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Key messages

1. The Buildings sector of today has an oversized ecological footprint. The buildings 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. Furthermore, the construction 
sector is responsible for more than a third of global resource consumption, including 12 per cent 
of all fresh water use and significantly contributes to the generation of solid waste, estimated at 
40 per cent of the total volume. Therefore, the building sector is central to any attempt to use 
resources more efficiently. 

2. Constructing new green buildings and retrofitting existing energy- and resource intensive 
buildings stock can achieve significant savings. There are significant opportunities to improve 
energy-efficiency in buildings, and the sector has the greatest potential, out of those covered in this 
report, to reduce global GHG emissions. Various projections indicate that investments, ranging from 
US$ 300 billion to US$ 1 trillion (depending on assumptions used) per year to 2050, can achieve savings 
of about one-third in energy consumption in buildings worldwide. In addition, these investments 
can  significantly contribute to the reduction in CO2 emissions needed to attain the benchmark 450 
ppm concentration of GHGs. Emission reductions through increased energy efficiency in buildings 
can be achieved at an average abatement cost of  US$ 35 per tonne, reflecting energy cost savings, 
compared to US$ 10 per tonne costs in the transport sector or positive abatement costs on the 
power sector of US$ 20 per tonne.

3. Greening buildings also brings significant health and productivity benefits. Greening 
buildings can also contribute significantly to health, liveability and productivity improvements. The 
increased productivity of workers in green buildings can yield savings higher than those achieved 
from energy-efficiency. In residential buildings in many developing countries, indoor pollution 
from poorly-combusted solid fuels (e.g. coal or biomass), combined with poor ventilation, are a 
major cause of serious illness and premature death. Lower respiratory infections such as pneumonia 
and tuberculosis linked to indoor pollution are estimated to cause about 11 per cent of human 
deaths globally each year. Women and children tend to be most at risk due to their daily exposure. 
Improved access to water and basic sanitation are other significant benefits that come with green 
building programmes.

4. Greening the building sector can lead to an increase in jobs. Investments in improved energy-
efficiency in buildings could generate additional employment in developed countries where there is 
little growth in building stock. It is estimated that every US$ 1 million invested in building efficiency 
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retrofits creates  10 to 14 direct jobs and 3 to 4 indirect jobs. If the demand for new buildings that 
exists in developing countries is considered, the potential to increase the number of green jobs in 
the sector is still higher. Various studies point to job creation through different types of activities, 
such as new construction and retrofitting, production of resource-efficient materials and appliances, 
the expansion of renewable energy sources and services such as recycling and waste management. 
Greening the building industry also provides an opportunity to engage the informal sector and 
improve working conditions across the industry, by implementing training programmes targeting 
new skill requirements and improving inspection approaches.

5. Developing countries have the opportunity to lay the foundation of energy-efficient 
building stocks for decades to come. Significant new construction is expected in the developing 
world in order to provide adequate housing for over 500 million people, while providing access to 
electricity for some 1.5 billion people. Urbanisation and economic growth in emerging economies 
also point to the rapid growth of new building stock. In developing countries, taking into account 
sustainable building considerations at the time of design and construction makes good economic 
sense. Green retrofitting at a later stage invariably carries higher costs, both financially and 
environmentally, than integrating sustainability considerations already at the early stages of design 
and construction. For developed countries, which account for the majority of the existing building 
stock, the priority is to put in place measures and incentives that will enable large-scale investments 
in retrofitting programmes.

6. The role of public policy and leadership by example is vital in triggering the greening of the 
building sector. A life-cycle approach is required covering the building design, the manufacturing 
of material supplies, the construction process, buildings operation and maintenance as well as 
the disposal, recycling and reuse of building, construction and demolition waste. Considering, in 
particular, the hidden costs and market failures that characterise the building industry, regulatory 
and control measures are likely to be the most effective and cost-efficient in bringing about a 
green transformation of the sector. These need to be combined with other pricing instruments for 
greater impact, given realities such as the level of development of the local market and household 
income-levels. Additionally, government-owned buildings such as public schools, hospitals and 
social housing units are ideal locations to begin implementing greener building policies, including 
green public procurement. At the same time, the role of progressive private sector actors organised, 
for example, through Green Building Councils can drive the transition to lower carbon and more 
resource-efficient buildings.
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1 	 Introduction

1.1	 The aim of this chapter

This chapter makes a case – focusing on economic 
arguments – for greening the building sector. It also 
provides guidance on policies and instruments that 
can bring about this transformation. The broader goal 
is to enable public- and private-sector actors to seize 
environmental and economic opportunities, such as the 
efficient use of energy, water and other resources, to 
improve health, boost productivity and create jobs that 
reflect decent work and reduce poverty.

1.2	 Scope and definition

This chapter encompasses both new construction and 
the retrofitting of existing buildings, with the focus on 
urban areas, which are expanding and now home to more 
than half the world’s population. The chapter covers an 
environmental and socio-economic agenda, with special 
consideration given to climate, health and employment. 
The analysis of resource use focuses mainly on energy, 
given its importance to the building sector and the relative 
abundance of data at the global scale. While efficiency in 
the use of water and land as well as recycling and waste 
is considered, covering a comprehensive environmental 
agenda of all life-cycle impacts is beyond the scope of  
this analysis. 

According to the International Energy Agency (Laustsen 
2008), green buildings are characterised by increased 
energy efficiency, reduced water and material 
consumption, and improved health and environment. 
The International Organization for Standardization’s 
definition of sustainable buildings combines a minimum 

adverse environmental impact with economic and 
social aspects across various geographic scales. In this 
chapter, the concept of green buildings is similarly broad, 
including not only the environmental dimensions, but 
also economic dimensions (such as energy savings, the 
cost of greening, payback periods, productivity and 
job creation) and social dimensions (such as indoor 
pollution and health).

1.3	 Structure of the chapter

This chapter has three main parts. Firstly, it introduces 
the sector and highlights key challenges and 
opportunities it faces today. Developmental, energy and 
environmental challenges are highlighted. The section 
notes trends in population growth and urbanisation, 
drivers for growth in the industry, and its resource use 
and environmental impact. Secondly, the next section 
sets out the case for investment in green buildings. 
This starts with a description of investment needs, 
cost benefit analysis and efficiencies to be gained. An 
overview of benefits covers energy and water, waste and 
materials, productivity and health, as well as job creation. 
Special consideration is given to the policy target of 
reducing GHG emissions from the building sector, 
based on 450 parts per million (ppm) as climate bench 
mark used by the International Energy Agency (IEA) in 
its climate change mitigation scenarios. Modelling by 
the Millennium Institute provides a green investment 
scenario for the sector, quantifying the implications 
of going beyond business-as-usual (BAU). Thirdly, the 
chapter gives an overview of policy instruments and 
tools that can be used by Government or regulatory 
institutions at different levels to advance green building.

338



Buildings

2 	 Challenges and opportunities

2.1	 Challenges

The last 40 years have seen much experimentation 
and significant progress with low-energy building 
design strategies and technologies. However, in most 
countries, green buildings are still at a nascent phase 
of development. Yet they are expected to become the 
norm in future. Experimentation with net-zero-carbon 
buildings, passive houses and energy-plus buildings 
are emerging worldwide. The main challenges facing 
green buildings are discussed with special reference 
to the sector’s significant use of resources and 
emissions of CO2. This covers both existing building 
stock and the projected growth of new construction. 
A key component of green buildings is related to their 
location and how they interact with other components 
of urban and regional systems, which is covered in the 
Cities chapter. 

Sizing the building sector
Driven by population growth and urbanisation, the 
building sector itself is a significant contributor to 
economic growth, both globally and at the national level. 
Globally, it is estimated to be worth US$ 7.5 trillion per 
year or approximately 10 per cent of global GDP (Betts 
and Farrell 2009) and the construction sector employs 
more than 111 million people (ILO 2001). At the national 
level, the sector generates 5-10 per cent of employment 
(UNEP SBCI 2007a). 

There are important differences between developed 
and developing countries in both the current building 
stock and projected building-sector growth. Developed 
country populations are broadly more urbanised and 
more economically reliant on the service sector than on 
industry or agriculture. They also have higher household 
incomes than developing country populations. 
Developed countries currently account for the majority 
of the world’s existing building-related energy demand 
and CO2 emissions. 

This picture is changing rapidly. Projected economic 
growth is modest and projected population growth flat 
or even negative in Western Europe, Russia and Japan. 
Thus building-related energy demand and CO2 emissions 
in these countries will see little growth in the coming 
decades. There are some exceptions among richer 
countries such as the United States of America, where 
higher fertility and immigration rates are expected. In 
contrast, developing countries are fast-growing, rapidly 

urbanising and are projected to add 2.3 billion to global 
population over the coming four decades (UN DESA 
2009). Of the 9 billion people predicted to live on Earth 
in 2050, 70 per cent are expected to live in urban areas 
(UN-HABITAT 2010).

India is short of 24.7 million homes (NHHP 2007; Roy et al. 
2007) and the country will need millions of homes to be 
built over several decades to accommodate projected 
income growth and urbanisation. New construction 
growth for commercial and residential buildings 
currently averages 7 per cent per year in China and 5 per 
cent per year in India and South-east Asia, compared 
with only 2 per cent in developed countries (Baumert et 
al. 2005). As estimates of the global building stock are 
not available, Figure 1 provides an overview of the scale 
of residential and commercial floor space in China, the 
EU, Japan and the USA. 

China is expected to add twice the amount of current 
US office space between 2000 and 2020 (WBCSD 2009). 
Another study indicates the stock of office space in China 
as 3.5 billion m2 and predicts it will grow by over 70 per 
cent by 2020 (Zhou et al. 2007). In 2007 alone, 0.8 billion 
m2 of new buildings were constructed in China and it is 
projected that in each year to 2020, an additional one 
billion m2 of new buildings will be constructed (Cheng 
2010). Global cement production is set to double by 
2050, with China and India accounting for nearly half of 
all production (WBCSD 2007b). 

Historical trends demonstrate that increasing wealth 
leads to higher space standards and an increase in 
household appliances, with implications for energy 
consumption. Another critical factor in developed 
countries is demographic and societal change, with 
a significant increase in one-person households. For 
example, in Germany, the energy consumption for space 
heating increased by 11 per cent from 1995 to 2000 
before decreasing by 7 per cent from 2000 to 2005 – 
mainly because of higher energy costs – resulting in an 
overall rise of 2.8 per cent from 1995 to 2005. Domestic 
hot-water consumption decreased slightly (by 1.4 per 
cent) in the period but home appliances still contributed 
17 per cent to total energy consumption despite 
substantial improvements in their energy efficiency. 
While great improvements in energy efficiency have 
been achieved in certain sectors, the overall energy 
consumption of private households in Germany rose by 
3.5 per cent between 1995 and 2005 (UBA 2006).
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Developmental challenges
Developing countries are urbanising at a rate two to 
three times faster than developed countries, resulting in 
massive informal settlements and slums (UNEP, ILO, IOE, 
ITUC 2008). In the majority of the developing world, the 
scale of informal and low-cost housing is vast. In some 
cities, the informal city is bigger than the formal city. 
In Indonesia, an estimated 70-80 per cent of housing 
construction is informal (Malhotra 2003). In Brazil, more 
than half of all low-cost homes are built by the informal 
sector (UNEP SBCI 2010b).

In this context, providing affordable green housing 
for the poor is a considerable challenge when so 
many already face major economic barriers to afford 
conventional housing. Analysis of social housing, 
however, does not lead to clear results as to whether 
green social housing is more expensive at the point of 
construction; environmental design features may be but 
do not have to be, more expensive than the conventional 
features. For example, a detached social housing project 
Casa Alvorada (48.50 m2) in the city of Porto Alegre, Rio 
Grande do Sul, in Brazil, was 12 per cent more expensive 
per square metre than the typical housing solution of 
similar size implemented by the municipality, but still 18 
per cent cheaper per square metre compared to another 
municipal typical model of about half of the floor area per 
unit (23 m2) (Sattler 2007). Further, if the environmental 
features are more expensive at the point of construction, 
they may yield benefits in terms of savings on water and 
energy during the occupation of the building. 

Poverty and housing raises other unique challenges for 
sustainable building and construction in developing 
societies. Slums, be they informal settlements or run-
down and overcrowded housing estates, are associated 
with social and environmental challenges including 

lack of access to electricity, fresh water, health-care and 
effective waste management. Marginal locations poorly 
connected to public transport services are an additional 
obstacle in that they constrain access to employment 
opportunities (see Cities chapter).

Greening of buildings can be one of a series of strategies 
that improve access to basic services and reduce 
vulnerability and, more broadly, contribute to better 
living conditions of the poor. Facing this challenge, India, 
for example, is experimenting with three approaches, 
namely vernacular building (which focuses on local 
solutions and traditional knowledge), green building 
(supported by the internationally recognised Indian 
GRIHA rating systems, developed by TERI) and; energy- 
efficient building (focused on energy-use in commercial 
buildings) (UNEP SBCI 2010a). New approaches can 
contribute to providing electricity to the 1.5 billion 
people in the developing world currently living without 
it (IEA 2010a), and to lifting 100 million people from 
slum conditions and providing them with safe water and 
sanitation – a distinct Millennium Development Goal. 

Cleaner and more efficient energy use will be critical to 
avoid any possible lock-in effect for poorer segments of 
society. Savings on energy costs can also free resources 
for investment in other basic needs. A recent study 
by the CSIR for the ILO (Van Wyk et al. 2009) provides 
several examples of energy-related projects in Africa: 
the installation of solar PV systems on schools, clinics 
and community centres in Zambia, the introduction 
of solar lighting and electricity into homes by local 
solar entrepreneurs in Malawi, the electrification of 60 
health centres using solar energy in Mozambique, and 
the construction of windmills and solar-powered water 
systems as well as 10,000 improved cooking stoves for 
more than 250,000 people in Somalia.
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Source: WBCSD (2011)
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Some aspects of improved well-being (e.g. health, water, 
sanitation and energy access) can be linked to building 
design and technology. Yet developmental challenges 
have to be seen in a broader context and go beyond the 
construction of housing to consider social and economic 
inclusion and the link to other urban activities (see Cities 
chapter). The poverty relevance of green buildings in this 
context is closely linked to the impacts of electrification 
programmes (see discussion in the Energy chapter) 
as well as the impacts of city structure and transport 
systems on poverty (see Transport and Cities chapters).

Energy and environmental challenges
Whether existing building stock or projected growth 
of building stock, this sector is already the single-
largest contributor to global greenhouse gas emissions. 
Approximately one-third of global energy end-use 
takes place within buildings (IEA 2010a). Nearly 60 per 
cent of the world’s electricity is consumed in residential 
and commercial buildings, although this usage varies 
widely according to geographical location, climate 
and consumption patterns (IEA 2009b). For developed 
countries located in cooler regions of the world, space 
heating, on average, represents 60 per cent of residential 
energy consumption, followed by water heating at 18 
per cent (UNEP SBCI 2007a). 

Projections for 2030 based on IPCC scenarios suggest 
CO2 emissions from buildings will continue to account 
for around one-third of total CO2 emissions. Table 1 
summarises these projections for CO2 emissions under 
two scenarios (IPCC 2007). In the high-growth scenario, 
the largest contribution is from developing countries 
while in the low-growth scenario the largest share is from 
North America and developing Asia, which includes China 
and India. If per-capita CO2 emissions are considered, 
both scenarios suggest that by 2030 the greater share of 
emissions will still be from OECD countries.

GHG emissions are the single most important negative 
externality from excessive fossil fuel consumption but 
the burning of fossil fuels also causes other externalities 
such as air pollution and health problems. Approximately 
3 billion people worldwide rely on biomass and coal 
to meet cooking and other energy needs (IPCC 2007). 
Indoor air pollution in residential buildings in developing 

countries from poorly combusted solid fuels combined 
with poor ventilation is a major cause of serious illness 
and premature death. Lung infections such as pneumonia 
and tuberculosis linked to indoor pollution are estimated 
to cause about 11 per cent of all human deaths globally 
each year (UNEP SBCI 2010b). The WHO (2009) estimates 
that every year about 1.3 million people (mostly women 
and children) die prematurely owing to indoor air 
pollution from biomass. Estimates by the WHO (2009) 
further attribute 76 per cent of all lung cancer deaths to 
the indoor use of solid fuels. 

Apart from energy use and emissions, the building sector 
is responsible for more than a third of global resource 
consumption annually, including 12 per cent of all 
fresh water use. The manufacture of building materials 
consumes about 10 per cent of the global energy supply. 
Building construction and demolition waste contributes 
about 40 per cent of solid waste streams in developed 
countries, with most waste associated with the demolition 
phase (UNEP SBCI 2010b). 

Data challenges
When considering the environmental credentials 
of buildings, the true measure of their performance 
only becomes evident with occupation, given the 
impact of factors such as behaviour (cultural habits, 
environmental expectations and life-style), climatic 
changes and particularities of the control of technical 
systems in buildings. The only realistic way to rate the 
energy efficiency of a building is by measuring how 
much energy has been consumed during a period of 
occupation, ideally, a minimum of two years. A dearth 
of accurate data is hampering our understanding of 
impacts such as occupation, design and technological 
components.

2.2	 Opportunities

The major opportunities for greening the building sector 
are the relatively low cost of the process, be it retrofitting 
or new construction, the availability of technologies, 
and the green evolution of energy supply and demand. 
These trends are encouraging the effort to transform the 
building sector. 

Table 1: Projected CO2 emissions from buildings to 2030
Source: IPCC (2007)

High-growth scenario (A1) Low-growth scenario (B2)

CO2 emissions (in GtCO2) 8.6 → 15.6 
(2004) (2030)

8.6 → 11.4
(2004) (2030)

Largest share from Developing Asia, Middle East/North Africa, Latin 
America, sub-Saharan Africa

North America and
developing Asia

Average annual CO2 emissions growth rate (2004-2030) 2.4% 1.5%
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Low net cost 
Although the building sector is the largest contributor to 
human-related GHG emissions, it also holds the greatest 
potential to reduce these emissions (IPCC 2007). Based 
on 80 studies spanning 36 countries, the IPCC report 
suggests that a 29 per cent reduction in projected 
baseline emissions by 2020 is achievable at zero cost 
(below 0 US$/tCO2-eq), while further improvements 
could be made with relatively low levels of investment. 

Figure 2 shows sectoral estimates of the economic 
mitigation potential of using technologies and practices 
expected to be available by 2030, at various costs in 
US dollars per tonne of CO2-equivalent (tCO2-eq). The 
mitigation potential is expressed in GtCO2-eq/yr and the 
marginal cost in US dollars per tCO2-eq. For each sector, 
the mitigation potential is represented as three ascending 
bars, according to the amount that can be achieved at 
less than US$ 20, less than US$ 50 and less than US$ 100 
per tCO2-eq.1 In the building sector, assuming a cost per 
tCO2-eq of no more than US$ 100, the global economic 
mitigation potential ranges between 5.3 and 6.7 GtCO2-
eq/yr by 2030. Most importantly, about 90 per cent of 
this potential could be achieved at less than US$ 20 per 
tCO2-eq, far more than could be achieved in any of the 
other sectors depicted. This range is represented by the 
segment within the third bar for buildings (<100). The 
bulk of this mitigation potential can be attributed to non-
OECD/EIT (Economies in Transition) countries, followed 
by OECD countries and to a lesser extent EIT countries.

Adapting behaviour patterns
Before addressing the technical, financial and regulatory 
potential of green buildings and their impacts on 
the green economy, it is important to recognise that 
profound changes in attitudes and behaviour will be 
required amongst policy-makers, investors, consumers 
and occupants in order to implement real change. People 
spend most of their lives in their homes, places of work 
and other buildings; North Americans, on average, spend 
90 per cent of their time indoors (United States General 
Services Administration 2008) and there are deeply-
rooted attitudes and practices relating to how people 
establish patterns of comfort and efficiency. For this 
reason, understanding the economic and psychological 
rationale of decisions made by individuals and 
institutions is increasingly recognised as fundamental to 
achieving energy-efficiency improvements in buildings. 
For example, a recent report on energy efficiency in the 
USA highlighted various behavioural biases affecting 
consumers’ energy consumption decisions (Swim et al. 
2009; Granade et al. 2009).

The core concept of “thermal comfort” is more of a 
state of mind (reflecting different cultural, class and 
geographical conditions) than a technical certainty 
(ASHRAE 2005). Assessing the right level of thermal 
comfort is critical to setting performance standards for 
buildings (Cena and Clark 1981) but requires not just an 
understanding of what a human body can bear, but also 
to what extent people are ready to make behavioural 
changes in the way they experience comfort in their 
environment. This affects the way building occupiers 
interact with their environment in very precise ways – 
from choosing to pull down external blinds to limit sun 

1. Note that potential that can be achieved for less than US$ 50 per t CO2-eq 
includes the potential that can be achieved at less than US$ 20 t CO2-eq, 
and similarly for US$ 100 per t CO2-eq. Hence the bars grow in size from 
left to right.
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penetration at certain times of day (rather than switching 
on the air conditioning) to putting on a sweater when 
the external temperature drops (rather than turning up 
the thermostat). On balance, green buildings require a 
more proactive engagement between occupier and the 
environment, which reflects the degree of “active” or 
“passive” environmental design techniques available in 
individual buildings, to which the report now turns.

Design and technology
The greatest opportunities to achieve a higher 
environmental performance for buildings can be 
found in the early stages of their design. An integrated 
design methodology of green buildings combines 
environmental principles and technological inputs at 
various design stages. It requires a multidisciplinary 
approach and broadens conventional building design 
by including rigorous assessment procedures to 
comply with performance targets (Baker and Steemers 
1999). Designing buildings based on environmental 
considerations implies continuous feedback between 
different design components, as decisions regarding 
building form, orientation, components, other 
architectural aspects as well as building systems are 
entirely integrated.

There are two basic paradigms of green building. The 
first is based on the concept of “passive” design where 
buildings respond to their local site context by using 
natural elements (such as air-flow and sunlight) to 
limit the effect of external conditions on the internal 
environment. Many traditional buildings with thick 
walls and small windows in hot climates, or with natural 
through-ventilation with courtyards and terraces in 
humid areas, belong to this category. Passive design 
aims to provide a comfortable environment while 
eliminating or reducing the need for space heating, 
cooling, ventilation or artificial lighting. The second 
paradigm is based on a more “active” approach that 
uses newer technology and state-of-the-art building 
management systems to reduce the energy load of 
buildings. Solar screens, lighting scoops, environmental 
flues, photovoltaic cells (PV), wind turbines and other 
devices are found in most state-of-the-art high-tech 
buildings. Both paradigms can be applied to new 
buildings as well as retrofitting existing building stock.

Many passive design techniques are finding their way 
into a new generation of building designs across the 
developed world, while new forms of green energy 
generation are being integrated in building projects in 
the developing world (Baker and Steemers 1999; Hawkes 
1996; Herzog 1996). The field is littered with examples 
of how both passive design and technology have 
successfully reduced the energy footprint of buildings. A 
recent study of 5,375 commercial buildings in the USA 
showed that in new buildings the use of energy-efficient 

lighting, heating, ventilation, air conditioning and 
shading can achieve a 64 per cent reduction in energy 
use (Griffith et al. 2006). In the UK, energy consumption 
guidelines indicate that the introduction of natural 
ventilation can achieve 55-60 per cent reduction in 
energy consumption in office buildings, compared with 
fully air-conditioned and fully glazed office buildings 
(CIBSE 2004). 

Greater attention is now given to the impact of 
sustainable environmental design solutions on the 
running costs of buildings and how much energy is 
embodied in construction materials and processes. 
Increasingly, life-cycle assessments (LCA)2 are being 
applied, which include not only operation and 
maintenance, but also the manufacture of construction 
materials (McDonough and Braungart 2002). In addition, 
a new generation of building guidance is focussing on 
the total energy costs of buildings, from the design stage 
through to completion, including considerations about 
their recyclability (Anderson et al. 2009; Hammond and 
Jones 2008).

Beyond the fabric and construction of the building, a 
more holistic approach to the design of buildings and 
their use also requires consideration of all energy-related 
components, including appliances and equipment used 
in buildings. Their relative energy use varies from country 
to country, based on climatic and cultural differences. 
The following listing of appliances and equipment 
by residential and public or commercial categories 
demonstrates the range of supplier industries involved.

Residential building sector Office and commercial  
building sector

•  Space heating and cooling
•  Mechanical ventilation
•  Hot water systems
•  Appliances (incl. cooking, washing, 

refrigeration, entertainment and 
cleaning)

•  Indoor lighting

•  Space heating, cooling and ventila-
tion, air conditioning (HVAC)

•  Indoor lighting
•  Outdoor lighting 
•  Office equipment
•  Servers and data centres

In commercial buildings, office equipment comprises 
the fastest-growing area of energy consumption. In 
residential buildings world-wide, a growing proportion 
of energy consumption is associated with household 
appliances, including televisions, DVD players and 
home computers. Implementing the best available 
technologies can reduce their energy consumption by 

2. Life-Cycle Assessment (LCA) is a tool devised for evaluating the 
environmental impact of a product, process or a service across its life cycle, 
also referred to as the “environmental footprint”. All inputs and outputs of 
material, energy, water and waste over the entire product life cycle and 
their relative impacts are accounted for, including the extraction of raw 
materials, processing, manufacturing, transport, use and disposal. The main 
objective of a LCA is to compare the impacts of several alternative processes 
in order to choose the least damaging one. 
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more than 50 per cent. The household-appliance share 
of energy consumption in residential homes vary from 
21 per cent in China in 2000, to 25 per cent in the EU in 
2004 and 27 per cent in the USA in 2005 (von Weizsäcker 
et al. 2009).

Managing energy supply and demand
Energy use and emission patterns are affected by a 
building’s environmental performance and its energy 
load (on the demand side) or by the extent of its use 
of green sources of energy (on the supply side). Recent 
developments in design and technology offer significant 
potential to change the way energy demand and supply 
is managed in buildings.

On the demand side, there is growing evidence that 
energy consumption can be reduced by modifying the 
specification of technologies, appliances and fittings 
within buildings – in addition to designing the built 
form in a more sustainable way. Leading Information & 
Communication Technology (ICT) Infrastructure firms 
produce software for command centres, which can 
actively help to reduce a building’s carbon footprint 
by monitoring and controlling all components of a 
building’s energy use, from heating/cooling demand, to 
lighting and printing. 

But the pattern of energy use in buildings varies 
considerably among regions and countries according to 
geographical location, climate, consumption patterns 
and state of development and urbanisation (IPCC 2007). 
Space heating is a dominant component of energy use 
in Europe and northern China, while water heating is of 
great significance in Japan (WBCSD 2009). In these areas, 
effective means of controlling energy demand and 
emissions include the improvement of heat-recovery 
systems, optimising daylight penetration with shallower 
buildings, substituting incandescent lighting with more 
energy-efficient systems such as CFL and LED lamps 
and introducing solar shading to reduce overheating.3 
In addition to these design solutions, smart metering, 
which provides utility customers with information in 
real-time about their domestic energy consumption, 
has also proved effective at reducing overall household 
electricity consumption, with a 5-10 per cent drop 
recorded in private households in Germany and the 
UK (Luhmann 2007). In contrast, buildings located in 
warmer regions do not usually require space heating 
and require less hot water. Energy needs in low-
income rural communities are largely determined by 
cooking (70 per cent) and other household activities 
(15 per cent) (Nekhaev 2004). In these locations, the 
impact of energy use will be more radically affected 
by introducing greener and cleaner fuel sources and 

more efficient domestic appliances than by introducing 
green building technologies.

On the supply side, there has been a significant shift in 
some countries in favour of renewable energies with 
bio-fuel and solar heating technologies becoming 
competitive with conventional sources (European 
Renewable Energy Council 2008). Photovoltaic (PV) 
technology is still relatively expensive but with 
the increasing volume of installed capacity and 
improvements in production, prices are lowering 
steadily.4 District heating and cooling systems5 that link 
buildings are also proving effective at reducing energy 
costs, notably in Iceland, where 94 per cent of heat 
demand is now provided by these technologies (Euro 
Heat & Power 2009). 

Retrofitting and new construction
In developed countries, opportunities for greening the 
building sector are found mainly in retrofitting existing 
buildings to render them more environmentally 
efficient by reducing energy demand and using 
renewable energy sources. The urbanised regions of 
northern Europe and North America are no longer 
increasing their building stock rapidly. In the UK, for 
example, 75 per cent of the existing building stock is 
expected to be in use in 2050. In such circumstances, 
retrofitting existing buildings becomes a critical area of 
intervention to reduce energy demands and thus GHG 
emissions (Ravetz 2008). 

For the majority of non-OECD countries, which have 
a significant housing deficit, the greatest potential 
to reduce energy demand will come from new 
generations of buildings with more efficient design 
performance standards (WBCSD 2007a). It follows that 
the major environmental and business case for the 
OECD residential and commercial sector will depend 
on retrofitting existing buildings, while non-OECD 
countries will have to invest heavily in new forms of 
sustainable design that goes beyond the performance of 
individual buildings (as discussed in the Cities chapter). 
Nonetheless, there are significant opportunities for 
retrofitting buildings in some of the bigger cities of 
the developing world by adopting energy efficiency 
design measures such as solar technology, clean water 

4. Grid parity, where the electricity produced by PV panels is available at 
the same cost level as electricity provision from the grid, is predicted to be 
achievable by 2013-14 based on data from Germany (Bhandari and Stadler 
2009). 

5. District heating and cooling describes systems distributing heat and/or 
cold generated in a centralised location for heating and combined heat and 
power respectively. District heating serves both, space and domestic water 
heating. Moreover, commercial and industrial as well as public buildings 
can be supplied with process heat. The heat often comes from combined 
heat and power plants (CHP) and therefore has the ability to achieve 
higher efficiencies and lower emissions than a separate heat and power 
production. Historically, district heating stations are dependent on fossil 
fuels but in the last years renewable sources were introduced.

3. For example, as part of the Serbian Energy Efficiency Programme (SEEP 
1) (IDA Credit and IRBD loan), 28 schools and hospitals were refurbished in 
Belgrade in 2005-09 with average energy savings of 39 per cent. 
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supplies and reducing dependency on air-conditioning 
through technical improvements.6 In India, for example, 
potential energy savings of 25 per cent have been 
estimated through cost-effective retrofitting of existing 
commercial buildings (UNEP SBCI 2010a).

The pros and cons of constructing a new building or 
retrofitting an existing structure have to be individually 
examined and compared. In some cases, retrofitting 
allows a further reduction of the energy load by 
preserving building materials, which can contain high 
levels of embodied energy,7 expended in the extraction 
of resources, the manufacture of materials and their 
transportation. Both new building construction and 

retrofitting are fundamental for catalysing a green 
building transformation. Retrofitting in developed 
countries can yield significant energy savings as the 
design, construction and technology of older buildings 
is often significantly less efficient than current best 
practices. In addition, retrofits that address daylight or 
on-demand ventilation to improve air quality can bring 
benefits through lower health care costs and higher 
productivity levels.

While less significant in terms of volume compared with 
new construction, retrofits can play an important role in 
addressing energy poverty in developing countries. At 
least 20 per cent of the world’s population lack access to 
electricity and it is expected that 1.2 billion people will 
still be without electricity in 2030; 87 per cent of them 
living in rural areas (IEA 2010a). Equipping households 
with electrical appliances, heating and cooling systems 
and either on-site renewable energy generation (such as 
rooftop solar panels) or a connection to the power grid 
may increase overall energy demand. Yet it will come 
in a far cleaner form than the coal, dung or wood many 

Table 2: Summary of the major opportunities for green buildings in different sectors 
Source: Based on WBCSD analysis (2007a)

6. In Brazil, for example, refrigerators are responsible for 33 per cent of all 
electricity use in residential buildings over the year, with electric showers, 
lighting and air conditioning accounting for 20, 11 and 10 per cent 
respectively (Ghisi, Gosch and Lamberts 2007).

7. Embodied energy is energy needed for the production and processing 
of materials, transport and demolition as well as for manufacturing of 
furniture, appliances and the provision of infrastructure services such as 
water and sanitation. Embodied energy is highly dependent on the design 
and construction technique of buildings.

Figure 3: Investment potential for new construction and building retrofits relative to the current sustainability 
level of building construction in representative countries 
Source: Nelson (2008)

Building retrofits New construction

Developed Countries

(Key focus)
•  Single homes that lack efficiency norms (e.g. EU)
•  Homes to increase lifespan (e.g. Japan)
•  Appliances in large, relatively new homes (e.g. USA)
•  Older multi-family buildings (e.g. Europe)

(Secondary focus)
•  High rate of new construction expected in USA and Japan. High potential to 

meet green standards, e.g. zero-carbon, zero-waste and 3R (Japan). 

Emerging Economies

(Secondary focus)
•  Single homes built by the informal sector to meet basic 

efficiency standards (e.g. Brazil)
•  Multi-family homes (e.g. China, Brazil and Russia)
•  Predominance of single homes in countries such as India – 

needs retrofits to sustenance levels (basic electricity, better 
cooking fuels, durable) 

(Key focus)
•  Huge housing shortage – opportunity for greening through publicly 

subsidized and privately financed housing (e.g. India, China, Brazil, Russia 
and other emerging economies)

•  Huge demand for office space. Potential for greening through corporate 
demand.
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households currently use for lighting, heating and cooking. 
Replacing these traditional fuel sources will produce 
significant environmental and public-health benefits. 

Table 2 summarises elements that describe the 
retrofitting and new construction potential in greening 
the building sector in developed countries and 
emerging economies. It is clear that there is a strong 
case for retrofitting buildings in developed countries. In 
emerging economies, retrofitting and new construction 
both have compelling cases although the potential 
for new construction is much greater than retrofitting.  
Figure 3 correlates the expected value of new 
construction and retrofitting potential with its level 
of sustainability (from low to high share of green 
construction). It can be seen that emerging economies 
such as China and India have a great potential for new 

construction, but it is not expected to be particularly 
green. Developed countries have a high potential for 
retrofitting, with a high level of sustainability. The new 
construction potential in these countries is very low. 

A conscious effort is needed to turn new construction 
green in developing countries and emerging economies, 
given that buildings generally last for decades and often 
centuries, whereas a country’s car fleet may be turned 
over in as little as 12 years. If a building is constructed 
to low standards of efficiency, retrofitting it later is an 
unnecessary complication compared with getting 
it right the first time. Retrofitting existing buildings, 
however, reduces energy demand compared with new-
builds through a lower demand for building materials 
such as steel, glass and cement, which themselves 
require considerable amounts of energy to produce.
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3 	 The case for investment 
in green buildings
3.1	 Investment needs

The analysis in this chapter is predicated on climate 
change and GHG emissions being an overriding 
concern for the building sector. Related to this are 
key environmental challenges such as water scarcity, 
land use, waste and sanitation. Climate change both 
impacts and is impacted by these. The social and 
economic dimensions are addressed in terms of how 
a more efficient use of resources in the building sector 
and a reduction of its GHG emissions can contribute to 
energy savings, health and productivity gains, as well as 
job creation. Overall, green building investment needs 
are primarily driven by climate and resource scarcity or 
efficiency imperatives.

Buildings currently account for 40 per cent of energy 
use in most countries (IEA 2010b), with projections  
that demand in this sector will increase by 60 per 
cent by 2050 (IEA and OECD 2010). This is larger than 
either the transportation or industrial sector. The IEA 
and OECD (2010) estimate that building sector carbon 
emissions will need to be reduced from the 15.2 Gt per 
year currently projected for 2050 to approximately 2.6 
Gt per year as part of a strategy to successfully address 
climate change.8 

Greening the global building stock will require considerable 
investment in new technologies and sustainable building 
materials as well as in design and engineering expertise. 
This will increase the upfront cost of building construction 
relative to continuing with business-as-usual. The IEA and 
OECD (2010) estimate that a 12.6 Gt reduction by 2050 
could be achieved with an average investment of US$ 
308 billion per year between 2010 and 2050.9 A higher 
estimate of US$ 1 trillion per year on average between 
2010 and 2050 was obtained in a separate study by the 
Peterson Institute for International Economics (Houser 

8. This reduction of 12.6 Gt CO2 emissions by 2050, published in the Energy 
Technology Perspectives 2010 (IEA and OECD 2010) revises earlier estimates 
that CO2 emissions from buildings would need to be reduced by 8.2 Gt from 
a projected 20.1 Gt in 2050 to 11.9 Gt (IEA 2008). The earlier estimates formed 
a reference point for other analysis, including by the Peterson Institute for 
International Economics (Houser 2009). The 2010 estimates also include 
reductions achieved by fuel-switching and electricity de-carbonisation, 
whereas the earlier estimates were limited to efficiency measures. 

9. The IEA and OECD (2010) modelled a scenario that estimates a total 
investment of US$ 12.3 trillion required over this 40-year period, consisting 
of US$ 7.9 trillion in the residential sector, and US$ 4.4 trillion in the services 
sector. IEA’s estimates are all in US$ 2007.

10. Net present value is calculated by subtracting the additional up-front 
operation and maintenance cost required for the more-efficient investment 
from the expected energy cost saving over the lifetime of the more-efficient 
investment. Energy cost savings are discounted by 6 per cent annually. NPV 
is then divided by the cumulative change in emissions resulting from the 
investment over the course of its life-time. This is known as abatement cost 
and expressed in US dollars per tonne of CO2 (Houser 2009).

Table 3: The economics of global building transformation
Source: Adapted from Houser (2009)

Country/region Additional investment, 2005-
50 (US$ billion /year) NPV 2005-5010 CO2 reduction* 

(million tonnes 2050)
Ave. abatement cost, 2005-50 

(US$/ tonne)

OECD N. America 244 -46 1,699 30

USA 209 -40 1,555 28

OECD Europe 170 -26 915 30

OECD Pacific 67 -17 353 48

Japan 37 -9 168 52

Transition Economies 78 -12 548 24

Developing Asia 188 -26 2,343 14

China 114 -15 1,427 14

India 19 -2 221 12

Latin America 31 -5 148 39

Middle East 80 -17 663 32

Africa 29 -3 298 10

WORLD 1,042 -180 8,200 25

*Relative to business-as-usual
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2009) in order to reduce emissions in the building sector 
by 8.2 Gt per year by 2050 (see Table 3).11 

Retrofits in developed countries will account for 
a meaningful share of this additional investment, 
particularly in the early years of greening the buildings. 

But the bulk of the incremental investment will occur 
through greening new buildings, an opportunity firms 
and households are already starting to take advantage of. 

For the USA, a recent study predicts that the green 
retrofits of non-residential buildings will grow to a US$ 
6.6 billion market by 2013, targeting the third of the US 
commercial building stock that could benefit from such 
a retrofit – a US$ 400 billion market (Pike Research 2009). 
For new commercial construction and new residential 

11. The analysis by Houser (2009) uses a different approach to estimating 
the costs of achieving the emissions reduction of 8.2 Gt/year, which 
corresponds to the earlier estimated necessary reduction from IEA (2008) 
– see footnote 8 above. Houser’s estimates use data and an investment 
cost model developed by WBCSD (2009) and notes various explanations for 
the higher cost estimates, including the assumptions on the cost of solar 
photovoltaic technology, as well as future projections of energy prices.

Box 1: Life cycle cost for a commercial office in a tropical climate12

In the example, a 100,000 m2 commercial building 
is being designed for the tropics. Based on the 
building programme typically employed by the 
owner, there are several green technologies that 
can be added to the baseline cost to improve overall 
building performance. The new technology either 
costs more than the baseline technology it replaces, 
or it adds a new technology and additional cost. The 
technology investment is being considered because 
it produces higher performance and yields savings 
over the baseline technology. By expressing the 
savings as positive cash flow, and showing the total 
accumulated savings (net present value, NPV) over 
the life of the technology, it can be shown that the 
overall investment (added cost plus accumulated 
savings) pays off over time. 

In this example, the building is a centre of commerce 
and the occupants will be wearing Western business 
attire, so air conditioning was considered necessary. 
Given this high cooling load, technologies that 
could mitigate solar gain and meet the load more 
efficiently were considered. These include window 
film, exterior shading, a wider comfort band on the 
thermostats, demand control for ventilation and wall 
insulation. Three envelope packages are compared 
to a building built to the local standard practice 
construction methods. The costs of the features 
were estimated using standard construction pricing 
techniques. Energy savings were estimated using 
energy simulation software. The blue line shows 
the Minimal Impact package (window film and 
optimised wall insulation), which is the cheapest 
technology to implement. The dark window film 
in this package, however, offsets potential daylight 
savings and does not provide much benefit over its 
useful life (as shown by the flat slope of the blue 
line). The Medium and High Performance scenarios 
have higher first costs, which are offset by higher 

energy savings over the life of the building. The 
steep purple slope of the High Performance package 
(including exterior window shading and demand 
control ventilation) means that the owner will see 
a large reduction in the total cost of ownership over 
the life of the building – almost US$ 800k for the 
period of the analysis shown.

Similar studies analysing the trade-offs between 
building components have shown that there 
can even be a net initial cost saving for green 
measures. An assessment of the TCO for a Passive 
House concluded that the integrated design could 
immediately provide net initial cost savings because 
the incorporation of higher insulation levels 
eliminates the need for a traditional heating system 
(Laustsen 2008). 

Minimal impact

Medium performance

High performance

Time (years)

N
PV

 (U
S$

)

1 6 11 16 21

1,000,000

800,000

600,000

400,000

200,000

-

(200,000)

(400,000)

(600,000)

12. Simulations and text contributed to this chapter by Tom Paladino.
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construction, an estimated 10-12 per cent and 6-10 per 
cent is green, representing a US$ 24-29 billion and US$ 
12-20 billion market, respectively. By 2013, the green 
commercial construction market is expected to grow 
to US$ 56-70 billion annually and the green residential 
market is expected to grow to US$ 40-70 billion (McGraw 
Hill 2009). 

Although impressive, this market-driven change is 
not sufficient to meet the US$ 209 billion average 
annual investment required in the USA alone to reduce  
the building sector’s carbon footprint in line with the 
IEA’s projected low-carbon pathway (Houser 2009). 
Increasing investment in green buildings will require 
policies, and smart policy design requires an accurate 
appraisal of the costs and benefits of green building 
investments.

3.2	 Measuring the costs and benefits

A correct evaluation of green building economics 
requires a Total Cost of Ownership (TCO) approach, 
where the differences in upfront investment costs 
(known as first costs) are considered alongside long-term 
costs and benefits. While certain green buildings may 
cost more to construct than a conventional alternative, 
the first cost premium may be recouped through lower 
energy bills, avoided climate change impacts, improved 
public health or increases in worker productivity.  
Box 1 describes the economic benefits of green buildings 
technologies and how these can offset their investment 
costs over time.

Looking only at the cost differential between 
constructing green and conventional buildings, a 
recent study by Greg Kats (2010) suggests that cost 
premiums are considerably lower than generally 
perceived. Data from 170 green buildings in the 
USA showed that they cost on average only 1.5 per 
cent more than conventional buildings, while public 
perception of the average additional costs of going 
green were 17 per cent. Per square metre the green 
premium ranged from US$ 0/m² to US$ 764.2/m² 
with a median of US$ 36.6/m².13 While Kats found the 
premium to be often greater for buildings achieving 
higher green standards, these same high standards 
were in many cases achieved with minimal or zero 
additional cost. This suggests that the green-cost 
premium depends to a great extent on the skill of the 
designers and builders, rather than on the level of 
greenness per se. The study also indicated that green 
retrofits have a slightly higher average green premium 
than new construction. 

13. Original text indicates per square foot a green premium ranging from 
US$ 0/sf to US$ 71/sqf with a median of US$ 3.40/sqf.

Comparative efficiency by sector and region
The economic benefit of green building investment is 
backed up by low or even negative costs of greening the 
building sector. One study estimates that 3.5 gigatons of 
CO2 emissions could be reduced through investment in 
green buildings by 2030 at an average abatement cost of 
US$ 35 per tonne.14   This compares with US$ 10 per tonne 
in transportation, US$ 17 per tonne in steel production 
or US$ 20 per tonne in the power sector (McKinsey 2009). 
Going beyond 2030, the Peterson Institute study Houser 
(2009) found that achieving the 8.2 Gt (i.e. aiming at 450 
ppm) of emission reductions from the building sector 
by 2050 would cost US$ 25 per tonne, but it would still 
be among the cheapest sources of abatement. Failure 
to transform the building sector and reliance on more 
costly emission reductions from the transport, power 
and industrial sectors would increase the economic cost 
of combating climate change by at least US$ 500 billion 
per year globally between 2010 and 2050. 

Boxes 2 (China) and 3 (US) show the challenge of 
weighing short- and longer-term costs and benefits, as 
well as the tendency for growing energy consumption 
to undermine efficiency gains in commercial and 
residential buildings. Box 2 presents a case study 
of residential construction in China and illustrates 
the energy savings from design and management 
interventions. From this and other studies, it is clear that 
green buildings have a significant economic return on 
investment, and should occupy centre stage for long-
term policies that aim to change patterns of production 
and consumption behaviour.

Although a wealth of energy efficiency measures and 
their attendant carbon emission reductions come at zero 
or even negative cost, policy intervention is needed to 
transform the global building stock in line with what the 
IEA sees as necessary to put the world on a low-carbon 
pathway. They also show the need for approaches that are 
regionally specific to reflect local building industry and 
local economic realities, mindful that the urban challenge 
in green building shows many similarities across regions. 

An example of new policy and regulatory intervention 
comes from the EU’s Energy Performance of Buildings 
Directive15 (EPBD), which has generated debate about 
time frames for meeting requirements, the level of 
harmonisation across countries and the possible 
administrative burden imposed (e.g. compulsory 

14. The reduction of 3.5 Gt of CO2 emissions from buildings through 
increased energy efficiency is part of a larger emission reduction of 38 Gt in 
11 sectors, which aims to bring CO2 emissions close to the 450 ppm target 
by 2030.

15. The EPDB directive combines regulatory (energy performance 
requirements) and information-based (certification and inspection) 
measures and provides a holistic approach to emissions reduction, which 
encompasses the energy needs for space and water heating, cooling, 
ventilation and lighting.
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Box 2: Residential construction in China

In China, the demand for multi-family dwellings 
will continue to grow rapidly owing to rural-urban 
migration and rising incomes. Between 2010 and 
2050, the World Business Council on Sustainable 
Development (WBCSD) estimates electricity demand 
in multi-family buildings will increase by 200 per 
cent for lighting and 325 per cent for appliances. 
Current building practices are characterised by 
poorly designed and insulated building envelopes 
and inefficient heating systems, while energy for 
heating is priced at a fixed rate irrespective of 
consumption. Analysis by WBCSD (2009) looks at 
the impact of improving the efficiency of typical 
blocks of multi-family buildings in China (a six-story 
building containing 36 apartments) over a 45-year 
period spanning 2005-2050.

The table shows the impact of a 76 per cent 
improvement in building energy efficiency through 
a series of design and management interventions, 
including a better-designed and insulated building 
envelope, apartment-level temperature controls 
and electricity sub-metering. If replicated at a 
national level across China, these steps could lead 
to a total saving of about 225 billion kWh per year, 
or US$ 12 billion per year at current electricity 
prices. However, although substantial building 
energy savings are achieved, the growth in national 
building stock in China will outpace the efficiency 
improvements, resulting in a net increase of  
305 billion kWh per year in energy demand over the 
given time period. 
Source: WBCSD (2009)

Multi-family new building construction in China

Base case Green development Difference savings (or costs)
 Growth in energy use 2005-2050 ~ 530 billion kWh/yr ~ 305 billion kWh/yr ~ 225 billion kWh/yr

Incremental cost per year NA ~ US$ 12 billion (~ US$ 12 billion)

Space heat energy savings NA 76% 76%

Value of energy savings per year NA About equal to costs on annual basis ~ US$ 12 billion

inspections by accredited experts). An impact assessment 
was recently conducted of the directive, which came 
into force in 2002 (Haydock and Arbon 2009). The study 
concluded that a reduction of 5-6 per cent of the EU’s 
final energy demand, with 60-80 Mt of energy savings 
per year, was possible. This accsounts for 4-5 per cent of 
the EU’s CO2 emissions. It showed that savings of 160-
210 Mt CO2/year can be achieved by 2020, along with the 
creation of 280,000-450,000 new jobs. This confirms that 
greening costs are low compared with the mid- to long-
term benefits. Moreover, abolishing the EPBD’s current 
1,000 m2 compliance threshold could yield an additional 
€ 25 billion energy cost savings per year by 2020 at an 
additional capital investment cost of € 8 billion per year – 
an overall negative CO2 abatement cost (EC 2008).

3.3	 Economic, environmental and 
social impacts

Energy benefits
The primary benefit of green buildings is the reduction 
in tenant energy costs through improved energy 

efficiency. McKinsey estimates that in the USA, US$ 229 
billion of investment in residential energy efficiency 
between 2009 and 2020 would yield US$ 395 billion 
in energy cost savings and reduce overall residential 
energy demand by 28 per cent. In commercial buildings,  
US$ 125 billion in investment would reduce energy 
demand by 29 per cent and yield energy cost savings 
of US$ 290 billion (Granade et al. 2009). In developing 
countries, the firm estimates that US$ 90 billion in energy 
efficiency investment would reduce energy expenditure 
by US$ 600 billion (McKinsey 2010).

In its 2009 World Energy Outlook, the IEA estimated 
that US$ 2.5 trillion additional investment in green 
buildings globally between 2010 and 2030 would 
yield US$ 5 trillion (undiscounted) in energy savings 
over the life of the investment. A study by the WBCSD 
found the potential for US$ 150 billion a year of green 
building investment in the USA, EU, Brazil, China, India  
and Japan where energy cost savings would pay back 
the additional upfront investment in less than 5 years. 
An additional US$ 150 billion a year of investment 
would pay back within 5-10 years (WBCSD 2009). The 
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Box 3: Retrofitting existing office buildings in the USA17 

The market size of existing office retrofit building 
stock in the USA is about 12.2 billion square feet (EIA 
2003) while the median age of US office buildings in 
1995 was 23.5 years. Office buildings consume the 
most energy of all building types, with an energy-
use intensity of 97,200 Btu per square foot (EIA 1998). 
Over the next 4 years alone, the US retrofit market for 
non-residential buildings is projected to grow from 
US$ 2.1-3.7 billion in 2010 to US$ 10.1-15.1 billion by 
2014 (McGraw Hill 2009). Energy savings of 10 per 
cent can be achieved with an investment of less than 
US$ 1 per square foot. To achieve a more aggressive 
target of 40 per cent, an investment of US$ 10- 30 per 
square foot is required (Pike Research 2009).

The table shows it is easy to justify the investment 
because the 10 per cent energy savings alone show 
a positive NPV of US$ 210 million after a 15-year life 
of the retrofit measures. This increases to US$ 2.81 
billion savings if a 1 per cent productivity increase is 
assumed. However, for the more aggressive scenario 
of 40 per cent energy savings, the NPV is negative 
after 15 years unless productivity increases are 
taken into account. While this case study confirms 
the benefits of investing in green building retrofits, 
it also sets out the complexities associated with 
significant capital outlays, which cannot be easily 
translated into short-term gains. 
Source: WBCSD (2009)

US commercial buildings 10% energy savings 40% energy savings

Existing commercial building area (EIA 2003) 72 billion sq.ft. 72 billion sq.ft.

Existing office-building area (EIA 2003) 12.2 billion sq.ft. 12.2 billion sq.ft.

Number of office buildings (EIA 2003) 824,000 824,000

Office energy use/sq.ft. (EIA 1998) 97.2 kBtu/sq.ft./yr 97.2 kBtu/sq.ft./yr

Assumed office-space retrofit per year 100 million 100 million

Assumed energy savings (%) 10% 40%

Assumed energy savings (converted to kWhr) 2.85 kWhr/sq.ft./yr 11.4 kWhr/sq.ft./yr

Total value of energy savings (at US$ 0.105/kWhr) US$ 29,925,000 US$ 119,700,000

Assumed cost of retrofit (Pike Research 2009) US$ 1/sq.ft. US$ 25/sq.ft.

Total cost of retrofit US$ 100 million US$ 2.5 billion

Assumed productivity increase 1% US$ 2.5/sqft/yr US$ 2.5/sqft/yr

Total value of productivity US$ 250 million US$ 250 million

Assumed discount rate 5% 5%

Assumed life of retrofit measures 15 years 15 years

Net present value (direct energy benefits) US$ 210 million US$ 1.26 billion

Net present value (direct energy + indirect productivity benefits) US$ 2.81 billion US$ 1.34 billion

average payback time from energy savings for the 
green buildings analysed by Kats was 6 years, while over  
20 years financial gains from reduced energy costs 
exceed the green premium by a factor of four to six – 
US$ 43.1 to US$ 172.2 per square metre (Kats 2010).16 

But the opportunity for energy saving in buildings is not 
equally distributed at the global level. A recent UNFCCC 
study, illustrated in Figure 4, shows that in Asia (including 
China and India) there is a significant difference 
between current emissions and projected mitigated 

emissions, reflecting the accelerated economic growth 
of these nations and their subsequent need for energy. 
In contrast, the study shows that OECD countries can 
mitigate emissions by 2030 to levels as low as those 
seen in 2000, confirming that advanced economies have 
the potential to make major strides in reducing energy 
demand in critical sectors such as the building industry.

16. Original text indicates green premium of US$ 4 to US$ 16 per square 
foot.

17.  This example from the USA is referring to square foot. In the table the 
existing commercial building area corresponds to an area of 6.7 billion sq.m, 
with an office energy use of 1.1 million Btu/sq.m./yr, assumed energy savings 
of 30.7 kWhr/sq.m./yr (10%) and 122.7 kWhr/sq.m./yr (40%), assumed cost 
of retrofit of US$ 10.8/sq.m. (10%) and US$ 269.1/sq.m (40%), and assumed 
gains from a productivity increase of 1 per cent of US$ 26.9/sq.m/yr.
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Water benefits
The water efficiency of green buildings translates 
into cost savings for the supply of potable water. A 
variety of water-efficiency strategies is being pursued 
particularly by countries facing water stress and water 
scarcity. In India, innovation in indigenous and green 
building approaches include 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 
(UNEP SBCI 2010a). 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 SBCI 2009b). In New South 
Wales, Australia, the government-owned land and 
property developer, Landcom, has defined principles 
such as water sensitive design, which have to be met 
by suppliers. It has promoted building-sustainability 
indicators, introduced by state regulation and requiring 
40 per cent improvement in GHG emissions and water 
management in all new housing (Martinez-Fernandez 
et al. 2010). In Melbourne, City Council House II has 
achieved a 72 per cent reduction in mains water usage 
through a combination of water efficiency, rainwater 
harvesting, water recycling and sewer mining (von 
Weizsäcker et al. 2009).

Further, demand-side management of household 
water-use covers appliances used for toilets, urinals, 
showerheads, taps, washing machines and dishwashers. 
Using water efficient appliances in the home can result 

in significant water savings. For example, modern water 
efficient dishwashers and toilets can use as much as a 
50 per cent less water than less efficient older models or 
even 100 per cent less in the case of waterless toilets and 
urinals (Waterwise 2011a and 2011b).

According to Kats (2010), the net present value of 20 
years of water savings in a typical green building in the 
USA range from US$ 5.4 to US$ 21.5 per square metre.18 
He further suggests that these direct savings in green 
buildings outweigh the initial costs of water-efficiency 
strategies such as rainwater harvesting, waterless  
urinals and the use of grey water for all building types. 
A specific example is provided in Box 4. Reducing hot-
water usage also brings benefits by reducing water and 
energy costs for households, businesses, institutions 
and water utilities.

Waste and material benefits
The building sector can be called the industry of “thirds”: 
over a third of all CO2 emissions come from building 
construction and operations, over a third of all energy and 
material resources is used to build and operate buildings, 
and over a third of total waste results from construction 
and demolition activities. Considering efficiency in 
use of land and materials, green building presents an 
opportunity to address growing scarcity issues that 
many societies face owing to the unsustainable use of 
ecosystem services. It also presents an opportunity to 
address other environmental and health problems such 

18. Original text indicates a range from US$ 0.50 to US$ 2 per square foot.
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as noise pollution, chemical pollution and hazardous 
waste issues such as asbestos and lead content in paint 
(UNEP SBCI 2010b). 

Avoiding waste, in addition to minimising energy and 
water consumption over a building’s life-cycle, is crucial 
to the sustainable performance of buildings. Life-cycle 
management brings a cradle-to-cradle perspective, 
covering a building value chain that includes the 
manufacturing of material supplies, the construction 
process, building operation and maintenance as well as 
the disposal, recycling, or reuse of building, operations, 
construction, and demolition waste. 

Buildings consume great quantities of materials, energy 
and other resources, the root of which start with planning 
and design and reach all the way to eventual demolition. 
The consumption of these resources can have significant 
environmental impacts at global and local levels. 
Ensuring that undesirable impacts are minimised, 
architects and design professionals play a major role in 
energy conservation and responsible resource usage. 
Research into the energy consumption of buildings 
today is directed towards analysis of operational energy 
(during use phase) as well as the energy embodied 
within the fabric of the building, energy needed to 
extract and process raw material into finished building 
components, as well as energy used in the construction 
of the building. As operational energy consumption is 
improved, embodied energy becomes proportionally 
more significant. The embodied energy of a building’s 
materials is one measure of its ecological impact and 
use of ecosystem services, which raises questions about 
the acquisition of raw and processed materials. 

Measuring the embodied energy of building material 
components, or the building as a whole, presents an 
enormous challenge unless information is systematically 
collected from the design stage to the completing of 
construction and is made available by all manufacturers 
involved. 

In order to reduce the building impact and fulfill a 
complete life-cycle of building and material construction 
analysis, it is necessary to establish low-impact criteria 
during the design process; construction, operation/
maintenance and disposal/recycling. The following 
criteria can be considered: raw material availability; 
land and water availability; minimal environmental 
impact; embodied energy efficiency (production and 
process energy requirements); transportation; product 
lifespan; ease of maintenance; potential for product 
re-use; and material durability and recyclability. In 
order to analyzse the environmental impact of the 
materials according to their entire life-cycle, building 
materials are divided in three groups: organic, ceramic 
and metallic. Organic building materials include 

timber. Ceramic building materials are the inorganic, 
non-metallic ones, primarily consisting of concrete 
and masonry products as well as glass. The metallic 
building materials include steel, aluminum, copper and 
lead. These are all natural resources. Issues also arise 
from the increasing use of synthetic materials such as 
plastics, which tend to be complex materials that pose 
difficult problems for recycling and reuse. Reducing the 
number of material components in products as well 
as separating natural from synthetic material allows 
higher rates of recyclability and reuse (McDonough 
and Braungart 2002).

Comparative analysis of materials using the above-
listed criteria (Lawson 1996) shows that, by example, 
sustainably-sourced wood is one of the best options 
for ensuring low embodied energy and a minimal 
environmental impact. While metallic materials have 
the highest embodied energy, they also perform well 
in terms of their lifespan, maintenance, reuse and 
recyclability. Lawson’s study, carried out in Australia, 
reported that 95 per cent of embodied energy that 
would otherwise go to waste can be saved by the reuse 
of building materials. Savings range from 95 per cent for 
aluminium to only 20 per cent for glass. 

The recycling of building materials is a relatively new 
concept and has only been assessed in a few studies. 
In a study carried out in Sweden, two cases were 
compared: (a) a building with a large proportion of 
re-used materials and components, and (b) the same 

Box 4: Water savings in a 
4-person single house 

Water use in a standard 4-person single-family 
detached house can be reduced by 57 per cent 
(from 500 litres to 218 litres per day) by installing 
more efficient devices in place of conventional 
toilets, showerheads, taps, dishwashers, 
washing machines etc. (van Wyk 2009). Water-
efficient appliances such as rainwater harvesting 
systems and systems for re-using grey water 
require additional investment costs, but most 
cost-saving effects relate to saved potable water. 
These are determined by the average cost of 
potable water. In the case of a 4-person single-
family household, setting a high price for water 
(US$ 1.91 per m3, as in Germany) will result in a 
saving of about US$ 202 per year, whereas with 
a lower price of US$ 0.40 per m3 (as in Canada) 
the saving will be about US$ 42 per year .
UNESCO (2001)
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building for which new materials and components 
were used. The results showed that the environmental 
impacts caused by reused materials are at 55 per cent 
of the impact caused if all materials had been new 
(Thormark 2000 and 2006). Other studies show that 
by using recycled materials between 12 per cent and 
40 per cent of the energy used for material production 
could be saved. Reasons for the mixed results between 
studies include differences in recycling rates and the 
material composition in buildings. 

Although recycling building materials requires energy 
consumption, studies show that recycling materials 
still delivers net emissions savings. Following a life-
cycle approach (Sára 2001), compared CO2 emissions 
from produced recycled clay/gravel with and without 
selective dismantling and classification. The research 
indicates that CO2 emissions were reduced from 107.7 
kg to 6 kg per tonne of recycled clay/gravel produced. 
Recycling rates of specific materials that are significant 
in construction and demolition waste streams can be 
significant indicators of sustainability. In developing 
societies, recycled building components are often 
cheaper and of higher quality than conventional 
materials, providing benefits to the urban poor (UNEP 
SBCI 2010a).

Productivity and health benefits
Green buildings provide benefits beyond environmental 
advantages at a low or negative cost. These include 
improved worker productivity and work quality 
resulting from a more comfortable office environment 
as well as improved public health resulting from 
reduced indoor air pollution (after replacing biomass 
with electricity or clean burn biomass in developing 
countries), reduced noise pollution and reduced overall 
air pollution (owing to reduced use of fossil fuels in 
developed countries and emerging markets).

These benefits can rival, if not supersede, the energy 
cost and climate benefits outlined above. For example, a 
recent study for the US Green Building Council estimated 
that greening an average US commercial office building 
saves US$ 5.6 per square metre per year in energy 
costs (Booz Allen Hamilton 2009).19 While significant in 
absolute terms, energy costs for most businesses pale 
in comparison to labour costs, particularly in developed 
countries. Even a 1 per cent increase in productivity 
resulting from investment in green buildings yields 
a labour-cost saving several times higher than the 
energy-cost savings noted above. Results from a series 
of research studies on the effects of environmental 
conditions within workplaces show that productivity 
savings can be significantly greater than 1 per cent:

■■ Indoor air quality: 6-9 per cent productivity gain 
(Wyon 2004);

■■ Natural ventilation: 3-18 per cent productivity gain 
(NSF/IUCRC 2004);

■■ Local thermal control: 3.5-37 per cent productivity 
gain (Loftness et al. 2003);

■■ Daylighting: 3-40 per cent productivity and sales gain 
(Loftness et al. 2003); and

■■ Rent premium: up to a 36 per cent increase (Baker et 
al. 2008).

Increased day lighting, views and contact with nature 
have also been linked to positive health and productivity 
impacts beyond commercial workplaces, for example, 
in hospitals and schools. Enhanced environments 
within school buildings are linked to improved student 
performance (Aumann et al. 2004) and those in hospitals 
have been associated with faster patient recovery 
(Ulrich 1984). Of 13 studies linking improved access to 
the natural environment with gains in individual and 
organisational productivity, seven identified 3-18 per 
cent increases in individual productivity (including 
student test results) and 40 per cent increases in sales 
(an organisational productivity measure) as a result of 
the introduction of daylight to workplaces (Loftness  
et al. 2003). 

One of the earliest and most widely-cited studies 
on economies from green buildings documented 
33 commercial buildings with green certification in 
California (Kats 2003). The report found an average 
green-building cost premium of US$ 32.3-53.8 per 
square metre.20 The total benefits of the investment 
are highlighted in Table 4, which measured net-
present value (NPV) over a 20-year period, showing net 
benefits of between US$ 516.7-721.2 per square metre, 
depending on level of certification.21

In developing countries, the health benefits of 
investment in the green buildings, specifically in 
technologies and appliances for heating and cooking, 
are directly contributing to improved human well-being. 
Indoor pollution is a major cause of serious illness and 
premature death in developing countries. Greening the 
building sector, in this context, is expected to derive 
its main benefits from reducing indoor pollution and 
improving the health of the poor, particularly women 
and children. Studies conducted by Ezzati and Kammen 
(2002) showed that the cost-effectiveness of measures 

19. Original text indicates saving of US$ 0.52 per square foot per year in 
energy costs.

20. Original text indicates an average green-building cost premium of US$ 
3-5 per square foot.

21. Original text indicates net benefits of between US$ 48-67 per square foot.
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such as distributing cooking stoves was superior to 
many public-health programmes around the world.

Analysis of low- and middle-income countries for 
the WHO has shown that by 2015, the availability of 
improved stoves to half of those who in 2005 were still 
burning biomass fuels and coal on traditional stoves 

“would result in a negative intervention cost of US$ 34 
billion a year and generate a return of US$ 105 billion 
per year” (Hutton et al. 2006). The study concludes 
that “economic benefits include reduced health-related 
expenditure as a result of less illness, the value of 
assumed productivity gains resulting from less illness 
and fewer deaths and time savings due to the shorter 
time spent on fuel collection and cooking.” A potential 
global demand for 0.61 billion LPG stoves or electrical 
hot plates by 2030 to replace open-fire biomass fuel for 
cooking augurs well for job opportunities in areas such 
as sales, transport, maintenance and manufacturing 
(Keivani et al. 2010).

Benefits in employment 
The construction sector (including buildings) accounts 
for 5-10 per cent of employment at the national level, 
amounting to over 111 million people directly employed 
worldwide (UNEP SBCI 2007a; ILO 2001). Three-quarters 
of construction jobs are in developing countries and 90 
per cent in firms of less than 10 employees or micro firms 
(Keivani et al. 2010). The real figure is likely to be much higher, 
as many construction workers are informally employed 
and therefore not accounted for in official statistics. 

Greening the global building stock will impact global 
employment through job creation, job substitution, job 
elimination and job transformation. There are many 
channels through which green buildings generate 
employment including: the new construction and 
retrofitting of buildings, increased production of green 
materials, products, appliances and components, 
employment through energy-efficient operations and 
maintenance, the expansion of renewable energy 
sources and generation mix, and tangential activities 
such as recycling and waste management. 

Several studies estimate the number of jobs created as 
a result of different types of green building investment. 
Before reporting the evidence, it is important to 
mention two key aspects of these studies. Firstly, new 
jobs created as a result of green investments are not 
necessarily green jobs. According to ILO definitions, to 
be considered green, jobs must meet as well the criteria 
of decent work. Some indicators in the building sector 
point to serious shortfalls in decent work. Box 5 discusses 
this issue in more detail. 

Secondly, case studies often report the gross impact of 
investment on the labour market. Yet an accurate labour-

market assessment also requires evaluating the net effects. 
A number of jobs will be lost when investment is redirected 
to green buildings, when green materials replace brown 
materials, and so on. In practice, substitution, budget and 
external effects are not easily quantifiable.

Considering research on new construction, Booz Allen 
and Hamilton (2009) estimated that in the US green-
building construction supported over 2.4 million jobs 
between 2000 and 2008 and these are projected to 
grow to up to 7.9 million between 2009 and 2013. 
Another study on the green building industry in Brazil 
shows that jobs related to greening the construction, 
commercialisation, maintenance and use of buildings 
grew from 6.3 per cent of the total number of formal 
jobs in 2006 to 7.3 per cent in 2008 (ILO 2009).

In terms of retrofitting activities, it is generally accepted 
that every US$ 1 million invested in building-efficiency 
retrofits would create 10-14 direct jobs and 3-4 indirect 
jobs. Using a value of 12.5 jobs per US$ million invested, 
a recent report (Hendricks et al. 2009) calculated the 
jobs that could be created if 40 per cent of US building 
stock – 50 million buildings – is renovated by 2020 with 
an average investment of US$ 10,000 per retrofit. This 
would result in a US$ 500 billion market, which would 
lead to 6,250,000 jobs over ten years. Table 5 further 
illustrates how the economy might benefit from a US$ 
1 million investment in green buildings and how this 
would generate a net gain of 16.4 job-years over 20 years.

Important additional employment opportunities are 
also generated from the design of environmentally- 

22. Original text presents the figures in US$ per sq.ft: $ 5.79 of energy value; $ 
1.18 of emissions value; $ 0.51 of water value; $ 0.03 of water value (construction 
only) for a year; $ 8.47 of commissioning O&M value; $ 36.89 of productivity and 
health value (certified and silver); $ 55.33 of productivity and health value (gold 
and platinum); $ 4.00 of less green cost premium; $ 48.87 of total 20-year NPV 
(certified and silver); $ 67.31 of total 20-year NPV (gold and platinum).

Table 4: Financial benefits of green buildings  
(US$ per sq.m)22

Source: Kats (2003)

Category 20-year NPV

 Energy value $ 62.3

Emissions value $ 12.7

Water value $ 5.5

Waste value (construction only) – 1 year $ 0.3

Commissioning O&M value $ 91.2

Productivity and health value (certified and silver) $ 397.1

Productivity and health value (gold and platinum) $ 595.6

Less green cost premium ($ 43.1)

Total 20-year NPV (certified and silver) $ 526

Total 20-year NPV (gold and platinum) $ 724.5
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sound materials, products and renewable energy. A 
study conducted by ADEME (2008) in France displays 
the number of jobs directly involved in carrying out 

insulation work of opaque walls, which involve interior 
insulation of the walls, ceilings and floors and the use 
of associated materials. In 2006 the industry accounted 
for 9,700 jobs related to these activities and 7,150 jobs 
related to the production and application of related 

Box 5: The social dimension of green buildings: implications for 
decent work and poverty reduction23

The building sector has high potential for pro-
poor economic growth through its high labour 
absorption capacity in developing countries. 
The sector employs a wide range of workers with 
different levels of education and has the ability to 
absorb the excluded (de Souza 2000). This has strong 
implications for income generation and poverty 
reduction. Take the example of the Johannesburg 
Housing Company project in South Africa (Keivani 
et al. 2010). This project involves the introduction of 
energy-efficient light bulbs and day-night sensors, 
solar energy systems for heating water and the 
insulation of boilers. It provides jobs for over 1,000 
contractors in maintenance, cleaning and security 
services and even more in specialised functions such 
as plumbing and electrical services. The Watergy 
Soweto project for the rehabilitation of plumbing 
fixtures has provided 1,500 temporary jobs. 

Despite this potential, workers of the construction 
industry are often subject to poor working 
conditions. High informality, low wages, instability, 
gender discrimination, frequent accidents and 
occupational diseases characterise the working 
conditions of a large share of workers in the building 
sector around the world, especially in developing 
economies where construction work is more 
precarious and less formalised. 

Where the employment relationship of contractors, 
subcontractors and workers is casual or informal, 
workers’ rights are often unclear and they enjoy 
less protection from the law than those directly 
employed. In recent years it has become the norm 
for workers to be employed on a short-term basis, 
and instability of work is one of the major problems 
facing the building industry. 

Construction is also one of the most dangerous 
occupations. Workers in this sector are 3-4 times 
more likely than other workers to die from accidents 
at work. Many others suffer and die from diseases 
arising from exposure to dangerous substances at 
the workplace, such as asbestos. In regard to social 

protection, there is evidence that many employers 
do not pay into social security funds for workers who 
are on temporary contracts, depriving them from 
health care, holiday pay, and compensation owing 
to unemployment, ill health, accidents or old age.

For a long time the ongoing dialogue with employers 
as well as the government has been a successful 
approach for workers to collectively negotiate better 
wages and working conditions. However, nowadays 
a large workforce of temporary, casual, informal and 
unemployed workers find it very difficult to organise 
themselves to engage in such dialogue. The greening 
of buildings may provide a new opportunity for social 
dialogue. Many employers and government authorities 
have shown enthusiasm for green construction. 
This may open a new door to dialogue with workers 
on labour issues in the context of greening of the 
industry, involving workers in green management, 
resource efficiency and safety improvements. 

In the area of working conditions, greening the 
building sector will have an impact on health and 
safety. Green construction is however not safer per 
se, as is shown in research by the American Society 
of Civil Engineers. With data collected through a 
structured questionnaire survey, the study tested 
the presence of a difference in Occupational Safety 
and Health Administration (OSHA) recordable 
incident rates (RIRs) and lost time case rates (LTCRs) 
between green and non-green projects. There 
was suggestive, but inconclusive evidence of a 
statistically significant difference in the RIRs of the 
green and non-green building projects that were 
examined. Also, no statistically significant difference 
was found between the respective LTCRs. 

These considerations provide further cause to turn 
the role of labour inspectors to one of education 
and prevention, as opposed to mere inspection and 
prosecution. The greening of the industry brings the 
opportunity to create synergies between inspection 
about the environmental and the health & safety 
components of construction.

23.  This Box was prepared based on contributions from ILO to this chapter.
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Table 5: Twenty-year net economic impact of a US$ 1 million investment in green building improvements – 
Illustrative examples 
Source: Kats (2010)

Spending category Impact Amount (millions) Job multiplier Job impact  
(job years)

Construction Green premium increases construction spending $ 1.0 12 12.00

Consumer Spending Because of the green premium, consumers spend less in the short term $ -0.6 11 -6.60

Consumer savings Because of the energy savings, consumers spend more in the long term $ 1.0 11 11.00

Lost utility revenues Utility revenues decrease because of energy savings $ -0.8 3 -2.40

Loan intrest Intrest paid to banks on construction loans $ 0.3 8 2.40

Net-job years: 20 year total 16.40

materials. The figures are projected to grow to 21,000 
and 15,000 respectively by 2012. The same study 
concludes that roof insulation activities accounted for 
3,050 direct jobs in 2006, expected to double by 2012.

The use of green appliances and components has 
high job creation potential as well. Research by the 
U.S. Department of Energy estimates that adopting 
standards for washing machines, water heaters, and 
fluorescent lamps alone would create 120,000 jobs in 
the USA by 2020. In India the introduction of a single 
appliance, fuel-efficient bio-mass cooking stove to 
replace the traditional stoves in 9 million households 
could produce 150,000 jobs in addition to the health 
benefits (UNEP, ILO, IOE, ITUC 2008).

Green investment associated with recent government 
stimulus packages has boosted investment in green 
buildings. An estimated 13 per cent of Germany’s overall 
stimulus package (around US$ 105 billion) is expected 
to create 25,000 jobs in manufacturing and construction 
for retrofitting buildings (UNEP 2009a). Opportunities 
for training in retrofitting are also increasing as the lack 
of skilled and certified professionals is proving to be a 
significant barrier in the adoption of green buildings, 
especially in developing countries.

Focusing on existing residential and public-sector 
buildings, a recent study by Ürge-Vorsatz et al. (2010) 
investigated the net employment impacts of a large-
scale energy-efficiency renovation programme in 
Hungary. The study simulates five scenarios that are 
characterized by two factors: the type or depth of 
retrofits included in the programme and the speed of 
renovation assumed. The BAU scenario assumes no 
intervention and a renovation rate of 1.3 per cent of the 
total floor area per year. Conversely, the “Deep Retrofit, 
fast implementation rate” scenario assumes that 5.7 per 
cent of the total floor area will be renovated per year. This 
research demonstrates that a renovation programme 
of this scale could generate up to 131,000 net new 
jobs in the country, whereas a less ambitious scenario 
would see the creation of only about 43,000 new jobs. 

Under the “deep renovation” scenario, job creation is 
calculated to peak in 2015 with a massive new 184,000 
jobs, notwithstanding employment losses in the energy-
supply sector. It is important to highlight that close to  
38 per cent of these employment gains result from 
indirect effects on sectors supplying the construction 
sector, as well as from the higher spending power 
resulting from the previous rise in employment.

A number of studies have demonstrated that 
investments in green buildings produce more jobs than 
they replace in the energy-supply industry. A study by 
Wei, Patadia and Kammen (2010) found that solar panels 
(often used in green buildings) create 0.87 job-years per 
gigawatt-hour (GWh) produced and energy-efficiency 
investments create 0.38 job-years per GWh saved. That 
is considerably higher than coal (0.11 job-years per 
GWh), natural gas (0.11 job-years per GWh), or nuclear 
power (0.11 job-years per GWh) create. A study by David 
Roland-Holst (2008) found that between 1976 and 2006, 
energy-efficiency improvements in California created 
1.5 million jobs, net of the jobs lost in energy-producing 
industries. Nevertheless, the ILO (CEDEFOP 2010) has 
reported job losses in the cement industry associated 
with employment shifts to other industries, which 
underline the need for retraining and upgrading skills.

The studies referenced here confirm the potential for job 
creation in the building construction sector. If the huge 
demand for new buildings (social housing, hospitals, 
schools, etc.) that exists in developing countries is to 
be considered, the potential is much higher. Further, 
programmes for greening the sector will provide an 
opportunity to address informal production and ensure 
creating green and decent jobs, engaging and updating 
the skills of both the formal and informal sector 
workforce. On the other hand, most of the studies do 
not net out the jobs lost from redirecting investment 
into green buildings that would have otherwise been 
invested elsewhere in the economy. Also there is a 
range of barriers, which hamper the employment-
generating potential of construction investment being 
fully realised. 
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Removing these barriers, for example through the 
application of appropriate policy instruments, will 
increase overall economic output and net employment 
by increasing average returns to capital economy-
wide. Policy interventions (more below) also need to 
address constraints in the planning and procurement 
of construction projects, and the lack of capacity in the 
local industry.

3.4	 Investment scenarios for increased 
energy efficiency in buildings

A comprehensive analysis of investment in greening 
the building sector would investigate the effects from 
implementing the range of measures discussed above 
including new building and construction methods 
and design as well as retrofitting existing buildings. 
Conducting such analysis is, however, limited by a lack 
of global data particularly on the building stock and its 
evolution in recent years.

The modelling of green investment scenarios in this 
report includes an analysis of the effect from increased 
energy efficiency in buildings.24 This analysis is feasible 
using existing data on energy supplied to the building 
sector. Although investment in energy efficiency is only 
part of a range of investment needed to shift to green 
buildings, it is a major component.

The economy-wide model assumes 2 per cent of 
the global GDP to be allocated on a yearly basis as 
additional investment in 10 green sectors (G2) over the 
period 2011-2050. The results of this investment are 
then compared with those of a BAU scenario without 
additional investment, and a BAU2 scenario, in which 
the same additional amount is invested following the 
projected trends of BAU.25 Within this multi-sector 
model, the building sector is allocated 0.2 per cent of the 
global GDP to increase energy efficiency. Since model 
projections result in GDP growth (under all scenarios), 
this annual investment under G2 continues to rise: from 
US$ 134 billion in 2011 to US$ 389 billion in 2050 (with 
a yearly average of US$ 248 billion).26 These amounts are 
somewhat lower than but generally comparable in scale 
to the latest estimates from IEA and OECD (2010).27

The effectiveness of these investments in energy 
efficiency is simulated in the model by using the average 
emission-abatement costs estimated by IEA (2009a) for 
introducing the measures in the building sector. These 
rise from about US$ 18/unit/t CO2 in 2015 to US$ 58/
unit/t in 2030 and US$ 166/unit/t in 2050, reflecting the 
expectation that measures to reach further efficiency 
improvements will become more costly over time.

Under a BAU scenario, power demand from the building 
sector almost doubles from 9.4 million Gwh in 2010 to 17 
million Gwh in 2050 (Figure 5). The G2 results, in contrast, 
suggest the possibility of decoupling buildings’ power 
demand from economic growth. In the simulation, 
power consumption peaks at 10.9 million Gwh in the 
period 2025-2030, then drops slightly to 10.1 million 
Gwh by 2050 while GDP continues to grow in that period.

In terms of reduction in the intensity of buildings’ power 
demand per unit of GDP, the results of the simulation 
show that under G2, by 2020, the intensity will decline 
by 17 per cent over the baseline in 2010, compared 
with a reduction of 5 per cent under BAU. By 2030, the 

24. The modelling of green economy investment scenarios is presented in 
detail in a separate chapter.

25. In order to be conservative about projected reductions in emissions in 
the buildings sector, G2 results are compared here with BAU only. When G2 
results are compared with BAU2 results, the extent of emission reductions 
would be more significant because BAU2 projects higher growth in 
emissions than BAU.

26. All monetary figures are in constant US$ with base year 2010. 

27. As seen below, the somewhat lower investment amounts modelled 
here also lead to lower emissions reductions than in IEA (2010), although 
as explained, part of the emissions reduction in the G2 scenario owes 
to investment in renewable energy, which is not included in the costs 
presented for investment in energy efficiency.
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Figure 5: Total power demand per year in �buildings 
sector 2010–2050
Source: GER model simulations

Figure 6 : Total CO2 emissions per year in �buildings 
sector 2010–2050
Source: GER model simulations
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reduction in this intensity under G2 will be 36 per cent 
compared with 9 per cent in the BAU. In 2050, the G2 
scenario would deliver a 64 per cent reduction in the 
intensity of power demand relative to BAU.

Power demand, however, only accounts for 
approximately 30 per cent of energy use by all buildings 
in 2010 (21 per cent for residential buildings and 51 per 
cent for commercial buildings). Efficiency improvements 
in the use of other energy sources in buildings were not 
simulated, due to lack of data. In these partial results of 
the simulation, therefore, total energy use in the building 
sector, which is influenced in the model primarily by 
economic growth, continues to rise. It turns out that the 
increased energy use from non-power sources, such as 
fuel for heating, driven by additional economic growth 
in the green investment scenarios, approximately offsets 
the savings in power demand. Thus, total energy-use 
rises similarly under all scenarios. This is, in part, an 
example of the rebound effect (see Box 6). It should 
be emphasised, however, that improvements in the 
efficiency of energy use from non-power sources, which 
are not captured by the model and its simulations, 
should entail lower energy use under any potential 
green investment scenario. 

As mentioned, the green investment scenario modelled 
includes an integrated package of investments in 
multiple sectors, which affect each other, sometimes 
indirectly, through inter-sectoral linkages and economy-
wide effects. For this reason, the results in one sector, 
such as the buildings, need to be seen as a result of both 
direct effects from the specific investments in the sector, 
in this case energy-efficiency, as well as indirect effects, 
such as those that affect GDP growth.

The multi-sector G2 scenario also entails substantial 
investment in the supply of energy from renewable 
sources. In the G2 scenario, 0.5 per cent of GDP is 
committed to renewables with the aim of reaching 
the targets set in IEA’s Blue Map scenario (IEA 2008). 
Although total energy use in buildings may still continue 
to rise under any scenario due to continued economic 
growth, the level of emissions would be much lower due 
to the increased share of renewables.

The simulations (see Figure 6) reveal that by 2050 the 
green scenario leads to levels of emissions that are 4.7 
GtCO2 below the BAU and approximately 27 per cent 
lower than current emissions. In G2, the absolute level 
of CO2 emissions increases slightly during the first years 

Box 6: The rebound effect 

The phenomenon known as the “rebound effect” 
describes the limits to energy savings achievable 
by increasing the energy efficiency of a given 
technology. Financial savings incurred owing to 
greater efficiency may lead to increased use of the 
same product or to the consumption of other energy-
consuming goods and services. This highlights 
the Jevons paradox, where efficiency gains from 
a new technology are undermined by increase in 
consumption of the resource involved. Examples are 
leaving lights on because they are energy-saving 
bulbs and driving a more efficient car further or 
using the money saved on petrol to buy another 
car. It highlights the importance of accompanying 
new technologies with appropriate behavioural and 
institutional change. This rebound effect is widely 

recognised, but its estimated magnitude varies 
by activity, as shown by the following estimates 
(WBCSD 2007a):

■■ Space heating: 10-30 per cent
■■ Space cooling: 0-50 per cent
■■ Lighting: 5-20 per cent
■■ Water heating: 10-40 per cent
■■ Automobile: 10-30 per cent.

The rebound effect has to be viewed differently in 
low-income countries, where consumption increases 
from a low status quo. Here energy efficiency can 
contribute to development as reduced expenditure 
on energy enables poor families to invest in other 
necessities of daily life.

Table 6: Emissions intensity in the GER model simulations

Scenarios Emission intensity – CO2 emissions per US$ GDP Carbon intensity – CO2 emissions per unit of energy consumption

Reduction between 2005 and 2050 Reduction relative to BAU in 2050 Reduction between 2005 and 2050 Reduction relative to BAU in 2050

BAU -45% - -3.2% -

G2 -76% -57.0% -45.0% -42.8%
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of the projection. In 2015, it drops back to the 2010 level, 
which represents a 5.5 per cent reduction compared 
with BAU. In 2050, worldwide CO2 emissions in the 
building sector are slightly below the level of 1990 and 
43 per cent lower than BAU. 

The most important result of these projections is that 
the green investment scenario for the building sector 
reaches substantial emission reductions compared with 
BAU, although the additional investment in the building 
sector and across the economy leads to an increase in 
GDP and energy demand. This shows the potential of the 
integrated investment package to reduce carbon intensity 
by decoupling economic growth from CO2 emissions.

Table 6 illustrates the general trend for emissions 
intensity relative to GDP in the building sector and 
the significant projected reduction of carbon intensity 
per unit of energy consumption resulting from the 
additional investment in greening the sector. The 
investments modelled in G2 result in a reduction of 
45 per cent of carbon intensity compared with 2005, 
reflecting the stabilisation of energy demand through 
enhanced energy efficiency.

When considering the enactment of a cap and trade 
mechanism with carbon prices aligned with the 2009 US 
domestic proposal (reaching US$ 77 per tonne of CO2 by 
2030 and US$ 221 by 2050, in constant US$ 2010), the 

reduction in emissions in the building sector as a result 
of the green investment scenario would translate to 
about US$ 330 billion per year on average between 2012 
and 2050. 

Finally, energy efficiency will have an impact on 
job creation and employment. Energy-efficiency 
investments are estimated to create 0.38 job-years per 
GWh saved (Wei et al. 2010). The GER model simulations 
thus estimate that these investments would generate 
more than 1.2 million jobs by 2030, and a total of 2.6 
million jobs by 2050 in the G2 scenario. Additional 
investments in greening the buildings and construction 
sector in other ways, such as more sustainable 
building materials, also have the potential to generate 
employment. It was not possible to include these in the 
model simulations, but it is important to note that such 
a shift will likely also require investments in workers’ 
education and training in addition to other transitional 
measures. 

In summary, the green investment scenarios are limited 
in terms of specific investments in the building sector to 
energy efficiency, and have not been able to capture a 
wider range of possible measures. However, the results 
of even these limited simulations reveal the potential 
savings in buildings’ power demand. When the effects 
of rising renewable energy use are included, substantial 
reductions in GHG emissions are projected.
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4 	 Enabling conditions and 
policy instruments

The climate and resource-use challenges in the building 
sector are clear. Technological solutions exist to green 
the sector at low or even negative average cost. The 
socio-economic case for greening the sector is strong. 
But the greening of buildings has not taken place on a 
large scale in either developed or developing countries.

Besides more general constraints in advancing green 
building policy and regulation such as those related 
to governance and capacity, two key barriers relate to 
(a) financial constraints and (b) market and industry 
structures. These are discussed below, following which 
an overview of available instruments and tools is given. 
The latter will build on research done by the Central 
European University (CEU) for the UNEP Sustainable 
Buildings and Construction Initiative (UNEP SBCI 2007b), 
considering evaluation studies or reviews of policy 
instruments implemented in countries all over the world. 
Of key consideration is the relative effectiveness of 
instruments and tools in achieving high energy savings 
and GHG reductions, and their cost effectiveness.

4.1	 Barriers to green buildings

Barriers to environmental and energy-efficiency 
improvements in buildings can be economic or financial, 
resulting from hidden costs and benefits, market failures 
or a specific market and industry structure. They can also 
be political or structural, associated with behavioural or 
organisational constraints, or linked to information and 
capacity limitations (UNEP SCBI 2007b). Recognising 
the latter two barriers is of particular importance in 
a developing-world context. Hidden costs include 
transaction costs associated with securing energy-
efficient solutions and risks associated with replacement 
technologies (Westling 2003; Vine 2005). Transaction 
costs are often high owing to the fragmented structure 
of the building sector with many small owners and 
agents. Market failures can take the form of misplaced 
incentives, such as when building tenants (as bill-payers) 
have an interest in environmental improvements that 
are not shared by the building owners. While low energy 
prices may give little incentive for affluent households 
and businesses in developed countries to change 
their behaviour, subsidies often keep energy prices in 
developing countries artificially low and again take 
away any incentive to change.

Financial constraints
Key financial constraints relate to upfront costs and 
payback periods, misalignment between investors 
and beneficiaries, the ability of households to pay, and 
investors’ policies on what to include in their investment 
portfolios.

Upfront investment cost and payback period: Although 
buildings can be greened at low or zero net cost over 
the lifetime of the investment, the initial additional 
capital outlay, the so-called “first cost”, could be a 
deterrent for those who demand finance for greening 
buildings (home owners, construction firms, and small 
businesses). In developing countries with acute housing 
shortages, actual or perceived high upfront costs are 
often a key barrier. Furthermore, energy-efficient multi-
family housing is still widely perceived to be much 
more expensive to build than is actually the case (in 
new construction, 20 per cent improvements in energy 
consumption are achievable with modest financial costs 
(Brown and Wolfe 2007)). 

Moreover, although investments in greening buildings 
tend to have relatively short payback period (say 5-10 
years), many private investors may not proceed unless 
the net benefit stream starts flowing in within a couple 
of years. For large-scale green-building programmes, 
governments usually need to raise significant funds.

Split incentives: A related barrier is that the benefits  
of energy savings may not go directly to the person 
making the investment. For example, the owner of a 
building is likely to be responsible for making energy-
efficiency investments, but the occupier may receive 
the benefit of lower energy bills (although landlords 
could benefit from higher rents if regulations so allow). 
On the other hand, if the landlord is responsible for the 
energy bills, the tenant has no direct incentive to invest 
in saving energy. 

Household ability to pay: Financial capacity is an 
impediment particularly in multi-family housing where 
residents often have low incomes. While this group 
stands to save the highest percentage of income, they 
are likely to have the greatest difficulty in paying for 
effective investments, especially as the best results 
are achieved through a comprehensive retrofitting 
approach, which encompasses the modernisation 
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of the building envelope (insulation and windows), 
together with the replacement of heating and air-
conditioning systems. The benefits of such an approach 
are clear, with efficiency improvements of 50-75 per 
cent documented, and savings of 30 per cent routinely 
achieved.

Institutional investor offering: For financial institutions, 
energy-efficiency projects in buildings are often 
associated with the following major hurdles: low 
financial returns, credit risks, uncertainty, and difficulty 
in evaluating the added financial value of green 
buildings. If the projects are small-scale, they do not fit 
into the traditional financial toolbox. But this situation 
is also changing. After the recent financial crisis, some 
long-term institutional investors such as pension funds 
have started searching for new asset classes to rebalance 
their portfolios. Green buildings – retrofitted or newly 
constructed, as well as the manufacturing of related 
materials and equipment – may become an asset class 
that can help diversify portfolios and generate steady 
growth of earnings. Additional discussion on this can 
be found in the Finance chapter of this report, which 
includes the case study: “The emergence of responsible 
property as an asset class”.

Market and industry structure
The building market is highly fragmented with many 
small landlords, corporate property owners managing 
multiple buildings, usually in local or regional markets, 
and public housing authorities, which are also mostly 
local. Coordination between all these stakeholders in 
the building and construction value chain is uncommon. 
By example, decisions taken during the feasibility 
assessment and design phases will have a major impact 
on the level of emissions during the building use or 
operational phase, but feasibility assessments tend not 
to account for the life-time running costs of the building 
since these are not paid for by the property developer 
(UNEP SBCI 2009b).

Owing to the fragmentation of the building market, 
it is difficult to make use of the Clean Development 
Mechanism (CDM) as building projects often do not 
provide sufficient carbon emission reduction pay-off and 
stakeholder commitment. In addition, the fragmentation 
also makes it difficult to comply with baselines and 
additionality requirements. Other obstacles include the 
CDM methodologies and procedures (see below). 

Another aspect of the fragmentation is reflected in the 
differing interests of individual households and utilities. 
While householders may be intrigued by the prospect of 
greening their homes and reaping energy savings and 
health benefits, utilities face a potential reduction in 
their sales revenue and therefore may have little interest 
in supporting investment in green buildings. 

4.2	 Policy instruments and tools

Following the analysis of UNEP SBCI (2007b), policy 
instruments and tools for greening buildings can be 
classified as follows: 

■■ Regulatory and control mechanisms, which cover 

	 •	 Regulatory-normative mechanisms such as 
standards and 

	 •	 Regulatory-informative mechanisms when the 
end-user is informed but not obliged to follow the 
advice (e.g. labelling);

■■ Economic or market-based instruments;

■■ Fiscal instruments and incentives; and 

■■ Information and voluntary action.

These categories of instruments and tools are analysed 
below in terms of their use, efficiency and likely 
effectiveness in different contexts.

Regulatory and control mechanisms
Regulatory and control mechanisms have to be 
monitored, evaluated and updated regularly to remain 
in touch with technological developments and market 
trends. They are easier to enforce with respect to 
new rather than existing buildings. Examples of such 
measures are appliance standards, building codes, 
procurement regulations, energy-efficiency obligations 
or quotas, mandatory audit programmes and utility 
demand-side management programmes. Examples of 
their cost-effectiveness expressed in US$/tCO2 for most 
of the cases are the following (UNEP SBCI 2007b):

■■ Appliance standards: – US$ 65/tCO2 in 2020 (USA), – 
US$ 194/tCO2 in 2020 (EU);

■■ Building codes: from – US$ 189/tCO2 to – US$ 5/tCO2 
for end-users (Netherlands);

■■ Procurement regulations: US$ 1 million in purchases 
saves US$ 726,000 per year (Mexico);

■■ Energy Efficiency Obligations: – US$ 139/tCO2 (UK);

■■ Mandatory certification and labelling: – US$ 30/tCO2 

(Australia); and

■■ Utility Demand-side Management Programmes: – 
US$ 35/tCO2 (USA), – US$ 255/tCO2 (EU).

Complications in the use of these regulatory instruments 
relate mainly to lack of enforcement and the rebound 
effect, where the end-user buys more of or uses the more 
efficient technology more extensively than before and 
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causes emission reductions to be offset by increased 
consumption. The latter provides an example of where the 
instrument needs to be combined with other instruments 
to guide users to more efficient use of technologies.

Improved enforcement requires adequate education 
and training, for example, of building-inspection and 
procurement officers. This is confirmed by recent 
examples of energy-efficiency improvement measures 
introduced in the public sector in Mexico, China, Thailand, 
South Africa, Kenya and Ghana. The case of Mexico has 
shown how introducing public procurement regulation at 
the city level may be a more effective point of departure 
before launching a programme nationally. 

In the case of building codes applied to new 
buildings in developing countries, the basis for 
improved enforcement can be laid through starting 
with voluntary schemes, the use of incentives and 
improved inspection. China is showing how building 
regulations, together with voluntary and self-regulating 
market systems for green buildings can become key 
drivers in ensuring a higher level of energy-efficient 
construction and the deployment of environmentally-
responsive technologies. Anderson, Iyer and Huang 
(2004) propose with regards to developing countries 
a structured implementation phase, including the 
necessary provisions for building code administration 
and enforcement structures, the development of 
and conduction of training programmes and the 
construction of multiple demonstration buildings.

Control and regulatory mechanisms, especially codes 
and standards, can be a rapid way to implement 
effective technology and best practices and lure risk-
averse investors (Granade et al. 2009). In the general 
assessment of energy efficiency in building codes 
two mayor types of energy codes can be identified: 

“prescriptive” and “performance-based” (Hitchin 2008; 
Laustsen 2008). Although performance-based codes are 
more complex in their application, they yield a number 
of benefits, These, according to Hitchin (2008), consist 
in the flexibility for policy makers to weight different 
aspects of the building’s energy balance, even after 
the first implementation of the legislation; and also in 
the possibility of using the calculation procedure to 
integrate an energy performance labelling scheme or 
energy audits.

Mandatory energy audits are an extension of building 
codes and commissioning processes (UNEP SBCI 2009b) 
and underline the importance of reliable measurement 
and accounting (Box 7). In many European countries, 
governments have made energy audits mandatory for 
their public buildings as well as other major energy 
consuming sectors. The EU’s Energy Performance 
in Buildings Directive (EPBD) requires mandatory 
energy performance certificates to be presented to 
the customer during any sale or lease transaction of a 
building. It also requires public buildings of a certain size 
to publicly display their energy certificates, although 
critics point out that it does not account for the energy 
used by buildings’ occupants, which constitutes a large 
part of overall performance (Ries et al. 2009).

Economic and market-based instruments
These instruments include energy performance 
contracting, cooperative procurement, efficiency 

Box 7: Reliable measurement and accounting 

To ensure that information is accurate, there is a 
need to collect robust data on the performance 
of green buildings and their subsequent costs. 
Current methods of accounting mainly include 
energy audits and labelling, Triple Bottom Line28 
indicators and sustainability certificates. These tools 
can be effective, but must be tailored to target 
group needs. Energy audits and labelling identify 
opportunities to upgrade built environments and 
track the progress of existing energy efficiency 
investments. Recent evidence on the performance 
gap in one of the certification systems (LEED) has 
highlighted the importance of such measures 
(Murphy 2009), triggering renewed discussion on 
their efficiency. Building certification systems can 

be static, i.e. based on engineering design estimates 
and assumptions, or dynamic, being updated as 
building-use patterns change. A wide range of 
audit systems are available, many of which are 
voluntary, although governments are increasingly 
favouring mandatory audits as opportunities to 
collect data and enable interventions. An important 
challenge posed by energy audits is the significant 
administrative cost posed by their implementation, 
including energy consultants, monitoring, and 
time and resource burdens on the owner. Energy 
benchmarking, as opposed to auditing, can serve as 
a lower burden alternative to identify energy-saving 
potential. In the benchmarking process, energy use 
is measured and compared with related values.

28.  The concept of the Triple Bottom Line (TBL), also known as “people, 
planet, profit” or “the three pillars” represents a comprehensive set of 
criteria for evaluating the development of organisations and societies – 
economically, ecologically and socially.
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certificate schemes and credit schemes such as flexible 
mechanisms29 introduced under the UNFCCC and most 
recently, cap-and-trade schemes. Examples of their cost-
effectiveness are the following (UNEP SBCI 2007b):

■■ Cooperative procurement: – US$ 118/tCO2 saved (USA);

■■ Energy efficiency/white certificate schemes: US$ 
0.013/kWh expected (France); and

■■ Kyoto flexibility mechanisms: – US$ 10/tCO2 (Latvia).

Energy performance contracting involves an energy 
service company (ESCO) as an implementing agent, 
guaranteeing certain energy savings over a period of 
time, implementing improvements and getting paid out 
of the energy savings. They are already used in the USA, 
Germany, China and Brazil. They do require supportive 
legal, financial and business environments and the 
absences of subsidies that send the wrong energy-price 
signals. Analysis of the experience in the Netherlands 
(Keivani et al. 2010) has shown the importance of 
institutional support for ESCOs that can facilitate 
measures that reduce energy consumption costs for all 
stakeholders, particularly households. 

Advanced institutional structures are also required 
for the running of efficiency certificate schemes. The 
Fund for Electric Energy Savings (FIDE) in Mexico 
offers a “seal of quality” to certify energy efficient 
equipment, materials and technologies. FIDE is a joint 
initiative of the state-owned electric power utility, the 
Mexican electric workers union and members of the 
business community (Martinez-Fernandez et al. 2010). 
 
The UK Carbon Reduction Commitment (CRC) programme, 
a cap-and-trade scheme, aims to reduce greenhouse 
gases by 2050 by at least 80 per cent compared with the 
1990 baseline (DECC 2010). Now called the CRC Energy 
Efficiency Scheme, it applies to organisations that have an 
electricity consumption measured through half-hourly 
metering greater than 6,000 MWh per year (equivalent 
to an annual electricity bill of about £ 400,000-£ 500,000). 
This covers organisations that fall below the threshold 
for the European Union Emissions Trading Scheme, yet 
account for some 10 per cent of the carbon emissions 
in the UK. These tend to be organisations such as hotels, 
supermarkets, banks, national and local public authorities. 
Organisations will purchase their first allowances in 2011, 
and the more each consumes over 6,000 MWh per year, 
the more each organisation will have to pay. Participant 
organisations will report progress annually and pay 
penalties for non-compliance.

Carbon credit trading schemes crucially require reliable 
measurement and baselines. One of the reasons that the 
CDM under the Kyoto Protocol attracted so few building 
energy-efficiency projects was the fragmentation of the 
building market with few baselines and reference cases 
that could be used to determine additionality. High 
transaction costs and the absence of a sector-specific 
methodology was another reason for so few CDM projects 
in developing countries involving the building sector. The 
accumulative impact of change at the level of many small 
units has been a further complication. Energy-efficiency 
projects for buildings are often small in scale and use 
a variety of measure to decrease overall consumption. 
The necessity to validate, audit, monitor and verify each 
measure generates tremendous effort and extra costs 
that strongly impact the viability of the projects. Other 
limitations include the methodology to assess the impact 
of soft or non-technological measures (building design, 
occupants’ behavior). Finally, CDM has its limitation for 
the low-income housing sector where energy poverty 
induces low-energy consumption and carbon emission 
(Cheng et al. 2008; Schneider 2007; Ellis and Kamel 2007).

Considering ways of improving the use of an international 
credit scheme for the building sector, industry partners 
of the UNEP SBCI (2007a) made six recommendations 
for a post-Kyoto agreement. These underlined the need 
for using performance-based indicators (eg energy 
consumption per square metre) along with technology-
based indicators, as well as the need for common baselines 
and national building energy-efficiency standards. In 
addition, it called for special recognition of energy-
efficient housing for low-income groups, providing the 
poor with access to energy in an efficient manner even 
while absolute levels of energy consumption may be 
increasing (Ellis and Kamel 2007).

In April 2010 the Tokyo Metropolitan Government 
introduced the world’s first cap-and-trade scheme for 
urban buildings, covering 1,400 buildings, including 
commercial office buildings and industrial facilities 
(World Bank and Padeco Co. LTD. 2010)30. At the same 
time, the Seoul Metropolitan Government started a 
three-year trial of a carbon-trading system among 47 
state-run public agencies, with a goal to achieve a 10 per 
cent reduction in GHG emissions (Hee-sung 2010). 

Common carbon metrics are a recent international 
initiative to promote sustainability in the building sector. 
It is being developed by UNEP SBCI, the World Green 
Building Council (World GBC31) and the Sustainable 
Building Alliance (SB Alliance32). The focus has been on 
energy GHG emissions, but the metrics will address waste, 

29. Among the flexible mechanisms (sometimes referred to as flexibility 
or Kyoto mechanisms) introduced under the Kyoto Protocol: Emissions 
trading, Joint Implementation and Clean Development Mechanism only 
the latter two are considered in the building sector.

30. It sets a 2020 target of reducing carbon emissions by 25 per cent (below 
2000 levels), with a cap set at a level of 6 per cent below base emissions for 
the first compliance period (2010-14), and then approximately 17 per cent 
below base emissions from 2014 to 2020.
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water, indoor air quality and financial performance 
(UNEP SBCI and WRI 2009; UNEP SBCI 2009a).

Fiscal instruments and incentives
These instruments include energy or carbon taxes, tax 
exemptions and reductions, public benefits charges, and 
capital subsidies, grants, subsidised loans and rebates. 
Further details as well as examples are provided in 
Box 8. They target energy consumption and/or upfront 
investment costs. Examples of their cost-effectiveness 
include (UNEP SBCI 2007b):

■■ Tax exemptions: Benefit/Cost Ratio 1:6 for new houses 
(USA);

■■ Public benefits charges: - US$ 53/tCO2 to - US$ 17/
tCO2 (USA); and

■■ Subsidies: Benefit/Cost Ratio 12:1 (Brazil), - US$ 20/
tCO2 (Denmark).

Taxes can reinforce the impact of other instruments such 
as standards and subsidies, affecting the whole building 
life cycle and making energy efficiency investments 
more profitable. They offer governments the possibility 
of investing tax revenues into green-building 
improvements. A challenge in their implementation 
remains low price-elasticity of demand, depending on 
how households spend their disposable income and the 
availability of substitute technologies. 

Grants and subsidies are well suited to low-income 
households, which tend not to make investments in 
energy efficiency even if they have access to capital. 
By providing unconditional grants and subsidies, 
governments can provide direct capital rather than 
access to capital (UNEP 2009b). Grants are also best 
suited to encourage innovators and small businesses 
who would like to invest in R&D but find it difficult 
to access capital from the market. For example, the 
Danish energy authority made an agreement with 
the glass industry to develop highly-efficient double-
glazed windows (de T’Serclaes 2007). Under the Energy 
Premium Scheme, the Dutch energy agency provided 
grants to evaluated buildings for introducing energy-
saving measures (Keivani et al. 2010).

For middle- and upper-income households, preferential 
loans may be more appropriate for those wishing to 
carry out energy-efficiency improvements. These can be 
granted through public-private partnerships in which 
governments give some fiscal incentives to banks, which 

in turn establish low interest rates for their customers. For 
example, KfW, a German development bank, launched 
preferential loans using a double-edged mechanism 
to finance them through public tax exemption for 
investments in efficiency projects coupled with direct 
public subvention (de T’Serclaes 2007).

For larger-scale, commercial greening efforts, the 
introduction of reduced fees and waivers can significantly 
aid the uptake of green building measures. Ordinarily, 
building and permit fees are significant barriers to new 
development projects – green or otherwise – as they 
are non-trivial and have to be paid upfront. Reducing 
or waiving these fees if a building meets certain green 
criteria helps stimulate green building development. 

Another effective measure for developers is a reduction 
or temporary freeze in property taxes tied to the energy 
performance of buildings. These rewards can be used to 
cover any additional costs that green-building measures 
incur, meaning that building green need not cost any 
more than conventional construction. For example, 
the Oregon Department of Energy offers energy tax 
credits to businesses that invest in energy conservation, 
recycling, renewable energy resources and reductions 
in transportation related energy use on both retrofit 
and new construction projects. The Business Energy Tax 
Credit is 35 per cent of eligible project costs, the increased 
project cost above industry standard. Since the scheme 
has been introduced more than 7,400 energy tax credits 
have been awarded (Oregon Department of Energy 
2010). Tax exemptions and reductions are efficient in 
stimulating initial sales of alternative technologies. 
Important is that the tax credits are sufficiently high to 
create a real incentive. 

Public benefits charges are a special form of energy tax, 
whose revenues are invested in efficiency improvements. 
In Brazil for example, all distribution utilities are required 
to spend at least 1 per cent of their revenue on energy-
efficiency improvements. Governments can also require 
utilities to adopt a business model based on the delivery 
of energy service (including efficiency improvements) 
rather than the delivery of energy per se.

Finally, and across several of the categories above, 
public-sector financial institutions have an important 
role to play in addressing credit barriers. Backed by 
governments they also help local financial institutions 
to share the risk related to energy-efficiency projects. 
For example, the Asian Development Bank (ADB) has 
supported green buildings and other energy efficiency 
programmes through partial credit-guarantee schemes 
(UNEP 2009b). The total investments towards new 
energy-efficient green buildings and building retrofits 
supported by guaranteed loans is expected to exceed 
US$ 150 million by 2012 (ADB 2009).

31. World GBC is a worldwide union of national Green Building Councils: 
Available at http://www.worldgbc.org/

32. SB Alliance is an international organisation that regroups key actors from 
the property and construction industries, standard-setting organisms and 
national building research centres: Available at http://www.sballiance.org/
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Capacity support, information and voluntary action
This category of instruments includes voluntary 
certification and labelling programmes, voluntary and 
negotiated agreements, public-leadership initiatives, 
awareness raising and education, as well as detailed 
billing and disclosure programmes. Examples of their 
cost-effectiveness are the following (UNEP SBCI 2007b): 

■■ Voluntary labelling: US$ 0.01-0.06/kWh (USA);

■■ Leadership programmes: US$ 13.5 billion savings by 
2020 (EU) – US$ 125/tCO2 (Brazil); and

■■ Info and awareness raising initiatives: US$ 8/tCO2 for 
Energy Trust programmes (UK).

International building labels are a source of inspiration. 
Passivhaus and Minergie have succeeded in promoting 
different combination of measures to achieve national 
targets and policy objectives for green buildings 
within the developed world. When applying labels in 
developing countries, however, they clearly need to 
adapt to local geographic and cultural conditions. 

Appliance efficiency standards and labels are also 
important in greening the building sector (Meyers, 

McMahon and Atkinson 2008). Among the oldest and 
most comprehensive are the US Federal Minimum 
Efficiency Performance Standards (MEPS) programme, 
the comparative labelling programme implemented 
by the European Union (European Parliament and 
Council Directive 2010/30/EU and the US Energy Star 
endorsement label programme. An example of voluntary 
labelling programmes in developing countries is the 
energy efficiency standards for air conditioning and 
refrigerators introduced in Thailand. 

The public sector, which can include both housing and 
institutional buildings, is unique in that it can act as an 
exemplar for environmental targets. Public leadership 
programmes can reduce costs in the public sector and 
provide demonstration of new technologies that can be 
followed by the private sector. In Germany, 25 per cent 
of energy was saved in the public sector over 15 years. In 
Brazil, where the government agency PROCEL provides 
funding for retrofits in Government buildings, 140 GWh 
are saved yearly (UNEP SBCI 2007b). 

A number of developed countries are leading the 
way for green public procurement to drive the green 
transformation in the building sector. A recent PwC 
survey of seven European countries concluded that 

Box 8: Tools to promote the greening of buildings 

Carbon credit

As of 2005, large-scale renewable energy projects accounted for 60% of total CDM projects. While the building sector offers 
theoretically great potentials only around 1% of the certificates have been generated through demand-side energy- efficiency 
measures (Fenhann and Staun 2010)1. Therefore, the potential for green buildings to be eligible for carbon credits needs to be 
explored further.

White certificates
Used in Australia, France and Italy, these certificates can enable building owners and even residential landlords to trade their 
emissions allowances (Ries et al. 2009). In principle, the various trading schemes will promote the desired effect, such as the 
reduction of GHG emissions, at a minimal cost (Bürger and Wiegmann 2007).

Third-party financing 
arrangements

Energy Service Companies (ESCOs), by engaging in Energy Performance Contracting – sometimes referred to as Energy Savings 
Performance Contracting – with building owners, develop, install and monitor projects designed to improve energy efficiency. 
Compensation for an ESCO service and often the initial investment needed are directly linked to the energy savings associated 
with the project. Hence, the major barrier of upfront cost is addressed by allowing future energy savings to pay for the invest-
ment (Bleyl-Androschin and Schinnerl 2008).

Rebates

These can be built into the tax system to give credits to homeowners for adopting specific energy saving measures rather than 
whole building performance. The Power Saver Program in Austin, Texas currently supports more than 1,000 privately-owned 
solar power systems as well as around 70 commercial and several dozen municipality-run systems, which in all provide more 
than 4 megawatts of generation capacity (Austin Energy 2010).

Feebates

This new form of credit incentive is currently being tested and is based on a carbon tax or a tax on the carbon footprint of a build-
ing or sale certification fees. The feebate rewards homeowners who maintain energy efficient homes or carry out upgrades prior 
to sale. They pay less or their fees get waived, rebated or tax credited. In this system, tax revenue is not lost because the feebates 
pay for themselves as higher fees offset lower fees. The level of feebates can also adjust to higher standards of efficiency and can 
gear up as more building owners go above minimum requirements.

Green mortgages Credits based on a home’s energy efficiency are factored into the mortgage, allowing individuals to finance energy-efficient 
improvements in their property (Hendricks et al. 2009).

Equity finance or external 
capital

This is used for funding high-risk projects whereby project developers sell a majority of their ownership in the project to entities 
that have sufficient resources to finance the project. The disadvantage is giving up part of the control over the project.

Revolving Funds
 Loans can be repaid with the cash-flow arising from energy savings. The repaid loans then finance new energy efficiency 
projects. For example, in Hungary, the PHARE Energy Efficiency Co-Financing Scheme (EEFS) provides interest-free credit from a 
Revolving Fund with a total budget of € 5 million for energy-efficiency purposes (EuroACE 2005).
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energy reduction targets had been put in place by at least 
two-thirds of all those procurement agencies surveyed 
in each country, with the UK and Germany reaching 100 
per cent. The most common requirements were double-
glazing and insulation standards. The study further 
suggests that where green procurement is applied, a 70 
per cent reduction in CO2 emissions per functional unit is 
achieved while life-cycle costs are reduced by 10 per cent 
(PricewaterhouseCoopers, Significant and Ecofys 2009).

An example of billing and disclosure programmes is the 
smartcard meter for prepayment of electricity. Similar to 
information instruments, these can be particularly effective 
in targeting households. The use of smartcard meters in 
households have proven their value recently in South 
Africa, when electricity supply-shortages have caused the 
government and the power utility to pay closer attention 
to demand-side management. Moreover, smart metering 
providing customers with information on a real-time basis 
may help reducing energy demand by 5-10 per cent.

With respect to education and training, it is evident 
that the green transformation the building sector 
necessitates large numbers of skilled professionals. 
While in developed countries, there is already a critical 
mass of such professionals, many developing countries 
still lack the necessary expertise in the development 
and implementation of building codes and standards, 
standards for appliances, green building design, energy 
auditing, labelling and certification, and energy efficient 
operation & management (O&M). CEDEFOP (2010) listed 
the following new skills required for the building industry:

■■ Knowledge of new materials, technologies and 
energy efficiency-adapted technical solutions;

■■ Cross-cutting knowledge of energy issues;

■■ Understanding other occupations related to building 
renovation; and

■■ Client counselling/advice to meet new market demands.

A Green Skills Checklist prepared for the UK Government 
(DEFRA, UK and Pro Enviro Ltd 2009) noted the following 
areas of need for the building sector: building energy 
management, integration of renewable energy, energy-
efficient construction, facilities management (including 
water and waste management), as well as building energy 
auditing and carbon rating. Based on its Strategy for 
Reduction of Energy Consumption in Buildings Denmark is 
developing a strategic skills development response for the 
building and construction value chain (CEDEFOP 2010). In 
Thailand, the Ministry of Energy has launched an initiative 
to train technicians in energy management, technology 
and end-use systems in buildings and companies. The 
Brussels Capital Region has created a Construction 

Reference Centre, anticipating possible skills shortages 
and initiating training programmes to increase the 
supply of trained labour in the eco-construction industry 
(Martinez-Fernandez et al. 2010). Courses are offered 
in, for example, isolation and water proofing, energy 
efficiency and handling of materials. As part of its Second 
Green Building Masterplan the Singapore Building and 
Construction Authority (Singapore BCA 2009) announced 
a comprehensive training framework aimed at educating 
around 18,000 green building-design, construction and 
maintenance professionals over the next 10 years.33

Evaluation of policy instruments
The analysis in UNEP SBCI (2007b) of 80 case studies 
world-wide conclude that regulatory and control 
measures are probably the most effective as well as 
the most cost-effective category, at least in developed 
countries. Grants and rebates are especially needed in 
developing countries because the first cost-barrier often 
completely prevents energy efficiency improvements 
there. Tax exemptions appeared to be the most effective 
tool in the category of fiscal instruments. Subsidies, 
grants and rebates can also achieve high savings, but 
can be costly to society. It was concluded that financial 
instruments are typically most effective if they are 
applied in a package with other instruments, such as 
labelling combined with a tax exemption.

The results of the UNEP SBCI study as well as of 
the MURE database34 appear to contradict general 
expectations, especially the high effectiveness and cost 
effectiveness of regulatory instruments compared with 
economic ones. These findings are probably specific to 
the building sector, considering which barriers specific 
policy instruments address. Regulatory and control 
instruments are particularly effective in addressing two 
key barriers in the building sector, namely hidden costs 
(transaction costs) and market failures.

Governments would be well-advised to consider 
combinations of policy instruments, an approach likely 
to result in synergistic impacts and higher savings. 
Appliance standard are, for example, often combined 
with labelling and rebates to give incentives for 
investments beyond the minimum level required by the 
energy-efficiency standard. Also, labelling of energy-
efficient products can be critical in enabling financial 
incentives such as loans, subsidies and tax credits to be 
more effective. In the USA, mandatory energy-efficiency 

33. For further information and case studies please see Second Green 
Building Masterplan and Inter-Ministerial Committee on Sustainable 
Development (2009); A lively and liveable Singapore: Strategies for 
sustainable growth. Ministry of the Environment and Water Resources 
(MEWR) and Ministry of National Development (MND), Singapore.

34. The MURE (Mesure d’Utilisation Rationnelle de l’Energy) database, 
developed by European experts, provides online a description and brief 
assessment of policy measures for energy efficiency in EU member states. 
Available at http://www.isisrome.com/mure/ 
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regulations are coupled with voluntary labels and tax 
credits for both manufacturers and consumers. This 
combination eliminates the least efficient products 
while compensating manufacturers for some of the 
increased production costs through tax credits and 
premiums charged for Energy Star designs.

Barriers that are particularly prominent in developing 
countries are “subsidised, not cost-reflective energy 
prices, lack of awareness on the importance and the 
potential of energy efficiency improvements, lack of 
financing, lack of qualified personnel and insufficient 
energy service levels” (UNEP SBCI 2007b). Several 
developing countries have enacted legislation on 
energy efficiency in buildings. Special enabling factors 
to support measures for green buildings in developing 
countries are the need for:

■■ Getting the energy price right, 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);

■■ Institutionalisation (e.g. establishing energy agencies 
independent of utilities); and

■■ Adaptation to local circumstances, including climate 
and culture.

Clearly, adjusting the priorities of enabling instruments 
to their context is critical. In developing countries  
the first step might introduce non-mandatory standards 
that act as educational platforms. The next move could 
include mandatory standards, which exclude less 
efficient products from the market. Subsidies or rebates 
that provide an incentive to replace old equipment  
with new, more efficient products are yet a further 
possible step. At the same time, public leadership and 
energy-performance contracting can play a key role 
in public housing projects. In developed countries 
mandatory standards and regulatory actions are the 
way to start, followed by rebates for retrofitting and 
green mortgages.

An integrated policy framework that combines 
regulatory instruments, such as standards or mandatory 
audits in certain buildings, capacity-building, training 
and information campaigns as well as demonstration 
projects coupled with (fiscal or other) incentives is 
most likely to effectively reduce GHG emissions in 
developing countries. The following policy instruments, 
for example, can be effectively combined (UNEP  
SBCI 2007b):

■■ Standards, labelling and financial incentives;

■■ Regulatory instruments and information programmes; 
and

■■ Public leadership programmes and energy 
performance contracting (EPC) in the public sector.

In assessing the impact of instruments in developing 
countries, it is important to note that initiatives to address 
restricted energy services aim not to reduce energy 
consumption, but rather to ensure more energy services 
can be accessed and afforded with the available resources.
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5 	 Conclusions
The building sector should be central to any attempt 
to use resources more efficiently. Buildings consume 
a large proportion of the global energy supply but 
opportunities to improve efficiency are huge and the 
sector has the greatest potential – more than any other 
covered in this report – to reduce global GHG emissions. 
Great gains can also be achieved from a broader, more 
holistic approach to buildings; a life-cycle perspective 
that covers each stage from the building design and 
the extraction of resources to construction and usage 
and through to disuse and eventual demolition and the 
recycling or disposal of the building materials. The most 
significant environmental impact of buildings lies in their 
energy demand over decades or even centuries of use. As 
a result, the design and use of energy efficient buildings 
has a key part to play in mitigating climate change and 
the transformation to a global green economy. 

Whether construction of new or retrofitting existing 
buildings, they both offer a high GHG reduction potential 
and environmental benefits at low cost.

Patterns of energy consumption and emissions, as well 
as the predicted future trends, vary widely across the 
developed and developing world. Major regions of the 
world need to pursue green building strategies that 
are appropriate to their respective circumstances. For 
developed countries, which account for most of the 
existing building stock, the priority is to put in place 
measures and incentives that will enable large-scale 
investments in retrofitting programmes. Those will 
come not only with the benefits of energy savings but 
also a high potential of net job creation. For developing 
countries, particularly fast-growing economies that are 
experiencing a construction boom, the priority is to 
ensure that new buildings will be green by investing 
in the most appropriate available technology, whether 
traditional or high-tech, and design options and avoiding 
any possible lock-in to an inefficient building stock with 
long-term consequences.

In both cases, retrofitting and new construction, pay-
back periods of investments in energy efficiency are 
reasonably short and they offer a significant return on 
investment in the medium- and long-term. On a global 
scale, aggregated investments in energy efficiency in 
buildings pay back two fold in energy savings over 20 
years. These savings are, in most cases, sufficient to 
justify investments in greening, beyond the positive 
externalities associated with mitigating climate change. 
Greening also brings the opportunity to improve 
efficiency in use of water, materials and land, and avoid 

risks associated with climate change and hazardous 
substances.

The process of greening buildings and their subsequent use 
provides a wide range of direct social benefits, including 
the improved health, productivity and wellbeing of those 
who live and work in them and the creation of jobs in 
construction, maintenance and the supply of energy, water 
and sanitation. 

The increase in the productivity of employees working 
in green buildings can yield labour-cost savings that 
may be higher than energy-cost savings, which are 
themselves substantial. The construction of new, green 
buildings, retrofitting and accompanied use of resource-
efficient construction materials, products and energy 
supply and maintenance can provide net jobs gains and 
decent work. While the construction industry in many 
countries has a poor image with respect to meeting 
workers’ rights, green building offers an opportunity 
to use improved training, skills management and 
inspection to improve the quality of employment.

Improved health and quality-of-life benefits of green 
buildings are equally significant. In developing 
communities, where most household energy is used 
for cooking, more efficient appliances (cleaner stoves) 
can bring extensive economic benefits in the form of 
reduced health-related expenditure as a result of less 
illness, associated productivity gains and time-savings. 
The benefits of simple measures, such as replacing 
solid fuels with electricity in informal and low-cost 
housing, are particularly striking when considering the 
devastating health impacts of indoor air pollution on 
women and children. 

Improved regulation and control, adjusting energy prices to 
internalise external costs and other policy instruments such 
as tax exemptions and grants are required to overcome 
persistent barriers such as market failure and non-cost 
reflective energy prices in particular:

Despite these opportunities, investment in green 
buildings is held back owing to assumed cost premiums 
that are exaggerated and a range of barriers that range 
from financial constraints to the fragmented structure of 
the industry. While some barriers relate to hidden costs 
or benefits and market failure, others relate to behavioral 
culture, lack of awareness and capacity.

Seeking to address these and create an enabling 
environment, governments need to take stock and 
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determine the most appropriate mix of policy instruments, 
considering regulatory and control mechanisms, 
economic or market-based instruments, fiscal instruments 
and incentives, as well as information and voluntary 
action. Considering in particular the hidden costs and 
market-failure barriers the building industry faces, analysis 
of cases world-wide suggests that regulatory and control 
measures are likely to be most effective and cost-efficient 
when adequately implemented. This is particularly the 
case in developed countries. 

Regulatory and control instruments can be combined 
with other instruments for greater impact, considering 
local realities such as the level of development of the 
local market and income-level of households involved. 
Among fiscal instruments, tax exemptions appear to be 
the most effective, while subsidies, grants and rebates 
can achieve high energy savings in developing countries 
by helping organisations or families overcome upfront 
investment or first-cost barriers. Examples from Brazil 
and Thailand have shown high cost-benefit ratios in 
the use of subsidies and grants to support energy 
efficiency improvements, combined with mandatory 
audits, awareness raising, training and demonstration to 
build capacity and trust in the use of new technologies.  

A particular challenge in developing countries, at the 
same time, is doing away with subsidised, non-cost-
reflective energy prices.

Facing global demand for more and better housing and 
facilities, governments at all levels can lead by example 
through public procurement and green housing schemes:

Finally, governments can set a leadership example 
by using public procurement in the construction and 
management of their facilities to drive the greening 
of the building sector. Experience from Mexico and 
China has shown how energy-efficiency improvement 
programmes in the public sector can also be boosted 
by the immediate pressure of high energy prices and 
energy shortages. Public assets, be they in the form 
of government buildings, hospitals or schools, hold 
wide-ranging opportunities of greening measures that 
result in a more efficient use of resources, reduced 
GHG emissions, improved productivity and avoided 
illness resulting from indoor air pollution. In addition, 
government-supported social housing schemes provide 
an opportunity to combine socio-economic and 
environmental gains in designing and building single or 
multi-family homes.
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