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1 Abstract 
 
Housing and infrastructure are essential human needs, but also one of the most important sources of 
pollution, energy consumption, land-use and a growing waste problem. According to the 
Intergovernmental Panel on Climate Change (IPCC, 2007), the construction sector is the largest single 
CO2 emitter. Economic growth and increased well-fare usually goes on pair with a serious increase of 
pressure on natural resources. Using technological, social and economic solutions from the North that 
are “cheap” in the short term can be very expensive and not sustainable in the long run. In addition 
these solutions are often not at all adapted to the real needs of developing countries. A great effort is 
needed for education and acceptance of modified priorities and new technologies, and practices to 
break this vicious circle that often links development to destruction of our natural resources. Buildings 
of the local authorities, educational and research institutions and international organizations can and 
should serve as “good examples”.  
 
Housing and infrastructure require long-term decisions that need to be well adapted to social context, 
climate conditions, local knowledge and traditions. These structural decisions have to be taken as 
early as possible in the development process: revising them at a later stage is costly and often very 
difficult. While considering the larger context, this paper focuses on the key elements of sustainable 
building, giving starting points for further research concerning the environmental, economical, social 
and political implications and offering different concepts, where the decision clearly depends on non-
technical choices. 
 
To conclude, this paper sets out the main recommendations for the Belgium Development 
Cooperation: 

- Use building projects as an opportunity and lever to improve legislation and implementation of 
the legislation, 

- Provide educational and technical assistance on implementation of energy efficiency in 
policies, 

- Support countries implementing energy regulations, and 
- Increase synergies with the Belgian Federal Department of Environment. 
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2 Introduction 
 
The effects of the anthropogenic climate change are appearing at an increasing speed and affect the 
development of an increasing number of countries and people. 
 
Until now global investments in renewable energy, energy efficiency, green building, public 
transportation, sustainable agriculture, ecosystem and biodiversity protection, and land and water 
conservation have remained low (UNEP a, 2011). Although the building and construction sector has 
serious negative impacts on the environment, it also generates considerable social and economic 
benefits to society, namely in the form of employment (UNEP SBCI a, 2007). Housing is also a basic 
human need that plays an important part in public health conditions and determines peoples’ social 
situation and level of education. In the following paragraphs, various problems that are directly or 
indirectly related to the building and construction sector are presented. 
 
The building and construction sector is the single largest contributor to global Greenhouse Gas 
emissions (GHG), with approximately one-third of global energy end use taking place within buildings 
(UNEP a, 2011). Therefore, it is one of the most important sectors in mitigating climate change.  
  

 
 
Figure 1. IPCC projections of CO2 mitigation potent ial in 2030 (IPCC, 2007) 
 
The Intergovernmental Panel on Climate Change (IPCC , 2007) identifies the building and 
construction sector as the sector with the largest mitigation potential ( 
Figure 1). More than half of this reduction potential is situated in non-OECD-countries. Figure 1 also 
illustrates the mitigation potential that can be realized at a cost of less than US$20, less than US$50 
and less than US$100 per tCO2-eq. For the building sector, it is clear that about 90 per cent of the 
potential in reducing GHG emissions can be achieved at a cost of less than US$20/ton CO2-eq. 
Furthermore the report states that a 29 per cent reduction in projected baseline emissions by 2020 is 
achievable at zero cost. Although the developing countries are emitting the lowest level of GHG, they 
are often the most vulnerable to the consequences. Developing countries, as well as countries with 
economies in transition, present the largest potential for new construction in the coming decades. 
Applying criteria for sustainable development, including, but not limited to energy efficiency of 
buildings as early as possible in the design and construction process, is far more cost efficient than a 
possible later retrofitting of the building stock. 
 
All over the world, there is an expected increase in cities with more than a million of inhabitants. The 
urbanisation rate in the developing countries is two to three times faster than in developed countries, 
which results in massive informal settlements and slums (UNEP a, 2011). If this increase of 
urbanisation is not well guided and organised, then this will lead to a bigger gap between rich and 
poor, a decrease in quality of life, an increased energy use, and environmental pollution. In this 
context, the feasibility of Millennium Development Goal (MDG) 7D: “By 2020, to have achieved a 
significant improvement in the lives of at least 100 million slum dwellers”, could be obstructed. Also 
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other MDG’s are indirectly related to more sustainable housing constructions. Better isolation and 
ventilation systems and a more economical use of water among others can improve the well-being of 
people, thereby enhancing the prospects of millions of people to escape poverty (MDG 1 “Eradicate 
extreme poverty and hunger”), disease (MDG 4 “Reduce child mortality” and MDG 5 “improve 
maternal health’) and illiteracy (MDG 2 “Achieve universal primary education) (United Nations a, 
2010). 
 
Besides GHG emissions there are lots of other aspects of pollution  which pose a threat to the climate 
and human health conditions, such as toxic or nuclear waste. Focusing only on GHG emissions could 
lead to questionable solutions like the so-called “ultra-green” scenario suggested by the International 
Energy Agency (IEA). This “ultra-green” scenario shows how in 2050 an electricity production with 
hardly any CO2 emissions can be achieved, but that would require a large share of nuclear power 
(Graabak and Feilberg, 2011). 
 
Over the last three decades, developing countries have experienced a big increase in natural or 
human-made  disasters . In its fourth Assessment Report the Intergovernmental Panel on Climate 
Change clearly states that because of global warming drought affected areas will increase, and an 
increased frequency of droughts will affect agricultural production in the tropics. Coastal areas will see 
an intensification of cyclones, larger extreme waves and storm surges. Coastal floods associated with 
rising sea levels will destroy millions of people’s houses and also urban areas will be affected by 
increased heavy rainfall, floods and slides (Morton et al., 2008). Next to these natural disasters, a 
number of human-made disasters, like fire outbreaks caused by gas leaks or local combustion, are 
identified. Among the energy poor, 2.4 billion people rely on traditional biomass fuels for cooking and 
heating (UNEP a, 2011). Due to the fact that there is an inability of authorities to manage pre- and 
post-disaster situations and the strong urbanization, they face increased risks and impacts from 
disasters. On a global level, 91 per cent of the 211 million people who were affected by natural 
disasters between 1991 and 2000 were living in developing countries. One aspect which might 
contribute to this disproportion is the lack of building regulations or their enforcement. Another possible 
cause are the densely populated settlements in disaster-prone areas. Therefore, living conditions and 
in particular urban planning must improve in the developing countries, preferably in a sustainable 
manner (Box 1). 
 
The United Nations stated in their Human Development Report in 2006 that the crisis of water claims 
more lives through disease than any war claims through guns. However, the problem lies not in the 
scarcity of water, but in the inaccessibility of drinking water for the poor because of the inefficient and 
uncontrolled or unbalanced use of drinking water elsewhere and the lack of supply systems due to 
high costs (Carvajal et al., 2006). During the last 20 years, many countries made improvements in 
their coverage rates to save drinking water and sanitation (United Nations, 2009), however, there are 
still several difficulties such as: no domestic water supply, no sewage system, lack of sanitary facilities, 
shortage of drinking water due to climatic condition, calamities or lack of adequate water infrastructure, 
etc. Giving those difficulties, and within the framework of MDG 7C: “Halve, by 2015, the proportion of 
the population without sustainable access to safe drinking water and basic sanitation”, the building and 
construction sector should be using techniques which are adapted to the local availability of water and 
provide adequate drinking and sanitation facilities in the developing countries. 
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Box 1. The 2008, May 12 Wenchuan earthquake and the building Code  in the People’s 
Democratic Republic of China 
 
On 12 May 2008 a devastating earthquake struck the Chinese province of Sichuan, leaving 69,227 
dead and 374,643 injured, with 17,923 people still missing five months after the main event. 
Especially, the large number of collapsed schools and correspondingly the high number of dead 
school children got a lot of attention in the media. In the days after blame was put on corrupt 
government officials using building materials of lower than prescribed quality, especially in 
schools.  
 
The observation that a larger percentage of buildings designed and constructed after 1990 
survived the earthquake in a better shape - published in a research article 5 months later (Wang, 
2008) - got considerably less attention. This difference in damage was attributed to generally 
better constructions after the approval of the 1989 Code for Seismic Design of Buildings (GB 11—
89) (Wang, 2008). Where severe damage still occurred, that was mainly due to those buildings 
where the regulations were not followed. A more in depth-study in the aftermath of the disaster 
(Zhaoa et al., 2009) suggested further improvements to the 1989 Building Code. 
 

 
It is clear that developed countries play an important role in the global issues we are facing today, and 
therefore, carry a big responsibility. However, the development of countries in the South will go on pair 
with a general increase in comfort standards, thereby increasing pressure on the environment. The 
main challenge for the development in the South is to not repeat the errors from the industrialization of 
the North by creating cheap, but very polluting housing infrastructure. Instead it should opt for more 
sustainable solutions, using local materials, local knowledge and traditions, well adapted to the 
regional social and climate conditions. Therefore the developing countries have the potential of making 
an important contribution to a ‘greener’ global development. On the other hand sustainable building 
not only means to make future building eco-friendly and energy efficient, there is as well a need for the 
adaptation of buildings to climate changes. For example, the design should take into account that 
more locations will be marked as floodplain.  
 
Because of the important role of the building and construction sector, this paper will treat some of the 
key challenges within the building sector in developing countries in order to illustrate opportunities and 
challenges for a sustainable development. 
 
The next chapter of this paper gives a technical description for the key elements of a sustainable 
building sector, regarding environmental, economic and social aspects. Chapter 4 starts with a general 
description of international standards related to sustainability in buildings and relating assessment 
methodologies. In this chapter special attention is paid to the appropriateness of these methodologies 
for developing countries, and in chapter 5 existing policy instruments for the building sector that 
promote sustainability are analyzed. Finally, chapter 6 concludes with some general technical 
recommendations for the Belgian Development Cooperation.  
 
 



10 
 

3 Key elements of Sustainable Building  
 
The most broadly accepted definition of sustainable development was developed by the United 
Nations in 1987 in the Brundtland Report (Bruntland, 1987): “Sustainable development is development 
that meets the needs of the present without compromising the ability of future generations to meet 
their own needs.” In order to reach sustainability, the report emphasized a strong connection between 
a healthy environment, social equity and the economy. In a sense that all three should be in balance to 
make the future development a sustainable one. 
 
However, there are many other definitions developed around sustainability in the building sector. The 
International Energy Agency defines green buildings  as buildings with an increased energy 
efficiency, reduced water and material consumption, and improved health and environment. The 
International Organization for Standardization (ISO) defines sustainable buildings  as a combination 
of a minimum adverse environmental impact with economic and social aspects across various 
geographic scales (Laustsen, 2008). The European Commission defines sustainable housing  
through three perspectives. Firstly, the construction perspective which refers to the quality of the 
construction and involves mainly the lifespan and the adaptability. Secondly, the social and economic 
perspective which refers to the viable characteristic of accommodation; affordability, indirect costs, 
impacts of housing and the social function of the construction. And lastly, the eco-efficiency 
perspective which aims for an increased well-being, while at the same time limiting the consumption of 
resources (Rovers et al., 2002).  
 
There is a vast acknowledgement that the environmental problems are serious and that they require 
solutions that not only need technical change but also social and economic change. Three pillars, 
economic development, social development and environmental protection are understood to be more 
than interdependent and mutually reinforcing (Figure 2). One cannot be realized without the other. The 
business approach to sustainable development, known as the 3 P’s, states that there can be no Profit 
(economy) without a healthy Planet (environment) and healthy People (society) (Jones and De 
Meyere, 2009).  
 

Economy 
steady state

Social system

Ecological system

No Profit 
without a 
healthy 
Planet
And 
healthy 
People

CSR 2.0
Corporate Social Responsibility  

Figure 2. People, planet and profit (Jones and De M eyere, 2009) 
 
The strong dependency between economic and social development and environment first was 
highlighted with the publication of “Limits to Growth” in 1972 by the so-called ‘Club of Rome’. They 
confronted the exponentially growing world population with the finiteness of natural resource supplies. 
This Malthusian approach to global development evoked the on-going discussion about the limits of 
economic growth and our consuming behaviour (Meadows et al., 1972). The dominant paradigm in 
economics is one of unstoppable welfare growth whereas more ecologists stress the need for a 
‘steady state’ model. This model suggests an economy of a relatively stable size in accordance with 
the population with an efficient and sustainable use of natural resources (Daly, 1973).   
 
The rest of this chapter is structured according to the aspects of sustainable development in the 
building sector: environmental, economic and social. For each of these aspects, a set of sustainable 
development objectives was established by Gibberd (2003; 2005), which were used as a basis in the 
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rest of this chapter. His work is based on the Johannesburg Plan of Implementation (JPOI) (United 
Nations, 2002). The Division for Sustainable Development (DSD) of the United Nations Department of 
Economic and Social Affairs (DESA) contributes actively through the Commission on Sustainable 
Development (CSD) to the reviewing of this implementation process. Belgium is participating in this 
effort and has published national reports (see www.un.org and http://diplomatie.belgium.be).  
 
Another important effort is made by the United Nations Environment Programme (UNEP) through its 
Sustainable Buildings and Climate Initiative (SBCI). The goals of SBCI are: provide a common 
platform for stakeholders, develop tools and strategies, establish baselines and demonstrate through 
pilot projects (see http://www.unep.org).   

 
 

3.1 Environment 
 
3.1.1 Health & wellbeing 
One of the important functions sustainable buildings should provide is improved public health. This can 
result from reduced indoor air pollution, as well as air pollution in general. Potential indoor air pollution 
sources can be divided into building related sources (e.g. construction materials) and occupant/activity 
sources (e.g. smoking). The first logical step is to prevent the indoor air pollution. Regarding building 
related sources, the use of toxic materials (e.g. asbestos) should be avoided at all times, or prohibited 
through regulations and standards. The emission of  pollutants, e.g. Volatile Organic Compounds 
(VOC), should be limited (Crump et al., 2009; Levin, 1996). Therefore, reliable data should be 
available from manufacturers, allowing an appropriate selection. Indoor air pollution due to occupants 
and their activities usually cannot be avoided, but in many cases the Indoor Air Quality (IAQ) can be 
improved through the use of appropriate equipment. Traditional cooking stoves (burning on biomass 
fuels and coal) have a large impact on human health. We refer to Maes and Verbist (2012) for more 
details. 
 
The remaining indoor pollutants are normally removed or diluted by ventilation. This can be 
accomplished by either natural or mechanical means. Often the required air flow rates to ensure a 
good indoor air quality are regulated by standards, for example in Europe in the EN 15251 (2007). 
 
For the wellbeing of occupants, comfortable indoor conditions are required. In addition, they can 
increase productivity (and work quality) significantly. Usually comfort is characterised by four aspects: 
thermal comfort, indoor air quality, noise and light.  
 
The applied criteria regarding thermal comfort in a certain type of building, related to local climate, 
have a large impact on the buildings’ energy use during occupation. Since they define temperature set 
points, it determines resulting energy use for heating and/or cooling of the building. A lot of research 
has been carried out concerning thermal comfort, resulting in different models. In general, distinction is 
being made between steady-state models, applied on air-conditioned buildings, and adaptive models, 
applied on unconditioned (or naturally conditioned) buildings. Regarding steady-state models, the 
most widely accepted comfort index is Fanger’s Predicted Mean Vote (PMV). This theory forms the 
basis for both ASHRAE Standard 55 and EN ISO 7730 (2005). For the development of adaptive 
models, usually field surveys are conducted (De Dear et al., 1997). These surveys take into account 
the natural tendency of people to adapt to changing conditions in their environment, e.g. through the 
operation of windows, wear warmer or lighter clothing etc. Depending on the local climate, adaptive 
comfort models imply a significant potential in reducing energy demand for cooling. Use of these 
models should therefore always be evaluated considering the local climate and the type of building. 
 
3.1.2 Energy use 
The building sector is responsible for a large share of the world’s total energy consumption, estimated 
at 30-40% of the worldwide energy use (UNEP a, 2011). Considering the complete life cycle of a 
typical building, the major energy consumption takes place during the operational phase, when the 
building is occupied (Figure 3). This accounts for energy use for heating and/or cooling, lighting and 
other appliances etc. and the extent and proportions of these numbers can vary significantly for 
different types of buildings and for different countries. 
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Figure 3. Energy consumed during the life cycle of a building  (Jones, 1998 in UNEP SBCI a, 
2007) 
 
Regarding the great potential in reducing GHG emissions in the building and construction sector as 
discussed in chapter 2, it is clear that the improvement of energy efficiency in buildings plays a major 
role in ensuring a sustainable environment. However, there are no general solutions available that can 
be implemented everywhere, as they have to be adjusted to the different climate, economic and social 
conditions in different regions of the world. For instance, these factors can have a significant influence 
on the division of the energy consumption between building related needs (e.g. heating and cooling) 
and appliances (e.g. refrigerator). The building related energy needs highly depend on local climate 
conditions, the type of building and required comfort levels. To minimize the energy needed for 
heating, cooling, ventilation and lighting, according to the first principle of the trias energetica, 
discussed in Section 3.1.6, the application of passive design strategies is recommended.  
 
Firstly, the architectural design is optimized by determining the best implementation on the site, 
orientation and internal layout of the rooms. A good knowledge of the climate is essential to perform 
this task, not only regarding temperature and solar radiation. Other aspects like wind speed and 
direction, temperature differences between day and night, humidity etc. can also play an important 
role, especially in tropical climates since they have a significant influence on the choice of ventilation 
strategies. Secondly, the building envelope is optimized. Therefore, the heat transfer through the 
different construction elements (e.g. walls, roof, windows etc.) should be as small as possible, both in 
cold and hot climates. In addition, it is important to avoid uncontrolled airflows through the building 
envelope, especially in mechanically ventilated buildings. This reduction of energy needs for heating, 
cooling, ventilation and lighting does not necessarily require high-tech solutions. Depending on the 
local circumstances (environmental, economic and social) and the prescribed comfort level, different 
strategies can be applied as demonstrated in Box 2.  
 
The energy consumption of appliances during the operational phase of the building also presents an 
important reduction potential, especially in developing countries. According to IPCC (2007) the 
measures providing the cheapest mitigation potential in developing countries are: 

• improved lights, especially a shift to Compact Fluorescent Lamps (CFL) light retrofit, and 
efficient kerosene lamps;  

• various types of improved cooking stoves, especially biomass based, followed by kerosene 
stoves;  

• efficient electric appliances such as refrigerators and air conditioners.  
 
At the same time, these measures are also indicated as covering the largest potential in GHG-
abatement. Regulations can play a significant role in this domain, for example concerning the 
implementation of energy efficient lighting. Since early 2007 almost all OECD and many non-OECD 
governments, e.g. Philippines, Thailand, Colombia, Ecuador, Venezuela etc., have announced policies 
aimed at phasing-out standard General Lighting System (GLS) lamps. The intention of the regulations 
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already adopted or under preparation, is to encourage the usage of higher efficiency lamps and most 
notably CFLs instead of standard GLS lamps and thereby eliminate a major source of energy waste. 
Commercially viable, more efficient replacement technologies include: CFLs, advanced halogen lamps 
and Light Emitting Diodes (LEDs). Of the present generation of these technologies, CFL produce the 
greatest energy savings and are most readily available (Waide, 2010). 
 

Box 2. Comparison of a Positive  Energy Building in La Réunion Island (high budget option) 
with a school in India (low budget option) 
 
In 2006, a new office building was built on La Réunion Island (France), aiming at creating a 
building which uses half the energy of a standard building. The integration of solar panels on the 
roof resulted in a so called ‘Positive Energy Building’, a building that produces more energy on an 
annual basis than it consumes. The clearly stated objective is to make this building the reference 
in the French overseas departments for energy optimization. One of the goals during the design 
was to minimize or even eliminate the need for air conditioning, which now has an average use of 
seven months per year in standard buildings). In order to achieve this, firstly the implementation 
and orientation of the building were optimised. This way, natural ventilation was maximized, 
whereas direct solar radiation into the building was avoided. Secondly, the thermal design of the 
building envelope was optimised, considering thermal insulation and solar shading devices. 
Finally, to allow air blowing through the different rooms, opposite exterior façades with porosity 
higher than 20% were provided and large fans were installed in all the rooms. To cover all of these 
aspects in the design stage, dynamic building simulations were performed (thermal and airflow), 
assessing the main comfort indicators. High performance technical solutions combined with a 
centralised management system eventually ensure an optimal energy performance of the building. 
This results in approximately one third of the energy use compared to a similar building by a 
standard design (Garde et al., 2006). 
 
Attakanithipa is a small village in the South East of India. Because of poverty, unhealthy living 
conditions, child labour and social extortion, children of the lowest social caste have no access to 
reliable education and consequently to other opportunities in life. Qualitative education for children 
of all castes is one of the objectives of the Indian-Belgian project Baladharshan, meaning ‘vision of 
the child’ in Sanskrit. In 2010, they started with the design of a new sustainable and comfortable 
school with 20 classrooms with a limited budget. Through dynamic simulations with the free 
“EnergyPlus” software tool (see chapter 3.1.6) the design of the building has been optimized to 
minimize the energy demand for cooling and lighting and to guarantee a good indoor climate. The 
most common and also the most efficient technique to cool buildings in these climates is cross 
ventilation. Along with green walls, d.i. walls covered with vegetation, and providing shade to the 
roof, a significant temperature drop can be made in this case. Because of the small daily variation 
in temperature, stack ventilation and intensive night ventilation are less applicable. The 
visualization of the comfort temperature charts showed that the time of expected discomfort is 
reduced from seven to two months (Versele et al., 2011).  
 
Studies on ‘sustainable building in the South’ mainly focus on renewable energy solutions that are 
often not at all adapted to the real needs of developing countries. Small-scaled development 
projects often lack knowledge and financial means for a sustainable building approach. A great 
effort is therefore needed to find feasible, imitable, sustainable solutions for these local low budget 
projects. The use of socially appreciated local building products and techniques has been 
considered as well as the design of a healthy and pleasant indoor climate (Versele et al., 2011). 
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3.1.3  Land use and urban planning 
Land use is closely related to the urban development process of rapid urbanization that takes place in 
most developing countries. The ways in which land has to be allocated to a variety of functions such 
as roads, utilities, housing industrial estates, shopping centres, offices, schools, hospitals and other 
elements of the physical organization of a city may have far-reaching socio-economic, cultural, 
political, technical and ecological implications.  
 
Spatial planning for cities and communities, neighbourhoods and allotments has to be seen as an 
integrated process and holistic approach of the eco-system in urban and rural development. The 
holistic approach of the city as an eco-system needs to be assessed at different scales from regional 
to city, urban and rural area to district, allotment and building level. 
 
The dominant approach to urban planning till now has been the polarization between urban and rural 
areas (Tjallingii, 2000). But as all humans are dependent on an intact biotic environment for food and 
oxygen and all animals and plants providing the latter are depending on abiotic ecological conditions 
such as sunlight, water and minerals in the soil, urban planning is bound to include a green dimension 
to make the city ecologically sustainable and to restore an urban biodiversity (Rombaut, 2007). The 
most inspiring example of an ecologically sustainable city, an ‘ecopolis’, according to Tjallingii is the 
‘lobe city’ (Figure 4). For the city centre a closed hexagon is the best form. The edge of the city needs 
a lobed structure, which is characterised by blue and green fingers (wedges) in which one can find 
countryside-features penetrating deep into the “lobe-city”. Those blue-green fingers can be connected 
with the ecological infrastructure in the rural area. The blue-green fingers bring more nature next to the 
centre and give possibilities for storage and infiltration of surplus (rain)water that comes out of the city 
(Rombaut, 2007). The green areas are also attractive as recreational walking and cycling sites nearby 
the city centre. Another example of a sustainable city is Curitiba (see Box 3). 
 

  
Figure 4. Amsterdam is an example of a ‘lobe city’- structure  (Tjallingii, 1996) 
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To create liveable cities it is very important, at the same time, to get rid of the old-fashioned CIAM-
ideas (Congrès Internationaux d'Architecture Moderne, 1928-1959), which supported the idea of 
separating residential areas from industrial areas and from leisure areas. This segregation has led 
today to huge mobility problems.  
 

 
 
As mentioned in the introduction, a majority of people in developing countries live in slums. A 
sustainable urban development should therefore be able to improve their living conditions. But this 
steady extension of the urban boundaries to cope with growing urban activities and inhabitants, can 
cause a lot of problems in some countries. In many African countries, land has been claimed by the 
State. Existing customary land rights are often not recognised and land is informally acquired. This 
often leads to conflict and the exclusion of local people from the urban planning process. For these 
communities land does not only have an economic, but also a cultural value. The importance of 
communities’ involvement in African land use planning to regulate land use change and customary 
land tenure challenges is increasingly stressed as is the case in e.g. the rapidly expanding Himo 
settlement in the Kilimanjaro region in Tanzania. Measures were taken to prevent the on-going 
informal urbanization process and linkages between the council authority and administrative bodies at 
a lower level were enhanced to guarantee the involvement of local community leaders (Magigi and 
Drescher, 2010).  
 
3.1.4 Water use 
Today, approximately 900 million people lack access to clean drinking water and over 1,1 billion 
people still live without a decent sanitation system (World Health Organisation, 2010). The supply of 
drinking water in a lot of developing countries is at risk because of the changing climate conditions. 
Dry areas are expected to get drier and wet areas wetter. All countries are affected by the changing 
climate conditions, but the richer countries are more able to protect their citizens against floods and 
drought and are better equipped through extensive hydraulic infrastructure. Developing countries on 
the other hand are faced with serious problems of water supply scarcity. This scarcity is encouraged 
by high water losses by many irrigation systems in agriculture and in areas of rapid urbanization and 
industrialization where also a great amount of water pollution occurs. 
 
An Integrated Water Resource Management (IWRM) is a highly valued concept to maintain a 
sustainable development, allocation and monitoring of water for the current and future generations. Its 
basic logic is that all water functions (drinking water, water for agriculture, for industrial activities, water 
as an ecosystem etc.) are interdependent. For example, high irrigation demands and polluted drainage 
flows from agriculture mean less freshwater for drinking or industrial use. Untreated municipal and 
industrial wastewater pollutes rivers and threatens ecosystems. Thereby it is best to tackle the water 

Box 3: A city for people, not for cars ; Curitiba – Brazil  

In early 1970's, Jaime Lerner became mayor of the most rapid growing city of Brazil: Curitiba. He 
did not like the way his city was developing (highways, high rise buildings with apartments, plenty 
of cars...), thus introduced various changes which eventually made Curitiba one of the world's 
most sustainable cities. The following measures were taken:  

• Beautiful parks replaced concrete canals to reduce flooding and make the city more 
livable. To cut the grass, sheep were used instead of the costly lawnmowers. 

• The downtown area was made only accessible for pedestrians, which resulted in the 
largest downtown pedestrianized shopping area in the world. 

• A bus system that works like a light rail system, but that is 10 times cheaper, has been 
installed. To motivate people to use the public transport tokens were handed out in return 
for waste. It's such a success that the car traffic decreased by 30% while the population 
trebled in a twenty year period.  

• A massive recycling scheme, all initiated by children. Nowadays Curitiba has one of the 
highest recycling rates in the world: 70%.  

Furthermore, the inhabitants of the city are very happy to live there and the average income per 
person has gone from less than the Brazilian average in the 1970’s to 66% greater than the 
Brazilian average (www.citiesforpeople.net). 



16 
 

management of an entire catchment area. The IWRM also considers the different users of water. 
IWRM requires that platforms be developed to allow very different stakeholders, often with 
irreconcilable differences, work together. The WETwin IWRM project tries e.g. to enhance the 
management of wetlands and river basins with the purpose of utilizing the drinking water supply and 
sanitation potentials of wetlands for the benefit of people living in the basin, without damaging the 
ecosystem functions of the wetlands.  
Contaminated drinking water and poor sanitation is one of the number one causes of children’s 
diseases in the South. Human waste and industrial pollution have severely degraded the groundwater 
on which a growing number of households depend for their water supply. A sustainable sanitation 
system and a better sewer system are essential measures to cope with these issues.  
 
A successful example of ecological sanitation are the so-called ‘eco-san latrines’. This is a type of 
latrine where the human waste is not disposed of, but retained and rendered into an economically 
useful fertilizer. This sanitation building programme was tried upon in Embangweni in the Northern 
region of Malawi and was a big hit there. Rather than viewing excreta as a waste product, the 
communities in Embangweni now very firmly link it to fertilizer and income generation (Sugden, 2003). 
 
The introduction of a separated sewer system, with one for rainwater and another for wastewater, 
could already solve some important health problems. To meet the rapid urbanization processes in 
some developing countries, the city should reconsider its continuous supply of water. The more the 
city re-uses rainwater and retains it within the city, the less ground water is needed from rural areas. 
The connection model can be used to design a sustainable regional water system. In this connection 
model the underlying ecological principle is to create a stable gradient by allowing water to flow from 
clean to polluted, from nutrient-poor to nutrient-rich conditions. Residential areas are therefore 
preferably located in the water system upstream from agricultural-industrial areas - but downstream 
from nature and leisure areas. This is one of the elements of Tjallingii’s Ecopolis concept, as 
discussed in section 3.1.3.  
 
Also the lack of adapted building infrastructure wastes a lot of water. Building techniques and building 
designs should be adapted to the availability of water in the area. In India, innovation in indigenous 
and green building approaches includes rainwater harvesting with segregation of surface and roof-top 
run-off, the use of pervious paving to maximise groundwater recharge, as well as the introduction of 
waterless urinals. In Mexico, a Green Mortgages programme of the public fund, INFONAVIT, provides 
credit for water and energy-conservation measures, including the introduction of solar water heating 
and low-flow showers (UNEP a, 2011).  
 
3.1.5  Material & waste management 
To ensure a sustainable material and waste management the entire resource cycle should be taken 
into account, thereby considering the total environmental impact. For a building project both the 
material input as well as its output has to be optimized. First of all an intelligent design is needed, 
using as much existing structures and components as possible and applying dimensional planning 
strategies, so the amount of building materials needed is minimized. The next step is to re-use and 
recycle construction and demolition materials. Finally, the selection of sustainable building materials 
should be encouraged based on their total environmental impact (Bragança et al., 2010; LNE, 2010).  
 
Sustainability of building materials is a very complex issue, depending on local context. To account for 
the total environmental impact, Life Cycle Assessment (LCA) can be used (see Section 4.2). However, 
due to the lack of available data, especially in developing countries, and the complexity of this 
methodology, other relevant instruments can be applied, such as certification schemes and labels. For 
example, the international Environmental Product Declaration (EPD) system can provide relevant, 
verifiable and comparable information about the environmental impact from goods or services. Labels 
can provide complementary ratings on specific aspects of a product, e.g. the Forest Stewardship 
Council (FSC) ensures that a product comes from a well-managed forest (Khasreen et al., 2009). In 
general, locally produced building materials should be favoured. Not only transportation related 
impacts on the environment are avoided; it can also include positive economic and social impacts at 
the local level. But caution is needed with regard to building products with a large energy demand 
during the production process, e.g. burnt clay bricks. For example in India, where they are 
predominantly used as walling material by the construction sector, the fired clay brick industry is often 
informal or unorganised, composed of brick kilns operating in rural and peri-urban areas. The scale of 
production, availability of soil and fuel, market conditions and availability of skills are the depending 
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factors for the choice of technology for firing of the bricks. Their simplicity in operation and low capital 
investment requirements are the reasons to continue using conventional technologies with very high 
energy demand, representing 35-50% of the total production costs. It should be noted that the CO2 
mitigation potential for the production process of building materials is situated in the industry sector in 
Figure 1. Naturally available alternatives are preferred, e.g. the use of the energy demanding clay 
brick and cement can be substituted with bamboo or raw earth as described in Box 4. 
 

 
 
In order to minimize waste generation during the buildings entire life cycle, a waste management 
program should be included in the design process (Bragança et al., 2010). To facilitate re-use and 
recycling of materials at the end of the buildings life cycle, sophisticated compounds and composites 
in building materials and complicated bonding agents and adhesives, when not necessary, should be 
avoided, and building materials that are easy to disconnect and detach are preferred (UNEP and 
SKAT, 2007). A recent trend in regard to the rapid depletion of the world‘s natural resources, is the 
concept of prefabrication modular buildings that can be disassembled and adjusted for a different 
future function (for examples see box 5). 
 

Box 4. Sustainable building materials: bamboo and raw ear th  
 
Due to its abundant availability in the South, mostly in distant rural areas, bamboo offers many 
opportunities for a sustainable development in developing countries. A bamboo constructed house 
is 40% cheaper than one made from brick. Its high growth rate, low production and transport costs 
and easy processing, also makes bamboo a promising renewable resource that could substitute 
for slow growing hardwood. Environmental impact studies based on LCA have shown that the use 
of bamboo stems of the Guadua, a giant clumping bamboo species which grows abundantly in 
Latin America, has led to a strong environmental improvement compared to common building 
materials such as steel, concrete and wood (van der Lugt, 2003). The use of bamboo in the 
construction sector also brings a great deal of economic advantages. Because of its extensive 
production process there are a lot of employment opportunities. Secondly, and this accounts for all 
regrowable and renewable local architecture materials, it could enhance a more self-sufficient 
economy in developing countries by being less dependent on distant markets for the import of 
traditional western building materials and by commercializing this local resource. Although the use 
of bamboo provides a range of advantages, it is still regarded as an inferior material in the South. 
Because many poor people live in bamboo houses, bamboo is easily associated with poverty (van 
der Lugt, 2003).  
 
The use of raw earth as a building material has been an integrated part of building culture for 
centuries in most developing countries. Since the increasing influence from western countries the 
use of raw earth has lost interest, especially among relatively prosperous people. As the use of 
raw earth in buildings received negative connotations in the sense of social status, western 
construction materials and methods are used as a way to differentiate socially. Of course the 
ecological impact of those techniques (concrete, steel, …) is much larger than the use of raw 
earth.  
 
The Egyptian architect Hassan Fathy (Kulick, 1973; Richards et al., 1985) has been one of the first 
20th century architects to rediscover the material in all its richness and technical possibilities. His 
architecture is characterized by the use of available local materials such as mud-brick, and is 
adapted to the local area, tradition & culture. Due to the fact that people feel familiar with the 
techniques and the materials used, they were much sought after. The increasing demand led to 
the creation of new educational programs for developing countries by research institutes such as 
The International Centre for Earth Construction (CRATerre) in France or in Germany at the 
university of Kassel. The UNESCO Chair Earthen Architecture proposes to research and develop 
earthen architecture throughout the world and to transfer all research results and developments 
through training and education activities in existing universities and in scientific as well as technical 
centres.  
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3.1.6 Design process 
Kees Duijvestein defines “Trias Ecologica” as a logical concept that helps to achieve savings in energy 
(also referred to as “Trias Energetica”), water and resources. It involves three sequential steps that are 
taken in order to achieve an optimum level of sustainability (Duijvestein, 2002):  

1. reduce the demand,  
2. use sustainable sources to fulfil the demand, and 
3. use non-renewable or non-infinite sources as efficiently as possible and only if sustainable 

sources are unavailable.  
 
The focus of the Trias Ecologica is on the maximum reduction of resource waste and on methods to 
save as much resources as possible. In addition, also cost efficiency has to be considered. E.g. solar 
and wind energy are getting cheaper, and some energy saving practices could be less cost efficient 
than sustainable energy production systems. With cost efficiency, environmental costs, i.e. the impact 
on the environment, will increasingly be included. With the ISO 15686 (2011) standard, specific for 
building construction, each case can be evaluated on the cost performance including the 
environmental impact (ISO 15686-5, 2011).  
 
To improve cost efficiency within the design, Life Cycle Costing (LCC) is a valuable technique that can 
be used for predicting and assessing the cost performance of constructed assets. Life Cycle Cost 
Analysis (LCCA) contains a defined list of costs over the physical, technical, economic or functional life 
of a constructed asset, over a defined period of analysis with the purpose to estimate the overall costs 
of project alternatives and to select the design that ensures the lowest overall cost of ownership 
(Aksan, 2008). The LCCA should be performed early in the design process while there is still a chance 
to refine the design to ensure a reduction in life cycle costs.  
 
A more holistic approach to sustainable building next to the Trias Ecologica-strategy, is the ‘Cradle to 
Cradle’ concept developed by W. McDonough and M. Braungart. It describes how a design can be 
made safe for the environment and reusable from the start of the design process to the final outcome. 
In case of the building and construction sector this firstly means that natural building materials such as 
wood, bamboo etc., need to be used in a sustainable manner. Secondly, it means that instead of 
recycling building materials, they should be ‘upcycled’. With recycling, the consistency of the material 
deteriorates each recycling round. Whereas with upcycling, the consistency stays the same, and 
waste materials and useless products can be turned into new products with a higher quality or a higher 
environmental value. 
 

Box  5. Modular building  
 
The concept of building in elements that can be assembled and replaced has been addressed by 
many of the pioneers in the building sector. In the famous Jean Prouvé’s “Tropical House”, first 
manufactured in the 1950’s, the wall panels can be 'switched' or replaced with an alternative, 
making the building 'adaptive' to various climatic conditions. More information is available online 
on www.lamaisontropicale.com. A more recent example of contemporary implementation of the 
same idea is the self-assembled kit for sustainable living called E-cube. The energy and cost 
efficient solar powered E-Cube’s modular, pre-engineered building system brings sustainable and 
energy efficient living, as well as home ownership, closer to reality for a larger population. More 
information is available on www.solardecathlon.ugent.be. 
 
The best practice for further implementation should be considered according to urban design 
principles in regard to materials flow, material recovery and adaptive re-use of entire building 
elements and components. Since “Urban farming” research has been carried out to explore how 
design can enable the production of food in cities, it emerged as a valid urban design strategy. In a 
more futurist approach “Zero Waste” and design for disassembly and prefabrication of modular 
building components may then be made more appropriate if combination of recycling and 
composting can be made possible (Lehmann, 2011). In the “Carrot City” concept (Gorgolewski et 
al., 2011) facilities for composting waste on site are an important part of the many agriculture 
initiatives. 
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The most important and pertinent decisions regarding the environmental performance (energy need, 
water efficiency, maintenance costs, etc.) of a building are taken during the early stages of its design. 
For example, the site selection, implementation and orientation of the building have a significant 
influence on future energy needs for heating and/or cooling of the building, as described in Section 
3.1.2. On the other hand, the cost for implementing changes to improve the buildings performance 
rises during the design process (Figure 5). This emphasizes the importance of an integrated design 
methodology, combining environmental principles and technological inputs at various design stages 
and requiring a multidisciplinary approach (UNEP a, 2011). In addition, different actors in the building 
sector have different requirements for the building, an effect that is becoming more relevant with the 
introduction of different building codes and regulations. Thus, all members of the design process have 
to be involved in the early stages of the design. 

 
Figure 5. Empiric relation describing how the possi ble changes to the building design decrease 
during the design process at increasing cost (Niels en, 2002) 
 
One of the major barriers in this integrated design approach is the lack of appropriate tools. Most 
members of the design process use separate tools, for example an architect will use a design tool 
(e.g. CAD) while the energy consultant uses a building simulation tool. If these tools cannot 
communicate with each other, which is usually the case, the building has to be re-modelled every time 
an adjustment is made. This is a very time consuming, and therefore costly, process (Garde et al., 
2011). In addition, most of the tools are not used to their maximum potential by architects, since they 
mainly focus on the presentation of their projects rather than optimizing certain aspects, for example 
the solar shading devices. Another major challenge for developing countries is the affordability of 
expensive design and simulation tools. In this case open source and efficient simulation tools could be 
suggested. The “EnergyPlus” simulation software1 is an example of a whole building energy simulation 
program that engineers, architects, and researchers use to model heating, cooling, lighting, ventilation, 
other energy flows, and water use in buildings. EnergyPlus is available for free with an open-source 
license. To support overall functionality and whole building energy modelling a collection of open 
source software tools is available, including graphical interfaces, such as a (Google) SketchUp Plug-
in.  
 
Even though the “EnergyPlus” simulation software is very promising, it has to be examined which 
other design tools are suitable with which methodology (Garde et al., 2011). 
 
 

                                                      
1 EnergyPlus is available on http://apps1.eere.energy.gov/buildings/energyplus  
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3.2 Economical 
 
As mentioned in the introduction of this chapter, the generally accepted assumption is that there can 
be no crucial environmental changes without a sustainable economic development.  
 
With the Kyoto protocol (United Nations, 1998) so-called Flexible Mechanisms were developed to 
allow Emissions Trading (ET) like the Clean Development Mechanism (CDM) and Joint 
Implementation (JI) that intend to lower the overall cost of reducing emissions. The CDM is the main 
source of funding for the United Nations Framework Convention on Climate Change (UNFCCC) 
Adaptation Fund, which was established to finance adaptation projects and programmes in developing 
countries that are particularly vulnerable to the adverse effects of climate change. Under the CDM, 
emission-reduction projects in developing countries can earn certified saleable emission reduction 
credits that can be used by industrialized countries to meet a part of their emission reduction targets. 
Among emission-reduction projects specific sustainable building projects concerning the use of 
renewable energies or the implementation of industrial production processes for building materials can 
be included. About CDM more details are provided in section 5.2.  
 
Especially in the developing countries the economic gap is unmistakable. Extreme poverty in the many 
slums around the cities is confronted with the wealth of an elite personalized in the many and modern 
skyscrapers. The processes of globalization, allowing materials to circulate from one part of the world 
to another, can offer new opportunities to many who are still excluded from material wellbeing. But at 
the same time, there is the real risk of unequal distribution of resources. Socio-economic models have 
been developed that focus on the solidarity with the less fortunate people in developing countries, like 
e.g. the Community Land Trust (Box 6). 
 

 
 

Box 6. Commun ity Land Trust, a way to reduce total cost of owner ship  
 
The Community Land Trust (CLT) model was created thirty years ago in response to the rising 
costs of housing, limited space for new construction, growing number of abandoned buildings and 
an aging housing stock in eastern U.S. cities. The main objective of the Community Land Trust is 
to provide affordable and qualitative housing opportunities for lower income groups. By removing 
land from the speculative market, the Community Land Trust makes land available for the 
community. Through resale agreements on the buildings the CLT ensures that the land value of a 
site is not included in future sales, but rather held in perpetuity on behalf of the regional 
community. In order to buy a house, families on a low income are granted a premium by the 
Community Land Trust, so they can buy the house at a lower price than the original market price. 
When the family wants to move out, they are obliged to pay back the premium once received from 
the CLT, together with a large share of the profit from selling the house, since the CLT buys the 
house back at the new (and higher) price,  As a consequence, the CLT receives more than the 
initial granted premium and is thereby able to give a higher premium to the next family who wants 
to buy the higher priced house.   
 
Section 3.1.3 brings up the difficulties in achieving land for the urban poor. Clarifying land 
ownership is problematic, particularly in peri-urban areas governed by customary title where there 
are multiple, sometimes competing, claims to land. Owners often sell their land rights to more 
affluent city dwellers, which enhances the growth of slums. In order to secure land tenure for the 
poor, UN-Habitat suggests to not only focus on formal, registered tenure types that are often 
inaccessible to the poor but rather to recognise the informal, often innovative tenure types, such as 
Community Land Trusts (Augustinus, 2003). The strength of the trust is that it enables local 
communities to keep all land under one simple title, and thus encouraging members to invest in 
their homes and in environmental improvements (Durand-Lasserve, 2006). The CLT model, 
however, does not always guarantee success. For example in Voi, Kenya, the CLT experiment, 
initially introduced in the early 1990’s, did not fully succeed (Zimmermann et al., 1998). The major 
limitations of the system is its complexity: it is not yet well understood by administrators and it 
requires lengthy legal documentation (Bassett, 2005). Even though the CLT case in Kenya has not 
been able to achieve the proper goals of the Community Land Trust theory, it offers inspiration for 
similar developments in developing countries. 
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Gibberd (2005) includes the concepts of natural, social and human capital into the assessment framework 
of his Sustainable Building Assessment Tool (SBAT). He also points out the need to take into account 
the specific context of developing countries to correctly assess sustainability (see Section 4.3). 
 
 

3.3 Social 
 
In addition to the Social Sustainable Development Objectives, as referred to in the introduction of this 
chapter, there are several more social aspects related to the building sector.  
 
With its high labour absorption capacity and the ability to employ workers with different levels of 
education, the building sector has a high potential to spur economic growth. As a consequence, there 
is a positive impact on income generation and poverty reduction. However, the construction sector can 
be considered a high risk sector and workers are often subject to poor working conditions such as 
unclear workers’ rights, low wages, frequent accidents, short term contracts, child labour, etc. Because 
many workers are temporary, informal or unemployed workers, there is little or no dialogue with the 
government to negotiate better wages and working conditions. In this respect, green building could 
provide a new opportunity for social dialogue. Thus ‘green building’ is not considered to be safer, but 
the working conditions could be better by offering safety improvements, green management and 
resource efficiency (UNEP a, 2011). 
 
Other social aspects of sustainability are related to the household and population density, inefficiency 
of governance, poorly designed urban policies, lack of infrastructure planning and physical size, etc. 
Some of those factors may have a negative impact on aspects of social sustainability such as access 
to facilities and amenities, affordability and amount of living space. Each case should be carefully 
assessed in order to meet the needs of that specific neighbourhood. It could be that by developing an 
area with a higher density, that the transport and other environmental problems are less, due to a 
reduced journey to work and helping achieve a compact and sustainable urban area (Dave, 2011). 
 
Wekesa et al. (2010) analyse building technologies in terms of socio-economic, environmental and 
technical criteria defined in a regional context. Following social objectives are taken into account: 
indigenous building systems, small scale, labour intensive methods, use of locally and abundantly 
available materials, allow incremental or future expansion, techniques that allow non-destructive 
disassembling, socially acceptable, semi-skilled labour and owner built/self-help. He also states that 
most of the buildings for the urban poor will be built by the poor themselves and therefore the building 
technologies should be in line with their needs. After analysing various existing technologies for the 
foundations, ground floors, walls and roofs, he concludes that there is not one type of technology that 
simultaneously provides a good quality dwelling unit and addresses the socio-economic needs of the 
urban poor while minimising the negative impact on the environment. Thus there is a need for further 
research in improving the building technologies.  
 
Though the list of social criteria of Wekesa et al. (2010) is rather large, not many criteria are used in 
the most common assessment tools (section 4.3). The Sustainable Building Assessment Tool is the 
most extensive regarding this aspect and considers training and education, health, public/stakeholder 
participation and awareness.  
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4 Sustainability assessment methodology 
 
Given the wide variety of aspects influencing the sustainability of a building, as described in chapter 3, 
it is clear that an extensive assessment methodology is essential in order to objectively assess the 
sustainability of this building. First, this chapter presents a brief overview of international standards 
providing the framework for such assessments. Then sustainability in the building sector is discussed 
in a broader life-cycle perspective. Finally, some of the most popular international assessment 
methodologies are considered, with regard to their appropriateness for developing countries.   
 
 
4.1 International Organization for Standardization 
 
After the publication of the Brundtland report in 1987 the first international environmental standards 
were the ISO 14000 series, e.g. ISO 14001 “Environmental Management Systems (EMS)– 
Specification” first published in 1996. All of the standards in this series have a voluntary nature. It took 
until around 2000 for national and international organizations for standardization to start developing 
standards for the application of sustainable principles in the building sector (Krigsvoll et al., 2010). The 
International Organization for Standardization now aims to provide a suite of standards covering all 
aspects related to sustainability in the building sector (Figure 6). 
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Figure 6. Suite of related international standards for sustainability in buildings and 
construction works (ISO 15392 2008) 
 
The general principles concerning sustainability in building constructions in ISO 15392 (2008) outline a 
holistic view, providing a systemic consideration of the three primary aspects of sustainability over the 
life cycle of the building or other construction works. Interesting from a development perspective is this 
standards’ provision to account for regionally specific criteria including social parameters, health 
issues, comfort, regional energy mix, alongside environmental impacts. Amongst the social criteria it 
can accommodate are issues of poverty alleviation, religion and job creation. 
 
In ISO 21929-1 (2006) the framework is provided for the development of indicators for buildings. 
These indicators enable information on a complex phenomenon to be simplified into a form that is 
relatively easy to use and understand. Focusing on the environmental impact, the ISO 21931-1 (2010) 
provides the framework for methods of assessment of environmental performance of construction 
works. These assessment methods provide a common and verifiable set of criteria and targets to 
enable measurement, demonstration and evaluation of performance of buildings. The environmental 
declaration of buildings products, as outlined in ISO 21930 (2007), provides a standardized format for 
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the communication of information about products. Such declarations provide input data and 
information for the assessment of performance of buildings and other construction works. 
 

 
 
On a European level, The European Centre of Normalization installed the Technical Committee 350 
(CEN/TC 350) which is responsible for the development of standardized methods for the assessment 
of the sustainability aspects of new and existing construction works and for standards for the 
environmental product declaration of construction products. Within the global perspective the 
committee tries to utilize the key features of all relevant ISO standards in their drafting. The current 
work programme and published standards of the CEN/TC 350 are available on www.cen.eu.  
 

Box 7. ISO Action Plan for developing countries 201 1-2015 
 
ISO has established a policy committee - DEVCO - specifically to address the needs of developing 
countries. Developing countries need to focus both on acquiring world-class technological 
competence and on achieving a good understanding of the technical requirements underlying 
global trade. For over 40 years, ISO has been assisting in both these areas through ISO/DEVCO. 
DEVCO's membership comprises over 135 national standards institutes from industrialized as well 
as developing countries. 
 
The overall objectives are to contribute to improving developing countries’ economic growth and 
access to world markets, enhancement of the lives of citizens, fostering innovation and technical 
progress and achieving sustainable development when considered from each of the economic, 
environmental and societal perspectives. On the short-term, the purpose is to strengthen the 
national standardization infrastructure in developing countries in order to increase their 
involvement in the development, adoption and implementation of International Standards in 
sectors and subjects of interest to them.  
 
Expected outputs from the implementation of the activities under the Action Plan 2011-2015 aim at 
increasing participation of developing countries in ISO technical work, enhancing capacity-building 
efforts, raising awareness of the benefits of standardization and the need for involvement in 
standardization activities, strengthening ISO members in developing countries at the institutional 
level, encouraging better regional cooperation, and better integrating the subject of standardization 
in educational curricula (ISO, 2011). 
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4.2 Life cycle approach 
 
Besides the various aspects of sustainability within the building process (see chapter 3), it can also be 
divided into different phases during its life cycle. Figure 7 illustrates the typical ‘cradle-to-grave’ life 
cycle of a building, divided into three distinct phases; assembly, operation and disassembly phase.  
 

 
Figure 7. Buildings life cycle (Bragança and Mateus  2008) 
 
To quantify the total impact a building or project will have on the environment over the course of its life 
cycle, the Life Cycle Assessment (LCA) methodology is applied. This methodology is considered the 
most complete method to evaluate the various impacts of a building (Bragança and Mateus, 2008). It 
can also be used in the context of comparing building materials, as discussed in section 3.1.5. This so 
called ‘cradle-to-gate’ analysis quantifies the impact until the completion of manufacturing the building 
product. 
 
ISO developed two combined standards specific to set the framework and requirements of a LCA: the 
ISO 14040 (2006) Environmental management – Life Cycle Assessment – Principles and framework; 
and the ISO 14044 (2006) Environmental management – Life Cycle Assessment – Requirements and 
guidelines. A lot of software based LCA tools are available at present, relying on so called Life Cycle 
Inventories (LCI). These are databases of energy and environmental data of a product which are 
generally nationally or regionally specific. The main problem for developing countries in this regard is 
the significant lack of quality data for generating a suitable LCI database (Hertwich, 2005), and the use 
of European databases can potentially lead to incorrect results. Therefore, Ortiz et al. (2009) argue 
that LCA methodologies are not an utopian tool to deploy in developing countries, but increased 
financial support and technical assistance are needed to apply nascent LCA methodologies and be 
proactive in ensuring sustainable development in the building sector. 
 
In 2002 UNEP and the Society for Environmental Toxicology and Chemistry (SETAC) launched the 
Life Cycle Initiative dedicated to bring science-based life cycle approaches into practice worldwide. 
The initiative responds the call by governments around the world for a life cycle economy in the Malmö 
Declaration (2000). It contributes to the 10-Year Framework of Programmes to promote sustainable 
consumption and production patterns, as requested at the World Summit on Sustainable Development 
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in Johannesburg (2002). Within the work area ‘Life Cycle Approaches for Capability Development’ the 
focus is on promoting and facilitating the use of life cycle approaches in developing countries. In 
addition, regional initiatives like the African Life Cycle Assessment Network (ALCANET) and the Ibero-
american Life Cycle Network are supported. 
 
 
4.3 Assessment methodologies for developing countries 
 
The first building environmental assessment method was the Building Research Establishment 
Environmental Assessment Methods (BREEAM) in 1990. It is still one of the most widely used tools 
and has been adopted by many national Green Building Councils networks all over the world. 
However, many other tools have been developed by various institutes and for different purposes. 
Consequently, the variety of tools is very wide; LCA based tools, rating systems, technical guidelines, 
assessment frameworks, checklists and certificates (Bragança et al., 2010). This requires categorizing 
the tools. There are two well-known classification systems for the environmental assessment tools; 
one was developed by the ATHENA Institute, the other by IEA Annex 31 (Haapio and Viitaniemi, 
2008). 
 
Almost all of the environmental assessment tools originated in developed countries. However, with 
increased international interest, the cross-cultural transferability of assessment methods is of particular 
importance to those in developing countries. Since developing countries are confronted with pressing 
social and economic concerns, their domestic constraints on environmental progress are therefore 
qualitatively different from those in developed countries. Whereas developed countries have been 
concerned with maintaining standards of living while reducing resource depletion and environmental 
damage, the average standard of living in developing countries is far lower than in developed 
countries and in many cases basic human needs are not being met. Here, the emphasis should 
therefore be on development that aims to address these basic needs while avoiding negative 
environmental impacts. Whereas some environmental criteria related to resource use and loadings 
can be readily reconfigured to acknowledge different regional and geographical contexts, many others 
cannot. In addition, all assessment tools carry the values and priorities of their authors, either implicitly 
or explicitly, which prevents importing them from one circumstance to another. Therefore the 
development of a standardized universally applicable method is now recognized as problematic. This 
will become increasingly more acute as and when the range of considerations is expanded to also 
address social and economic aspects of sustainability.  
 
Sebake (2008) analysed the appropriateness of international environmental assessment tools for 
developing countries (Figure 8). The study compares building rating systems that are used in existing 
members of the World Green Building Council (WGBC), such as BREEAM, LEED, CASBEE etc., 
against the South Africa’s indigenous rating tool, Sustainable Building Assessment Tool2 (Gibberd, 
2003). This latter tool was developed to support the development of a more sustainable built 
environment within South Africa’s developing country context. The tool provides a robust 
framework/methodology that assesses the sustainability performance of proposed designs and 
existing buildings. The framework/methodology includes five criteria in all three sustainability aspects, 
namely: 

- Economic – local economy, efficiency, adaptability and flexibility, on-going costs, capital costs; 
- Environmental – water, energy, waste, site, materials and components; and 
- Social – occupant comfort, inclusive environments, access to facilities, participation and 

control, education, health and safety (Gibberd, 2003). 

                                                      
2 The SBAT tool is available at 
http://www.csir.co.za/Built_environment/Architectural_sciences/SBATP.xls   
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Figure 8. Matrix of selected global commitments to sustainability and environmental 
assessment tools (Sebake, 2008) 
(note: orange= social / blue= economic / green=environmental / grey=other aspects) 
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5 Policy instruments and tools 
 
Former chapters show that a lot of environmental problems are related to the building sector, e.g. 
GHG emissions, unhealthy living conditions, increasing waste volume etc.. It is clear that, within the 
building sector, a multidisciplinary approach is required to tackle these issues. However, the 
appropriate strategy for sustainable buildings may vary across different regions of the world, 
depending on local circumstances, such as use and availability of materials, local knowledge, climate 
conditions, etc.. In order to present instruments, tools and recommendations which can be applied in 
all regions, this paper limits itself to the more universal technical aspects, generally applicable on 
national level. 
 
 

5.1 Increasing energy efficiency 
 
A recent study on regulations and policies regarding energy conservation in buildings identified 25 
countries3 without energy standards, almost all in the African or Latin American region (Iwaro and 
Mwasha, 2010). The relatively high number of proposed standards in Africa, Latin America and Middle 
East indicates the level of progress that is being made in these regions regarding energy regulation 
(Figure 9). However, there is still a large difference with developed nations4. Besides, the study shows 
that, for most developing countries, the decision making regarding energy regulations comes from the 
government only, with little or no input from non-governmental entities. This is due to a lack of 
consensus, resulting in lower energy standard regulation in these regions. In addition, about 60% of 
the countries in this region indicate a lack of information in order to develop their energy standards.  
 

 
Figure 9. Current global status of regional energy standard performance  (Iwaro and Mwasha, 
2010) 
 
Also, an important difference is highlighted between developing and developed regions concerning 
implementation strategies. While in developed countries mostly new/separate agencies were used in 
order to implement building energy regulations, in developing countries more existing government 
agencies such as building or energy agencies are involved. An important observation was that about 
60% of respondents from Africa, Latin America and Middle East indicated that no compliance 
mechanisms were in place (Iwaro and Mwasha, 2010). 
 
In the following sections, the main barriers for development, implementation and compliance will be 
analysed, and adequate solutions will be discussed.  
 

                                                      
3 Angola, Bangladesh, Barbados, Burkina Faso, Burundi , Cameroun, Costa Rica, Cuba, Dominica, 
Ecuador , Ethiopia, Gabon, Ghana, Grenada, Guinea, Guyana, Kenya, Liberia, Mali , Nigeria, St 
Vincent, Tanzania , Togo, Trinidad and Tobago, Zambia (DGD partner countries are in bold) 
4 For the North American region, there was no response from the United States of America to the 
conducted survey, which has a significant influence on the resulting energy regulation performance for 
this region. 
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5.1.1 Barriers to energy efficient buildings 
There are substantial barriers in the building sector to improve the energy efficiency of new and 
existing buildings, despite the high potential in mitigating GHG emissions at low or even negative costs 
(as shown in chapter 2). Barriers were assessed for all countries, together with possible remedies 
(UNEP SBCI b, 2007), and summarized in Table 1.  
 
For developing countries in particular, major barriers include lack of awareness on saving potentials, 
lack of financing, lack of qualified personnel and insufficient energy service levels. In addition, 
subsidies in energy costs and the market in some countries oppose incentives for energy efficiency 
measures (Hui, 2000; UNEP a, 2011).  
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Table 1. Major barriers to energy efficiency (EE) i n the buildings sector  (UNEP SBCI b, 2007)  
 

Barrier 
categories  

Definition  Examples  Countries  Possible remedies  

Economic/ 
financial 
barriers 

Ratio of investment 
cost  to value of 
energy savings 
 

Higher up-front costs for more efficient equipment 
Lack of access to financing 
Energy subsidies 
Lack of internalization of environmental, health, and other external 
costs 

Most countries 
 
Especially 
developing, but 
also developed 
countries 

Fiscal and economic instruments 
such as tax rebates, Kyoto Flexibility 
Mechanisms, subsidized loans, 
regulatory instruments. Or increase 
energy price, remove energy price 
subsidies 

Hidden 
costs/ 
benefits 
 

Cost or risks (real or 
perceived) that are 
not captured directly 
in financial flows 

Costs and risks due to potential incompatibilities, performance risks, 
transaction costs etc. 
Poor power quality, particularly in some developing countries 

All countries Appliance standards, building 
codes (to overcome high 
transaction costs), EPC/ ESCOs, 
public leadership programs 

Market 
failures 
 

Market structures and 
constraints that 
prevent a consistent 
trade-off between 
specific EE investment 
and energy saving 
benefits 

Limitations of the typical building design process 
Fragmented market structure 
Landlord/tenant split and misplaced incentives 
Administrative and regulatory barriers (e.g. in the incorporation of 
distributed generation technologies) 
Imperfect information 
Unavailability of energy efficiency equipment locally 

All countries Fiscal instruments and incentives 
Product standards 
Regulatory-normative 
Regulatory-informative 
Economic instruments 
Technology transfer, mechanisms 
 

Behavioural 
and 
organizational 
barriers 
 

Behavioural 
characteristics 
of individuals and 
companies that hinder 
energy efficiency 
technologies and 
practices 

Tendency to ignore small energy saving opportunities 
Organizational failures (e.g. internal split incentives) 
Non-payment and electricity theft 
Tradition, behaviour and lifestyle, Corruption 
Transition in energy expertise: Loss of traditional knowledge and non-
suitability of Western techniques 

Developed 
countries 
 
 
Developing 
countries 
 

Support, information and voluntary 
action: Voluntary agreements 
 
Information and training programs 
 

Information 
barriers 
 

Lack of information 
provided on energy 
saving potentials 
 

Lacking awareness of consumers, building managers, construction 
companies, politicians 

Especially developing, 
but also developed 
countries 

Awareness raising campaigns, 
Training of building professionals, 
regulatory-informative 

Political 
and 
structural 
barriers 
 

Structural 
characteristics of the 
political, economic, 
energy system which 
make energy efficiency 
investment difficult 
 

Process of drafting local legislation is slow 
Gaps between regions at different economic level 
Insufficient enforcement of standards 
Lack of detailed guidelines, tools and experts 
Lack of incentives for EE investments 
Lack of governance leadership/ interest 
Lack of equipment testing/ certification 
Inadequate energy service levels 

Most developing 
(and some 
developed) 
countries 
 

Enhance implementation of 
Standards 
 
Incentive policy encouraging 
building design, Enhance 
international cooperation and 
technology transfer, Public 
leadership programs 
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5.1.2 Policy instruments and tools for energy efficient buildings 
Table 2 summarizes the key policy tools applied and compares them according to the effectiveness of 
the policy instrument, based on selected best practices in developed as well as developing countries. 
Most instruments reviewed can achieve significant energy and CO2 savings. In a comparison of 60 
policy evaluations from about 30 countries, the highest CO2 emission reductions were achieved 
through building codes, appliance standards and tax-exemption policies. Appliance standards, energy-
efficiency obligations and quotas, demand-side management programmes and mandatory labelling 
were found to be among the most cost-effective policy tools. Subsidies and energy or carbon taxes 
were the least cost-effective instrument. Information programmes are also cost-effective, particularly 
when they accompany most other policy measures (medium agreement, medium evidence) (IPCC, 
2007). 
 
Table 2. The impact and effectiveness of selected p olicy instruments aimed at mitigating GHG 
emissions in the buildings sector using best practi ces (IPCC, 2007) 
Policy instrument 
 

Emission 
reduction 
effectiveness a 

Cost-
effectiveness b 
 

Special conditions for success, major 
strengths and limitations, 
co-benefits 

Appliance standards  High High Factors for success: periodic update of 
standards, independent control, 
information, communication and 
education. 

Building codes  High Medium No incentive to improve beyond target. 
Only effective if enforced. 

Public leadership 
programmes, inc. 
procurement  
regulations  

High High/Medium Can be used effectively to demonstrate 
new technologies and practices. 
Mandatory programmes have higher 
potential than voluntary ones. Factor for 
success:  ambitious energy efficiency 
labelling and testing. 

Energy efficiency 
obligations and 
quotas  

High High Continuous improvements necessary: 
new EE measures, short term incentives 
to  transform markets, etc.  

Demand-side 
management 
programmes  

High High Tend to be more cost-effective for the 
commercial sector than for residences.  

Energy performance 
contracting/ESCO 
support c 

High Medium Strength: no need for public spending or 
market intervention, co-benefit of 
improved competitiveness. 

Energy efficiency 
certificate Schemes  

Medium Medium No long-term experience. Transaction 
costs can be high. Institutional structures 
needed. Profound interactions with 
existing policies. Benefits for 
employment. 

Kyoto Protocol 
flexible 
mechanisms d 

Low Low So far limited number of CDM &JI 
projects in buildings. 

Taxation (on CO2 or 
fuels)  

Low Low Effect depends on price elasticity.  
Revenues can be earmarked for further 
efficiency. More effective when 
combined with other tools. 

Tax exemptions/ 
reductions  

High High If properly structured, stimulate 
introduction of highly efficient equipment 
and new buildings. 

Capital subsidies, 
grants, subsidized 
loans  

High Low Positive for low-income households, risk 
of free-riders, may induce pioneering 
investments. 
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Labeling and 
certification 
programmes 

Medium/High High Mandatory programmes more effective than 
voluntary ones. 
Effectiveness can be boosted by combination 
with other instruments and regular updates.  

Voluntary and 
negotiated agreements  

Medium/High Medium Can be effective when regulations are difficult 
to enforce. Effective if combined with financial 
incentives, and threat of regulation. 

Education and 
information 
programmes  

Low/Medium High More applicable in residential sector than 
commercial. Success condition: best applied 
in combination with other measures. 

Mandatory audit and 
energy management 
requirement  

High, but 
variable 

Medium Most effective if combined with other 
measures such as financial incentives. 

Detailed billing and 
Disclosure programmes  

Medium Medium Success conditions: combination with other 
measures and periodic evaluation.  

 
Notes: 
a) includes ease of implementation; feasibility and simplicity of enforcement; applicability in many locations; and other factors 
contributing to overall 
magnitude of realized savings. 
b) Cost-effectiveness is related to specific societal cost per carbon emissions avoided. 
c) Energy service companies. 
d) Joint Implementation, Clean Development Mechanism, International Emissions Trading (including the Green Investment 
Scheme). 
 
These policy instruments and tools can be grouped in following categories (UNEP SBCI b, 2007):(a) 
Regulatory and control mechanisms; (b) Economic or market-based instruments; (c) Fiscal 
instruments and incentives; and (d) Information and voluntary action. Each of them will be discussed 
more in detail here below. 
 

a. Regulatory and control mechanisms 
These mechanisms can be defined as institutional rules which aim to directly influence the 
environmental performance of polluters by regulating processes and products used, by prohibiting or 
limiting the discharge of certain pollutants, and/or restricting activities to certain periods or areas. The 
main obstacles for regulatory mechanisms to be effective are lack of enforcement and the rebound 
effect5. Regulatory and control instruments can be divided into regulatory-normative and regulatory-
informative instruments. For example, building codes are normative instruments, since they provide 
standards that have to be applied whereas others, such as mandatory labelling, only inform the user. 
Regulatory-normative instruments include appliance standards, building codes, procurement 
regulations and Energy Efficiency Obligations (EEOs) and quotas. Regulatory-informative instruments 
include mandatory certification and labelling, mandatory audit programs and utility Demand-Side 
Management (DSM) programs. To guarantee the effectiveness of these mechanisms, regularly 
monitoring, evaluation and updating or revising is needed in accordance with technological 
developments and market trends.  
 
Building codes, which provide standards that apply to the energy performance of an entire building or 
its systems (e.g. heating or cooling), play a major role in overcoming market barriers to reach energy 
efficient buildings. Building Energy Efficiency Codes (BEECs) exist in almost every developed country. 
More and more developing countries are currently introducing such legislation, but compliance 
enforcement seems to be a big challenge. The key challenges for these countries are (Liu et al., 
2010): 
 
  Challenge 1: Maintaining firm political commitment to energy efficiency 
Expanding modern energy supply infrastructure and energy access remains an investment priority in 
developing countries. That often leaves energy efficiency with little political attention. This is a critical 
mistake for countries of many income levels. Convincing the people of the importance of energy 
efficiency in national energy security provides a political mandate for the government to begin 
necessary steps to introduce and ramp up energy efficiency policies and programs as the specific 
                                                      
5 The rebound effect refers to the behavioral response where consumers that use more energy-
efficient technologies (or other measures to reduce energy use), tend to use it more or purchase a 
larger capacity product. 
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needs are identified, such as the implementation of BEECs. The effect of such commitment has been 
well demonstrated in China and is emerging strongly in India.  
 
  Challenge 2:  Establishing an effective government oversight system for building construction.   
In many developing countries, government supervision of the construction sector for traditional safety 
requirements is ineffective due to the combination of overly complicated and costly permit application 
and review process and a lack of resources to handle the required due diligence. For these countries 
the implementation of BEECs is unlikely to succeed without improving the credibility and inclusiveness 
of the building permit and inspection system.   
 
  Challenge 3:  Developing the compliance capacity of the building supply chain.  
Compared with the prevailing commercial construction practices in many developing countries, 
implementing modern measures to reduce/minimize building heating, cooling, and lighting loads 
requires a host of new design skills and approaches, new or improved materials/components and 
construction techniques, as well as additional supervision, inspection, and testing/certification 
requirements. 
 
  Challenge 4:  Financing incremental costs of more energy efficient buildings. 
Few decision makers and consumers in developing countries would disagree that more energy 
efficient and comfortable buildings are desirable. But with tight budget constraints for both 
governments and private citizens, trade-offs often have to be made between more housing and more 
energy efficient housing. Low income countries often have priority in maximizing the floor area for a 
given amount of housing investment. Efforts to promote adoption of BEECs in developing countries 
should consider such constraints, together with the potential of tapping into international development 
financing mechanisms, including those addressing climate change mitigation and adaptation.  
 
Table 3 compares the key features of different enforcement routes for building energy codes. While 
each of these enforcement routes has inherent strengths and weaknesses, in practice the way they 
are implemented is crucial. 
 
Table 3.  Characteristics of different enforcement routes (Hitchin, 2008) 
 
 Government 

Agency 
Private 
Inspectors 

Self-
certification to 
owner 

Self-
certification to 
Agency 

Civil 
penalties 
only 

Key features Government 
department or 
agency wholly 
responsible 

Private 
assessors 
certified by 
government 

Builder provides 
compliance 
statement to 
owner 

Builder 
provides 
compliance 
statement to 
government 

No specific 
measures 

Support 
infrastructure 
needed 

Government 
inspectors  

Certification 
and policing 
of inspectors 

Policing of 
statements 
(unless left to 
owner to 
complain). 
Perhaps 
certification of 
builder 

Policing of 
compliance 
statements. 
Perhaps 
certification of 
builder 

Normal legal 
procedures 

Cost to 
government 

High but may 
be recovered 
from builder 

Moderate Low. Moderate if 
builders are 
certified 

Low. Moderate 
if builders are 
certified 

Low 

Cost to owner  Low unless 
agency 
charges 

High Low Low High if court 
action is 
needed, 
otherwise 
low 
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Information 
and 
Infrastructure 
needs 

Trained 
government 
assessors 

Trained 
private 
assessors. 
Certification 
process 

Knowledgeable 
builders and 
owners. Some 
trained 
assessors to 
police 
statements 

Knowledgeable 
builders. Some 
trained 
assessors to 
police 
statements 

Knowledgeable 
owners 

Non-
compliance 
risk 

Low, 
provided 
adequate 
funding 

Low. 
Assessors 
depend on 
certification 
for income 
(but also on 
satisfied 
builders) 

High unless 
owner places 
high value on 
energy 
efficiency. Lower 
if builders are 
certified 

Moderate. 
Lower if builders 
are certified 

High 

 
b. Economic and market-based instruments 

Economic or market-based instruments are regulations that encourage behaviour through market 
signals rather than through explicit directives regarding pollution control levels or methods (Stavins, 
2001). These instruments include energy performance contracting, cooperative or technology 
procurement, energy efficiency certificate schemes (white certificates) and Kyoto flexible mechanisms.  
 
For Energy Performance Contracting (EPC) an agreement is made with a private Energy Service 
Company (ESCO). The ESCO looks for certain energy savings, implements the improvements and is 
paid through the achieved energy savings. The EPC mechanisms have been successfully 
implemented in certain developed (e.g. Germany, U.S.) and developing countries (e.g. China, Brazil). 
However, the success differs significantly. For developing countries main barriers are subsidised 
energy prices, the lack of a mature financial sector and no supportive legal, financial and business 
environment (UNEP SBCI b, 2007). 
 
Cooperative procurement aims at transforming the market by procuring large quantities of energy 
efficient appliances and equipment, thereby initiating a demand pull. Technology procurement aims at 
encouraging innovation and the introduction of new, more energy efficient technologies by requiring 
high energy efficient specifications. In some developing countries this method is used in the form of 
bulk procurement, for example in India where the government purchased a large quantity of energy 
efficient lamps, resulting in serious price reductions and significant load reductions. 
 
Energy efficiency certificate schemes require advanced institutional structures and are therefore not 
suitable for many developing countries. 
 
Kyoto flexible mechanisms in the building sector include Joint Implementation (JI) and Clean 
Development Mechanisms (CDM). Despite the high cost-effective potential for GHG mitigation in the 
building sector, the effectiveness of these mechanisms is very low compared to the expectations. This 
is discussed more in detail in section 5.2. 
 

c. Fiscal instruments and incentives 
These type of instruments include different kind of taxes which influence energy prices, for example to 
correct for external effects like environmental pollution, aiming at reduced energy consumption or by 
financially supporting investments, compensating for upfront costs, in order to improve energy 
efficiency. Specific instruments that can be catalogued here are energy or carbon taxes, tax 
exemptions and reductions, public benefit charges and capital subsidies, subsidized loans, grants and 
rebates.  
 
An important advantage of taxes (e.g. CO2 or energy tax) is the uniform signal it gives to the whole 
economy, therefore affecting the whole building lifecycle (UNEP SBCI b, 2007). The achieved 
reduction in GHG emissions in the first place depends on the proportion of energy expenditure in the 
disposable income and availability of substitutions options. The latter could be an issue in case of 
rented buildings, where incentives may be needed that benefit the tenant as well as the owner, in 
order to result in improved building envelopes. In addition, the use of the tax revenue by the 
government plays an important role in the effectiveness. For developing countries with subsidized 
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energy prices, which are the mirror image of taxes, first of all the prices should evolve towards world 
prices. This would be socially difficult for certain population groups however, because the subsidized 
energy prices enable minimal energy service levels. In those cases a combination with energy 
efficiency programs could be evaluated, but this has to be done on a case-by-case basis. 
Tax exemptions are widely used in developed countries in order to stimulate the introduction of energy 
efficient technologies. In order to be effective, tax exemptions should be adapted for new technologies, 
pay for the results and be sufficiently high and not phase out too early (Quinlan et al., 2001). 
 
Capital subsidies, grants, subsidized loans and rebates can be a useful instrument, especially in 
developing countries since initial costs for energy efficiency improvements often imply an important 
barrier. To ensure the success of capital subsidies, they should not be used when the penetration rate 
of the targeted technologies is already high, limited to short periods of time and used for specific target 
groups. 
 

d. Capacity support, information and voluntary acti on 
This category collects different policy measures that can be very effective, when properly combined 
with other policy instruments. They include voluntary certification and labelling programs, voluntary 
and negotiated agreements, public leadership initiatives, awareness raising and education and 
detailed billing and disclosure programs.  
 
According to UNEP SBCI (2007) public sector leadership programs seem to be most effective 
instruments in this category. Since the public sector is often one of the largest energy consumers, 
there is a great energy consumption reduction potential. In addition, it can create an important 
incentive to the private sector by demonstrating efficient technologies. In order to ensure success of 
the program, it is important that the program is clearly stated and communicated as well as monitored. 
Other contributing factors are the adequate funding and staff, and the involvement of on-site building 
managers and experts (Van Wie Mcgrory et al., 2002). 
 
Other instruments that are frequently used in developing countries are voluntary certification and 
labelling programs for appliances, due to the difficulties implementing mandatory standards. A 
possible barrier may be the labelling of only efficient appliances and lack of testing mechanisms. The 
programs have to be adapted to local market conditions and updated regularly to ensure long-term 
success.  
 
Since lack of awareness was identified as one of the major barriers in developing countries for 
improved energy efficiency, information programs can be very effective, especially in the residential 
sector. Therefore, the program has to be well adapted to its target group and bring a clear message. 
Although the results may be difficult to measure, behavioural changes can be achieved guaranteeing 
long-term results, e.g. by reducing the rebound effect (UNEP SBCI b, 2007).   
 
5.1.3 Instruments for improving energy efficiency in buildings in developing 

countries 
Based on this analysis, special enabling factors to support measures for energy efficient buildings in 
developing countries (UNEP a, 2011): 

- Adjusting energy prices, so that more efficiency investments become profitable; 
- Technical assistance and training; 
- Demonstration projects and information to build trust; 
- Financial assistance or funding mechanisms; 
- Regulatory measures, such as mandatory audits, combined with incentives such as subsidies 

or awards; 
- Monitoring and evaluation (requiring baseline data); 
- Institutionalization (e.g. establishing energy agencies independent of utilities); and 
- Adaptation to local circumstances, including climate and culture. 

 
It is clear that these instruments and their implementation have to be adapted to the local context. A 
general approach, is to start with the introduction of voluntary standards (e.g. labelling), which in the 
first place would act as educational platforms (UNEP a, 2011). Next, mandatory appliances standards 
can be implemented, excluding less efficient products from the market, possibly combined with 
subsidies or rebates, providing an incentive to replace old equipment. Simultaneously, public 
leadership programs and energy performance contracting can play an important role in for example 
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housing projects, or government-owned buildings such as public schools and hospitals. At the same 
time, the role of progressive private sector actors organized for example through Green Building 
Councils can drive the transition to reduced GHG emissions and more resource efficient buildings. 
 
 

5.2 Reducing GHG –emissions through CDM projects and programs  
 
According to the IPCC (2007) the current Kyoto protocol flexible mechanisms have a low emission 
reduction effectiveness, as well as a low cost effectiveness regarding the building sector (Table 2) and 
the number of projects is very limited. The most important barriers are: the weak price signal of carbon 
in the building sector; and the dispersed nature of emissions from the building sector. This means that, 
because of the large number of buildings with small emissions per building, every single building 
project has a relatively small emissions reduction profile (Cheng et al., 2008). Since CDM activities are 
based on quantifiable, measurable and verifiable reductions in emissions, advanced calculation and 
monitoring methods will be required.  
 
Belgium invests in a few CDM projects that are situated more in the industry sector, i.e. the production 
process of building materials. For example, actions are taken in different states of India to improve the 
thermal performance of brick manufacturing units through introducing the Vertical Shaft Brick Kiln 
(VSBK) technology for cleaner brick production (CDM Project 0582, 2006). Another CDM project 
introduces an energy efficient brick making technology to manufacture fly ash-lime-gypsum (FaL-G) 
bricks and blocks as alternative building materials to the commonly used burnt clay bricks. The 
purpose of this project activity is to reduce GHG emissions, to reduce air pollution by avoiding the use 
of fossil fuel and to enhance the use of fly ash as an industrial by-product (CDM Project 0707, 2007). 
Cement manufacturing is, just like clay brick manufacturing, a very energy intensive process,burning 
fossil fuels to generate heat. Belgium invests in a CDM project for the partial replacement of fossil fuel 
by biomass from millet husk, soya bean husk, cotton sepal, mustard husk and saw dust for the Pyro-
Processing in cement plants (CDM Project 0302, 2006). 
 
The fact that CDM has now expanded into Programs of Action (PoA) opens opportunities to make the 
CDM more development relevant, because it reduces transfer costs by allowing the bundling of 
smaller projects into a larger program. The Belgian government and the regional governments have 
been investing in CDM to reach their emission reduction targets. Before the purchase most 
governments carry out an upfront screening on sustainability and development relevance, but lack the 
capacity to follow-up projects and programs on the ground to monitor the implementation of the CDM-
projects. They could benefit from the on the ground availability of staff of DGD, BTC, … . E.g. in 
February 2012 BTC has launched a CDM Capacity Development project in Uganda. The launch was 
assisted by a representative from the Flemish Ministry of Environment, but a more structural way of 
collaboration is desirable, preferably not only in Uganda, but also in other countries.  
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6 Recommendations for the Belgian Development Cooperation 
 
6.1 Support countries implementing energy regulations  
 
In Hitchin (2008) and Iwaro and Mwasha (2010) a sign of increase in building energy regulation 
practice in developing countries is indicated. However, there is still a large gap compared to developed 
nations. Since all regulations have to be adapted to local circumstances (e.g. climate and culture) and 
updated regularly, it is clear that the development of these regulations is a long and on-going process, 
with the supporting infrastructure as a key element. Within this context, international support can play 
an important role in institutionalization, for example the establishment of independent energy 
agencies. Such agencies can help guaranteeing an integrated approach in development, 
implementation and compliance of national energy regulations. In addition, these regulations have to 
be consolidated, in the first place by a vertical integration on different policy levels. Secondly, a 
horizontal integration over different policy domains is needed for a holistic approach. Especially when 
sustainability in its whole is considered, including all aspects as discussed in chapter 3. International 
initiatives can provide a framework for such institutionalization, for example the ISO action plan for 
developing countries 2011-2015, as discussed in Box 8 (section 4.1). 
 
It should be emphasized that, when energy regulations in a country are promoted and developed with 
international donor support, this support should also cover the entire implementation period. 
Otherwise, prospects for the success of such regulation are rather negative (Iwaro and Mwasha, 
2010). In addition, regular monitoring and evaluation of the effectiveness of programs should be 
ensured, providing valuable information on the real progress and useful information needed for 
improvements. 
 
 

6.2 Provide educational and technical assistance on implementation of 
energy efficiency in policies 

 
This paper identified the lack of awareness of consumers and also of professionals within the building 
sector as one of the major barriers to improve energy efficiency in the building sector, especially for 
developing countries. This results in a low political support for the development and implementation of 
energy efficiency policies. To increase this support, and raise overall awareness on energy efficiency 
improvements, education and training is needed for professionals within the building sector and 
awareness of the public has to be improved. 
 
Due to the fragmentation of the building sector, education and training should be divided and focused 
on certain actors within the sector. First of all, sustainable building principles should be included into 
all courses regarding the built environment through the development of new curricula. The second 
would be the development of continued professional development courses that would provide a 
credible accreditation system for sustainable building professionals. The third is a basic education 
program for other stakeholders such as local government and suppliers (du Plessis, 2005). In addition, 
research and development in the area of energy efficiency are essential for the success of energy 
efficiency and conservation potential in the long term.  
 
Within this context, the VLUR-UOS (Flemish Interuniversity Council – University Development 
Cooperation) could provide an important contribution through its Institutional University Cooperation 
(IUC) Partner programme. Universities in the north often have an extended expertise in the critical 
issues, practical solutions, and cost–benefit implications of promoting energy efficiency in their 
country. By establishing a long term collaboration with universities in the South, this expertise could be 
transferred and adapted to local circumstances. The “Guidelines on Education Policy for Sustainable 
Built Environments” (Graham and Booth, 2010) could provide a framework for these initiatives. Further 
work is needed to develop specific curricula for different stakeholders in the Belgian partner countries 
and establish a close link between research and education.  
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6.3 Use building projects as an opportunity and lever to improve legislation  
 
Public leadership programs are identified as effective instruments to improve energy efficiency in the 
building sector (IPCC, 2007; UNEP SBCI b, 2007), due to the large energy consumption within public 
buildings. Within the cooperation with countries lacking any kind of regulations or policies regarding 
energy conservation, as identified in section 5.1, certain programs including building projects can 
provide an important opportunity and lever to implement and/or improve legislation regarding this 
topic. Therefore, principles of energy efficiency should be integrated in programs and projects within 
the public sector, especially when larger buildings, such as schools or hospitals, with high visibility are 
involved. That way an important incentive for the private sector is created, demonstrating efficient 
technologies and practices. In order to ensure success of the program, it is important that the program 
is clearly stated and communicated as well as monitored. Ensuring a holistic approach of sustainability 
in the building sector also other principles, as described in chapter 3, could be integrated in these 
projects. 
  
 
6.4 Increase synergies with the Belgian Federal Department of Environment  
 
Belgium and the regional governments purchase carbon credits on a regular basis in an effort to meet 
their emission reduction targets. A sustainable and equitable implementation of CDM – projects would 
not only ensure a sustainable reduction of carbon emissions, but would also foster a sustainable 
development. However, structural collaboration with the Belgian Development sector is still at its 
infancy. A stronger and strategic collaboration is desirable and both the environmental and 
development sectors would benefit from a closer collaboration. This should ideally be carried out 
through the respective headquarters in Brussels, but also at field level in the countries where Belgium 
has a structural development cooperation. This collaboration could inspire the Belgian Development 
Aid for more ‘climate proof’ development projects, but would also assure that more tangible 
development goals are being reached through climate programs and projects like CDM, CDM-PoA, ….  
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