considered during the design 

of environmentally friendly buildings are cost, performance and the total 

environmental impact.  
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4.3.3.3 Energy efficiency 

 

When designing a green building it is important to reduce energy consumption 

in both the energy required to process, transport and install building materials 

as well as operating energy to provide services such as heating and power for 

equipment. 

 

Studies have shown that buildings built primarily with wood will have a lower 

embodied energy than those built with brick, concrete or steel.  The wood, 

however, should be sustainable. 

 

Other factors to consider when designing an energy efficient structure are air 

flow, air conditioning, insulation, windows, window placement, shading, water 

use and using natural resources. 

 

Onsite generation of renewable energy through solar power, wind power, 

hydro power, or biomass can significantly reduce the environmental impact of 

the building. Power generation is generally the most expensive feature to add 

to a building. 

 

4.3.3.4 Water efficiency 

 

Reducing water consumption and protecting water quality are key objectives 

in sustainable building.  

 

A critical issue of water consumption is that in many areas, demand 

outweighs supply, so water should be purified and re-used as much as 

possible. Water conservation throughout the life of a building could be 

accomplished by designing dual plumbing that recycles water in toilet flushing, 

low flush toilets and shower heads.  And using grey-water for on-site use such 

will minimize demands on the local aquifer. 

 

 

 



	   31	  

4.3.3.5 Materials efficiency 

 

Building materials typically considered to be 'green' should come from a 

sustainable source.  Renewable plant materials like bamboo, straw, recycled 

stone, recycled metal and other non-toxic, reusable, recyclable products (such 

as clay) should be considered. 

 

The EPA (Environmental Protection Agency) also suggests using recycled 

industrial goods, such as coal combustion products, foundry sand, and 

demolition debris in construction projects. 

 

Building materials should be extracted and manufactured locally in order to 

minimize the energy embedded in their transportation.  

 

4.3.3.6 Enhanced indoor environmental quality  

 

The Indoor Environmental Quality addresses design and construction 

guidelines for indoor air and light quality, in order to assist in the occupant’s 

health and productivity levels. 

 

An important factor to consider when designing indoor fixtures, are the 

ventilation system, specifically in the kitchen.  During the design and 

construction process choosing construction materials and interior finish 

products with low emissions will improve the indoor environmental quality. 

Many building materials and cleaning/maintenance products emit gas, that 

can have a detrimental impact on the occupants' health, comfort, and 

productivity, and should be avoided.  

 

Also important to indoor air quality is the control of moisture accumulation 

(dampness) leading to mold growth and the presence of bacteria and viruses 

as well as dust mites and other organisms and microbiological concerns.  

 

Water intrusion and water condensing on cold surfaces on the building's 

interior can enhance and sustain microbial growth. Insulation should be 
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optimal to reduce moisture problems, and adequate ventilation is also 

necessary to eliminate moisture from sources indoors (including cooking, 

bathing and cleaning). 

 

Other factors to consider are:  airflow, light sources and flooring. 

 

4.3.3.7 Maintenance optimization 

 

No matter how sustainable a building may have been in its design and 

construction, it can only remain so if it is operated responsibly and maintained 

properly.  

 

4.3.3.8 Waste reduction 

 

Reduction of energy waste, water waste and materials used during 

construction is imperative.  During construction an important goal is to reduce 

the amount of material going to landfills. Well-designed buildings also help 

reduce the amount of waste generated by the occupants.  Compost bins and 

recycling bins help reduce matter going to landfills. 

 

When buildings reach the end of their life, they are demolished and reclaiming 

useful building material will help in reducing waste. 

 

4.3.3.9 Costing 

 

The most criticized issue about constructing environmentally friendly buildings 

is the price.  Green buildings may cost more to build, but in the long run costs 

less. The savings in money come from efficient use of utilities, which result in 

decreased energy bills.  Although some green materials and technologies 

cost more, it is a fact that many green materials and technologies actually 

cost the same or less, it is just a question of blending the right mix of green 

technologies that makes it possible to have a very green building project that 

costs the same as a conventional one.  
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Studies have shown over a 20 year life period, some green buildings have 

yielded R 530 to R 710 per square meter, back on investment, and studies of 

the commercial real estate market have found that LEED certified buildings 

achieve higher rent, sale prices and occupancy. 

 

4.3.3.10 Regulation and operation 

 

As a result of the increased green building practices, there are rating systems 

that let government regulators, building professionals and consumers 

embrace green buildings with confidence. 

 

 4.4 SUSTAINABLE ARCHITECTURE:  DESIGN PHASE  

 

4.4.1 Basic elements of a green design 

 

• Healthy Interior Environment: 

 

Building materials & systems should not emit gases into its spaces, 

therefor provision must be made for maximum levels of fresh air 

and ventilation.  Human exposure to toxins should be reduced.  Use 

natural daylight, and think of the materials used inside the home 

such as paint make and colour. 

 

• Energy Efficiency: 

 

The energy used during construction and in the building itself 

should be minimized in order to control the impact on the 

environment and protect air, water, soil and plants.  Reduce inland 

heat and the carbon footprint.  Use natural shading, and renewable 

energy sources such as solar panels and wind turbines. 

 

• Ecological Building Materials: 
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Building materials should be eco-friendly and from renewable 

sources that are sustainably harvested.  The amount of materials 

used should be kept to a minimum and recycled materials used 

whenever possible. 

 

• Building Site: 

 

The region, climate and available materials should be thought of.  

Needless destruction of land, habitat, ecosystems and space is 

important.  Urban development should be incorporated.  Re-use of 

existing buildings is better but if new developments are 

unavoidable, keep expansion to a minimum and do an eco 

evaluation of the building site and surrounding areas. 

 

• Design: 

 

Structure, materials and aesthetics must be incorporated in the final 

design.  It should further support pedestrian and other methods of 

transport.  Factors such as roof design, parking, location and 

pavements should be taken into account.  Optimize the shape of the 

building. 

 

• Other Factors: 

 

Other factors to consider are: affordability, marketability, durability, 

comfort and health. 

 

4.4.2 Sustainable Architecture Factors & Strategies to consider during 

design 

 

- Rapid urbanization & Industrialization – factors such as development, 

sewerage health and pollution can be impacted by green architecture. 
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- Environmental concerns such as floods, has an influence on design.  

Architecture should look at natural processes in order to minimize the 

greenhouse effect and ozone depletion. 

 

- Non-renewable sources are being depleted and leads to water & 

energy issues. By using renewable resources energy consumption can 

be reduced and environmental quality improved.  

 

Sustainable construction is defined as "the creation and responsible 

management of a healthy built environment based on resource efficient and 

ecological principles" (CSIR: 2).  Sustainable designed buildings aim to lessen 

the impact on the environment through energy and resource efficiency.  

Rational use of natural resources and appropriate management of the building 

stock will contribute to saving scarce resources, reducing energy consumption 

and improving environmental quality. 

 

When building sustainably, the entire life cycle of buildings should be 

considered including environmental, functional and future factors.  A green 

building places a high priority on health, environmental and resource 

conservation performance over its life cycle.  The idea of sustainability, or 

ecological design, is to ensure that our actions do not inhibit the opportunities 

of future generations.  

 

4.4.2.1 Sustainable design factors:  Area, community & building site 

 

Sustainable land use and ecology: 

  

–  select sites with low ecological value 

–  select sites, the development of which would benefit 

– consider the area of the site 

–  reuse existing buildings 

–  look for appropriate density 

–  invest in landscaping 
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– take public transport issues into account 

– select sites with public transport facilities 

– should new pedestrian routes be created 

– select sites with existing or potential links for pedestrians/cyclists 

–  what is the effects on/of climate 

 

Community: 

 

–  consult the local community 

–  contribute to the economic and social well-being of 

the community 

–  consider the impact on the wider area 

–  visual space issues 

–  aesthetic excellence 

– collaborate with all the design professions 

– use land efficiently 

–  consider the needs of the community 

–  create viable and attractive developments 

–  consider mixed use developments 

–  design to appropriately high densities 

– build on previously used and derelict land 

 

Health: 

 

–  comfort for building occupants 

– maximum the use of natural light 

– minimize impact of development 

–  protect local natural habitats 

–  enhance existing and introduce new planting 

–  enhance potential for pedestrians and cyclists 

– include food production opportunities where possible 
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Materials: 

–  conservation of natural resources 

–  use of recycled materials 

–  low energy materials 

–  renewable materials from a sustainable source 

–  no ozone-depleting chemicals 

– no volatile organic compound materials 

 

Energy: 

 

–  highest standards of energy efficiency 

–  renewable energy sources 

–  use of natural ventilation 

–  use of passive solar energy 

–  user-friendly building management systems 

–  exploiting the constant ground temperature 

– use of planting for shading and cooling 

 

Water & drainage systems: 

 

–  efficient use of water 

–  harvesting rainwater and grey water 

– minimize rainwater run-off 

– use sustainable drainage systems (SuDS) 

(SuDS is a technique that manages surface water and 

groundwater sustainably).  

 

The benefits include: 

 

reducing flood risk 

minimizing diffuse pollution 

maintaining or restoring natural flow regimes 

 improving water resources 

enhancing amenity 
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The human impact on biodiversity: 

 

– the rate of species extinction is extremely high  

– it is estimated to be between 1 thousand and ten thousand times 

the rate before the impact of humans on the environment 

became significant (Wilson 2002) 

– when designing consider the destruction triggered by human 

activity 

 

Assess the level of environmental impact & reduce urban sprawl: 

 

– the higher the population, the higher the impact 

– make efficient use of the available land and buildings 

– provide homes that are attractive and environmentally friendly 

– encourage well-laid out urban areas  

– create good quality buildings, well-designed streets, and public 

open spaces 

– allow people to get to work easily and to the services they need  

 

4.4.2.2 Sustainable design factors:  Buildings 

 

- Heating, ventilation and cooling system efficiency 

 

The better heating and cooling systems are, the more 

sustainable the building can be.  One of the most important and 

cost effective elements of an efficient heating, ventilating, and 

air conditioning (HVAC) system is ensuring that the building is 

well insulated.   

 

Significant amounts of energy are flushed out of buildings in the 

air and energy recycling can effectively recapture energy from 

stale air and transfer that energy into fresh air.  

 



	   39	  

Other means to optimize heating, ventilation and cooling in a 

building is: 

 

- Solar mechanisms & solar shading, by means of awnings, 

blinds or shutters, to relieve the solar heat gain in summer 

and to reduce the need for artificial cooling. 

- Building smaller structures. 

- Windows are placed to maximize the input of heat-creating 

light while minimizing the loss of heat through glass, a poor 

insulator.  South-facing windows collects direct sunlight. 

- Window types, such as double or triple glazed insulated 

windows, provide better insulation. 

- Trees should be planted in front of windows to block 

excessive sun in summer with their leaves but allow light 

through in winter when their leaves fall off.  

- Louvers or light shelves are installed to allow the sunlight in 

during the winter (when the sun is lower in the sky) and keep 

it out in the summer (when the sun is high in the sky).  

- Evergreen plants are often planted to the north of buildings 

to shield against cold north winds. 

 

In colder climates, heating systems are a primary focus for sustainable 

architecture because they are typically one of the largest single energy drains 

in buildings. 

 

- Renewable energy generation 

 

Solar panels 

 

Active solar panels help to provide sustainable electricity. 

Electrical output of a solar panel is dependent on orientation, 

efficiency, latitude, and climate.  Roofs are often angled 

toward the sun to allow panels to collect at maximum 

efficiency.  The angle of the panel should be considered. 
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Wind turbines 

 

Wind turbines begin operating when winds reach 8 mph, 

achieve energy production capacity at speeds of 32-37 mph, 

and shut off to avoid damage at speeds exceeding 55 mph.  

The energy potential of a wind turbine is proportional to the 

square of the length of its blades and to the cube of the 

speed at which its blades spin.  The use of undersized wind 

turbines in energy production in sustainable structures 

requires the consideration of many factors, such as cost.  

Small wind systems are generally more expensive than 

larger wind turbines relative to the amount of energy 

produced. Though wind turbines are available that can 

supplement power for a single building, the efficiency of the 

wind turbine depends much upon the wind conditions at the 

building site. For these reasons, for wind turbines to be at all 

efficient, they must be installed at locations that are known to 

receive a constant amount of wind, with average wind 

speeds of more than 15 mph. A small wind turbine can be 

installed on a roof. Installation issues then include the 

strength of the roof, vibration, and the turbulence caused by 

the roof ledge. Small-scale rooftop wind turbines have been 

known to be able to generate power from 10% to up to 25% 

of the electricity required of a regular domestic household 

dwelling. Turbines for residential scale use are usually 

between 2 m to 8 m in diameter and produce electricity at a 

rate of 900 watts to 10,000 watts at their tested wind speed. 

 

Solar water heating 

 

Solar water heaters can be a cost-effective way to generate 

hot water for a home. They can be used in any climate. 

There are two types of solar water systems- active and 
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passive. An active solar collector system can produce about 

80 to 100 gallons of hot water per day. There are also two 

types of circulation, direct circulation systems and indirect 

circulation systems. Direct circulation systems loop the 

domestic water through the panels. They should not be used 

in climates with temperatures below freezing. Indirect 

circulation loops fluid through the solar panels and uses a 

heat exchanger to heat up the domestic water. 

With the use of solar collectors, the energy use is cut in half.  

 

Heat pumps 

 

Air-source heat pumps (ASHP) are like reversible air 

conditioners.  It can take heat from a relatively cool space 

and place it into a hot place.  However, unlike an air 

conditioner, the condenser and evaporator of an ASHP can 

switch roles and absorb heat from the cool outside air and 

dump it into a warm house. 

 

- Sustainable building materials 

 

Examples of sustainable building materials include:  

 

o recycled denim or blown-in fiber glass insulation  

o sustainably harvested wood 

o linoleum 

o concrete  

o panels made from paper flakes or clay 

o bamboo, which is one of the strongest and fastest 

growing woody plants 

o non-toxic glues and paint 
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Recycled materials & recycling items for building 

 

Sustainable architecture often incorporates the use of 

recycled or secondhand materials, such as reclaimed 

lumber and recycled copper. In reducing the use of new 

materials you reduce the embodied energy (energy used 

in the production of materials).  Sustainable architects 

attempt to retrofit old structures to serve new needs in 

order to avoid unnecessary development. When older 

buildings are demolished, good wood is reclaimed, 

renewed, and sold as flooring. Many other parts are 

reused as well, such as doors, windows, mantels, and 

hardware, thus reducing the consumption of new goods. 

When using new materials, look for materials that are 

rapidly replenished, such as bamboo, which can be 

harvested for commercial use after only 6 years of 

growth.  Wheat-straw, is a waste material that can be 

pressed into panels, or cork oak, in which only the outer 

bark is removed for use, and so you can preserve a tree.  

 

Organic materials 

 

Use materials such as recycled denim insulation, rather 

than the building insulation materials that may contain 

carcinogenic or toxic materials such as formaldehyde. To 

discourage insect damage, these alternate insulation 

materials may be treated with boric acid. Use organic 

paints.  However, a common fallacy is that "green" 

materials are always better for the health of occupants or 

the environment. Many harmful substances (including 

formaldehyde, arsenic, and asbestos) are naturally 

occurring and should be taken into account.  

 

    



	   43	  

Sustainability  

 

Use sustainable building materials. 

 

- Waste management 

 

Waste is useless material generated from households, 

businesses, construction, demolition and manufacturing.  

Sustainable architecture focuses on the on-site use of waste 

management, such as using grey water systems for gardens, 

and composting toilets to reduce sewage. These methods, 

when combined with on-site food waste composting and off-

site recycling, can reduce a house's waste to a small amount 

of packaging waste. 

 

 

- Building placement 

 

The ideal environmental home or office structure is often 

envisioned as an isolated place, but this kind of placement is 

usually detrimental to the environment, because it can 

created further urban sprawl and uses increased energy 

(transportation). Ideally, a mix can make commercial, 

residential, and light industrial areas more accessible for 

pedestrians, cyclists, or those using public transport. 
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4.5 SUSTAINABLE ARCHITECTURE:  CONSTRUCTION PHASE 

4.5.1 Construction 

Below is a list of some items to be included when drawing up a floor 

plan, and “green” materials should be used for each item as far as 

possible. 

4.5.1.1 General construction 

- Foundation 
- Exterior Wall Construction 
- Interior Wall Construction 
- Floor 
- Roof 
- External wall finishes 

4.5.1.2 Amenities (for example) 

- Gas fireplace  
- Trellises 
- Bath and shower 
- Lavatories 

4.5.1.3 Flooring 

- Flooring 
- Tiles 
- Carpets 

4.5.1.4 Cabinetry & Appliances 

- Cabinets 
- Countertops 
- Stove & oven 

4.5.1.5 Plumbing & Heating 

- Heating systems e.g. solar hot water heating for domestic hot 
water generation and pre-heating for the heating system 

- Wood-burning stoves  
- Waste water treatment system  
- Rainwater harvesting system with roof drains and collection tank 
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4.5.1.6 Electrical 

- Wiring 
- Lighting plan can include halogen, fluorescent or led lighting 
- Wiring for high speed internet access 
- Electricity points 

 

4.5.2 The carbon footprint of a building 

 

The Carbon footprint of a house measures the amount of Carbon actually 

used to build the house.  Materials such as steel and concrete have high 

carbon footprints, but timber absorbs and stores carbon during its growth to 

maturity and continues to retain the stored carbon. 

 

4.5.2.1 Calculating the carbon footprint of a building 

 

When calculating the carbon footprint of a building, the following should be 

included: 

 

- Building size (square m) 

o Stories above ground 

o Stories below ground 

- Structural system above ground 

o Wood 

o Concrete 

o Steel 

- Region (e.g. desert, highlands etc.) 

- Existing vegetation/landscape (developed, short grass, agriculture etc.) 

- Installed vegetation/landscape (shrubs, lawn etc.) 

- Construction methods, transportation, materials & fixtures 
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4.5.2.2 The carbon footprint of building types & materials 

 

House Type   Steel   Concrete   Wood House 

 

C02FromEnergy  40613  30168   17144 

C02FromSteel    9578    4908     1403 

C02ForWood       377      937     4890 

C02ForConcrete    6313    9858     2979 

ExtraCo2Concrete    2232    3348       992 

AdjustedTotalCO2  42845  33516   18136 

 

The average material content of a house: 

 

Materials   Ton Per House 

 

Concrete   508.10 

Plaster   198.02 

Bricks    558.14 

Ceramics   009.57 

Other Mineral Products 003.37 

Wood    023.94 

Metals (Iron)   030.46 

Plastics (PVC)  001.20 

Glass    000.27 

Paper    000.82 

Textiles   000.82 

Rubber   000.82 

Paints    000.82 

Insulation   000.82 

Total           1 337.17 

 

http://www.greenrationbook.org.uk/resources/footprints-building-construction/ 
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4.5.3 Products for a green building in South Africa (also see section 4.7) 

 

(Materials are CO2 neutral, sustainable, eco-friendly and heat resistant) 

- General    

Taluka supplies 100% recycled building materials used and end product 

100% recyclable. 90% of water recycled in production process. No natural 

timber used [reduced deforestation].  Zero waste (all off-cuts and rejects are 

recycled).  Their sunscreens offer a green alternative for thermal management 

of buildings and they are a full member of Green Building Council and 

committed to their goals. 

- Roof     

Prefab, recycled such as Cyclocor’s recycled roof products or Modek’s 

glass-fiber roof sheeting.   
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- Walls     

Compressed earth bricks.  Try to go for locally produced, and clay if possible. 

Mud walls and bricks are actually very viable – but your architect and/builder 

will have to advice, based upon the local mud onsite where you are building. 

Sandbags for affordable, efficient green building option saving utility costs, 

water, energy and reducing waste.   

Eco-stone materials that have previously been different forms and 

applications, this eco-stone adheres to several stringent global eco-bodies 

including Greenguard and NSF certification. 

Magna board is a "low tech" and "energy friendly" product. Magna board 

production is simple, energy efficient, and produces extremely few 

"greenhouse" gases... The manufacturing process of Magna board is eco 

friendly. Unlike, for example, the gypsum based drywalls that produce 

thousands of tons of green house gases annually in the manufacturing and 

drying process; Magna board is naturally dried and cured with no chemicals or 

heating, eliminating the power intensive drying process. Magnesium Oxide, 

the main ingredient in the boards covers over 8% of the earth's surface so the 

product is very sustainable too. 

- Cement    

Eco building cement such as Afrisam eco building cement. 

- Windows    

Glazed, or Teva’s thermally broken double glazed windows that substantially 

stop heat loss. 

- Wood     

Sustainable wood from a certified plantation that grows as sustainably as 

possible, such as rosegum from Zimbabwean certified plantations. 
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- Paint     

Non-toxic Harlequin Paints manufactures only water-based products and a 

range of solvent free paints. Their Premium Paint range is independently 

verified as MINIMAL VOC, which means it contains less than 3.0 gr per liter of 

VOC (volatile organic compound). This is classified solvent free. 

Midas Earthcote has produced Enviro Lite paints. Their mission to promote, 

encourage and facilitate green building in the property and construction 

industry. These paints contain minimal VOCs in specially formulated 

environment friendly water based paint range containing zero glycol, lead, 

ammonia and formaldehyde. 

- Electricity    

Solar panels  & wind turbines are available from various manufacturers, such 

as Solien.  They provide product solutions for green building - including solar 

water heating systems, PVs, biogas digesters, hypocausts, wind turbines, 

domestic sewage treatment planet and composting toilets, and Kenital for 

solar products including solar panels, solar batteries, inverters, solar LED, 

LED solar street lights, wind turbines, solar and wind water pumps. 

- Water & Plumbing   

KYASOL - Water Harvesting Systems.  Drinking water is expensive and too 

valuable to be wasted on flushing toilets and irrigating gardens. Convenient 

and reliable rain water harvesting systems can reduce household municipal 

water consumption by up to 50%   

- Heating    

Biofires Ethanol fireplaces in glass cylinders ranging from minimalist to rustic, 

Zen or sleek and elegant. Environmentally friendly, using Biofuel, which is a 

plant derivative with no smoke or fumes. Heat remains in the room. 
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Econo-Heat wall panel heater is an energy saving heater.  Rated at 425 Watt 

we believe that it is the world's most economical heater. Compared with, for 

example, a 2000 Watt oil heater, it uses only 1/5th of the electricity that the oil 

heater would use. This means that you can heat a room at 20% of the 

electricity usage of an oil heater, or install five heaters in different rooms in 

your home and still use the same amount of electricity that one oil heater 

would use. 

- Flooring     

Cork is considered eco friendly in that trees are not destroyed when cork is 

harvested. Families have managed cork plantations for generations and 

simply remove the bark every few years making it a sustainable product. In 

addition, all of the harvested cork is utilized.   

Style's flooring combines the beauty of nature with innovative technology to 

create a range of flooring solutions. Created from 100% sustainable and 

renewable bamboo, the flooring is manufactured using patented Style Green 

Technology™ to transform the original exotic grass into a premium quality, 

high performance flooring material. The final result is a highly durable timber 

with nearly 3 times the hardness of Red Oak.  

- Bathroom appliances  

Available from various manufacturers, such as Enviro Loo  A waterless, on-

site, dry sanitation toilet system that functions without water or chemicals. 

- Kitchen appliances   

Available from various manufacturers, such as Sun Stove. 

- Doors     

Italdoors have a FSC Chain of Custody seal. It must be proven that the 

products to be FSC sealed are made from materials originating from suppliers 
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who adhere to FSC protocol, which requires forestry management according 

to strict environmental, social and economic standards. 

- Insulation     

Eco-fibre insulation is manufactured from waste newspaper, which would 

usually end-up in landfills. The product is non-toxic, non-irritant and non-

carcinogenic. It is fire retardant, resistant to fungal attack and unattractive to 

both insects and rodents. 

Wool insulation used for thermal and acoustic insulation and comes in rolls. 

Used in walls, floors or roofs. Wool is a natural, sustainable, renewable, 

recyclable material. Will not irritate the respiratory system like fiberglass. 

Naturally fire retardant, self-extinguishing and won't melt. No toxic gases and 

burns at lower temperature. 

http://www.greenafricadirectory.org 

http://www.greenstuff.co.za 

 

4.6 SUSTAINABLE ARCHITECTURE:  UPGRADE TO GREEN  

 

4.6.1 Changing an existing home into a green building environment 

 

“The Green Building Council of South Africa offers these easy suggestions 

in five different areas for a basic „eco-retrofit‟ at your office or home to create 

a greener environment immediately”. 

Light bulbs:   
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Change light bulbs to compact fluorescents lamps (CFLs) or LED bulbs. Both 

use less much less energy and last much longer than other light bulbs. Also, 

switch off the lights when not needed. 

Paint:   

Next time you paint use no-VOC or low-VOC paints as they contain much less 

or none of the chemicals found in traditional paints. They don’t release 

chemicals, thus providing better indoor air quality. This also applies to 

furniture paints and varnishes.  If you are renovating, please keep in mind that 

older buildings could contain hazardous materials such as lead-based paint. 

Water:  

Use a dual flush toilet system that provides the option of a full cistern flush or 

partial cistern flush.  This will save water.  Install flow restrictors in existing 

taps to reduce water usage when washing hands and doing dishes. 

Garden:  

Indigenous vegetation can flourish in natural weather conditions, without 

additional watering. If you need to water your garden, the installation of a 

rainwater tank to collect rain for use on the garden can reduce your water bills 

and reduce the strain on our reservoirs. 

Heating:  

To save money and energy heating, install seals around windows and doors 

to stop the heat being sucked out and uncomfortable drafts. 

 

4.6.1.1 How to determine if a product is green 

In determining if a product is “green”, the biggest obstacle is a lack of 

understanding of how to look at materials.  Looking at the price first does not 

solve the environmental catastrophe we are in today. 
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One has to remember that there is no one perfect green material, they all 

have positive and negative environmental attributes. The key is in 

understanding which of these will benefit your specific project. 

For example, is concrete is a "green" material? 

Concrete is durable, recyclable, natural and made from natural sand, stone, 

and water, and so it appears to be a green material. The bad thing about 

concrete is it's main ingredient, Portland Cement, mined out of the Earth, 

heated to intense temperatures and as a by-product this releases tons of 

greenhouse gas. So now the “green” concrete is a potentially bad source of 

pollution.  We can replace up to 50% of Portland Cement with a material 

called fly ash (a by-product of the coal industry), typically buried in a land fill. 

By putting it in the concrete, it turns out the fly ash makes the concrete 

stronger and more workable and also more eco-friendly. 

Is wood a green material?  FSC-certified Wood is a green material. 

Is steel a green material?  High recycled content steel is a green material. 

 

To ascertain if a material is “green”, you have to answer the following 

questions about the product: 

Where did this material come from? 

What are the by-products of its' manufacturer? 

How is the material delivered and installed? 

How is the material maintained and operated? 

How healthy are the materials? 

What do we do with them once we are done with these materials? 

This is a shorthand approach looking at the entire lifecycle of a material. 
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4.7 ECO ARCHITECTURE IN SOUTH AFRICA 

 

Eco-architecture is taking off in South Africa.  

  

The Green Leaf Environmental Standard was launched in 2008 to 

assess accommodation for its compliance with environmentally-friendly 

ideals.  

 

 Some of the best examples of green architecture in South Africa can 

be seen in hotels and spas. They maintain luxury while still ensuring 

minimal impact on the environment.  And example is The Woodlands 
Spa and Forum Homini hotel in the Cradle of Humankind near 

Johannesburg, both using natural materials in harmony with the 

environment. With only indigenous plants and the buildings designed to 

reflect natural surroundings without harming them. 

 

Some buildings were constructed from reclaimed bricks, and natural 

materials, and recycle all grey water on site. It also has living roofs that 

small game can graze on.  Many companies have made a commitment 

to living green, and implemented sustainable development principles 

throughout their buildings.  They make use of solar power, capture run-

off water and are built from environmentally friendly materials. 

 

4.7.1 The Green rating system in South Africa 

 

The Green Building Council of South Africa aims to lead the transformation 

of the South African property industry to ensure that buildings are designed, 

built and operated in an environmentally, sustainable way. The council has 

introduced a rating system that enables measuring how green a building is.  

The rating system sets out a list of all the green measures that can be 

incorporated into a building. Points are awarded to a building according to 

which measures have been incorporated, and a total score is given that 

determines the rating. 
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4.7.2 SA’s first Green building handbook 

 

To provide practical and applicable content and information for built 

environment professionals who want to build ecologically sensitive buildings, 

Green Building Media launched South Africa’s first Green Building 

Handbook in 2009.  

 

4.7.3 Factors to consider in South Africa 

 

4.7.3.1 Green building materials 

 

The construction industry is a multi-billion Rand industry, and the production 

of materials for building purposes occurs on a worldwide scale.  In South 

Africa the availability and sustainability of certain materials should be looked 

at. 

 

4.7.3.2 Energy in green buildings 

 

Buildings in South Africa will in the future be more energy efficient.  Some 

municipalities are looking at ways to reduce energy consumption in buildings. 

 

4.7.3.3 Indoor environmental quality 

 

Indoor environmental quality (IEQ) refers to the environmental quality in a 

building.  This includes air quality, thermal comfort, artificial lighting and day 

lighting.  In South Africa buildings are getting more IEQ efficient. 

 

4.7.3.4 Water use in green buildings 

 

Large volumes of water are used in buildings on a daily basis. To enhance the 

green status of buildings, efforts should be made to develop water systems for 

water conservation. In South Africa, there is a move towards water-efficient 

taps and dual-flush toilets in new buildings. 
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4.7.4 Green Star rating system in South Africa 
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4.8 ADVANTAGES OF SUSTAINABLE, GREEN ARCHITECTURE & 

CONSTRUCTION 

 

 

 

 

 

 

 

 

 

 

4.8.1 Green buildings are important 

We spend more than 90% of our time indoors.  Green building is the 

healthiest choice for a better life. In traditional construction, the quality of our 

indoor environment is often far more polluted than outdoor one due to the 

building materials, inadequate lighting, and a variety of other variables. 

Green Buildings are designed, constructed and operated to enhance the well-

being of occupants, to minimize negative impacts on the community and 

natural environment.  Buildings consume 40% of the world's total energy, 25% 

of its wood harvest and 16% of its water. Compared to traditional construction, 

a green built home takes some of this pressure off the environment.  It is just 

a matter of time before we run out of resources.  
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In the future, all buildings will be green.  

We will have no choice. 

4.8.2 Advantages of going green in the building industry 

- They provide a healthier environment. 

- They help the long-term economy and saves money. 

- They incorporate energy and water efficient technologies. 

- They reduce construction and demolition waste. 

- They have higher resale value. 

- They use renewable energy technologies. 

- They improve indoor air quality and thus health. 

- They are easier to maintain and built to last. 

- People in green buildings have fewer incidents of cold, flu and asthma 

as a result of access to fresh air, better ventilation systems and eco 

friendly paint and furniture.   

- They give greater access to daylight. 

- They assist in job creation. 

- They reduce global warming. 

- They save money and help the economy. 

- They improved productivity, as building occupants who are healthy and 

comfortable are more productive.  

- They have higher market value.  Residential and commercial buildings 

retain a high resale value if they include sustainable design 

components.  

- No more, sick building syndrome that has plagued homes and offices 

for decades, costing businesses money each month.  

- They have lower utility demands, reduced demand on electric, gas and 

water. This can result in lower municipal utility costs over the long run.  

- They give an improved quality of life. 

- They reduce operating costs by increasing productivity and using less 

energy and water. 

- They reduce environmental impacts by reducing emissions. 
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4.8.3 How Green architecture can impact energy consumption 

 

Green architecture has a positive impact on energy use throughout the life of 

the building, and can also save significant energy during design and 

construction.  

McDevitt (1) says: “It takes energy to make a Building, more energy than you 

might have thought.  Every material used to construct a building has energy 

locked into it. This "embodied energy" is the energy it takes to extract, 

fabricate and transport materials to the building site. "Embodied energy" also 

accounts for the energy added during construction and finishing”. 

It takes 127 times more energy to manufacture aluminum than it does wood 

and steel needs 24 times more energy. 

Luckily more cost effective, energy efficient and environmentally friendly 

building products are becoming available. 
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Factors to consider: 

- Using natural features such as using wind for natural cooling and 

ventilation.  

- Positioning of windows and shading helps control natural lighting.  

- When trees and other vegetation are preserved, they can supply 

energy saving shade in the summer and help block cold winter winds. 

- Water saving devices such as low flow toilets and showers indirectly 

saves energy required for treating and pumping water, and rain runoff 

can be saved and directed for irrigation.  

- Landscaping can replace all or part of a lawn with attractive, low 

maintenance plantings. 

- Hot water needs can be met with rooftop solar hot water heating 

systems. 

- Geothermal heating and cooling systems can cut heating and cooling 

energy costs by 25%. 
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5 THE RESEARCH PROJECT  

 

5.1 HYPOTHESIS 

 

The hypothesis:   Architects can reduce global warming. 

 

Problem:  A) Design a carbon neutral house  

B) Develop a list of building materials to evaluate 

CO2 emissions 

 

- Designing an eco-friendly house 

- House plan and costing list 

- Calculating CO2 emissions for the design 

- Building a scale model of the design 

- Creating a list of building materials that are energy efficient 
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5.2 HOUSE DESIGN 

 

5.2.1 House design:  Planning phase 

 

What should a Green House look like? 
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5.2.2 House design:  Design phase 

 

5.2.2.1 Factors affecting the design 

 

The LEED system works by dividing the building into five categories: 

- Sustainable Sites 

- Water Conservation 

- Energy & Atmosphere 

- Materials & Resources 

- Indoor Environmental Quality 
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5.2.2.2 House floor plan & costing list 

 

5.2.2.2.1 Floor Plan 
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5.2.2.2.2 Costing 

 

See Appendix B for the Bill of Quantities.  This was used to 

calculate the amount of materials used to compare CO2 

emissions.  The costing is only for the regular house, as the 

purpose for this project is not to compare costs but CO2.  

 

5.2.2.3 Calculating CO2 emissions 
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5.2.3 House design:  Construction phase (scale model) 

  

 Please see Appendix C for pictures of the whole process. 
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5.3 CONSTRUCTION MODEL ENERGY EFFICIENT MATERIALS 
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5.3.1 Advantages of using these materials & products 

 

5.3.1.1 What is Carbon Offsetting? 

 

Something, which absorbs carbon emissions, and thereby reduces their 

harmful environmental effects. 

 

5.3.1.2 What are VOC levels? 

 

Volatile organic compounds (VOCs) are emitted as gases from certain solids 

or liquids.  VOCs include a variety of chemicals. 

 

5.3.1.3 Green Roof 

 

A green roof absorbs CO2 directly during the day, and a 1000 m2 green roof 

will start to offset nearly 5 ton of carbon emissions a year, every year, from 

the day it is installed.  A green roof has an insulating effect, which saves 

carbon emissions indirectly by reducing the need for heating and air 

conditioning.  It has a longer lifespan and uses less energy. 

 

5.3.1.4 Eco Bricks 

 

Eco bricks are energy and resource efficient bricks produced using cleaner 

production techniques, or made from recycled products. Eco bricks result in 

reduced carbon footprints while also reducing the stress on natural resources 

though use of waste materials. 

 

5.3.1.5 Reed Based Sewerage System 

 

Reed based sewerage systems use a series of natural filtration systems to 

treat wastewater.  Discharging of raw wastewater has a negative impact on 

the environment.   
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5.3.1.6 Fabric Insulation 

 

In an average home up to 40% of all heat is lost through the walls.  This is an 

important starting point for reducing overall energy consumption and carbon 

emissions of buildings.  Both external and internal wall insulation are very 

effective methods of improving energy performance and reducing heat loss. 

Correctly installed cavity wall insulation can save around 560 kg of CO2 a 

year, and pay for itself in reduced energy bills within two years. 

 

5.3.1.7 Solar Panels 

 

The carbon footprint of a solar photovoltaic panel – the average level of 

greenhouse gas emissions it is responsible for over its lifetime – is about 72 

grams of carbon dioxide-equivalent per kilowatt-hour of electricity generated 

(gCO2e/kWh).  Generating electricity using solar PV panels does not produce 

greenhouse gases directly. But emissions are associated with the 

manufacturing and transporting of these panels. The main components of 

solar PV panels are made from crystalline silicon. Manufacturing these 

components is an energy-intensive process.  It accounts for 60% of the total 

energy used to make solar panels. The exact carbon footprint of a solar panel 

depends on many factors, such as the source of the materials, the distance 

they have to be transported and the energy source used by the manufacturing 

plants.  But solar panels are still better for the environment, solar PV works 

out to about 50g of CO2 per kWh compared to coal's 975g of CO2 per kWh, 

or about 20x cleaner. 

 

5.3.1.8 Wind Turbines 

 

Compared to the environmental impact of traditional energy sources, the 

environmental impact of wind power is minor.  Wind power consumes no fuel 

and emits no air pollution in operation.  In order to build wind turbines, 

materials must be mined, manufactured, processed and transported as with 

all conventional power plants. The energy consumed to manufacture and 

transport the materials used to build a wind power turbine is equal to the new 
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energy produced by the wind turbine within a few months.  The initial carbon 

dioxide emission from energy used in the installation is paid back within about 

9 months of operation for turbines. 

 

5.3.1.9 Eco Flooring 

	  

Sustainability is an important factor in green flooring. Bamboo and cork are 

beautiful, durable, and easily replenished.  Bamboo is fast growing and 

replenishes itself from the roots and is ready to harvest in just five to seven 

years. It produces beautiful flooring with the natural look and durability of 

hardwood.  Bamboo grows almost anywhere and produces 30% more oxygen 

than a comparable hardwood forest area.  The production process minimizes 

waste by taking post-industrial materials and making them into another type of 

durable bamboo floors – strand-woven bamboo flooring. 

 

Cork is harvested from the bark of cork oaks, and harvesting does not harm 

the tree, the replacement of the removed bark begins immediately and 

continues for nine years until it’s ready to be harvested again.  Cork is 

harvested without the use of polluting machinery, and most cork flooring is 

already recycled from used wine corks. The best however is to look for cork 

flooring manufactured without VOC-producing chemicals.  Reclaimed wood is 

also a green option. 

 

5.3.1.10 Eco Paint 

 

The manufacture of petrochemical based paint is energy-intensive.  The 

production of 1 ton of solvent-based paint can produce 10-30 ton of toxic 

waste.  Most of which is non-degradable.  Plant and Mineral-based paints are 

made using naturally occurring ingredients.  They do not require high levels of 

processing. Many of the ingredients are made from renewable resources, 

such as linseed oil, and citrus oil, and therefore avoid contributing to 

greenhouse gas emissions over the life of the product.  Natural paints use 

plant-derived solvents and binders instead of synthetic ones, and usually have 

low VOC levels. It results in better health outcomes, and uses renewable 
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resources for the most sustainable living. 

 

5.3.1.11 Energy Star Appliances 

 

Use ENERGY STAR appliances for more efficiency and less waste. ENERGY 

STAR qualified products use less energy and helps to reduce greenhouse gas 

emissions for a cleaner, safer environment while lowering your own utility bills.   

 

5.3.1.12 LED Lights & Electricity 

 

Estimates suggest that almost half of our carbon footprint is due to electricity 

and 17 % is due to lighting alone.  We depend on electricity every day. 

Electricity in can be produced by coal, gas, or nuclear plants or by renewable 

sources like geothermal, hydroelectricity solar and wind power. The carbon 

footprint of a household or person is directly linked with the amount of 

electricity consumed and the source of that electricity.  

 

The table below shows the grams of CO2equivalent produced when 1 KWH of 

electricity is produced from different sources. 

 

Source Grams of CO2 produced for every 1 KW generated 

 

Coal   955 

Oil   893 

Natural Gas  650 

Nuclear Energy 60 

Hydro Electricity 15 

Solar Energy  40 

 

Most of our electricity is produced by fossil fuel burning plants.  It is estimated 

that for each KWH of electricity that a household consumes, it releases about 

830 grams of carbon dioxide in the air. 
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LED lamps and tubes not only consume a fraction of the energy consumed by 

regular bulbs, they have the double benefit of lasting almost forever and 

containing no mercury. 

 

 

        Incandescent  LED 

Power Consumption (watts)   50   6 

Kwh (Units of Electricity Used Each Hour) 0.05   0.006 

Hours of Operation Per Day   10   10 

Carbon Emissions (tons) per year/lamp  0.152083  0.01825 

Reduction in Carbon Footprint (tons) / lamp     0.133833 

Lighting Carbon Emission (tons) year/house 6.84375  0.82125 

Reduction in Carbon Footprint (tons)      6.0225 

 

By doing nothing except installing LED's in the house it is possible to reduce 

your carbon footprint by 6 tons per year.  LED lights will keep for at least 10 

years. LED lighting are more expensive, but will save a minimum of 6% in 

running costs alone. 

 

5.3.1.13 Sustainable Wood 

 

Sustainable wood is the planting of new trees to replace those cut down to 

supply our wood needs.  It is a natural product, which does not require huge 

amounts of non-sustainable energy to grow, just the right ground conditions 

and sunlight.  A ton of brick requires four times the amount of energy to 

produce compared to sawn softwood, concrete five times, glass six times, 

steel 24 times and aluminum 126 times. (Edinburgh Centre for Carbon 

Management Report 196, Carbon benefits of Timber in Construction, 2006) 

 

5.3.1.14 Timber Frame Structure 

 

There are many advantages to timber frame construction.  The pressure to 

adopt more environmentally friendly measures is becoming more intense, and 

the building industry can contribute to reducing the impact of CO2 emissions 
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by using more timber frame structures. To produce a timber frame structure 

you will emit less CO2 than a traditional brick build. The timber is taken from 

sustainable woods, which means the trees are replanted to the level of re-

growth. 

 

5.3.1.15 Shower 

 

By using a shower (especially one with low-flow valves), you will reduce your 

carbon emissions by about 150 kg per person in your household per year. 

You will save money because you will use less hot water.  If you also install 

low-flow showerheads, an additional carbon reduction of 125 kg per person 

annually could be achieved. 

 

5.3.1.16 Dual-flush Toilets 

 

A dual-flush toilet is a variation of the flush toilet that uses two buttons or 

handles to flush different levels of water.  The dual flush toilet system can 

save up to 67% of water usage. 

 

5.3.1.17 Energy Efficient Double Glazed Windows 

 

Energy efficient windows can typically cut carbon dioxide emissions by about 

three quarters of a ton per year.  This is a significant saving, as around 23% 

of the heat lost from an average home occurs through the windows. 12.8 

million ton of CO2 being saved is equal to 840 000 cars being taken off the 

road. 

 

5.3.1.18 Water Heaters 

 

The ranking of the most common types of water heaters based on their 

greenhouse gas emissions - ranking from best to worst: 
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Ranking of Common Water Heaters by Impact on Global Warming 

 

Tank type Annual C02 Emissions Based on 

Standard Home and Family of Four                              

     

1. Solar water heater Marginal (Emissions increase if a 

backup tank or pump is part of the 

system) 

2. Tank-less gas water heater 1 ton C02 (Assumes usage does not 

increase with increased hot water 

capacity) 

3. Conventional gas water heater 2 tons C02 (Assumes similar energy 

usage as conventional electric tank) 

4. Conventional electric water heater 8 tons C02 (Assumes 6,400 kwh 

hours required to heat water for one 

year for a family of four) 

http://www.fastwaterheater.com/greenhouse 

 

  

Electric water heaters are the last option in terms of their impact on global 

warming, this is due to the fact that most electric power currently generated in 

the United States, is produced by fossil fuel burning plants that are only 30-

40% efficient. Although you are not burning gas at home, coal or gas used to 

produce electricity produces a significant amount of greenhouse gas. 

  

Solar water heaters are the best option.  

  

Tank-less hot water heating systems has the least energy consumption.  In 

order to realize energy and greenhouse gas emission savings, a new tank-

less hot water heater user must keep their energy use constant.  If you keep 

your hot water usage constant, you can save over half of your water heating 

costs and half of your carbon emissions.  Because your venting and gas line 

must often be retrofitted to accommodate a tank-less unit, the initial 

installation costs can be double the cost of installing a conventional unit, but 
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this comes back in the form of energy savings.  Also, tank-less units typically 

last twice as long as conventional tanks. 

  

5.3.1.19 Geothermal Heating 

 

Geothermal ground source heat pump systems are one of the most energy 

efficient, environmentally clean, and cost-effective space conditioning systems 

available today.  About 70% of the energy used by a geothermal heat pump 

system comes from renewable energy in the ground.   Geothermal systems 

are 48% more efficient than gas furnaces and 75% more efficient than oil 

furnaces. These heat pump systems burns no fossil fuels to produce heat, 

and generates fewer greenhouse gas emissions.  It also completely 

eliminates a potential source of poisonous carbon monoxide in a home.  The 

exact savings will be determined by many variables, such as climate, 

homeowners will see a reduction of 30 – 70% in heating and cooling costs. 

 

5.3.1.20 Skylights 

 

None of them has a carbon footprint during their product lifetime as they only 

rely on the natural daylight coming from the sun. Skylights lets in natural 

daylight, improves energy efficiency and reduces the carbon footprint of a 

house.  Venting skylights reduce the need for air conditioning during the year.  

Due to the chimney effect they create, indoor air quality is improved by 

removing moisture, odors and other VOC indoor pollutants.  They also 

significantly reduce energy costs.  They admit 30% more daylight than vertical 

windows.  Opening spaces to daylight and fresh air makes homes greener, 

healthier and more livable.  Benefits of modern skylights are balanced natural 

light, better ventilation, less need for electrical lighting, privacy in bathrooms 

and bedrooms, and health benefits from natural light. 

 

5.3.1.21 Water Filters 

 

Use water filters to feel safe about the water, which you drink.  Make sure the 

filter you use removes the most contaminants.  The best filtration system is a 
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4 to 5 stage water purifier system.  Each stage will remove certain types of 

contaminants, and all stages combined should protect you from every 

contaminant.  Such a system will pay for itself within 6 months and can last 

10-15 years with annual filter changes. 

 

5.3.1.22 Rain Water Collection 

 

Rainwater Harvesting involves the collection of water from surfaces on to 

which rain falls and subsequently storing this water for later use.   

 

Advantages includes: 

 

Reduced mains water consumption and costs 

Reduced environmental impact 

Cost effective  

Continuity of water supply for irrigation 

Reduced storm water to drain/flooding 

 

5.3.1.23 Grey Water Recycling 

 

Grey Water can be used in applications such as laundry, toilet flushing, and 

also for plant watering - for which the phosphorus and nitrogen nutrients 

provide a good food source.  Grey water provides many benefits.  You can 

install a home UV filtration system yourself.  This is a low cost option and 

involves the collection of rainwater from surfaces on which rain falls.  Water 

will be collected from the roofs of buildings and stored in rainwater tanks.   

You capture this rainwater and direct it from roof gutters to a rainwater 

storage tank.  It is a free resource.  This results in a significant water savings, 

reduces our carbon footprint, and provides cost savings.   
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5.3.1.24 Vegetable Gardens 

 

It takes energy to grow the vegetables you buy from the grocery store.  Farms 

use energy to run tractors, irrigation pumps, and other machinery.  They also 

use large amounts of petroleum-based fertilizers and pesticides that require 

energy to produce and transport.  Most of this energy comes from using fossil 

fuels, which means that growing vegetables has led to CO2 emissions before 

they leave the farm. 

 

Energy is also needed to transport fruit and vegetables to the supermarket.  

All types of transport burn some type of fossil fuel, which adds carbon dioxide 

to Earth’s atmosphere.  By planting your own vegetable garden you will curb 

CO2 emissions. 

 

5.3.1.25 Compost 

 

Composting does not contribute to CO2 emissions, and emissions from 

composting are considered part of the natural carbon cycle.  Converting 

organic waste into compost will enhance the growth of micro-organisms in the 

soil, helps vegetation, allows for more respiration in the atmosphere, and 

reduces CO2 levels. 
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• Compost helps fertilize soil, making plants and vegetables grow better 

• Compost reduces the number of refuse collections needed 

• Compost reduces the strain on land fill sites 

   

 What can you compost? 

Garden waste (fallen leaves, grass cuttings) 

Kitchen waste (raw vegetables, fruit, crushed egg shells, tea leaves, tea bags) 

Shredded paper and cardboard. 

 

 

5.3.1.26 Recycling 

 

Recycling are very powerful tools to reduce CO2 emissions.  If we were to 

reduce packaging in by 50%, reduce non-packaging paper products by 50%, 

extend the life of computers by 25%, increase recycling of construction and 

demolition debris to 50%, and increase solid municipal waste composting and 

recycling to 50%, we could cut CO2 emissions by about 354 million metric 

tons each year. 

 

5.3.1.27 Plants 

 

As part of the carbon cycle, plants use light energy to photosynthesize 

carbohydrate from carbon dioxide and water, with oxygen produced as a 

waste product.  It has been calculated that a minimum of 300g of carbon 

dioxide can be eliminated from the environment for every square meter of leaf 

surface in an area per year. Over a year’s time this amounts to a removal of 6 

cubic feet of Co2 gas.  In areas where there exists natural light, this process 

leads to even more absorption. 
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5.3.2 Materials List (South African Suppliers) 

 

• Green Roof: 
 
Cyclocor 
Modek  
West End Roof Tiles  
Magnastruct ceiling board 
Marshall Hinds Waterproofing 
 

• Eco Bricks: 
 
Eco Stone 
Corobrick 
Magna Board 
Greenlock Block by Cape Brick 

• Cement/Concrete: 
 
Afrisam Cement 
 
 

• Reed Based Sewerage System: 
 
Drain Ratz  
 

• Insulation: 
 
Isotherm  
Novatop 
Silicone 
Going Green 
Corobrick 
 

• Solar Panels: 
 
MLT - eco solar panels. 
Alternagy – eco solar panels. 
Tenesol – eco solar panels. 
 

• Wind Turbines: 
 
Kestrel Wind – wind turbines. 
Wind Turbines Store – wind turbines. 
 

• Eco Flooring: 
 
Oriental Bamboo – eco bamboo flooring solutions. 
Alco Exotic 
Just Stone 
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Floorworx 
Panda Bamboo 
Italcotto 
 

• Eco Paint: 
 
Pro Nature Paints 
Alco Exotic 
 

• Kitchen: 
 
Second Life 
Alco Exotic 
Final Touches 
Panda Bamboo 
 

• Lights: 
 
Lighting Revolution 
Mofex 
LED Lighting SA 
 

• Timber Frames, Wood, Trusses & Construction Materials: 
 
Swissline Design 
Novatop 
Pitch 45 
Going Green 
Alco Exotic 
Just Stone 
 

• Showers, Dual-flush Toilets & Bathroom Products: 
 
Second Life 
Grohe 
Cleansui 
Final Touches 
Sannitree 
Inventum 
Eternally Solar 
 

• Energy Efficient Double Glazed Windows: 
 

Wintec 
Velux 
AC Screens 
Turnkey 
Massclusivity 
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• Heating: 
 
Sirac 
SunScan 
Green Power 
Maskam Water 
 
 

• Skylights: 
 

Sky Bright 
Solatube 
Vikon Valiant 
 

• Water Filters: 
 
The Water Filter Company 
Pure SA 
H2O 
Brita 
 
 

• Rain Water Collection: 
 
Raincell 
Rain Harvesting 
JoJo Tanks 
 
 

• Grey Water Recycling: 
 
Graywater 
Gardenresq 
 

5.4 DATA ANALYSIS & HYPOTHESIS TESTING 

 

If you look at the CO2 emissions for usage for a regular house (50 000) and 

for a green house (15 000) alone, one can see that green buildings will 

definitely help the environment.  And this calculation is for one house only! 

 

It thereby stands to reason that green buildings/houses emit less greenhouse 

gas resulting in less global warming. 
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The calculations for the same design:  regular house vs. the eco house, 

shows that the original carbon footprint is 57 709,4kg vs. 27 665kg, and that is 

only for the carbon emissions found for the mentioned materials.  The 

materials and quantities were found from the bill of quantities attached in 

appendix B.  Please note that the costing was done ONLY for a regular 

house.  The purpose of the research is not to compare costs but CO2. 

 

Hereby the hypothesis is proven:  Architecture can help stop global warming. 

 

5.5 POSSIBLE VARIABLES & PROBLEMS 

 

More attention has to be given to building methods, especially the 

costing and CO2 emissions from the various products and installation 

methods, as well as transportation used to get the products from the 

manufacturer to the building site.  But it has to be said that the project 

is only an estimation of how architecture can impact the environment. 

 

A comprehensive list of CO2 emissions by product should be compiled 

and the lifespan of buildings should be integrated.  I have to add that 

renovating existing buildings are for more eco friendly than constructing 

new ones.  Construction emits far more CO2 than usage does. 

 

And finally, the carbon calculator used are just a method to show how 

green building materials can help the environment, it is not necessarily 

related to products found in South Africa, but rather an average for 

building products found worldwide.  The carbon footprint of my design 

covers only the most obvious materials and an in depth calculation 

should be made. 
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5.6 CONCLUSION 

 

5.6.1 Hypothesis 

 

 The researcher has proven the hypothesis. 

 

5.6.2 Benefits of a Green Built Environment 

 

- Minimizing electricity costs. 

- Promoting behavior change. 

- Improve the quality inside the house. 

- Decreasing energy demands. 

- Improving the environment. 

- Creating jobs. 

 

5.6.3 The 2030 Challenge (Architecture 2030) 
 

Buildings are the major source of global demand for energy and 

materials that produce by-product greenhouse gases (GHG). Slowing 

the growth rate of GHG emissions and then reversing it is the key to 

addressing climate change and keeping global average temperature 

below 2°C above pre-industrial levels. 

 

To accomplish this, Architecture 2030 issued The 2030 Challenge 

asking the global architecture and building community to adopt the 

following targets: 
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All new buildings, developments and major renovations shall be 

designed to meet a fossil fuel, GHG-emitting, energy consumption 

performance standard of 60% below the regional (or country) 

average/median for that building type. 

 

At a minimum, an equal amount of existing building area shall be 

renovated annually to meet a fossil fuel, GHG-emitting, energy 

consumption performance standard of 60% of the regional (or country) 

average/median for that building type. 

 

The fossil fuel reduction standard for all new buildings and major 

renovations shall be increased to: 

70% in 2015 

80% in 2020 

90% in 2025 
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Carbon-neutral in 2030 (using no fossil fuel GHG emitting energy to 

operate). 

These targets may be accomplished by implementing innovative 

sustainable design strategies, generating on-site renewable power 

and/or purchasing (20% maximum) renewable energy. 

 

the business of designing and constructing buildings are faced with the 

new challenge of environmental responsibility. The rise in energy costs, 

shortage of building materials and growing consumer demands are 

driving this market to seek out better and more efficient ways to build 

our buildings. In addition, new legislation, stricter building codes, and 

rising health costs are forcing builders to build green whether they want 

to or not. 

 

Research has shown that although an overwhelming majority of 

designers feel a responsibility to offer green building solutions, only a 

fraction of them do so. They blame this discrepancy on a "lack of 

information." 

 

More important than any statistic however, is the good feeling you have 

when you know you've done what's right for both your family and your 

community. Promoting continued health, financial savings, and social 

responsibility, Green building is the construction standard for the future, 

and the smart solution for today. 
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Appendix A 
 

Diagrams 
How eco building practices works 
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Water Filtration Systems: 

 

 
 
 
Compost: 
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Solar Power: 
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Double Gazed Windows: 
 
 

 
 
 
Dual-Flush Toilets: 
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Energy Efficient Home Savings: 
 

 
 
Water Storage: 
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Geothermal Heating: 
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Green Buildings: 
 

 
 
 
 
 
 
 
Grey-water Recycling: 
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Heat Pump:  Water 
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Solar Water Heater: 
 

 
 
 
Low-Flow Shower Head: 
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Rainwater Harvesting: 
 

 
 
Reed Based Sewerage: 
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Vegetable Garden: 
 
 

 
 
Wind Power: 
 

 
 
 
 
 
 



	   113	  

 

 

 
 
 

Appendix B 
 

COSTING 
Bill of Quantities 
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Appendix C 
 

Making of the Scale Model House 
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