
 
 

 

5.1.1 INTRODUCTION  

The physical existence and mainstream technologies of the built environment rely on large 
consumption of nature’s resources. Building and construction activities including manufacture 
of construction materials and products are material and energy intensive as such, and in 
addition, the use and operation of the built environment cause even more environmental risks. 
Due to growths in world population, world economy and middle-class, as well as urbanization 
and urban sprawl, trends indicate a constantly increasing consumption. The share of 
construction of overall resource extraction, tends to increase from its current 40-50% of about 
60 billion tonnes (EU 2009, UNEP 2007). The amount of mineral resources used for 
construction tends to increase from its current one third of all resource use (OECD 2008).  The 
global development of resource consumption is presented in Fig. 1. 
 

 
Figure 5.1.1. Total material use in 2005 (Krausman et al. 2009). 
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The demands for metals are increasing as a consequence of the growing construction market 
even though commercially and technically sensible sources of some important minerals will be 
depleting in the near future. For example 40% of steel and 35% of copper are used in 
construction. Estimates of known deposits of some ores, which are essential for production of 
metals, account for life expectancy for tens of years: copper, end 2028 – 2100; nickel, end 2032 
– 2060; according to (OECD 2008, USGS 2010).  The large scattering depends on the estimate 
of rate of extraction and, in a way takes into account undiscovered reserves of ores. Building 
and construction activities consume currently about 12-16% of fresh water globally. 

 The amount of the construction and demolition waste is about 30-50% of more than two 
billion tons of waste generated throughout the world annually (UNEP 2009). 

It is necessary to change the material and energy basis of the built environment. The pathway 
to sustainable development requires an eco-efficiency step. This step of reducing impacts and 
costs during the entire life-cycle of the built assets was recognized rather early by the Agenda21 
on Sustainable Construction (CIB 1999) as a parallel change option to totally new approaches as 
shown in Figure 5.1.2. 

 

 
Figure 5.1.2. Concept of sustainable construction by CIB (1999). 

The concept of eco-efficiency was introduced by the Business Council for Sustainable 
Development BCSD (nowadays WBCSD, where W means world) in 1992, and further defined 
as being “reached by the delivery of competitively priced goods and services that satisfy human 
needs and bring quality of life while progressively reducing ecological impacts and resource 
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intensity throughout the life cycle to a level at least in line with the earth's estimated carrying 
capacity” or “the efficiency with which ecological resources are used to meet human needs”. 

In the COST Action C25, the concept of eco-efficient construction has been studied from 
several points of view and at several levels. Recycling and reuse of materials and products are 
means to reduce extraction of raw materials but also open possibilities to save energy in 
manufacture and supply chains. A topical issue of energy saving in buildings and the entire 
building stock is dealt with in research that covers advanced materials and technologies. 
Research methods have been used including up-to-date sophisticated modelling and simulation 
tools, shown in Ch. 5 and Ch. 6. Changes in processes and products in the construction sector 
(including product manufacturing) and changes in operation and use of completed buildings and 
structures need more focus on innovation processes. 

5.1.2 ECO-EFFICIENCY IN CONSTRUCTION 

5.1.2.1 Concept and context 
The concept, based on definition above, is often expressed by a rather simple formula: 

impacttalEnvironmen
valueEconomicefficiencyEco
_

_
   where, 

Economic value concerns products or services, and 
Environmental impacts may take into account all relevant influences. 

The formula is easy, to understand, but its input values are still subject of research. There are 
various recommendations for the exact meaning of these indicators and how they should be 
quantified. In general, eco-efficiency means “producing more with less”, or “more value with 
less impact”. This principle has been expressed as a ratio (Verfaillie & Bidwell, 2000). 

Net external sales per 
-  energy consumption 
-  material consumption 
-  water consumption 
-  GHG emissions 
-  ozone depleting emissions 

The WBCSD has identified seven success factors for eco-efficiency (WBCSD 2009):  
- reduce the material intensity of goods and services  
- reduce the energy intensity of goods and services  
- reduce toxic dispersion 
- enhance material recyclability 
- maximize sustainable use of renewable resources 
- extend material durability (and product service-life) 
- increase the service intensity of goods and services. 

The eco-efficiency concept is regarded as a management approach promoting 
environmentally sound or clean technologies – mainly used at the enterprise level. Cleaner 
Production is an operational strategy that reduces impacts, costs, risks and liabilities by avoiding 
the generation of waste and emissions. Eco-efficient innovation is described by R. van Berkel 
(2008) as delivery of “products and processes that meet tomorrow’s rather than yesterday’s 
environmental expectations”. He has positioned eco-efficiency as a decisive step toward 
sustainable development as presented in Figure 5.1.3. 
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Figure 5.1.3. Eco-efficiency and cleaner production as steps towards sustainability (van Berkel 2008). 

 
Eco-efficiency analyses deals with similar concepts as the Life Cycle Assessment (LCA) 

standards developed by the International Organization for Standardization ISO (ISO 14040 
through 14043). Principles, methods, tools and usability of environmental LCA are presented in 
detail in Chapters 2 and 3. Both approaches analyze environmental burdens but furthermore, 
eco-efficiency takes cost-efficiency into account. However, the basic definition of eco-
efficiency considers all dimensions (ecological, economic, social and cultural) of sustainable 
development, and it can therefore be viewed from many angles. This is often overlooked. 

 
According to the Lead Market Initiative for Sustainable Construction of the EU (2007a, 

2007b), in the real estate and construction sector eco-efficient innovation “manifests itself in 
many forms, either at the product level, or at the level of performance of the building or of the 
services provided by the supply chain to the customer/occupants. Environmental aspects 
possibly addressed by innovation include sustainability of materials, in-door air quality, water 
and energy efficiency, or adaptation to climate change.” This kind of broader approach to eco-
efficiency has been introduced in Finland: 

pressuretalEnvironmen
ePerformancConformityefficiencyEco

_


 , where, 

Conformity means suitability to owner’s/ developer’s objectives (including economic thrives) 
Performance means suitability to user’s and occupant’s aspirations and technical fitness. 
Here, cost-efficiency is considered simultaneously but separately.  

 
Eco-efficiency is related to the sustainable development, especially to the environmental and 

economic topics. In public discussion, challenges of Factor 10 or Factor 4 are often mentioned 
intended to signify the goal to increase the eco-efficiency. Factor 4 originally meant: to double 
the living standards while halving resource consumption. 2 * 2 = 4. Factor ten meant doubling 
living standards while cutting resource use by 80 %, which means 2 * 5 = 10. 

More often, the difference between eco-efficiency and sustainability is mentioned. The strong 
argument for sustainability emphasizes the scarcity of resources which would require more 
radical changes of material and energy flows than improvement of efficiency. The “rebound 
effect” is explained as follows by Hinterberger et al (2004): “By examining trends of decoupling 
of economic growth and material use, it is important to consider that decoupling itself does not 
automatically lead to decreasing environmental pressures. Decoupling can take place in parallel 
with an absolute growth in material consumption, and thus further increase environmental 
pressure”. 

5.1.2.2 Drivers of eco-efficiency in construction 
Reduction of the environmental pressure is regarded as one of the main innovation drivers in the 
construction sector (Bossink 2004). In the European Union, eco-innovation is considered to 
support the wider objectives of its Lisbon Strategy for competitiveness and economic growth. 
The concept is promoted primarily through the Environmental Technology Action Plan (EU 
2004) that defines eco-innovation as “the production, assimilation or exploitation of a novelty in 
products, production processes, services or in management and business methods, which aims, 
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throughout its life-cycle, to prevent or substantially reduce environmental risk, pollution and 
other negative impacts of resource use (including energy)”. 

The twin-challenge of energy policy in Europe has led to new legislation and action plans. In 
the 6th Framework Programme, a concept of Eco-building was used as “the meeting point of 
short-term development and demonstration in order to support legislative and regulatory 
measures for energy efficiency and enhanced use of renewable energy solutions within the 
building sector, which goes beyond the Directive on the Energy Performance of Buildings.” 

Green Public Procurement is becoming a more important mechanism in the promotion of 
eco-efficient and sustainable development in Europe and internationally (ISPRA 2008). The 
Commission presented a Communication in July 2008 as a part of the Action Plan on 
Sustainable Consumption and Production and Sustainable Industrial Policy (SCP/SIP), which 
establishes a framework for the integrated implementation of a mix of instruments aimed at 
improving the energy and environmental performances of products. The European Eco-labelling 
is under development to support the Green Procurement Procedures. Both the overall 
performance of buildings and the environmental profile of the materials and products are to be 
considered. The European framework for promotion of eco-efficient and sustainable 
construction is introduced in Chapter 4. 

In several studies, the role of regulation in innovation processes of the real estate and 
construction sector has been recognised, Figure 5.1.4. 

 
Material efficiency

Product
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Expected Regulation
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Market Pull Image
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Competition

Customer DemandMarket share
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Figure 5.1.4. Drivers of eco-innovations (Bossink 2004). 

For eco-innovations, the role of regulations might become even more important as tightening 
existing rules or implementing new rules have a large impact on the construction sector. 
However any changes take rather long time for implementation primarily because of the sector’s 
large scale and importance for the community.  In EU, in addition to the Construction Products 
Directive (CPD) the Energy Performance of Buildings Directive (EPBD), and European eco-
labelling, sustainability rating or environmental declarations are under development. 

5.1.2.3 Managing eco-efficiency 
In the WBCSD report on measuring eco-innovations, Verfaillie and Bidwell (2000) introduce 
two types of indicators: 

- Generally applicable indicators can be used by virtually all businesses. As well as being 
more or less universally relevant, each of these indicators relates to a global environmental 
concern or business value and methods for measurement are established and definitions 
accepted globally.  

- Business specific indicators are those that do not meet criteria of generic indicators, 
meaning that they are more likely to be individually defined from one business or one 
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sector to another. These indicators are not necessarily less important than the first group. 
That judgment will depend on the nature of an individual business. They are merely less 
widely applicable.  

A company’s eco-efficiency performance profile will include both types of indicators. The 
authors of the report mentioned above propose five elements to be included in a company’s 
summary profile on eco-efficiency: profiles on organisation, value and environmental impacts, 
eco-efficiency ratios and methodological aspects. In value profile, it is possible to include 
functional indicators. 

The WBCSD has prepared a toolbox for implementing eco-efficiency in business (WBCSD 
2009a). The set of tools are explained and positioned to fit with various needs at various levels 
of business and society. Many of them are suitable for improvements in the processes and 
technologies of the real estate and construction sector. They are listed in Table 5.1.1. 
 
Table 5.1.1. Eco-efficiency tools for different business functions (WBCSD 2009)  

Function  Tool 
Organizational/Management 
 

– Environmental Management Systems 
– Stakeholder Engagement 
– Corporate Environmental Reporting 
– Life-Cycle Management  

 
Product Design & Development 
 
 

– Design for Environment 
– Eco-Efficiency Analysis 
– Life-Cycle Assessment 
– Environmental Risk Assessment  
– Integrated Product Policy (IPP) 

 
Suppliers/Purchasing 

– Environmental Supply Chain 
Management 

– Green Procurement  
Marketing and Communications 
 

– Corporate Environmental Reporting 
– Eco-Labeling 
– Stakeholder Engagement 

 
Production & Distribution 
 
 

– Eco-Efficiency Analysis 
– Industrial Ecology 
– Pollution Prevention  
– Life-Cycle Costing 

Facilities Management/ 
Project Development 
 

– Green Building Design 
– Environmental Impact Assessment 
– Environmental Management Systems 
– Stakeholder Engagement 

5.1.3 ECO-EFFICIENT BUILDING AND CONSTRUCTION 

5.1.3.1 Memorandum of Understanding of the C25 

The Memorandum of Understanding of the Action C25  refers to various areas of development 
needed for the eco-efficiency of constructions (MoU 2006): 

New materials, products and technologies are in the longer-term perspective the necessary 
way to reduce the environmental impacts. Construction products play a major role in improving 
the eco-efficiency of buildings. Radical innovations are needed for a real change towards 
sustainability. Application of developments in other industrial branches can also be regarded as 
a significant potential, and it will generate new construction products and re-engineering of the 
processes. Construction products need to be viewed in terms of functional units, how they 
perform throughout the life-time of a built facility and what happens to them when 
deconstruction or demolition takes place. Focusing on integrated and holistic research is 
necessary as the associated problems are interrelated and wide. Furthermore, a single building 
may consist of tens of basic materials and thousands of separate products. The challenge is how 
to measure and manage the impacts of construction products. Generic performance based design 
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and product development technologies offer tools for management of research and development 
work. 

Reuse and recycling of materials and components achieve a rate of over 80% in some OECD 
countries, but it should be noted that much of the material is used in low-value-added form. 
Increasing use of recycled waste as building materials is one of the steps to address the 
environmental impacts positively.  

Energy-efficiency in buildings is the most environmentally benign way to improve eco-
efficiency of construction. It is from the viewpoints of the EU policy, one of the three key issues 
identified as an area of necessary actions. The influence of the Directive on Energy performance 
of buildings is expected to grow. Especially technical systems and envelopes of the existing 
building stock are critical. From product-related points of view, the actions include the 
designing and selling of more energy-efficient products that use fewer or new or different 
materials with equivalent or superior performance. Improvement of energy efficiency brings 
along several benefits also for urban sustainability.”  

The Tasks to cope with the challenge of eco-efficiency were presented as follows: 
- Identification and evaluation of existing and new functional materials, construction 

products and processes to comply with decrease of material use, decrease of waste, 
decrease of emissions and energy saving goals 

- Improvement of environmental performance of constructions (structural and non-
structural elements and building envelopes). Improvement also of the comfort in 
buildings (thermal, acoustic, lighting and quality of air), energy performance and 
the integration of innovative systems in buildings (mechanical, electrical and 
automation). 

5.1.3.2 Enabling and emerging materials and products 
Problems related to the built environment are almost solely related to materials. Improving the 
eco-efficiency of materials has three facets:  

- the raw material extraction should be focused on the renewable materials and 
materials whose production is followed by low production of waste  and low level 
of greenhouse gas emissions. 

- the construction material producers should be more effective in terms of savings of 
raw material, energy and water, and  

- the choice of material; should be those that are more energy-efficient and create a 
healthier built environment.  

The dominant structural materials especially in densely populated urban areas are concrete 
and steel, and both have a rather high level of embodied energy. Production of cement accounts 
to about 5% and that of steel to about 4% of the total man-made worldwide CO2 emissions. 
Various production processes and products, use of positive energy mix focusing on renewable 
energy and intensive recycling (and reuse) are available. However, main actual research 
challenges are still the durability, life-cycle performance and design for re-use. In C25, these 
areas of research and development have been introduced by the invited experts but also in 
discussions and contributions based on the experience of various research groups. Some of these 
topics related to common construction materials are presented in section 5.2, and sections 5.4 to 
5.6. The performance of façade cladding systems in various countries is presented in a 
collaborative work in section 5.3.  

The functional material technology enables the generation and development of new product 
lines with a growing market. One example is addressed in section 5.7 where characteristics and 
use of Phase Changing Material in construction elements are analysed   

According to Winandy (2002) all material suppliers, but especially those in charge for wood 
supply, will need to adapt their business plans to create the knowledge and the infrastructure 
critical for the production of durable building products in order to meet the long-term change in 
the markets. 

According to Lee, Mahendra & Alvarez (2010), the use of nano-materials in construction 
materials and products is likely to increase, mainly with regards conventional materials or their 
surfaces. Various manufactured nano-materials can improve vital characteristics of construction 
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materials such as strength, durability, and lightness, endow useful properties (e.g., heat-
insulating, self-cleaning, and antifogging), and function as key sensing components to monitor 
construction safety and structural health. Many of these features are essential for improved life-
cycle performance. 

The product development methods are in many technological branches the essential part of 
the competitiveness with which the timing and doing can be managed. The methods are generic 
and do not depend on a special technology. They help to avoid risks of failures and mistakes. 
The duration of innovation and engineering projects can be shortened when the tasks of 
marketing, manufacture and development are taken care of simultaneously (concurrent 
engineering). The product development is based on networking, also in the construction sector. 
In a network, the knowledge management has a key role. At the same time, the duration of 
processes should be shortened. 

In development of eco-efficient construction products, eco-efficiency is a primary goal but 
still one of a great variety of soft and hard goals that need to be taken into account in different 
phases of a process, from the concept development to launch in the markets. Eco-efficiency 
affects each group of competitive issues which can be grouped as functional, technical, service 
and cost edges, as presented in Figure 5.1.5. The other requirements concerning a construction 
product are due to regulations and construction supply networks. 
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Fitness for design process 

Fitness for building process 
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Figure 5.1.5. Grouping of product requirements to be taken care of in a product development project. 
Eco-efficiency affect each group, and as an overall goal (Koukkari 2009).  

 
In the case of innovative structural materials and applications, the needs to verify technical 

specifications and durability in use may lead to extensive studies. There are also several sources 
of uncertainty in the methods themselves like for example the influence of loading on the long-
term performance. In order to shorten the introduction lead-time of new solutions, more 
efficient and reliable simulation tools should be developed and they should be available with 
user-friendly interfaces in practice. On the other hand, risk analysis methods should be 
developed together with reliability-based methods.   

5.1.3.3 Eco-efficient buildings 
The overall performance of a building is a result of the interaction of technical, structural and 
spatial systems, and its relation to the surrounding natural environment. The major role of the 
construction products in improving the energy efficiency of buildings presupposes proactive 
measures in concept design. There still exist needs to develop the methods of building physics 
and their application in verification of different solutions. The applications of alternative energy 
systems, as well as the full interaction of renewable energy devices within the building 
envelope, need to be developed. 
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Clear needs to introduce eco-efficiency in the procurement of construction-works are rather 
obvious. However, it is not so simple to implement this requirement. One of the critical aspects 
is the availability of reliable tools for its evaluation. One of the C25 deliverables is the 
collection of data used in collaborative projects. The data is made available and published in 
Appendix 1. In addition, modelling, simulation and design tools are typically high-level science-
based knowledge but interpretation and use of results require practical expertise. In Part III, 
case-studies are given as references and practical applications.    
Sustainable construction ensures more economical use of finite raw materials and reduces the 
accumulation of pollutants and waste. The complete cycle of sustainable construction activities 
comprises the ways in which built structures are procured and erected, used and operated, 
maintained and repaired, modernised and rehabilitated, and finally dismantled and demolished 
or reused and recycled. Compared with other products, construction products are long-lasting. 
This fact emphasizes the need to incorporate methods of life-time engineering. 

The urban and natural environments are inseparably linked. Energy, materials, water and land 
are all consumed in the construction and operation of buildings and infrastructure. 
Environmental, socio-economic and cultural issues in the construction sector are characterised 
by their complexity, the diversity of operators concerned and the needs for innovative and 
multidisciplinary solutions.  

The European building stock needs refurbishment for several reasons, and the proportion of 
refurbishment work is already about half of the total input in the construction sector. The most 
up-dated information on the EU building stock and its characteristics, and the overview of the 
policy documents are given in section 6.1. This paper provides important insight into actual 
problems, common evaluation methods needed to assist in decision-making at project, 
communal and society level, as well as development of technologies. Experience gained in 
some countries including Portugal, Romania and Lithuania, are discussed within Action C25. 
Collaborative works are presented in sections 6.2 to 6.4. Energy audits refer to a collection of 
documents necessary for assessment of thermal-energy rehabilitation and upgrade of the 
buildings. The work on energy audits, which is presented in section 6.2 includes the following: 

- thermal-technical characteristics of the building  (elements of construction and 
installation) and energy consumptions for compliance with normal function; 

- the energy certificate – to quantify quality of building; 
- the energy audit – which proposes solutions for reducing the energy consumption of 

the buildings. 
 
There are a variety of methods for  the  analysis  and prediction of energy consumption.  In 

general, they are based on two approaches: 
- a direct approach; the energy consumption estimate is based on physical description 

of the building and type of HVAC systems (heating, ventilation, and air 
conditioning);  

- a reverse approach; energy consumption analysis is based on the existing 
information for consumption including relevant data for a building performance, 
such as weather conditions, status of HVAC. 

Definitions of building performance, considering the energy used, and criteria for 
improvements of energy efficiency of buildings are discussed in sections 6.5 to 6.8.  Upgrading 
of the energy performance of the existing building stock, is always associated with requirements 
for a holistic assessment of the results.  

Reference guidelines for the indoor environment, and for water management and the use of 
alternative energy in buildings  are provided in deliverables in section 7.1, section 7.2 and 
section 7.3, respectively.    

 

5.1.4 CONCLUDING REMARKS 

Eco-effective products, processes and building design, require an integrated approach in 
construction. The main challenges lie in how these issues can be addressed and quantified. 

______________________________________________________________________________________________________
Part II – Eco-efficiency

185



 

 

Within WG2 of COST Action C25 various examples based on ongoing research and developing 
projects in different countries and research groups were discussed. Some of these discussions 
are documented in the form of collaborative works, presented in the papers of this volume. 
Other contributions are presented in the form of well documented data sheets. It is not possible 
to document all data referred to in the collaborative projects but the data sheets provided in 
Appendix 1 serve as a reliable and useful reference.     

The Construction Industry requires innovative sustainable approaches to building design that 
are ecologically friendly and economically justified. The design needs, not only to minimize the 
impact on the environment but also, to maximize the benefit during the life time. The “cradle-
to-cradle” approach for eco-effectiveness is based on innovative materials, processes, and 
systems wherein all waste that cannot be disposed into the biosphere is collected and redirected 
back to the techno-sphere. This approach was a relevant consideration in the case-studies which 
are presented in Part III, as practical references and applications. 

REFERENCES 

Bossink, B.A.G., (2004). Managing drivers of innovation in construction network. Journal of 
Construction Enegineering and Management, 130 (3). 

Braungart M, McDonough W, 2002, Cradle to Cradle: Remaking the Way We Make Things (Northpoint 
Press) 

CIB. 1999. Agenda 21 on sustainable construction. CIB Report Publication 237. ISBN 90-6363-015-8. 
Verfaillie&Bidwell, 2000. Measuring eco-efficiency, a guide to reporting of company performance. 

World Business Council for Sustainable Development. 
EU. 2004. Stimulating Technologies for Sustainable Development: An Environmental Technologies 

Action Plan for the European Union. Communication from the Commission to the Council, the 
European Parliament and the European Economic and Social Committee of the Regions.  Brussels, 28 
January 2004, COM(2004) 38 final. Available at  
http://ec.europa.eu/environment/etap/information/links_en.html#links89 

EU. 2007a. A Lead Market Initiative for Europe. Communication from the Commission to the Council, 
the European Parliament and the European Economic and Social Committee of the Regions.  Brussels, 
21.12.2007. COM(2007) 860 final. Available at 
http://ec.europa.eu/enterprise/policies/innovation/policy/lead-market-initiative/ 

EU. 2007b. A Lead Market Initiative for Europe - Action Plan for sustainable construction. Commission 
Staff Working Document, Annex I to the Communication from the Commission to the Council, the 
European Parliament and the European Economic and Social Committee of the Regions.  SEC(2007) 
1729. Brussels, 21.12.2007. Available at http://ec.europa.eu/enterprise/policies/innovation/policy/lead-
market-initiative/files/action_plan_construction_en.pdf 

EU. 2009. Eco-innovation - putting the EU on the path to a resource and energy efficient economy, Study 
and briefing notes. European Parliament, Policy Department, Economic and Scientific Policy. 
Manuscript completed in March 2009  

Hinterberger, F. et al. 2004. Eco-Efficient Innovation, State of the Art and Policy Recommendations. 
Paper prepared for the EU Regional Stakeholder Workshop on eco-efficiency, organized by the 
incoming EU Chairmanship of the Netherlands in cooperation with the French Ministry of 
Environment,. Paris, 28tMay 2004. Sustainable Europe Research Institute SERI, Factor Ten Institute & 
Austrian Institute for Sustainable Development öin. Available at www.seri.at/eco-innovation 

ISPRA. 2008. Study for the development of European Ecolabel Criteria for Buildings. First Background 
Report. Istituto Superiore per la Protezione e la Ricerca Ambientale & Italian Institute for 
Environmental Protection and Research. Oct. 2008. 

Koukkari, H. 2009. Eco-Efficiency in Development of Construction Products. In.Proc. on Workshop on 
Sustainability of Constructions – Integrated approach to life-time structural engineering. Timisoara, 
Romania 23.-24.10.2009 

Krausmann, F. el al. 2009. Growth in global materials use, GDP and population during the 20th century. 
Ecological Economics 68 (2009) 2696–2705. 

MoU. 2006. Memorandum of Understanding of the COST Action C25. Available at  
Lee, J., Mahendra, S. & Alvarez, P.J.J. 2010. Nanomaterials in the Construction Industry: A Review of 

Their Applications and Environmental Health and Safety Considerations. ASCNAno 4(21010)7 
p.3580-3590. Available at  http://pubs.acs.org/doi/pdf/10.1021/nn100866w 

OECD. 2008. Measuring Material Flows and Resource Productivity, Synthesis report. Organisation for 
Economic Co-operation and Development. Available at  

Integrated Approach towards Sustainable Constructions
______________________________________________________________________________________________________

186



 
 

 

http://www.oecd.org/dataoecd/55/12/40464014.pdf 
OECD. 2009. Sustainable Manufacturing and Eco-Innovation – Framework, Practices and Measurement. 

Synthesis Report. Organisation for Economic Co-operation and Development. Available at  
www.oecd.org/innovation/sustainablemanufacturing 

UN. 2009a. World Population Prospects, The 2008 Revision. United Nations, the Department of 
Economic and Social Affairs. Available at http://esa.un.org/unpd/wpp2008/index.htm 

UN. 2009b. World Urbanization Prospects, The 2009 Revision. United Nations, the Department of 
Economic and Social Affairs.  Available at http://esa.un.org/unpd/wup/index.htm 

van Berkel, R. 2008. Eco-Efficiency: concepts and rationale. Presentation in the United Nations ESCAP 
Expert Group Meeting. on Eco-Innovation. 17.-18.4.2008 Bangkok, Thailand. 

UNEP.2007. Buildings and Climate Change. Status, Challenges and Opportunities. United Nations’ 
Environment Programme. ISBN: 978-92-807-2795-1 

UNEP. 2009. UNEP Yearbook. New Science and Developments in Our Changing Environment. United 
Nations Environment Programme. ISBN: 978-92-807-2987-0. Available at  
http://www.unep.org/yearbook/2009/ 

USGS. 2010. Minerals Yearbook:. Volume I.- Metals and Minerals.  The U.S. Geological Survey. 
Available at http://minerals.usgs.gov/minerals/pubs/commodity/myb/ 

WBCSD. 2010. Vision 2050, the New Agenda for Business. World Business Council for Sustainable 
Development. ISBN: 978-3-940388-56-8. Available at  
www.wbcsd.org/DocRoot/1iMbYAILU7LAWxesw8We/Vision_2050_FullReport_040210.pdf 

Winandy. J.E. 2002.  Emerging Materials:What Will Durable Materials Look Like in 2020? Presentation 
in Conf. on Enhancing the Durability of Lumber and Engineered Wood Products. Kissimme, Flo. 
February 11-13, 2002

______________________________________________________________________________________________________
Part II – Eco-efficiency

187




