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EXECUTIVE SUMMARY

Going for green growth and establishing a resource efficient economy is a major environmental,
development and macroeconomic challenge. In this context, putting in place policies that ensure
Sustainable Materials Management is crucial. Sustainable materials management (SMM) is defined as
“…an approach to promote sustainable materials use, integrating actions targeted at reducing negative
environmental impacts and preserving natural capital throughout the life-cycle of materials, taking into
account economic efficiency and social equity.” SMM can help both to improve the environment, by
reducing the amount of resources that human economic activity requires as well as diminishing the
associated environmental impacts, and to improve resource security and competitiveness.
The OECD has been exploring this new, integrated approach to materials management since 2004
through a number of case studies on priority materials (e.g. critical metals, plastic, wood, aluminium).
Construction materials and the building sector are among the priority sectors that have been identified
as they generally are responsible for more than one third of global resource consumption annually (UNEP,
2007), and the manufacturing of building materials consumes about 10% of the global energy supply
(Roodman & Lenssen, 1995). Construction and demolition waste also contribute to about 30% of solid
waste streams in many developed countries, with most waste being associated with the demolition phase.
This report aims at identifying the policy levers that are available to governments in order to create a
framework in which construction stakeholders such as designers, building operators, materials
manufacturers, construction companies and waste management operators, can be guided to choose the
construction materials with the lowest possible life-cycle environmental impacts. In order to do so, policy
makers need to understand the motivations and factors that influence the choice of construction materials
and to understand the policy instruments that are available to influence that choice.
Factors influencing the choice of construction materials
Different types of construction materials generate different environmental impacts, suggesting that the
overall pressure on environmental resources that is linked to the consumption of construction materials
could be reduced if more environmentally benign materials were favoured in the market. Wood for
example is considered as being biogenic for carbon emissions given that the carbon emitted from the
decomposition of wood is removed from the atmosphere by other trees. The use of concrete can also result
in CO2 removal as it undergoes a carbonation process when brought into contact with air.
Based on a review of current activity in OECD member countries, this paper identifies a range of
physical, economic, cultural, financial and regulatory factors that can influence the choice of building
materials to varying degrees of intensity. Out of these, a number of factors were found to have a
particularly large influence on the use of sustainable construction materials. Among the physical factors for
example, climate and its key components such as temperature, humidity, sun and wind can be a strong
determinant for the service life of a structure. Similarly, the proximity of sources of raw materials can
influence transportation costs and thereby encourage the use of local materials. Regarding regulatory
factors, the existence of regulations that prohibit or restrict the use of certain materials, as well as standards
that enhance the diversion of end-of-life materials from landfills, will likely influence the choice of
construction materials for a specific project.
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Policy levers that can help to influence the choice of construction materials
Table 1 presents the policy tools that are used most frequently in order to influence the choice of
construction materials. The policies are listed according to the proportion of all factors that they can
address and according to the proportion of highly influential factors they can help to target.
Table 1. Ranking of policy instruments by the number factors of influence they can address

Proportion of factors of
influence addressed

Lever

1. Green building rating systems
2. Education and training policies
3. Market-based instruments
4. Building codes
5. Land use plans and zoning laws
6. Life-Cycle Assessment (LCA) of building materials, assemblies and
structures
7. Product certification and labelling schemes
8. Sustainable procurement policies
9. Benchmarking, data gathering, performance reporting and statistics

High influential
factors
36%
31%
19%
17%
8%
17%
17%
17%
11%

Total
28%
26%
26%
22%
17%
16%
14%
14%
12%

As highlighted in the table, the policy levers that most frequently address the highly influential factors
are green building rating systems, as well as education and training policies. However, the intensity with
which they address these factors varies. For example, green building rating systems are designed to offer
voluntary “stretch” goals for leadership-level projects and as such may only address a small proportion of
the overall building stock. While certain policy levers such as the adoption of green building rating systems
are relatively easy to implement and already widely used, those that take a more integrated approach and
have the potential to drive adoption of sustainable construction materials across a broader range of building
projects and types (e.g., life cycle assessment (LCA) based building codes) still remain in the early stages
of development.
The impact intensity of the policy levers identified can be increased when they are developed together
in a policy-mix to address the complex inter-relationships between various factors of influence. In fact, the
most prevalent policy levers listed in the table could be efficiently designed and combined to jointly
address all of the life stages of construction material, i.e. selection, installation, operation and end-of-life.
A constraint lies in the fact that many of the most effective policy tools (such as LCA) require extensive
support in the form of technical expertise, materials databases, statistical analysis and reporting
frameworks, collection and reprocessing facilities for waste materials, and other resources in order to
function properly. Data from LCA models can be used to not just evaluate the impacts of materials within a
project but can also, potentially, be aggregated to provide information on overall policy effectiveness.
Focus on two key life-cycle stages
The second part of the report identifies and analyses the key policies that can be used to influence two
life-cycle stages of materials, building elements and whole buildings that are particularly important in the
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decision-making process of construction projects, and where there is only limited coverage in the literature
(especially for waste management policies):
1.

The building’s design and construction phase, which includes:
a.
b.
c.

2.

Design
Construction and commissioning
Operations and maintenance

The building’s end-of-life phase, which includes
a. Construction and demolition waste recycling
b. Building deconstruction and disassembly

It is sometimes said that 90 % of design decisions are typically made during the first 10 % of the
design process. For policies to have the greatest chance of delivering meaningful and measurable
reductions in the environmental impact of construction materials, they need to be designed so that they can
be incorporated at the earliest stages, while information is being gathered and that design is fluid. Policies
should allow to encourage the design team to assess the availability of low impact materials, local
workforce qualifications and capabilities (such as pre-fabrication) and the availability of infrastructure to
support construction waste diversion from landfill. For instance, Switzerland has implemented a life cycle
based regulatory and practical infrastructure, which allows a science-based approach to calculate and
regulate embodied energy associated with building operations, materials and construction practices. Other
countries have similar policies in development.
The construction and deconstruction processes can be major generators of solid waste. However, the
vast majority of construction and demolition (C&D) waste can be either recycled (such as metals, carpet),
either used as feedstock for industrial processes (e.g. glass) or can be burnt as fuel (such as wood, etc.).
Recognising both the practical challenges of managing construction waste and the environmental, social
and economic advantages of redirecting the waste materials to other purposes, the extensive review of
SMM policies carried out by the OECD highlighted the fact that the weight of experience, in terms of
policies already in place, is with the “end-of-life” stage of the life-cycle. Many OECD countries have
established construction and demolition (C&D) waste diversion targets and have begun to implement a
range of integrated C&D waste diversion policies. In fact, in Switzerland, Belgium, Germany, the
Netherlands and Sweden the landfilling of C&D waste has been all but eliminated.
Most OECD member countries are aware of the environmental impacts of construction materials at
each of the various life cycle stages. The social implications, such as the effects of materials on human
health, are also becoming important. Many countries have already implemented a wide range of policies
such as the adoption of green building rating systems and construction waste management programmes in
an effort to raise industry awareness and to address life-cycle effects. More efforts are also being deployed
in order to maximize the opportunities for the building industry to use re-processed waste materials,
thereby limiting resource exploitation and negative environmental impacts of the industry.
Reliable and transparent statistics are important
Results such as those achieved by some countries on material recovery from C&D waste , cannot be
accomplished without the establishment of reliable and transparent statistics on environmental indicators,
production and consumption patterns, prices and other measures. Robust data on construction materials and
construction waste can help in determining what policy or strategy should be "deployed" in a given
situation, and can further allow to track progress, pinpoint opportunities for improvement, compare effects
across different parameters and demonstrate accomplishments.
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Addressing the whole life-cycle of construction materials is key
In summary, the key to successfully increasing the use of sustainable construction materials is the
implementation of life-cycle based building policies and performance-based building codes supported by
the full range of mechanisms to encourage sustainable decision making by the construction industry. For
this, Life-Cycle Assessment (LCA) appears as a crucial policy tool that allows the scientific evaluation of
the environmental and health impacts of materials and buildings over their life cycle. Using LCA within
the context of internationally agreed standards (such as ISO), it is possible to evaluate buildings at different
levels starting with materials and then expanding the scope of analysis to include building elements and
assemblies, whole buildings and ultimately the entire built environment. Such a multi-tiered approach is
important in order to compare the different impacts and to evaluate the overall impact of buildings on the
environment. Benchmarking, performance reporting protocols and statistics can be structured to reflect this
multi-level approach.
The use of LCA is growing across OECD countries and is already being introduced into commonlyused instruments such as green procurement programmes. However, bringing LCA into mainstream design
and construction practice today is challenging. LCA is data intensive, time consuming and complex,
requiring specialised expertise. At least at the outset, market-based instruments (MBIs) and other
incentives may be necessary to support industry adjustments.
To facilitate the smooth adoption of LCA, it is important to establish and clearly communicate
building performance criteria, benchmarks, policy goals and metrics as well as standardised procedures and
acceptable data sources. Therefore, governments have an important role in supporting the development of
publicly-available LCA data, and the harmonisation of reporting criteria and standards in order to support
and facilitate the sustainable use of construction materials throughout their life-cycle.
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INTRODUCTION

Going for green growth and establishing a resource efficient economy is a major environmental,
development and macroeconomic challenge today. In this context, putting policies in place that ensure
Sustainable Materials Management is crucial. Sustainable materials management (SMM) is defined as
“…an approach to promote sustainable materials use, integrating actions targeted at reducing negative
environmental impacts and preserving natural capital throughout the life-cycle of materials, taking into
account economic efficiency and social equity.” SMM can help both to improve the environment, by
reducing the amount of resources that human economic activity requires as well as diminishing the
associated environmental impacts, and to improve resource security and competitiveness. Although the
primary focus of this study is on the environmental impacts of construction materials, SMM also considers
other inter-related impacts of materials such as potential implications for health.
The OECD has been exploring this new, integrated and multi-tiered approach to materials
management since 2004 through a number of case studies on priority materials (e.g. critical metals, plastic,
wood, construction materials, etc.). The purpose of such studies is to identify policies and instruments that
can help to achieve SMM.
OECD’s work on construction materials contributes to efforts on SMM policy guidance. Construction
materials and the building sector generally are responsible for more than one third of global resource
consumption annually (UNEP, 2007), and the manufacturing of building materials consumes about 10% of
the global energy supply (Roodman & Lenssen, 1995). Construction and demolition waste contribute about
30% to solid waste streams in many developed countries, with most waste being associated with the
demolition phase.
Different types of construction materials generate different environmental impacts, suggesting that the
overall pressure on environmental resources that is linked to the consumption of construction materials
could be reduced if more environmentally benign materials were favoured in the market. Wood for
example is considered as being biogenic for carbon emissions given that the carbon emitted from the
decomposition of wood is removed from the atmosphere by other trees. . The use of concrete can also
result in CO2 removal as it undergoes a carbonation process throughout its life, so that the longer and with
more surface area concrete is exposed to ambient air, the more CO2 it will remove from the atmosphere.
Prefabricated elements may be constructed more efficiently with fewer defects and less waste than
traditional forms of site-based construction.
However, it is difficult to objectively compare materials and classify them according to their
environmental impacts because such impacts depend to a large extent on the locations and conditions under
which materials are extracted, produced, used and disposed of. In particular, the range of factors that can
influence the environmental impacts of any construction material include:
•

The energy mix and emissions intensities of energy associated with the material’s life-cycle;

•

The actual service life of the materials in the building;

•

The contribution of the construction phase (equipment and temporary materials use);

•

The contribution of transport;

•

The end-of-life management of materials and the potential for reuse and recycling of materials.
8
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As way of illustration, the level of carbon benefits of wood construction products around the world
can vary according to the wide variety of wood species used in construction, differences and uncertainties
in accounting for forest management practices across regions and countries, differences in manufacturing
methods and efficiencies, transportation distances, ways of designing buildings in wood, and end-of-life
management practices for wood waste. Similarly, structural and reinforcing steel are rarely local products
and have thus often to be transported over long distances that will differently impact their life-cycle
environmental footprints. Prefabrication may improve construction efficiency, but may result in large,
unwieldy components that require a greater number of truck trips to move products to the construction site.
It is therefore not sufficient to just evaluate the materials themselves. It is also important to consider the
environmental impacts of their application, the building element in which they are installed, the building
itself and, indeed, the entire built environment.
The assessment of materials’ environmental impacts therefore needs to be made on a case-by-case
basis. This further implies that the comparison of the impacts of different materials has to be made based
on an identical use. For instance, for a typical 5-8 storey commercial building under New Zealand’s
conditions, a wood structural system would typically have respectively 56% and 65% lower embodied
energy at the time of completed construction than a comparable concrete and steel structure (Buchanan &
Honey, 1994). Another example can be found in the comparison by Cole and Kernan (1996) of the
embodied energy at the time of completed construction of alternative wood, steel, and reinforced concrete
structural systems for a 4,620 m2 three-storey Canadian office building with and without underground
parking. With parking, the steel structure was found to have 1.61 times and the concrete alternative 1.27
times more embodied energy than the wood option. Without parking, steel had 1.82 and concrete 1.39
times larger embodied energy than wood.
Comparing materials’ environmental impacts thus requires the use of clearly defined functional units 1
referring to specific conditions and to a material’s specific function in order to provide robust and
comparable results. It necessitates data on actual building designs with specific parameters and bills of
materials, and needs to take into account the life-cycle performance of competing materials in specific
geographic regions. These case-by-case environmental assessments can be performed using Life-Cycle
Assessments (LCA), a method of scientifically quantifying the actual and potential environmental impacts
of a product, process, or service holistically throughout the corresponding life-cycle stages and supply
chains. LCA can be used at all scales of analysis from a single material to an entire building stock. In fact,
LCA data is now being developed for human health impacts as well.
Box 1. Reducing the environmental impacts of materials under specific conditions.
Thanks to LCA studies, it is possible to identify and influence the specific conditions under which materials are
made, transported, used and discarded of, in order to reduce their environmental impacts under specific
circumstances. For example, wood has a potential to sequester carbon even beyond the life of the building if it is
sequestered in a landfill. Similarly, a portion of the CO2 emitted during calcination process in clinker manufacturing can
be removed from the air if concrete is crushed, spread and left carbonating for a period at the end of its service life. As
regards to virgin steel, the high embodied energy of the material can be lowered by successive recycling loops. Finally,
reuse is a largely unexplored potential environmental and could present economic savings opportunity for all materials.

This report aims at identifying the policy levers that are available to governments in order to create a
framework in which construction stakeholders such as designers, building operators, materials
manufacturers, construction companies and waste management operators, can be guided to choose the
1

Functional units refer to the quantified performance of a product system for use as a reference unit [ISO 14040
2006]
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construction materials with the lowest possible life-cycle environmental impacts. In order to do so, policy
makers need to understand the motivations and factors that influence the choice of construction materials.
The first part of the report reviews and analyses the different factors of influence in order to help
determining the way and extent to which policies could steer materials’ choice towards more
environmentally benign and, potentially, healthy options. Factors of influence include physical factors (e.g.
climate; proximity of sources of raw materials), economic factors (e.g. availability of a qualified
workforce), cultural factors (e.g. architectural typology), financial factors (e.g. cost of construction
materials, land, transport and labour; presence of environmental taxes) and regulatory factors (e.g.
existence of policies relating to natural resources management, environment, urban planning, energy and
territorial development; regulations that prohibit, restrict or require the use of certain materials; policies
that reduce material throughput, particularly of high impact materials; requirements or standards that
enhance the diversion of end-of-life materials from landfill as well as the re-use of materials; or policies
that promote “end-of-waste” i.e. when waste ceases to be considered as such after they have undergone
recovery or recycling operations).
Based on the preceding analysis, the second part of the report identifies and discusses policy
interventions that are relevant to the sustainable management of construction materials with a specific
focus on (a) the design and construction stage, and (b) the end-of-life stage. These two phases were
selected because of their limited coverage in literature that has mostly analysed potential environmental
and energy savings during the use phase of buildings. In addition, the design stage is strategically
important because policies need to be incorporated at the earliest stages of decisions for maximum effect,
when information is being gathered and before the materials selection process takes place, in order to
deliver the most meaningful reductions in the environmental impacts of construction materials.
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1. IDENTIFICATION OF FACTORS INFLUENCING THE CHOICE OF CONSTRUCTION
MATERIALS

Based on a review of current activity in OECD member countries, a range of factors that can
influence the choice of building materials to varying degrees of intensity were identified and analysed.
Identifying these factors and their degree of influence can help to determine the way and extent to which
policies could steer materials’ choice towards more environmentally benign and healthy options. A
comprehensive review and analysis of the main factors and the most relevant and commonly used policy
levers that can address them is provided in Annex I, along with examples of national and regional
applications by OECD countries.
In total, twenty-one physical, economic, cultural, financial and regulatory factors were identified.
These factors form complex inter-relationships with some factors reinforcing, neutralising or conflicting
with others or with sustainability goals. The specifics of these inter-relationships will depend on the
characteristics of the region and its construction industry. Some factors have the potential to impose a far
greater degree of influence than others. Based on a review of policies, activities and accomplishments
within OECD countries to date and the professional experience of the author, the various factors of
influence have been ranked in terms of the degree to which they affect the choice of building materials
(Table 2).
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Table 2. Degree of influence of factors affecting the choice of sustainable construction materials

Category

Degree of influence of factors affecting the choice of sustainable construction
materials
High

Medium

Low

Physical
factors

Climate

Availability of space

Type of sub soil

Proximity of sources of raw materials

Proximity to geo-physical
features

Seismic activity

Economic and
social factors

Availability of a qualified workforce

Population density
Standards of living
Public education and
availability of information
about materials flows and
the environmental impacts
of materials

Cultural
factors

Architectural typology

Historical or regional
character preservation

Financial
factors

Cost of construction materials, land,
transport and labour

Support of innovative
construction technologies

Presence of environmental taxes
Regulatory
factors

Existence of policies relating to natural
resources management, environment,
urban planning energy and territorial
development

Influence of internationally
agreed standards for
sustainability in building
construction

Regulations which may prohibit, restrict
or require the use of certain materials.
Policies which reduce material
throughput, particularly of high impact
materials.
Presence of requirements or standards
that enhance the diversion of end-oflife materials from landfill as well as the
re-use of materials
Influence of policies promoting “end-ofwaste”

As illustrated in Table 2, eleven factors are considered to have a high degree of potential influence on
the sustainable use of construction materials and elements. Therefore, policy makers may want to direct
their attention to these factors first when drafting their policies and programmes. Only two physical factors
(i.e. the prevalence for seismic activity and the type of sub-soils) are considered to have a low degree of
influence because their impact is largely focussed on structural requirements and because there is relatively
little that policy makers can do about them.
Eight factors are considered as having a “medium” degree of influence on a national scale; however,
their influence may vary according to the specificities of a region. For example, the availability of space
may have a high degree of influence in urban centres but not in rural areas. Certain factors such as the
12
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presence of international standards for sustainability in building construction may currently only exert a
medium influence but could see their impact increase in the future. Indeed, such standards are increasingly
in development (e.g. the UNEP Common Carbon Metric and Common Materials Metric2) and may result
in the alignment of international environmental stewardship targets, indicators and reporting protocols at
the building stock level, thereby accelerating the adoption of Environmental Product Declarations (EPDs)
that include information about the environmental impacts associated with a product, and of life-cycle
assessments (LCAs). There are also factors that are currently considered “medium” because they only
become important after other factors have been addressed first. For example, the degree of support for
innovative construction technologies would be of relatively little consequence to the uptake of sustainable
construction materials unless a qualified workforce is available and building codes have become
performance-based and sufficiently flexible to allow for and support project-based innovation.
On the basis of the preceding observations on key factors, the most relevant and commonly used
policies across OECD countries were identified that could most efficiently address these factors and
encourage a sustainable application of construction materials. A total of fifteen policy measures were
identified and reviewed for their applicability to each factor in order to help policy makers prioritise their
efforts and resources. These policies are grouped in Table 3 below according to three broad policy
categories, i.e. market-based instruments, information-based and voluntary approaches, and regulatory
measures. A more detailed description of each category and the specific policy instruments is provided in
Annex II.
Table 3. Summary of policy levers applicable to the use of sustainable construction materials

Fiscal and economic measures

Information-based and voluntary
approaches

Regulatory measures

Market-based instruments (MBIs)

Product certification and labelling
schemes

Land use plans and zoning laws

Performance-based building incentives

Life-Cycle assessment (LCA) of
building materials, assemblies and
structures

Policies describing desired building
form, function and character

R&D incubation grants

Green building rating systems and
standards

Building codes

Benchmarking, data gathering,
performance reporting and statistics

Legislation that promotes renovation
and adaptability

Education and training policies

Sustainable procurement policies
End-of-waste criteria
“Zero-waste” goals

Similarly to the degree of influence of different factors, the policy levers available to address those
factors have been ranked according to the number of factors that each one of them may efficiently address.
This has been done with respect to both the factors considered as being most influential, as well as all
factors aggregated (see Table 4). In general, the top eight policy measures listed in the table may address
most factors of influence and all have the potential to be highly effective in increasing the use of
sustainable construction materials, particularly when developed together as a mutually reinforcing suite of
cross-cutting measures to address the complex inter-relationships between the various factors of influence.
2

www.unep.org/sbci
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Certain policies that were identified as having the greatest influence on the most important factors
may however see their effectiveness vary depending on specific conditions. For example, green building
rating systems have the potential to address most factors of influence but are voluntary by nature and
therefore only apply to a sub-set of leadership-level buildings. Indeed, most rating system providers state
that their intention is, at best, to target the “top 25%” 3 as a means to pull the building industry forward, but
which therefore dilutes their intensity of effectiveness to an entire building stock. Similarly, benchmarking,
data gathering, performance reporting and statistics are currently not ranked in the top eight of the mostcommonly applicable policy tools because they rely on the presence of other policies such as performancebased building codes and the use of LCA; even though this will become very important in the future as
data-centric policies are rolled out in order to provide key performance indicators (KPIs), pinpoint
opportunities for improvement, demonstrate overall policy effectiveness and progress over time. Table 4
presents the policy instruments ranked by the number of factors of influence they address. The top eight
are “highly influential” today and policy makers are encouraged to consider these first. The benchmarking,
data gathering, performance reporting and statistics lever is also highlighted as an important lever for
policy makers to be aware of so they can begin to plan for clear and consistent measurement solutions
when they start to develop their policies.
Table 4. Ranking of policy instruments by the number factors of influence (total twenty-one) they can
address

Number of factors of influence
addressed
High priority factors
Total

Lever
1. Green building rating systems

36%

28%

2. Education and training policies

31%

26%

3. Market-based instruments

19%

26%

4. Building codes

17%

22%

5. Land use plans and zoning laws
6. Life-Cycle Assessment (LCA) of building materials, assemblies and
structures
7. Product certification and labelling schemes

8%

17%

17%

16%

17%

14%

8. Sustainable procurement policies

17%

14%

9. Benchmarking, data gathering, performance reporting and statistics

11%

12%

10. R&D incubation

8%

12%

11. Policies describing desired building form, function and character

14%

12%

12. Performance-based building incentives

0%

7%

13. “Zero-waste” goals

6%

3%

14. End-of-waste criteria

3%

2%

15. Legislation that requires renovation

0%

2%

When considering the most relevant policies for supporting sustainable construction, it is essential to
take into account the four key project life stages (design, construction, operation and maintenance, and
end-of-life). It was observed that the majority of decisions affecting the choice of construction materials
and application techniques occur at the design stage meaning that ideally, policies should address the
3

For example, as stated in the U.S. LEED Homes rating system introduction.

14

ENV/EPOC/WPRPW(2014)4/FINAL
design stage of the building project as a priority. This observation is confirmed by countries’ experience:
the majority of policies identified (93%) are directed towards the material selection process during the
building design phase, while 61% address the installation phase, 29% address the operation phase (which
includes maintenance, repair and replacement) and 29% are directed towards the end of life phase. If
designed in an efficient manner, the eight most prevalent policy levers can be designed to address all life
stages of construction materials (see Table 5).
Table 5. The eight highest impact policy levers address all four life stages of construction materials
Policy lever

Design

Construction

Operation

End of life

Green building rating systems

●

●

●

●

Education and training policies

●

●

●

●

Market-based instruments

●

●

●

●

Building codes

●

●

●

●

Land use plans and zoning laws

●

●

Life-Cycle Assessment (LCA) of
materials, assemblies and structures

building

●

Product certification and labelling schemes

●

Sustainable procurement policies

●

●

●

Certain policies may have a strong impact on a specific factor and point in life of a construction
project. Others on the contrary may have a lower influence on key factors yet have a strong impact on the
entire building stock and throughout the life-cycle of materials. This is especially the case of LCA
approaches and instruments. Even though it is employed at the design stage and barely addresses 17 % of
the key factors, LCA is a powerful state-of-the-art tool for scientifically evaluating the environmental
impact of materials over their life cycle and the life cycle of the building as a whole.
LCA can also potentially be used to assess not just materials, but also building elements and entire
buildings. In fact, although rarely undertaken today, LCA data can also be aggregated to the building stock
level and be used to evaluate the ecosystem services provided by an entire region and the impacts of
development at the national scale. As a result, LCA can potentially have the most intensive impact on the
use of sustainable construction materials especially when incorporated into other policies such as building
codes and sustainable procurement policies in order to reinforce cross-cutting impact.
The use of LCA is growing across OECD countries and is already being introduced into commonlyused instruments such as green procurement programmes. There are international standards and protocols
that set out roles and best practices for data collection and disclosure, the LCA process and the reporting of
results. Yet, bringing LCA into mainstream design and construction practice today is challenging. As
highlighted by OECD countries’ experience, the impact intensity of LCA rely on the presence of
supporting tools such as technical expertise, materials databases, collection and reprocessing facilities for
waste materials, and other physical, human and financial resources, in order to function efficiently. Indeed,
LCA can be data intensive, time consuming and complex, requiring specialised expertise. At least at the
outset, market-based instruments (MBIs) and other incentives may be necessary to support industry
adjustments.
Facilitating the adoption of LCA requires establishing and clearly communicating building
performance criteria, benchmarks, goals and metrics as well as standardised procedures and acceptable
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data sources. Therefore, governments have a key role in supporting the development of publicly-available
LCA data, and the harmonisation of reporting criteria and standards in order to support and facilitate the
sustainable use of construction materials throughout their life-cycle. Besides, policy mechanisms need to
be holistic in approach, cutting across both strategic investment and regulations, and sufficiently flexible to
allow the project team to select optimal solutions based on the specific circumstances of the building
project in a timely fashion. When LCA is incorporated into building policies and performance targets, and
building practices are supported by education and training as well as economic and financial incentives, the
potential for achieving a high rate of meaningful uptake of sustainable construction materials is possible.
Finally, the policy mechanisms shall be designed with a long-range view in mind so design and
construction companies can have the confidence to invest in long-term changes in their business practice.
Long-range commitment to credible targets is necessary to provide:
•

A risk-appropriate “level playing field”

•

Confidence by the building industry to invest in changes to business practices

•

Project teams with the ability to select the optimal solution based on project specifics

•

Policy makers with meaningful enforcement strategies and show improvement in the use of
sustainable building materials over time

There is an important role to play for international agencies such as OECD in developing and
supporting internationally-aligned policy frameworks, materials databases, reporting criteria and standards
into which regional programs and initiatives can input regionally appropriate information and compare
progress. An international response is particularly important for developing markets for waste materials,
which is a multi-national endeavour. Advances in policies promoting the use of sustainable construction
materials and closing the material life cycle loop (such as waste diversion rates, quality control and
materials stewardship, etc.) are conditional upon raising the bar on the poorest performers because markets
will always gravitate to those regions with the most lax standards and controls.
In summary, the review of factors of influence and key policy levers undertaken across OECD
countries in this chapter allowed the most efficient policy approaches to be identified (see Table 6 for an
overview). In particular, the design of policies should take advantage of the synergies that exist between
different factors of influence and, to some extent, policy makers can prioritise policy and planning
resources towards those factors that have the highest degree of influence (e.g. climate, proximity of sources
of raw materials) and measures that can address the highest number of factors of influence (e.g. green
building rating systems, education and training policies, market-based instruments). In addition, policy
makers may want to pay particular attention to the life-cycle stages addressed by policy measures and
focus on those with most influence throughout the life-cycle of construction materials and building projects
so that environmental pressures are reduced overall and not transferred from one life-stage to another. In
Annex III, a comprehensive summary assessment is provided of the factors of influence and the specific
life stages of a construction project to which potential policy goals and levers apply.
The next chapter builds on those observations in order to identify and analyse the most efficient
policy approaches for specific life-cycle stages of construction projects.
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Table 6. Factors of influence ranked by degree of influence and applicable policy levers (top eight)

●

●

●

●

●

Sustainable procurement
policies

●

Product certification and
labelling schemes

LCA of building materials,
assemblies and structures

Low

Land use plans and zoning
laws

Medium

Building codes

High

Green building rating systems

Degree of influence

Education and training
policies

Top eight applicable policy levers

Market-based instruments

Factor of influence

Physical factors
Climate

●

Proximity of sources of raw materials
Proximity to geo-physical features

●

Availability of space

●

Seismic activity

●

Type of sub-soil

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●
●

●

Socio-economic factors
●

Availability of a qualified workforce

●

Standards of living

●

●

Population density

●

●

Public education and availability of information about materials
flows and the environmental impacts of materials

●

●

Cultural factors
●

●

●

●

●

Cost of construction materials, land, transport and labour

●

●

●

Presence of environmental taxes

●

Architectural typology
Historical or regional character preservation

●

●

●

●

●

●

●

●

●

Financial factors

●

Support of innovative construction technologies

●

●

Regulatory factors
Policies that reduce material throughput, particularly of high
impact materials

●

●

●

●

●

Requirements or standards that enhance the diversion of end-oflife materials from landfill as well as the re-use of materials

●

●

●

●

●

Policies that relate to natural resources management,
environment, urban planning, energy and territorial development

●

Regulations that prohibit, restrict or require the use of certain
materials

●

Policies promoting “end-of-waste”

●

Internationally agreed standards for sustainability in building
construction

●
●

●

●

●

●

●
●
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2. POLICY INTERVENTIONS RELEVANT TO THE SUSTAINABLE MANAGEMENT OF
CONSTRUCTION MATERIALS

This chapter presents an overview of some of the most effective policies that are being put into place
by OECD member countries to ensure sustainable use of construction materials at different life stages of
construction materials with a particular focus on:
1.

The design and construction phase (which includes operations and maintenance), and

2.

The end-of-life phase

The objective is to demonstrate how policy makers can reduce the environmental pressures of
materials across the building supply chain, enhance resilience and, ultimately, encourage design teams to
“close the loop” on the use of construction materials, i.e. transitioning from a linear to a circular economy
(see box 2). It is important to consider that the objective is not just to substitute materials for lower impact
alternatives, but also to consider the environmental impacts of construction techniques and ways to
improve the efficient use of materials and reduce overall consumption. A summary of the key findings of
chapter 2 and the policy illustrations is provided at the end of the chapter.
Box 2. The life cycle of construction materials, transitioning from a linear to a circular economy

RESOURCE

WASTE

2.1 Review of policies which address the use of sustainable materials at the design and construction
stage
To develop effective policies aimed at encouraging the use of sustainable construction materials,
sustainable construction techniques and an industry philosophy of “doing more with less”, it is important to
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understand who makes decisions about the use of construction materials and when those decisions take
place. The selection of construction materials evolves in an iterative manner during the building design
process with input from the various project team members (architects, engineers, builders, owners, etc.)
through the different stages of the project life cycle (see box 3). The project life cycle may be viewed as a
process through which a construction project is implemented from inception to completion at which point
the building is handed over to the owner who is then responsible for ongoing operations, maintenance,
repair and replacement.
Box 3. The building project life cycle

Project design
• Feasibility studies
• Conceptual plans
• Review of factors influencing design and construction
• Development of building form and configuraation
• Environmental performance targets
• Materials research and data gathering
• Detailed research and analysis
• Energy modelling and whole building LCA
• Waste minimisation strategies
• Detailed design and engineering
• Construction plans and details
• Specifications

Construction and commissioning
• Biddiing and tendering
• Procurement for construction
• Project management, tracking and reporting (quality assurance
and control)
• Completion of cosntruction
• Commissioning and testing
• Acceptance of facility
• As-built documentation and manuals
• Owner education
• Start-up for occupancy

Operations and maintenance
• Ongoing monitoring and optimisation
• Repair and renovation
• Building adaptation and re-use
• Fulfillment of useful life

The design and construction process is often very complicated: the larger and more complex the
project, the more steps are iterated and the more stakeholders are involved. The design process requires the
integration of many kinds of information into a functional and durable finished product that will satisfy the
needs of the owner, the occupant and the community. Although each stage requires different expertise, it
usually includes both technical and managerial activities in the knowledge domain of the specialist such as
the design team, the builder, the facility manager or the building owner.
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2.1.1 Project design
It is sometimes said that 90 % of design decisions are typically made during the first 10 % of the
design process and this anecdote is borne out by the findings presented in the summary of Chapter 1 where
93 % of the policy levers address the selection of material at the project design stage. For policies to have
the greatest chance of delivering meaningful and measurable reductions in the environmental impact of
construction materials, they need to be designed so that they can be incorporated at the earliest stages,
while information is being gathered and the design is fluid.
Even before the design process starts, the project team can be encouraged to consider the various
factors that may affect the building’s environmental performance and its intended service life (see Annex
1). In particular, physical factors will inform the performance requirements of the structural and exterior
materials (roofing, cladding, glazing, etc.). Socio-economic and cultural factors will also provide context
for the design approach, building form and materials choice. The design team also needs to understand the
environmental (as well as economic and social) costs and benefits of following traditional approaches to
materials selection and application and be persuaded to question the “business as usual” paradigm.
As the design process evolves, the building programme, project business case, project execution plan,
procurement options, project team and strategic brief are all developed. Major decisions are made which
will determine the amount and type of materials that will be used in the building, including the intended
building life span, the potential to reuse an existing building (or portions) over new construction, the
opportunity to reduce the overall building area requirements through consolidation shared use,
telecommuting, etc. At the urban design scale, the form and function of the building will impose a number
of impacts on the regional infrastructure and local ecosystem. The design team can then assess the
availability of locally manufactured materials, local workforce qualifications and capabilities (such as prefabrication) and the availability of infrastructure to support construction waste recycling. Ultimately, the
team needs to be persuaded to adopting powerful tools such as LCA in order to access the ever-expanding
wealth of scientific data available on the environmental impacts of materials. To achieve this, LCA-based
building policies and performance-based building codes need be developed, supported by technical
resources, quality data and education programmes, in order to accelerate the adoption of LCA into
mainstream practice.
2.1.1.1 Project design: key policies
Findings from Chapter 1 show that there are many policy tools available that can be directed towards
the design stage (such as green building rating systems, education and training policies, market-based
instruments, etc.). However, life-cycle based policies that leverage the power of LCA for scientifically
evaluating the environmental impact of materials over their life cycle and the life cycle of the building as a
whole will have the most intensive impact. When LCA is incorporated properly into building policies and
regulations supported by education and training as well as economic incentives or other financial tools (if
necessary), the potential for achieving a high rate of meaningful adoption of sustainable construction
materials is possible.
There are established internationally agreed standards for sustainability in building construction and
the use of LCA, which is set out under the ISO 14040/14044 standards. To bring LCA into mainstream
design and construction practice today is challenging. LCA is data intensive, time consuming and complex,
requiring specialised expertise. Policies need to be established which clearly communicate building
performance criteria and metrics. Regionally-specific materials databases in the form of life-cycle
inventories (LCIs) need to be made available. LCIs are developed from EPD information provided by
materials suppliers and product manufacturers.
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Long-range commitment to sustainable materials policies and building performance targets is
evidently critical so all the relevant building industry actors and stakeholders can confidently invest in the
changes to their business practices necessary to accommodate these targets and activities (e.g. in staff
training, procurement, etc.). Indicators related to building materials can be established for energy, global
warming potential, waste minimisation, toxicity and other criteria that may be important to a particular
region (such as water, air quality, etc.). For such targets to be achievable by the design team, policy makers
must ensure that regionally specific data on materials (or commonly-accepted proxies) are available,
declare the appropriate protocols and, ideally, provide templates for calculation, verification and reporting.
Proxies may be necessary where data is unreliable or incomplete. Because it may be unrealistic to establish
policy targets for all possible environmental impacts, the most common are Primary Energy Demand
(PED), which measures embodied energy, and Global Warming Potential (GWP) which measures
embodied CO2 (equiv.).
Box 4. Forms of energy embodied in buildings
The initial embodied energy in buildings represents the non-renewable energy
consumed in the acquisition of raw materials, their processing, manufacturing,
transportation to site, and construction. This initial embodied energy has two
components:
• Direct energy the energy used to transport building products to the site, and
then to construct the building; and

•

Indirect energy the energy used to acquire, process, and manufacture the
building materials, including any transportation related to these activities.

The recurring embodied energy in buildings represents the non-renewable energy
consumed to maintain, repair, restore, refurbish or replace materials, components or
systems during the life of the building.

Embodied energy and carbon are the most common environmental impacts currently being considered
for construction materials. The amount and type of embodied energy in buildings varies considerably (see
box 4). Typically, the embodied energy of a building product is measured as a quantity of non-renewable
energy per unit of building material, component or system. For example, it may be expressed as MegaJoules (MJ) or Giga-Joules (GJ) per unit of weight (kg or tonne) or area (square metre). Clearly, initial
embodied energy consumption depends on the nature of the building, the materials used and the source of
these materials (this is why data for a building material in one country may differ significantly from the
same material manufactured in another country). The recurring embodied energy is related to the durability
of the building materials, components and systems installed in the building, how well these are maintained,
and the life of the building (the longer the building survives, the greater the expected recurring energy
consumption).
Examples of other performance goals related to sustainable materials and low environmental impact
design could include:
•

Proportion of total materials that are from sustainable sources (such as certified wood, etc.);

•

Proportion of materials from local sources;

•

Prohibition of certain high environmental impact or toxic materials (such as heavy metals);

•

Proportion of recycled content in construction materials or use of secondary materials (such as
recycled aggregates);

•

Construction waste diverted from landfill (tonnes, or % of total waste generated);
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•

Commitment to certify the building under a green building rating system and include a minimum
number of materials credits that will be accomplished;

•

Establish a defined service life for the building with clearly defined options for re-use;

•

Structural system optimisation (e.g. use efficient construction system (such as pre-fabrication);

•

Establish operations and maintenance schedules and minimise the life cycle cost of the building
systems and components;

•

Design the building for adaptability and disassembly (mechanical fastenings as opposed to
adhesives, etc.).

2.1.1.2 Project design: case study examples
Switzerland: 2000-Watt Society Energy Vision
When it comes to the successful establishment of specific carbon-based building standards that are
proving to deliver measurably low-carbon buildings, Switzerland has one of the longest and most
successful track records.
The impetus for a total energy/GHG impact based policy has been the adoption of the 2000-Watt
Society vision and framework which was developed by the Swiss Federal Institute of Technology in order
to make it possible for all people to enjoy a good standard of living. It proposes that if existing worldwide
energy reserves were to be allocated equally on a per capita basis, then every person in every society must
limit their energy consumption to a maximum of 17 500 kWh of energy per year (global average), which
corresponds to a continuous requirement of 2 000 watts (equivalent to about twenty 100W light bulbs
burning per person per year). The long-term goal of the 2000-Watt-Society is therefore to achieve a
sustained primary energy use of 2 000 watts per person and emissions of no more than one tonne of CO2
equivalent per person and year by 2050. Today, the 2000-Watt-Society plays an integral role within the
Swiss regulatory infrastructure. It takes into account the total primary energy use and total GHG emissions
from all consumption sectors in Switzerland. It was piloted in Basel in 2001, and adoption has grown
across Switzerland to currently encompass 20 cantons and 100 towns and cities. The City of Zürich,
Switzerland’s largest city, joined the 2000-Watt Society project in 2005.
Implementation of an integrated carbon-based building policy as defined by the 2000-Watt Society
goals requires the application of LCA in a manner that is consistent with the design and construction
process. Standards have been developed to set out system boundaries, assumptions and limitations, impact
makers - such as GHG emissions, energy use, and ozone depletion - as well as the units used for
quantification - such as CO2 eq./m2 yr, kWh, etc. These standards are consensus-based and developed,
updated and reviewed by experts from the product manufacturing industries and energy utilities thereby
establishing a consistent approach to policy administration and performance comparability. The success of
the 2000-Watt Society hinges on policy makers establishing benchmark performance criteria for a wide
range of energy sources, equipment and appliances to ensure consistency for all calculations and models.
Further information on the 2000-Watt Society project is provided in Annex V.
UK: BRE Green Guide
The UK BRE Green Guide provides another illustrative application of the use of LCA tools for
encouraging the choice of construction materials based on their particular environmental impacts. To ease
the UK building industry into LCA, the British Research Establishment (BRE) developed the BRE Green
Guide as an accessible accredited environmental rating scheme for buildings. The Green Guide is part of
BREEAM (BRE Environmental Assessment Method) and contains more than 1500 specifications used in
various types of building. This data is set out as an easy-to-understand A+ to E ranking system, where A+
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represents the best environmental performance/least environmental impact, and E the worst environmental
performance and/or most environmental impact. BRE has provided a summary environmental rating, the
“Green Guide rating”, which provides an “at-a-glance” measure of overall environmental impacts covering
thirteen issues including climate change, ecotoxicity to freshwater ad land, eutrophication, waste disposal
and more. By evaluating the performance of materials and building systems against these specific
environmental impacts, which have also been ranked on an A+ to E basis, it is possible for the specifier to
select specifications on the basis of personal or organisational preferences or priorities, or take decisions
based on the performance of a material against a particular environmental impact.
Belgium: Flemish Materials Awareness Policy and the “Environmental Performance of Materials
used in Building Elements” method
Building on over two decades of experience with C&D waste diversion and green building, the
Flemish government, in partnership with industry has launched a “Materials Aware” policy programme 4
with clear goals for the management of construction materials 2020 and, in the long term, looking forward
to 2050. The “Environmental Performance of Materials used in Building Elements” (MMG) method
comprises an expert calculation model (including determination method) for the quantification of
environmental performance of building elements. The model served as the basis for a limited database of
115 building variants that is representative of the Flemish-Belgian construction industry. The methodology
is built upon the criteria set out in CEN TC 350 to ensure alignment with European protocols but also
includes the following additional indicators:
•
•
•
•
•
•
•
•
•
•
•
•
•

Climate change;
Depletion of the stratospheric ozone layer;
Acidification of land and water;
Eutrophication;
Photochemical oxidant formation (low ozone; summer smog) • depletion of abiotic resources: nonfossil resources;
Depletion of abiotic resources: fossil resources;
Human toxicity (cancer effects and non-cancer effects);
Particulate matter formation;
Ionising radiation effects on humans;
Eco toxicity (land, fresh water, marine);
Land use: land occupation;
Land use: land transformation;
Water depletion.

A key challenge for LCA proponents has always been the sheer number of different construction
materials and products in common use and the fact that many comprise proprietary substances (such as
polymers). To limit the difficulties with data collection, policy makers in other jurisdictions have focussed
on climate and embodied energy indicators as their starting point (for example in Switzerland) with a view
to expanding the number of indicators as data becomes available. The Flemish solution takes an alternative
path. By limiting the number of materials (a total of 115 to be incorporated into the MMG database by
2020), they are able to develop a much larger number of indicators. However, it is clear that there will be
convergence over time.

4

www.ovam.be/sites/default/files/2014-DEF-Milieuverantwoord-milieugebruik-bouw-3luik-LR.pdf
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2.1.2 Construction and commissioning
The bidding/tendering and construction stage is when the design is finally solidified and changes are
no longer possible without incurring significant cost or scheduling impacts. It is therefore more difficult to
effect change at this stage than when the design is still evolving. Nevertheless, findings from Chapter 1
illustrate that there are still many policy levers available (61% of the total reviewed) to inform the
construction process and guide builders towards the use of sustainable materials, efficiency and,
importantly, appropriate installation practices.
There are also factors that may particularly influence the construction phase of the project such as cost
of construction materials, land, transport and labour, environmental taxes (e.g. related to waste disposal)
and requirements or standards that enhance the diversion of end-of-life materials from landfill as well as
the re-use of materials. Because the tendering and construction process is when the project budget is
confirmed, there is the potential for substitutions to products and materials in order to keep the project
within the budget. There is a risk that sustainable durable materials may be replaced by cheaper, higher
impact alternatives. It is therefore important for policy makers to implement mechanisms designed to
verify and validate that previously established policies are carried through into the completed building.
2.1.2.1 Construction and commissioning: key policies
Sustainable procurement and purchasing policies encourage organisations to not only take into
account the economic value (price, quality, availability and functionality) but also the related
environmental and social impacts of the goods and services they buy at local, regional, and global levels.
They can establish clear performance targets and metrics and, depending on the form of contract, can hold
the builder financially liable if the performance criteria are not met. In some countries, the use of tools
such as building information modelling (BIM) has been mandated to ensure that the opportunity for project
efficiencies are realised wherever and whenever possible.
Regulations and/or economic incentives can be devised to ensure that the sustainable materials and
processes necessary to create a low impact building (construction waste caps and diversion targets, site
disturbance restrictions, etc.) are retained in the project and are not eliminated as part of a cost control
process. Periodic reviews, submission of information (such as project tracking data, photographs, etc.) and
regular site visits can all be helpful ways to monitor progress and rectify any deviations from the approved
scope of work as they occur. Many green building rating systems offer helpful checklists and verification
processes designed to complement the construction schedule.
On a tactical level, some green building rating systems even encourage the use of an “all-hands”
project “kick-off” meeting before construction commences at which all the key construction personnel
learn about the project objectives and can discuss potential challenges. Policy makers can request to attend
this meeting to ensure that environmental performance goals are clearly conveyed to all team members.
Other key policy levers that relate to the use of sustainable materials during the construction phase include
the following:
•

Construction and demolition (C&D) waste management goals, practices, tracking and reporting;

•

Special environmental requirements and regulations related to the use of environmentally
preferably materials;

•

Packaging reduction policies to use reusable packaging, and to transport materials to site
efficiently;

•

Product stewardship policies such as leasing, “take-back” programmes, etc. places responsibility
for the product in the hands of the manufacturer;
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•

Site progress documentation processes to verify products and materials are transported, stored
and installed as specified.

Once a building project is complete and ready to be occupied, policy checks can be put in place to
make sure that not only all the various systems are working as they were intended, but that the building as
a whole meets design and policy goals, and is functioning as efficiently as possible. Optimal wholebuilding functionality based on streamlined, integrated systems performance ensures that the intended
service life spans of the materials, products and components will be achieved.
Building commissioning traditionally refers to the testing of the mechanical and electrical systems to
ensure they perform as intended. However, Building Enclosure Commissioning (BECx) is a state of the art
quality-focused process that also includes the performance of the building enclosure (or “envelope”) and
the building will not be vulnerable to premature failure of materials, products or assemblies. The functional
and environmental performance of a facility, system or assembly is evaluated and verified against defined
objectives and criteria. When new technologies, assemblies or materials are being used, or where
performance targets must be met, the BECx can provide a valuable Quality Assurance and Quality Control
(QA/QC) structure to ensure the finished building meets expectations. The BECx process itself is carried
out by a qualified commissioning team, which uses reliable and accurate measures to verify that the project
is meeting specific quality requirements outlined by the owner of the project. The commissioning process
begins at project inception and runs through the different construction phases. Once the building is
finished, the BECx process continues and becomes an ongoing routine in the life of the facility. BECx
objectives can include a wide range of criteria such as thermal performance, fire and life safety, moisture,
structural performance, durability, maintainability, constructability, sustainability, and more.
2.1.2.2 Construction and commissioning: case study examples
UK: “Responsible Sourcing of Sustainable Construction Products” (BES 6001)
“Responsible Sourcing of Sustainable Construction Products” (BES 6001) is a model standard
developed by the BRE that provides a holistic approach to managing a product from mining and harvesting
phases through manufacture and processing. BES 6001 Standard for the Responsible Sourcing of
Construction Products is contained in the BRE Green Book Live Responsible Sourcing of Construction
Products and sets out requirements under three main headings:
•

Organisational management

•

Supply chain management

•

Environmental and social issues

To meet this standard, organisations must satisfy certain compulsory elements. In addition, there are
higher levels of compliance that can result in a higher performance rating being awarded. BES 6001 has
been adopted for major public sector project such as the London Crossrail project. Crossrail is a £14.8
billion railway project under construction in South East England that will run under central London to
connect the city from east to west. The project aims to reduce journey times and ease congestion on the
city’s transport infrastructure. With 188 km of double track and 50 km of new tunnels, Crossrail is
currently Europe’s largest construction project. BES 6001 has also been used to guide the establishment of
an Eco-Reinforcement certification scheme in the UK. The Eco-Reinforcement standard provides
sustainable sourcing criteria for reinforcing steel products throughout the supply chain – from raw material
through to the construction site. All supply chain partners in the Crossrail project are certified according to
the Eco-Reinforcement standard. All reinforcing steel is produced with an electric arc furnace and uses 98
% recycled scrap metal. The resultant reinforcement steel emits approximately 390 kgCO2/tonne, which is
one of the lowest rates in Europe.
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The successful roll-out of BES 6001 relied largely on the sheer size of the initial project to provide
sufficient economies of scale so the various parties could confidently make the investments necessary to
meet the standard. However, in most OECD countries, the construction and materials manufacturing
industries are comprised of large numbers of SMEs, which may not have the corporate capacity to re-tool
their operations to achieve a standard such as BES 60001 and may be excluded from procurement schemes
that require it.
USA: ASHRAE Guideline 0-2013, “The Commissioning Process”
To ensure the building has been built to the correct level of quality, functionality and performance, a
“Building Enclosure Commissioning” report can be required by local governments as a condition of
occupancy. The purpose of this guideline is to describe the Commissioning Process capable of verifying
that the facility and its systems meet the owner’s project requirements. The procedures, methods, and
documentation requirements in this guideline describe each phase of the project delivery and the associated
Commissioning Processes from pre-design through occupancy and operation without regard to specific
elements, assemblies, or systems, and provide the following:
•

Overview of the commissioning process activities;

•

Description of each phase’s processes;

•

Requirements for acceptance of each phase;

•

Requirements for documentation of each phase, and

•

Requirements for training of operation and maintenance personnel.

These Commissioning Process guideline procedures include the “Total Building Commissioning
Process” (TBCxP) as defined by National Institute of Building Sciences (NIBS) in their “Commissioning
Process Guideline 0”. Commissioning of building energy systems is reasonably well-established within the
commercial or institutional building sectors because the owners generally intend to own and occupy the
building for a long time and understand the value of this additional investment. However, commissioning
of the building enclosure is not yet routine in most regions and commissioning of any type beyond simple
functionally checks is not always included in residential or small projects.
2.1.3 Operations and maintenance
Increasingly stringent regulations are being implemented in all OECD member countries governing
‘in-use” energy efficiency and GHG emissions. A 2012 research study completed for the City of
Vancouver, Canada (Intep and Brantwood, 2012) explored the potential for applying the life-cycle based
Swiss 2000-Watt Society goals (see 2.1.1.2 Project design: case study examples). The research modelled
the effects of achieving the in-use emission goals of 5kgCO2e/m2.yr on embodied emissions in order to
demonstrate the necessity of regulating both embodied and “in-use” impacts (see box 5). The reason for
why, uncontrolled, embodied emissions may rise is that operationally efficient buildings may require more
materials during construction (such as thicker walls, more insulation, triple-glazing, etc.) which then also
requires more materials to be repaired and replaced during its service life. Indeed, the research showed that
as buildings become increasingly energy efficient in their operations, the impact of materials on the overall
environmental “footprint” of the building becomes greater. In fact, by the time buildings are operating at
the levels of energy efficiency envisaged by the “carbon-neutral” regulations already proposed by many
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OECD countries 5, the embodied impacts of materials will have a greater impact than operating or in-use
impacts of the building’s life cycle.
Box 5. Relationship between in-use and embodied energy and GHG emissions (example for multi-family
residential buildings modelled for 60yr service life)

Source : Intep LLC, Brantwood Consulting et al., 2012

To provide designers with flexibility, a combined policy target that establishes a total limit for both
“in-use” and embodied energy and GHG performance may allow trade-offs between the type of materials
selected and the energy systems. Thus, a building constructed out of relatively high impact materials would
have to employ a much more energy efficient HVAC system than a building that was built out of lowimpact materials. A whole building LCA would be necessary to demonstrate compliance with such a
target. However, this is the direction in which policies such as the 2000-Watt Society are heading.
During the life of a building, materials and components may be replaced many times resulting in
significant waste generation. The ease with which routine maintenance and repair can be completed can
significantly affect the rate of waste generated, particularly if products and components are inaccessible,
too inter-tangled or adhered in a way that they cannot be removed whole. The ability of the owner or
facility manager to maintain a building sustainably and extend its use by designing for adaptability relies in
large part on decisions made during the design process.
2.1.3.1 Operations and maintenance: key policies
In order to stimulate investment in the ongoing optimisation of a building throughout its life cycle, it
is important to create market awareness and demand for the benefits. Building labelling schemes are in
place across Europe and many OECD countries as a means to educate the public and enable them to make
informed choices. However, although some of these programmes allow for the disclosure of green building
rating system certification levels or scores (and therefore indirectly point to the fact that sustainable
5

A summary of the current status of low-carbon building regulations can be found in the “Zero Carbon
Compendium: Who’s doing what in housing worldwide”.
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materials management practices have been followed), none explicitly draw attention to the materials that
are contained in the building (even hazardous materials).
Policies that encourage the project team to address operations and maintenance (O&M) during the
design phase can make a significant impact on the waste generated during a building’s life, and even the
long-term viability of the building as a whole. Many green building rating systems include a series of
measures directed towards O&M that are designed to reduce the environmental impacts of materials. For
example, there are credits that encourage the design team to:
•

Take a life cycle approach to materials whereby the overall impact of production, service,
disposal and the number of replacement cycles over the life of the building are evaluated using
life cycle costing (LCC) techniques and LCA;

•

Select durable materials that will wear well and age gracefully;

•

Pro-actively establish and manage maintenance schedules and processes to keep components and
equipment functioning well as long as possible;

•

Collect and divert waste from landfill during operations, maintenance and renovation process;

•

Regularly conduct ongoing inspection, measurement, verification and system optimisation using
whole building commissioning methodologies such as building enclosure commissioning (BECx)
in order to optimise building performance and provide advanced warning of any potential
problems.

LCC can provide a financial framework for evaluating the best O&M solutions from a life-cycle
perspective. The ISO standard “ISO 15686-5 Buildings and constructed assets – Service life planning –
Part 5: Life cycle costing” enables comparative cost assessments to be made over a specific time, taking
into account initial capital costs and future operational costs.
2.1.3.2 Operations and maintenance: case study examples
USA: Green Multiple Listing Service (MLS) Toolkit
The Green MLS Toolkit has been adopted in several states and cities across the U.S. (e.g. Portland,
Chicago, Atlanta). It offers data entry fields to identify green features, energy performance ratings and
certifications (such as LEED and PassivHaus). In all the regions that adopted the toolkit, there was
evidence that the programme was able to increase market demand for green buildings and, therefore, to
encourage builders to invest in building green buildings. In Portland, 14 % of homes on the market from
mid-2007 to mid-2008 were green. By mid-2010, that figure grew to 23 % and between mid-2008 and mid2009, Portland's green properties sold 18 days faster than their non-green competitors.
Despite the fact that public disclosure of building performance can bring a lot of benefits to highperforming buildings, there has been resistance from building owners and managers who are concerned
that a building could be unfairly branded with a “scarlet letter” due to the actions of an energy-intensive
tenant. As a result, New York’s Local Law 84, which mandates benchmarking and disclosure, exempts
buildings that have at least 10 % of their floor space devoted to data centers, trading floors, or broadcast
studios from receiving an Energy Star score. These “high-intensity buildings” will still have their energy
use intensity (EUI) disclosed publicly but, “they will not suffer the embarrassment of a low Energy Star
score derived by comparing them to standard office buildings” (Malin and Roberts, 2012).
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Canada: LEED Canada EB: O&M 2009
Some green building rating systems require the preparation of a comprehensive O&M manual with a
plan that minimises indoor air quality, hazards from cleaning and maintenance products, and minimises
waste from building refurbishment including lighting waste disposal, and provides guidance and resources
for the building management team. The preparation of this document can be made a condition of receiving
permission to hand over and occupy the building. For example, the LEED Canada Existing Buildings
Operations and Maintenance (EB:O&M) 2009 rating system helps existing building owners and operators
measure operations, improvements and maintenance on a consistent scale, with the goal of maximising
operational efficiency while minimising environmental impacts. It addresses whole-building cleaning and
maintenance issues (including chemical use), recycling programs, exterior maintenance programs, and
systems upgrades. However, it is primarily geared towards the owners and operators of large buildings.
Particularly for owners of small commercial buildings (less than 5 000m2), it can be deemed to be onerous
and expensive to complete if the building did not go through LEED certification when it was built
(Furlong, no date).
UK: Equipment inspections under Energy Performance of Buildings Regulations 2012
Equipment and component inspection policies can also be developed that encourage or require owners
to undertake regular inspections of important equipment and components to ensure they are functioning
effectively. Currently, mandated inspections exist primarily for HVAC equipment, but could be extended
to include building enclosure (walls, windows, roofs, etc.). In most cases, such inspections are voluntary
and only performed at time of acquisition. However, starting in 2012, the UK government requires
statutory inspections on air-conditioning systems with an effective rated output of more than 12kW are
required in England and Wales, under amendments to the Energy Performance of Buildings Regulations
2012. The inspection examines the refrigeration and air movement equipment that are part of airconditioning systems, and their controls. It will also examine any documentation that helps to understand
the systems, or indicates the extent to which the systems have been maintained. The energy assessor is also
required to estimate whether the system is suitably sized for the cooling loads in the treated spaces, and to
provide advice on ways in which the performance of the system might be improved. The energy inspection
of an air-conditioning system must be carried out by an accredited air conditioning energy assessor who is
a current member of an approved accreditation scheme. Such a protocol could be extended to other
building elements (such as roofs) to ensure they are being maintained and managed effectively.
2.2 Review of policies which address the use of sustainable materials at the end-of-life stage
2.2.1 Construction and demolition waste recycling
The construction process can be a major producer of solid waste. However, the vast majority of
construction and demolition (C&D) waste can be diverted from landfill. Although recycling building
materials requires energy consumption, studies for some materials show that recycling materials delivers
sizeable net emissions savings. For example, an LCA study of the CO2 emissions produced from recycled
clay/gravel with and without selective dismantling and classification illustrated that CO2 emissions can be
significantly reduced (from 107.7 kg to 6 kg per tonne of recycled clay/gravel produced) (Sára et al.,
2000).
2.2.1.1 Construction and demolition waste recycling: key policies
Recognising both the practical challenges of managing construction waste and the environmental,
social and economic advantages of redirecting the waste materials to other purposes, the extensive review
of SMM policies carried out as part of the first OECD report highlighted the fact that the weight of
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experience, in terms of policies already in place, is with the “end-of-life” stage of the life-cycle. Many
OECD countries have established construction and demolition (C&D) waste diversion targets and have
begun to implement a range of integrated C&D waste diversion policies and materials recycling
regulations. In fact, in Switzerland, Belgium, Germany, the Netherlands and Sweden landfilling of C&D
waste has been all but eliminated (Eurostat).
Regulations can be implemented that obligate the builder to submit a Construction Waste
Management (CWM) plan prior to the start of construction, which will establish waste diversion targets
and strategies for minimising C&D waste. A typical plan will set out:
•

The types of materials to be diverted;

•

The amount (percentage of total waste generated measured either by weight or by volume);

•

Applicable techniques for their removal;

•

Where they will be sent for processing, and

•

Applicable tracking and reporting procedures.

A salvage and reuse plan for land-clearing and demolition of any existing structure should also be
included with high value materials identified for re-sale. The appropriate handling of hazardous waste
materials such as oil, paint and lighting must be identified. The plan can describe how on-site materials can
be used to the greatest extent possible (such as shredding wood to use as mulch and crushing rock for
gravel). It can also address packaging, requiring suppliers to take back cardboard, plastic wrapping, pallets,
etc.
The success of C&D recycling relies on the presence of viable markets for the recycled materials.
There is significant research into waste minimisation solutions and alternative uses for materials destined
for disposal underway in many OECD countries. This work is stimulating the development of new
materials reprocessing techniques, an array of novel products containing high proportions of waste
materials and a raft of technical standards describing the properties, quality control procedures, etc. for the
production of recycled materials for use in construction projects. In many countries, the manufacture of
construction products is already a consumer of secondary materials. However, the full potential for
secondary materials to be re-used in this manner remains largely untapped.
Further the handling of new materials that are made of large amounts of recycled materials at end-oflife has not yet received adequate research attention. For example, composite materials (such cementitious
products containing polystyrene or bio-fibre, wood-plastic products, etc.) that cannot be separated into
their constituent parts, may simply delay the material’s final journey to the landfill as opposed to
circulating it back into the production / consumption economy.
Many green building rating systems recognise the use of materials containing recycled content. As a
result, many product certification programs document the use of post-consumer and post-industrial
recycled materials, toxicity, closed-loop manufacturing, design for disassembly and end-of-life solutions
(such as recyclability, presence of “take-back” programs, etc.) so the project team can easily see how these
products can contribute to achieving rating system points. Product certification and labelling schemes are
an important means by which designers can easily understand and compare the constituents of building
materials and products and, specifically, the presence of recycled or secondary materials.
While recycling addresses the handling and disposal of waste materials generated, it does not
necessarily result in a reduction in volumes generated. Disposal bans and/or pricing strategies for the
processing of materials that can be re-used directly on the construction site (such as aggregate) or for
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which there are non-waste generating alternatives (e.g. formwork rental schemes, pallet returns, etc.) can
be developed to encourage desirable construction practices.
At the design stage, strategies for “dematerialisation”, or using less material in the building project
(doing more with less), can be considered in order to reduce the volume of materials destined for recycling
at end of life. Technical solutions such as pre-fabrication and “off-site” construction in controlled
workshops are being developed in many OECD countries. To support industry’s investments in off-site
construction, policy makers are developing codes and standards for Building Information Modelling
(BIM), which is a powerful three-dimensional visualisation tool for the design team. BIM can include data
management protocols, common terminology, etc.
Because C&D waste diversion and materials recycling have become standard practice, there are
several OECD countries that are now beginning to explore the implications of transitioning to a truly
circular economy for construction materials. This implies that policies be developed to encourage
deconstruction and design for disassembly and also to strategically address materials flows and
management options from the scale of each building material type, up to the whole building, and further up
to a range of buildings in an entire city. The adoption of LCA-based policies and performance metrics
(such as embodied energy, global warming potential, etc.) will provide the technical tools for designers to
be able to objectively evaluate all the various end-of-life options for materials (recycling, re-processing,
composting, etc.). They also provide the data for reporting and statistics to measure the effectiveness of
policies, pinpoint any gaps and improvements made in a timely fashion.
2.2.1.2 Construction and demolition waste recycling: case study examples
The Netherlands: “Chain-Oriented Waste Policy programme”
The Netherlands has developed an effective, integrated policy-driven approach that includes a landfill
ban on C&D waste. Annually, the Netherlands generates about 60 million tonnes of waste of which 40 %
(25 million tonnes) is C&D waste. To date, the Dutch have achieved 78 % overall waste diversion (Dutch
Waste Management Association, 2013). The Dutch “Chain-Oriented Waste Policy programme” aims to
address the environmental impacts acting across the whole material chain. The chain approach considers
the material chain as a whole, all the stages in the life cycle of a product or material, from raw material
mining, production and use, to waste and possible recycling. It identifies the stages in the material chain
where the greatest environmental benefit can be obtained efficiently and the necessary actions for realising
this benefit. It is essential that environmental benefit in one stage does not cause a higher environmental
impact for another stage or another chain. The Dutch are actively moving towards creating a circular
economy for waste materials. According to the Dutch Ministry of Infrastructure and the Environment, the
elements of the Dutch waste policy are:
•

Commitment to the 5R’s waste hierarchy: Re-think (prevention), Re-use, material Recycling,
energy-Recovery (incineration), land filling of Residuals;

•

There are stringent standards for disposal and recycling: decrees on landfill and incineration,
standards for building materials, organic fertilisers, ban on landfill. Comingled wastes are
separated at government certified material sorting plants and landfills accept waste only from
certified operators, who sort and certify loads;

•

Economic instruments to reduce waste volumes and to steer the waste to the preferred treatment
which include a municipal waste tax paid by citizens and among the highest landfill taxes in the
EU (a total of EUR 145 per tonne in taxes and gate fees in 2012) (Bio Intelligence Services,
2012);
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•

Planning at the national level which starts with concessions for collection and treatment, a promarket approach and integral national waste planning;

•

Cooperation between 3 levels of government (municipal, regional and national);

•

Education and communication to create awareness and enhance participation with separate
collection schemes. The focus in construction is on source separation of recyclables with the
provision of collection bins on the construction site;

•

Extended Producer Responsibility (EPR) programmes which are paid by consumers, producers
and/or importers (such as recycling fees) for car tires, batteries, paper and cardboard, packaging,
etc.;

•

Notification and registration of waste transports: from separate to one integral system of
registration and notification of waste transports;

•

Control and enforcement which includes a landfill ban on C&D waste and closed borders to the
transportation of waste.

The Netherlands’ 12 provinces regulate the disposal of C&D waste. They gain information about
waste streams and monitor disposal and processing by requiring quarterly reports from waste collection
and processing companies. Used building material reuse and recycling is estimated to be as high as 90 %.
Asphalt, concrete and mixed granulates are used in road building, and flyash is used in new concrete.
Almost all flyash produced in the country is currently used in concrete (Kane Consulting et al, 2012).
There are limits to the amount of materials that can be left on site and mixed with soil after demolition, and
also regulations stipulating what materials can be reused (e.g. recycled aggregate in place of gravel in
concrete). These measures have been effective at encouraging industry’s acceptance of C&D waste
diversion. Further, C&D waste is highly mobile and controls need to be in place to prevent haulers from
shipping waste from locations with high disposal costs and stringent regulations to neighbouring locations
that may be more lax. The Dutch borders with neighbouring countries are all closed to waste transports and
there are international agreements about the shipping of waste.
USA: City of Berkeley web-based C&D waste tracking
Green building rating systems such as BREEAM, LEED and others can provide helpful verification
processes such as building re-use credits, construction waste management tracking forms, data collection
requirements (such as photograph “diaries”) materials testing procedures, etc. However, the City of
Berkeley has gone a step further in making sure that the regulatory impacts of C&D waste diversion are no
more complicated or onerous than “business as usual”, particularly for small projects. Berkeley was one of
the first jurisdictions in California to turn to web-based C&D tracking software to bring consistency to the
regulatory process and to provide an easy-to-use tool to contractors. These systems allows contractors,
recyclers, and other entities to comply with recycling policies and programs with accuracy and efficiency
while, at the same time, enabling authorities having jurisdiction to interact and communicate seamlessly
throughout the progression of a construction project. Today, many of the local governments in California
have followed Berkeley and adopted the Green Halo system because it is formatted to align with the LEED
green building rating system documentation requirements and available in many languages. Other
prominent C&D tracking and reporting systems include WasteCAP TRACE in the U.S. and BRE
SmartWaste in the UK.
C&D debris is estimated at over 20 % of the total in Alameda County. The City of Berkeley requires
building permit applicants to divert C&D waste and debris from landfill disposal. There are disposal bans
in place for asphalt, concrete, excavated soil and land clearing debris for previously undeveloped lots, and
50 % of C&D debris must be recycled, reused, composted, or diverted by another approved method.
Project types that are subject to these requirements are:

32

ENV/EPOC/WPRPW(2014)4/FINAL
•

Newly constructed buildings;

•

Renovations valued over USD 100 000 (includes additions, alterations, remodels and repairs);

•

Demolitions valued over USD 3 000.

The combination of disposal bans, minimum diversion targets and the easy-to-use web-based tracking
and reporting system has meant that Berkeley’s C&D waste disposal has decreased steadily from by 3 500
tonnes in Q1 2010 to 2 500 tonnes in Q4 2011. Between 2008 and 2011, Berkeley has diverted a total of
approximately 53 000 tonnes of landfill waste.
2.2.2 Deconstruction and disassembly
Deconstruction describes the selective dismantling or removal of materials from buildings prior to or
instead of conventional demolition. It is an approach to building removal that can convert this waste stream
into highest-value resources in a manner that retains their original functionality as much as possible for reuse in future buildings. The re-use of deconstructed materials promotes the principle of “closed loop”
construction, whereby materials can be re-used many times with minimal re-processing. Thus,
deconstruction can reduce the use of new materials, extend the life of existing materials, reduce the amount
of materials entering recycling/reprocessing centres and minimise/eliminate the amount of materials
destined for landfills. Building deconstruction can be handled in several ways 6:
•

Manual building deconstruction is the systematic disassembly of a structure to maximise reuse
and recycling;

•

Hybrid deconstruction describes the use of people and machines to efficiently
deconstruct buildings, with the goal of maximising reuse and recycling. It refers to the hybrid of
demolition and manual deconstruction;

•

Building harvesting is the fastest way to remove a building while still trying to divert materials
from the landfill, especially focusing on reusable materials;

•

Partial deconstruction is the removal of part of a structure without harming the remaining
section(s) while still focusing on maximising reuse and recycling;

•

Building kits are collections of materials that have been labelled, diagrammed, and then carefully
disassembled in order to be reassembled at another job site.

Deconstruction requires policy makers to re-think the entire design and construction process in order
to increase the scope for building deconstruction in the future. Indeed, there are opportunities to enhance
flexibility and future adaptability over the entire service life of the building (see box 6). Not only should
the construction solutions allow for easy non-invasive maintenance and repair but also spatial
reorganisation, adaptability and even re-use of the whole building.
The complete deconstruction of buildings is very challenging today because existing buildings have
not currently designed to be taken apart and re-used in the first place. Although there may be hazards
associated with building deconstruction because some building materials may contain toxins (such as lead
and asbestos), deconstruction can also offer economic and environmental benefits such as:
•

6

Lower building removal costs - Deconstruction can cost less than demolition because of the
value of the salvaged materials and the avoided disposal costs;

According to U.S.-based Re-Use Consulting.
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•

Reduced impact to site - Deconstruction results in significantly greater protection to the local
site, including the soil and vegetation. In addition, deconstruction creates less dust and noise than
demolition;

•

Conserved landfill space - Deconstruction can divert up to 90 % of a building into reuse or
recycling. This can play an important role in helping some states reach their recycling goals, as
well as helping private companies in their marketing or public relations efforts;

•

Job creation - Manual disassembly of buildings offers an excellent opportunity to identify and
train minimally-skilled workers with an aptitude and interest in the building trades. Job creation
is often an important policy consideration for federal agencies, as well as for communities
interested in developing economic opportunities.

Box 6. A ‘Design for Adaptability’ concept for a Dutch House showing relation to types of connections
used in construction

Source: Durmisevic, E. and Brouwer, J. (2002), Design aspects of decomposable building structures in Chini, A.R. and
Schultmann, F. (eds) Design for Deconstruction and Materials Reuse, CIB Publication 272, TG39 Meeting, 9 April 2002, Karlsruhe,
Germany.

Although the potential benefits of deconstruction are significant, in reality it is difficult to achieve.
The barriers to building deconstruction include:
•

The pricing structure related to construction and demolition assigns high values to labour and
land, and low values to materials;

•

The skills required to deconstruct a building may not be readily available;

•

The deconstruction process takes much longer than conventional demolition. Depending on the
type of building and the size of the crew, deconstruction can take two to ten times longer than
conventional demolition;

•

Although some building typologies lend themselves to deconstruction better than others (see box
7), most existing buildings have not been designed with disassembly in mind and are not easy to
deconstruct;

•

Lack of facilities to handle the materials generated or markets for the materials.
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Box 7. Characteristics of buildings that are likely to be good deconstruction candidates

• Wood-framed with heavy-timbers and beams, or with unique or “old growth” woods such as oak or douglas fir
• Large proportion of pre-fabricated components where documentation exists which illustrates the location of
fixings

• Constructed with high-value specialty materials such as hardwood flooring, multi-paned windows, architectural
moulding, and unique doors or plumbing/electrical fixtures

• Constructed with high-quality brick laid with low-quality mortar (to allow relatively easy break-up and cleaning
• Structurally sound (i.e., generally weather-tight to minimise rotted and decayed materials)
• Buildings constructed mainly of concrete and/or steel may be good candidates for partial deconstruction, or
the “stripping” of salvageable materials. Stripping out these materials may make it easier to recycle the
concrete and steel as well.

2.2.2.1 Deconstruction and disassembly: key policies
Currently, few OECD countries have established policies promoting building deconstruction and
design for disassembly although there are numerous programmes in development and pilot projects. The
countries that have made the most progress so far are basing their efforts on well-established construction
waste management policies and regulations that have been taken many years to establish. This includes the
presence of comprehensive economic measures such as landfill charges, command-and-control regulations
such as materials disposal bans, the availability of a qualified workforce, clear regulations related to the
management and disposal of hazardous materials, access to licensed materials handling and processing
facilities, and a ready market for the secondary materials produced. To optimise the potential for
deconstruction, policies need to encourage designers to consider future disassembly at the beginning of the
design process.
However, for the deconstruction process to truly close the materials consumption and production lifecycle loop, there must be a viable market for the secondary materials being produced not only to
adequately supply the market with a range of good quality options but also to stimulate market demand
(see box 8). Further, clear product descriptors and quality control criteria must be in place to ensure that
industry can confidently purchase and use these materials in building projects or product manufacturing.
Feedback from recyclers is that sufficiently detailed standards (such as grades of aggregate, permissible
contamination levels, etc.) are sometimes lacking.
2.2.2.2 Deconstruction and disassembly: case study examples
USA: American Collaborative for High Performance Schools (CHPS)
The American Collaborative for High Performance Schools (CHPS) is one of the most progressive
rating systems in operation that includes for building disassembly or deconstruction. Although it only
addresses educational facilities, the intent of CHPS credit “LE3.2: Design for Adaptability, Durability and
Disassembly” is to:
•

Reduce building material waste and promote local building material reuse during construction,
renovation, repurposing of space, and disassembly;

•

Provide spaces that are adaptable, durable, and flexible;

•

Drive innovation in designing schools to support disassembly and reuse.

35

ENV/EPOC/WPRPW(2014)4/FINAL

Box 8. Market for construction and demolition (C&D) waste materials

Source: University of Illinois at Chicago, 2009. Graphic Courtesy of Yochai Eisenberg

The average age of a school building in America is 40 years and most schools are typically
demolished by the age of 60. School owners may spend up to three times the cost of the original
construction in repairs, renovations and demolition over a school’s lifespan. CHPS therefore promotes
designing for adaptability and disassembly as a way for schools to economically act as stocks of materials
for future buildings with minimal to zero loss of the materials during renovations and disassembly. As a
by-product of this concept, schools will be able to extend the lives of their materials through whole
building flexibility.
CHPS describes how the design team should provide the owner, builder and records management
systems with a Disassembly Plan that sets out the method of disassembly of major systems during
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renovations and end-of-life, and the properties of major materials and components (see box 9). The
designer is also encouraged to design major systems with differing functions and lifespans to promote
disentanglement. For example: separation of envelope from structure; dedicated service voids (chases,
raceways); separation of interior spatial plan from structure; separation of finishes from substrate
associated with spatial plan, structure or weather envelope; for major systems such as roof or HVAC, etc.,
provide access to and types of connections that allow disassembly (e.g. visible and/or ergonomic
connections, human scale components and use of industry standard connectors and tools / equipment that
are trade-friendly, minimise number and different types of connectors over whole building, and use of
reversible connections (screws, bolts, nails, clips)).
Green building rating systems, such as CHPS, are important mechanisms for introducing new
approaches and “stretch” goals for progressive builders to adopt on a voluntary basis. As the industry
becomes familiar with the techniques, policy makers can expand the application of the policies to a broader
range of building types and, eventually, incorporate elements of the rating system into legislation. In fact,
these approaches can leverage LCA as a methodology to evaluate the benefits of deconstruction and
material use against the impacts of new materials on a life cycle basis. However, developing LCIs and
industry capacity takes time. Policies for building deconstruction are, in most OECD countries, still largely
at the developmental stage.
While some American school buildings are incorporating design for disassembly and deconstruction
principles by following the CHPS system, there are also regions in North America that are engaging in
similar efforts for a wide range of building types. The jurisdictions that are making the most progress with
deconstruction initiatives are in the Pacific North West (the states of Washington and Oregon in the U.S. as
well as the province of British Columbia in Canada). Given their similar climates, economies and building
practices as well as environmentally-aware residents, there is a fair degree of synergy between the various
governments and utilities in this region, which includes the cities of Vancouver, Seattle and Portland.
Information, resources and expertise are commonly shared which provides consistency to the industry and
mutually reinforces common policy goals. Each of these regions is working on some combination of
deconstruction initiatives and while each has developed progressive elements of the deconstruction policy
puzzle, none have implemented all possible policy tools yet.
Canada: Metro Vancouver Zero Waste Challenge
Metro Vancouver 7 is the regional manager of solid waste for the greater Vancouver region in Canada.
Constrained by lack of space for landfill expansion, Metro Vancouver has amassed over two decades of
experience in diverting C&D waste from landfill and has developed a vibrant materials recycling,
processing and handling infrastructure as well as a well-educated industry that is familiar with the
principles and benefits of C&D waste diversion. Metro Vancouver is now working to develop
deconstruction programmes as part of its “Zero Waste Challenge”. To date, Vancouver’s deconstruction
initiatives have primarily been directed towards addressing the economic barriers associated with
deconstruction. Vancouver’s policies start from the principle that cost savings from averted landfill taxes
and/or from high tipping fees, the avoidance of virgin materials taxes as well as eco-fees on certain new
materials, can all be directed towards covering some of the cost of deconstruction. Tax receipting for
donated used materials, and the elimination of sales tax on used materials, are currently being investigated.
Vancouver’s tipping fees for C&D waste (USD 108/tonne) are higher than other Canadian jurisdictions
(e.g. around USD 80/tonne for C&D waste in Ontario). There are also surcharges for prohibited materials,
banned recyclable materials and contaminated recyclable paper (GVSDD Bylaw No. 281, 2013). Roughly
750 houses are demolished each year in Vancouver. A home demolition produces an average of 40 tonnes
7

Metro Vancouver is a regional government and utility in British Columbia responsible for water, waste water and
solid waste services.
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of waste material of which the majority is wood. Under Vancouver’s pilot deconstruction programme,
USD 20 000 in grants was set aside for builders to train workers, deconstruct houses and track the volume
and destination of the materials that are removed (Kimmet, 2011) and houses that were built before 1945
must be disassembled.
Box 9. Illustrative building disassembly plan
Develop a comprehensive Disassembly Plan that incorporates design for disassembly, durability, and adaptability
principles. Even the best design for adaptability and disassembly will not be realised if the building constructors,
operators, and deconstructors do not understand how to implement the disassembly processes as they were intended.
Therefore, an important element of the design process is the documentation and dissemination of the building’s design
intent per its materials, components, connections and form. The Disassembly Plan should also be updated to mitigate
the deconstructor’s need to “start from scratch” to understand the building. Include in specifications and contractor
agreement language that stipulates development of as-built drawings and materials inventory of major systems. A
successful Disassembly Plan should include:

•

Statement of strategy for design for disassembly and adaptability relating to the building;

•

Demonstrate the strategy behind the designed re-usable elements and describe best practice to ensure they
are handled in a way which preserves maximum reusability;

•

Building elements;

•

Provide an inventory of all materials and components used in the project together with specifications
(including Material Safety Data Sheets as applicable) and all warranties, including manufacturers’ details
and contacts;

•

Describe the design life and/or service life of materials and components;

•

Explain reusable, recyclable, and durable component and material selections that facilitate adaptability,
disassembly, reuse, and recycling;

•

Describe modular components and dimensions and plug and play components for major systems;

•

Identify best options for reuse, reclamation, recycling for all building elements. This may change between
time of construction and time of disassembly so the Plan should be updated;

•

Provide instructions on how to deconstruct elements;

•

Provide up-to-date plans for identifying information on how to adapt and deconstruct the school;

•

Where necessary add additional information to the “as built” set of drawings to demonstrate the optimum
technique for removal of specific elements;

•

Describe the equipment required to dismantle the building, the sequential processes involved and the
implications for health and safety as part of the management requirements;

•

Advise the future contractors on the best means of categorising, recording and storing dismantled elements;

•

Distribution of Disassembly Plan.

Source : Collaborative for High Performance Schools

USA: Asbestos National Emission Standards for Hazardous Air Pollutants regulation
Hazardous materials may be perceived as a barrier to deconstruction, but they normally comprise very
small volumes of the total materials in a building and most OECD countries have rigorous standards in
place to prevent the release of such toxins as asbestos fibres during end-of-life management and thus,
mitigate potential risks. For example, the U.S. Asbestos National Emission Standards for Hazardous Air
Pollutants regulation defines regulated asbestos-containing material and depending on the size of the
building, requires its removal prior to property renovation or demolition in order to preclude the release of
asbestos fibres in the course of these activities. The U.S. EPA offers comprehensive information and
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education about the handling of asbestos. In addition, the U.S. Occupational Safety and Health
Administration (OSHA) rules for worker protection from asbestos describe clear worker protection
practices and provide another layer of protectiveness.
USA: King County Master Specifications for Building Disassembly, Construction Waste
Management and Building Deconstruction and Salvage
While economic policies can provide an effective response to the increased costs of deconstruction, it
is also important to ensure that not only is the deconstruction process made as easy as possible but also that
there is a workforce is qualified to undertake the work. Assistance can be provided to builders
contemplating a deconstruction project in the form of information resources and toolkits. For example,
King County in the State of Washington (which includes the City of Seattle) provides a free design guide
for building disassembly, a free downloadable Master Specifications for Construction Waste Management
and Building Deconstruction and Salvage.
USA: Portland ReBuilding Center
The creation of centralised materials “reuse centres” provide “one-stop-shops” for builders by not
only acting as used building material depots, but also offer deconstruction services and consulting to
project teams. The ReBuilding Center in Portland, Oregon was set up in 1998 to offer deconstruction
services which, on average, savages 85 % of a typical wood frame house and then wholesales and retails a
wide range of used building and remodelling materials. The Center is currently working on the ReFind
Education programme, featuring workshops and classes on how to safely and creatively work with used
building materials. The Center was founded on government grants, private donations and volunteer support
but is now a successful financially self-sustaining social enterprise with non-profit federal tax status. In
2008, it won the City of Portland BEST Business Award.
2.3 Chapter summary
Building on an understanding of the range of possible policy measures available and the factors
influencing the use of sustainable construction materials presented in Chapter 1, this second chapter
presents an overview of some of the most effective policies that are being put into place by OECD
countries to promote the sustainable use of construction materials at all the different life stages of
construction materials with a particular focus on:
1.

The design and construction phase (which includes operations and maintenance), and

2.

The end-of-life phase

The objective is to demonstrate how policy makers can encourage the design team to move from
construction materials from a linear to circular economy where there is no longer “waste” but, instead, a
viable market for secondary materials.
2.3.1 Summary of policies that address the design and construction stage
It is sometimes said that 90 % of design decisions are typically made during the first 10 % of the
design process and this anecdote is borne out by the findings presented in the summary of Chapter 1. For
policies to have the greatest chance of delivering meaningful and measurable reductions in the
environmental impact of construction materials, they need to be designed so that they can be incorporated
at the earliest stages, while information is being gathered and the design is fluid. Policies must be designed
to encourage the design team to assess the availability of low impact materials, local workforce
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qualifications and capabilities (such as pre-fabrication) and the availability of infrastructure to support
construction waste diversion from landfill.
Switzerland has actually implemented a life cycle based regulatory and practical infrastructure, which
allows a science-based approach to calculate and regulate embodied energy associated with building
operations, materials and construction practices. Other countries have policies in development. For
example, Belgium is steering in a similar direction but with a different approach with the development of a
“Materials Aware” policy programme 8 by the Flemish government underpinned by the “Environmental
Performance of Materials used in Building Elements” (MMG) method.
The long-term goal of Switzerland’s 2000-Watt Society energy vision and framework a sustained
primary energy use of 2 000 watts per person and emissions of no more than one tonne of CO2 equivalent
per person and year by 2050. Implementation of an integrated carbon-based building policy as defined by
the 2000-Watt Society goals, requires the application of LCA in a manner that is consistent with the design
and construction process. Standards have been developed to set out system boundaries, assumptions and
limitations, impact makers - such as GHG emissions, energy use, and ozone depletion - as well as the units
used for quantification - such as CO2 eq./m2 yr, kWh, etc. These standards are consensus-based and
developed, updated and reviewed by experts from the product manufacturing industries and energy utilities
thereby establishing a consistent approach to policy administration and performance comparability. The
success of the 2000-Watt Society hinges on policy makers establishing benchmark performance criteria for
a wide range of energy sources, equipment and appliances to ensure consistency for all calculations and
models.
There is a great deal of merit in establishing aspirational goals around which policies and programs
can be structured. The fact that the 2000-Watt Society’s is rooted in a philosophy of globally equity and
social justice has proven to be compelling to businesses and the public alike. The 2000-Watt Society is
now being evaluated for application in locations outside of Switzerland such as the cities of Munich,
Germany and Vancouver, Canada. However, shifting to a carbon-based building policy that relies on LCA
is a major undertaking and requires investment in an integrated approach that must be sustained over a long
time frame in order to provide confidence to the market and give it time to adapt. Engagement by all
players in the design, construction and regulation of buildings (regulators, consultants, builders, utilities,
manufacturers, suppliers, etc.) is essential and a wide range of outreach, education and training for both
professionals and the public is critical.
The bidding/tendering and construction stage is when the design is finally solidified and changes are
no longer possible without incurring significant cost or scheduling impacts. However, findings from
Chapter 1 illustrate that there are still many policy levers available to inform the construction process and
guide builders towards the efficient use of sustainable materials, and, importantly, appropriate installation
practices. Because the tendering and construction process is when the project budget is confirmed, there is
the potential for substitutions to products and materials in order to keep the project within the budget.
There is therefore a risk that sustainable durable materials may be replaced by cheaper, higher impact
alternatives. It is therefore important for policy makers to implement mechanisms designed to verify and
validate that previously established policies are carried through into the completed building.
Sustainable procurement and purchasing policies encourage organisations to not only take into
account the economic value (price, quality, availability and functionality) but also the related
environmental and social impacts of the goods and services they buy at local, regional, and global levels.
They can establish clear performance targets and metrics and, depending on the form of contract, can hold
the builder financially liable if the performance criteria are not met. For example, “Responsible Sourcing
8

www.ovam.be/sites/default/files/2014-DEF-Milieuverantwoord-milieugebruik-bouw-3luik-LR.pdf
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of Sustainable Construction Products” (BES 6001) is a model standard developed by the British Research
Establishment (BRE) as a means to provide a holistic approach to managing a product from the point at
which component materials are mined or harvested, through manufacture and processing. It is
demonstrated through an ethos of supply chain management and product stewardship and encompasses
social, economic and environmental dimensions. It addresses aspects such as stakeholder engagement,
labour practices and the management of supply chains serving materials sectors upstream of the
manufacturer. Policies can be designed to require the use of tools such as building information modelling
(BIM) to identify and optimize efficiencies throughout the building supply chain.
Once a building is complete and ready to be occupied, policy checks can be put in place to make sure
that not only all the various systems are working as they were intended, but that the building as a whole is
functioning as efficiently as possible. Optimal whole-building functionality based on streamlined,
integrated systems performance ensures that the intended service life spans of the materials, products and
components will be achieved and the building will not be vulnerable to premature failure. Building
Enclosure Commissioning (BECx) is the state of the art quality-focused process, which tests the
performance of the building enclosure (or “envelope”) on project completion to ensure the building has
been built to the correct level of quality, functionality and performance. Local governments can require a
“Building Enclosure Commissioning” report as a condition of occupancy. For example, the LEED green
building rating system, which is used as a tool to support green building regulations across the U.S.,
includes criteria for commissioning and references the ASHRAE Guideline 0-2013, “The Commissioning
Process”. The purpose of this guideline is to describe the Commissioning Process capable of verifying that
the facility and its systems meet the owner’s project requirements.
During the life of a building, materials and components may be replaced many times resulting in
significant volumes of waste. The ease with which routine maintenance and repair can be completed can
significantly affect the rate of waste generated, particularly if products and components are inaccessible,
too inter-tangled or adhered in a way that they cannot be removed whole. The LEED Canada EB:O&M
2009 rating system helps existing building owners and operators measure operations, improvements and
maintenance on a consistent scale, with the goal of maximising operational efficiency while minimising
environmental impacts. It addresses whole-building cleaning and maintenance issues (including chemical
use), recycling programs, exterior maintenance programs, and systems upgrades. Life cycle costing can
provide a financial framework for evaluating the best O&M solutions from a life-cycle perspective.
A summary of the case study examples selected to illustrate policies that are applicable to the design
and construction stage, are presented in Table 7.
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Table 7. Summary of case study examples illustrating policies that are applicable
Policy

Jurisdiction

Project design
2000-Watt-Society Energy Vision

Switzerland

SIA 2040 Effizienzpfad Energie (Energy Efficiency Path)

Switzerland

SIA 2032 Graue Energie von Gebäuden (Embodied Energy of Buildings)

Switzerland

Materials Awareness Policy and the “Environmental Performance of Materials used in Building Elements”
method
BRE Green Guide

Belgium
UK

Construction and commissioning
Responsible Sourcing of Sustainable Construction Products (BES6001)

UK

Eco-Reinforcement certification scheme

UK

ASHRAE Guideline 0-2013, “The Commissioning Process”

USA

Operations and maintenance
Green MLS Toolkit

USA

LEED Canada EB:O&M 2009

Canada

ISO 15686-5 Buildings and constructed assets – Service life planning – Part 5: Life cycle costing

International

Equipment inspections, Energy Performance of Buildings Regulations 2012

UK

2.3.2 Summary of policies which address the end-of-life stage
The construction process can be a major producer of solid waste. However, the vast majority of
construction and demolition (C&D) waste can be either recycled (such as metals, carpet), either used as
feedstock for industrial processes (e.g. glass) or can be burnt as fuel (such as wood, etc.). Recognising both
the practical challenges of managing construction waste and the environmental, social and economic
advantages of redirecting the waste materials to other purposes, the extensive review of SMM policies
carried out by the OECD highlighted the fact that the weight of experience, in terms of policies already in
place, is with the “end-of-life” stage of the life-cycle. Many OECD countries have established construction
and demolition (C&D) waste diversion targets and have begun to implement a range of integrated C&D
waste diversion policies. In fact, in Switzerland, Belgium, Germany, the Netherlands and Sweden the
landfilling of C&D waste has been all but eliminated.
C&D waste diversion has become standard practice in many OECD countries. Regulations can be
implemented that obligate the builder to submit a Construction Waste Management (CWM) plan prior to
the start of construction, which will establish waste diversion targets and strategies for minimising waste.
A salvage and reuse plan for land-clearing and the demolition of any existing structure should be included
with high value materials identified for re-sale. The appropriate handling of hazardous waste materials
such as oil, paint and lighting must also be identified. However, the success of C&D recycling relies on the
presence of viable markets for the recycled materials.
Although there is significant research into waste minimisation solutions and alternative uses for
materials destined for disposal underway in many OECD countries, the full potential for secondary
materials to be re-used in this manner remains largely untapped. Further, while recycling addresses the
handling and disposal of waste materials generated, it does not necessarily result in a reduction in volumes
of waste generated. Disposal bans and/or pricing strategies for the processing of materials that can be reused directly on the construction site (such as aggregate) or for which there are non-waste generating
alternatives (e.g. formwork rental schemes, pallet returns, etc.) can be developed to encourage desirable
construction practices. At the design stage, strategies for “dematerialisation”, or using less material in the
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building project, can be considered in order to reduce the volume of materials destined for recycling.
Technical solutions such as pre-fabrication and “off-site” construction in controlled workshops are being
developed in many OECD countries to minimise the number of defects and reduce waste.
The Netherlands has developed an effective, integrated “chain oriented” waste policy approach that
includes a landfill ban on C&D waste. Used building material reuse and recycling is estimated to be as
high as 90 %. There are limits to the amount of materials that can be left on site and mixed with soil after
demolition, and also regulations stipulating what materials can be reused (ex. recycled aggregate in place
of gravel in concrete). Also, the Dutch borders with neighbouring countries are all closed to waste
transports and there are international agreements about the shipping of waste. These measures have been
effective at encouraging industry’s acceptance of C&D waste diversion.
Deconstruction describes the selective dismantling or removal of materials from buildings prior to or
instead of conventional demolition. It is an approach to building removal that can convert this waste stream
into highest-value resources in a manner that retains their original functionality as much as possible for reuse in future buildings. Despite the fact that the potential benefits of deconstruction are significant, the
complete deconstruction and disassembly of buildings is very challenging today because existing buildings
have not currently designed to be taken apart and re-used in the first place. Deconstruction therefore
requires policy makers to re-think the entire design and construction process in order to increase the scope
for building deconstruction in the future. To optimise the potential for deconstruction, policies need to
encourage designers to consider future disassembly at the beginning of the design process. Currently, few
OECD countries have established policies promoting building deconstruction and design for disassembly
although there are numerous programmes in development and pilot projects. The countries that have made
the most progress so far are basing their efforts on well-established construction waste management
policies and materials recycling regulations that have taken many years to develop. This includes the
presence of comprehensive economic measures such as landfill charges, command-and-control regulations
such as materials disposal bans, the availability of a qualified workforce, access to licensed materials
handling and processing facilities and a ready market for the secondary materials produced.
Although it only addresses educational facilities, the American Collaborative for High Performance
Schools (CHPS) includes for building disassembly or deconstruction. CHPS promotes designing for
adaptability and disassembly as a way for schools to economically act as stocks of materials for future
buildings with minimal to zero loss of the materials during renovations and disassembly. CHPS describes
how the design team should prepare a Disassembly Plan that sets out the method of disassembly of major
systems during renovations and end-of-life, and the properties of major materials and components. These
approaches can use LCA as a methodology to evaluate the benefits of deconstruction and material use
against the impacts of new materials on a life cycle basis. However, as previously stated, LCA is very
complex and very data intensive. Developing LCIs, consensus-based standards and industry capacity takes
time. Policies for building deconstruction are, in most OECD countries, still largely at the developmental
stage.
A summary of the case study examples selected to illustrate policies that are applicable to the design
and construction stage, are presented in Table 8.
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Table 8. Summary of case study examples illustrating policies that are applicable to the end-of-life stage
Jurisdiction

Policy
Construction and demolition waste recycling
Integrated C&D waste diversion policies (landfill bans, export bans, standards for disposal and recycling,
high costs of disposal, multi-tier governmental planning and coordination, education and training
programmes, EPR programmes, etc,)
Web-based C&D waste diversion tracking and reporting system

The Netherlands

City of Berkeley, USA

Deconstruction and disassembly
American Collaborative for High Performance Schools (CHPS)
Metro Vancouver “Zero Waste Challenge”
Asbestos National Emission Standards for Hazardous Air Pollutants regulation
Design Guide and Master Specifications for Construction Waste Management and Building Deconstruction
& Salvage
Portland ReBuilding Center

USA
British Columbia, Canada
USA
King County, Washington,
USA
Oregon, USA

Most OECD member countries are aware of the environmental impacts of construction materials at
the various life cycle stages and have already implemented a wide range of policies such as the adoption of
green building rating systems and construction waste management programmes in an effort to limit the
worst effects. There is also emerging recognition that although the building industry is a significant
consumer of natural resources and generator of waste, it also has the potential to be a very important user
of salvaged or re-processed waste materials. Yet, very few have established policy goals and developed a
full range of LCA-based suite of policies with all the supporting tools and resources necessary to
objectively encourage and regulate the full range of key environmental impacts of construction materials
over their life cycle. The countries that have made the most progress (such as Switzerland and Belgium)
are only considering a few indicators (energy and GHGs) or only a few key materials at this time. Still, the
use of LCA as a means to objectively assess the environmental impacts of building materials from cradle to
grave is growing and is already incorporated into most of the leading green building rating systems.
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ANNEX I.
SUMMARY OF THE FACTORS INFLUENCING THE CHOICE OF CONSTRUCTION
MATERIALS AND THE MOST RELEVANT AND COMMONLY-USED POLICY LEVERS
TO ADDRESS THEM
1. Physical factors
Physical factors collectively describe a range of primarily external forces that will be brought to bear
on a building during its life cycle. Consideration of physical factors is therefore particularly important in
the overall form, mass and configuration of the building as well as the selection of structural systems and
materials, exterior materials (such as roofing, cladding, glazing, etc.) and weathering surfaces such as
paving and flooring.
1.1 Climate
The ability of a structure to achieve its intended mission and service life is directly affected by its
exposure to the combined effects of the four key elements of climate: temperature, humidity and moisture,
sun and wind. Key to creating buildings capable of withstanding climate impacts is to consider how well
the proposed materials will perform and for how long. The nature and harshness of the weather to which a
building will be subjected is one of the most important factors that designers need to consider when
selecting construction materials. Climate and the propensity for significant weather events can have
significant detrimental effects on buildings and can cause even the most robust building materials such as
stone, concrete or masonry to “weather” or break down over time. Building designs which respond well to
climate not only use materials which provide the right level of durability, but also employ solutions to
protect vulnerable materials from extreme exposure (such as the use of pitched roofs and overhangs to shed
water and snow) as well as strategies to ensure easy replacement of materials that are likely to wear out
over time.
“Climate-appropriate design” minimises wear and tear and reduces the need for large mechanical
systems. In many cases, the style of traditional architecture of the region provides a good reference point
because it has been developed over many years to respond well to local weather patterns. As a result,
climate-appropriate design can reinforce the historical or cultural values of a region (see in Annex I - 3.2
Historical or regional character preservation). Yet, too often, the impacts of climate are undervalued or
ignored. Many building designs do not take local environmental conditions into consideration, either by
replicating the same prototypical form, configuration and material selection across many climatic zones, or
by designing a building for a specific site that ignores climatic issues. City skylines around the world are
becoming increasingly difficult to differentiate irrespective of the characteristics or severity of the local
climate or the propensity for weather events such as typhoons, snowfall, etc. The result is a building that
performs inadequately - incurring a high degree of maintenance, frequent material replacement and,
potentially, premature demolition. Failure to address local climate effectively can result in the overconsumption of new materials and the generation of unnecessary waste.
Weather information is available for most OECD regions and can be accessed by the project team to
inform the design of the building. However, with climate change, historical weather data may become less
reliable for modelling future building performance making it even more challenging for designers to
respond effectively. Climate change is already affecting developments on low-lying waterfront, riverfront
and oceanfront land. Buildings in both urban and rural areas are at risk of catastrophic flooding due to sea
level rise, tsunami and natural violent storms that may increase the rate of repair and replacement. Further,
adaptation to the effects of climate change could require the use of considerably more construction
materials. For example, main floor building levels may need to be raised up, basements may need to be
tanked, etc.
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POLICY GOALS AND LEVERS
GOAL: Restrict construction in high-risk areas
Information

Green building rating systems: May not permit projects to be located in high-risk areas such as
floodplains and can assist in reducing the risk of exposure to climate-related consequences such as
flooding.
•

USA: LEED BD&C Version 3 states, “Locate on a site that does not contain any land within a 100year high- or moderate-risk floodplain as defined and mapped by the Federal Emergency
Management Agency (FEMA) or a state or local floodplain management agency, whichever is
more recent.”

Economic

Market-based instruments: Availability of construction financing and retail mortgages (or access to
preferred rates) can be limited to low-risk areas that are not prone to damage from climate-related
impacts. Also, property insurance providers have flagged hazard-prone areas and, in some locations, it
is now not possible to get flood insurance.

Regulatory

Land use plans and zoning laws: May be designed to control the use, type and location of buildings in
order to reduce the risk of premature building repair or replacement resulting from climate events (such
as hurricanes, flooding, etc.).
Building codes: May act as “dis-incentives” to development in locations with a high risk of natural
disaster due to enhanced requirements for structural performance, utility protection, flood control
infrastructure, emergency response mechanisms, etc.

GOAL: Encourage the use of climate-appropriate design
Information

Green building rating systems: Building design that is optimised for energy efficiency using passive
design strategies can also contribute to a climate-specific “whole building” approach and, hence,
preference for locally appropriate and durable materials. Passive design (sometimes referred to as
“passive solar design”) principles are predicated upon a detailed analysis of local climate conditions in
order to access “free” energy from the sun, wind, etc. while mitigating unwelcome consequences such
as over-heating. A philosophy of passive design is to limit the amount of materials and equipment used
over its intended life cycle in order to create an energy efficient, comfortable and durable building with
limited “moving parts” that is easy and affordable to maintain.

•

Regulatory

Policies describing desired building form, function and character: Design guidelines can be
established which set out principles and performance criteria that are optimised for the regional climate.

•

Regulatory

Germany: A very energy efficient building which meets the PassivHaus standard has no
need for a separate heating system due to its excellent thermal protection. So, even though
PassivHaus buildings require more insulation than a conventional building, the embodied
energy required for the materials construction of a new PassivHaus building can thus be less
than that of ordinary new buildings on a life-cycle basis because it does not incur the large
amount of primary energy required for the production and renewal of complex technical
systems (Röhm, T. 1993).

USA: As the frequency and severity of wind events are expected to increase in the south
east region of America, the State of Florida building code is evolving to address the potential
repair and replacement of roofing. Although stapled roofs were banned following Hurricane
Andrew in Florida in 1993, the Florida Building Code was further updated to improve
residential roofing systems for windstorm-prone areas following Hurricane Katrina in 2005
(Florida Building Commission, 2005).

Policies describing desired building form, function and character: Policies promoting historical or
local character may rely on local materials and/or traditional construction techniques that may, at the
same time, deliver climate-appropriate solutions. Certain types of traditional construction may be
encouraged (such as an elevated structure on an open foundation may reduce the risk of damage from
flooding and storm-driven water) and other less applicable solutions can be restricted.

•

UK: Lake District Planning Guides stipulate types of local materials, traditional building form
and design features to not only maintain historical character but as a proven way to achieve
durable, climate-appropriate buildings in a particularly wet part of the country.
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GOAL: Promote climate resiliency
Regulatory

Land use plans and zoning laws: Climate change adaptation plans encourage the design of
“resilient” buildings which can either adapt or respond to changing weather patterns or are protected
against the consequences of severe weather events.

•

Canada: In 2012 the City of Vancouver became the first Canadian municipality to develop
and adopt a Climate Change Adaption Strategy, which describes the locations exposed to
potential sea level rise.

GOAL: Encourage durable construction techniques and planned maintenance schedules
Information

Green building rating systems: Building durability standards set out performance criteria for building
materials and assemblies based on a pre-determined service life. These standards are increasingly
included in green building rating programs.
•

Canada: There is a credit for building durability in LEED Canada, which sets out service life
requirements for larger structures as described under CSA S478-95 (R2007) "Guidelines on
Durability in Buildings".

Information

Life-Cycle Assessment (LCA) of building materials, assemblies and structures: LCA is the stateof-the-art science-based methodology for optimising the choice of materials based on their life cycle
and the life cycle of the building.

Information

Benchmarking, data gathering, performance reporting and statistics: In order to determine
whether buildings are designed to be technically, functionally and climatically adaptable over their
entire service-life, standards for building service life and adaptability expectations need to be
established. Indicators of technical adaptability relate to space-plan flexibility, ease of access to
building services and whether short-lived materials or layers can be removed without damaging longlived layers (Graham, 2005 and Brand,1994).

Regulatory

Sustainable procurement policies: Can stipulate building performance criteria, durability standards,
an expected service life and other features to ensure a building is constructed to meet the needs of the
local climate.

1.2 Type of sub-soil
The bearing capacity of the sub-soils beneath a building not only affects the amount and type of
materials needed to construct the foundations but also how high a building can be built. Building on the
wrong soil, or without adequate footings on unstable clay or sand, can lead to cracks in foundations,
ruptured pipes and flooded basements. In extreme cases, poor soils can cause buildings to collapse.
Exposed locations such as cliffs and hillsides can be subject to soil erosion, which can undermine
buildings, sometimes with devastating consequences. Marshes, floodplains and areas where the water table
is high have poor bearing capacity, are susceptible to flooding and require very complex, extensive and
costly foundation systems to support a structure. The foundations of buildings are normally constructed
from materials associated with high environmental impacts. The effects of climate change may alter the
nature of soils in some areas and, in the future, may jeopardise some lands in coastal zones due to sea-level
rise.
Policies such as zoning regulations or containment boundaries can be created which restrict
permissible development in locations with poor soils. Builders will try to avoid such situations unless there
is a scarcity of available land (see Annex I. 1.4 Availability of space). Engineers and soil scientists can
measure soil strength to see how easily a soil changes shape or shifts and whether it will bear the weight of
structures. There are a number of innovations in foundation design to help address poor or changing soil
conditions while controlling the amount of high environmental impact materials being used.
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Because of the significant impacts that climate change may cause to soils (e.g. changing water table
levels), many jurisdictions are studying global strategies for flood control and are developing new bylaws
and building code standards for the design and construction of buildings in and around flood plain
locations. These new standards will impose different building and urban facility designs and floor level
requirements, which may prove to be a serious challenge for planners, architects and engineers alike.
POLICY GOALS AND LEVERS
GOAL: Control/prevent construction in high-risk areas
Economic

Market-based instruments: (see Annex I. 1.1 Climate)

Regulatory

Land use plans and zoning laws: (see Annex I.1.1 Climate)

GOAL: Support the adoption of innovative design
Regulatory

Building codes: Key policy approaches include allowing design teams to create ‘Alternative
Solutions’ with supporting test data that meet or exceeded building and fire code or local condition
requirements. Supportive government policy for low carbon construction, use of salvaged or waste
materials, etc. can help make the approvals process for innovative designs more straightforward,
given that officials are likely to be more educated and motivated to support successful examples of
policy application.

•

Norway: “functional-based” building codes allow for “alternative designs” where the
designer must propose an evaluation method and define his/her own acceptance criteria
based on the functional requirements. An innovative design may be submitted to a 3rd
party expert for review. As a result, Norway does not, for example, impose height limits for
wood buildings (Norway National Office of Building Technology and Administration).

1.3 Proximity of sources of raw materials
The use of local materials can infuse the “spirit of the place” (genius loci) into buildings as a way of
expressing the unique character of a region (see Annex I. 3. Cultural factors). The transportation of
materials from the point of extraction, to the manufacturing facility and then to the building site can create
significant environmental impacts, primarily from the fossil fuels used in conveyance and the associated
greenhouse gas (GHG) emissions.
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Box 10. Impacts of various modes of transportation

Source : Cannon Design with data from Argonne National Laboratory

For heavy materials such as concrete or stone, the transportation impacts can be large. Availability of
local materials can reduce the transportation impacts of construction projects. However, proximity to local
materials must be considered in concert with the mode of transportation employed. It is possible that a
local product that travels in an inefficient carrier (such as by truck) may have a larger transportation
footprint than a product travelling a long distance in a highly efficient mode such as by cargo ship (see box
10). In fact, inter-connected economies, supported by efficient and affordable shipping services, have made
it easy for designers to source materials internationally. Indeed, there are many construction materials that
are extracted in one continent, shipped to another for processing and then onward again to a third for
installation. Products from particular regions have become sought-after worldwide such as kitchens from
Italy, decorative stone from Brazil, oak wood from the USA.
Some green building rating systems set limits on the distances materials are allowed to travel to reach
the construction site. They may additionally describe the mode of transportation to be employed or
establish travel distances limits that are related to the weight of the material. Where green building rating
programs are used as policy tools, designers tend to pay close attention to the provenance of the materials
they select.
The challenge for designers is that few manufacturers currently provide information on the
transportation history of their products (and the constituent raw materials) and how the transportation
impacts compare to other impacts that are generated throughout the product’s life. In order to truly
understand a product’s contribution to a sustainable building, the interplay of all its characteristics - from
raw material extraction to production to transportation to end of life - needs to be considered as much as
local sourcing.
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LCA is the state-of-the-art methodology for analysing the total environmental footprint of all
materials over the life of a product not just transportation impacts. For example, a life-cycle inventory
(LCI) of U.S. softwood and hardwood products production published by the Consortium for Research on
Renewable Industrial Materials (CORRIM) shows that transportation energy requirements from cradle-tomill gate represented only about 3 % of the total energy associated with production of wood product
(Puettmann et al., 2010). By comparison, manufacturing energy represented 64 % and 92 % of total energy
consumption for hardwood lumber and hardwood flooring, respectively.
Table 9. Extract from the Living Building Challenge describing restrictions to source locations for materials
Max. Distance

Materials

Representative Materials

500 km

Heavy or high-density materials

Concrete, masonry, metals, sitework

1 000 km

Medium weight and density materials

Wood, plastics, composites, interior doors and
windows, roof tiles, plaster and drywall, tiling,
casework

2 000 km

Light or low-density materials

Shingles and shakes, roofing, siding, ceilings,
flooring

5 000 km

Assemblies that actively contribute to
building performance and adaptable reuse once installed

Roofing, exterior doors and windows, partitions,
equipment, elevators and escalators, plumbing,
HVAC, electrical

15 000 km

Renewable technologies

Heating and cooling equipment, power generation
systems

POLICY GOALS AND LEVERS
GOAL: Minimise the environmental impacts associated with transportation of materials
Information

Green building rating systems: Many systems promote the use of local materials by setting limits on
the distances materials are allowed to travel to reach the construction site. Some also consider the
mode of transportation to be employed and others limit materials by weight, volume and other criteria.
•

USA: The Living Building Challenge establishes a matrix of travel distances limits that are related
to the weight of the material. Where green building rating programs are used as policy tools,
architects and engineers pay close attention to the provenance of the materials they select (see
Table 3).

Information

Product certification and labelling schemes: EPDs provide a consistent method and framework for
manufacturers to declare the provenance of their products including the source of all the raw materials.
For example, a product that is assembled locally may use raw materials that have been extracted or
harvested elsewhere.

Information

Life-Cycle Assessment (LCA) of building materials, assemblies and structures: LCA
methodology can determine if the use of locally available materials will in fact result in a net reduction
in environmental impacts when all the environmental impacts are considered together.

Regulatory

Policies describing desired building form, function and character: Policies promoting historical or
local character may result in the use of local materials that will reduce transportation impacts (see
Annex I. 3.2 Historical or regional character preservation).

Regulatory

Sustainable procurement policies: (see Annex I. 1.1 Climate)
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GOAL: Encourage the selection of construction materials based on LCA
Information

Life-Cycle Assessment (LCA) of building materials, assemblies and structures: LCA
methodology can determine if the use of locally available materials will in fact result in a net reduction
in environmental impacts.
Belgium: the Flemish government through the Public Waste Agency of Flanders (Openbare
Vlaamse Afvalstoffenmaatschappij (OVAM)) in partnership with industry has launched a “Materials
9
Aware” policy programme with clear goals for the management of construction materials 2020
and, in the long term, looking forward to 2050. The policy to 2020 comprises five objectives:
1.

Use virgin raw materials in the manufacture of construction materials and in the construction of
buildings as little possible.

2.

Use the right material in the right place and with the right construction techniques in order to
close the materials life cycle loop.

3.

No dangerous substances are to be used in new construction and any hazardous substances
are to be extracted from materials to be recycled during the demolition or dismantling of
buildings and infrastructure

4.

New buildings and structures are to be designed and built so that materials and building
components can be easily recovered.

5.

Buildings are to be easily adaptable and customizable to meet the needs of a constantly
evolving society.

“Life-cycle thinking” is encouraged across the building supply chain by focussing on the following
key areas:
•

Selective demolition and dismantling

•

Recycling aggregates and stone materials

•

Recycling key waste materials (wood, etc.)

•

Evaluation of the performance of materials in buildings

•

Adaptable building design, standardisation of components and design for disassembly
10

OVAM has developed a “Environmental Performance of Materials used in Building Elements”
(Milieugerelateerde Materiaalimpact van Gebouwelementen (MMG)) methodology specifically for
the Flemish-Belgian construction industry The model served as the basis for a limited database of
115 building variants that is representative of the Flemish-Belgian construction industry. The MMG
methodology is built upon the criteria set out in CEN TC 350 to ensure alignment with European
protocols but also includes the following additional indicators:
•

Climate change

•

Depletion of the stratospheric ozone layer

•

Acidification of land and water

•

Eutrophication

•

Photochemical oxidant formation (low ozone; summer smog) • depletion of abiotic resources:
non-fossil resources

•

Depletion of abiotic resources: fossil resources

•

Human toxicity (cancer effects and non-cancer effects)

•

Particulate matter formation

•

Ionising radiation effects on humans

•

Eco toxicity (land, fresh water, marine)

•

Land use: land occupation

9

www.ovam.be/sites/default/files/2014-DEF-Milieuverantwoord-milieugebruik-bouw-3luik-LR.pdf

10

www.ovam.be/sites/default/files/FILE1368696514672Environmental_profile_buildig_elements_LR.pdf
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•
•

Land use: land transformation
Water depletion

By limiting the number of materials (a total of 115 to be incorporated into the MMG database by 2020),
the Flemish government is able to develop a much larger number of indicators. To allow for a decisionoriented selection of materials solutions, the MMG method allows for the characterisation values for
each individual environmental indicator to be aggregated by means of an environmental cost method.
For each individual environmental indicator, the characterisation values are multiplied by a monetisation
factor (e.g. X kg CO2 equivalents4multiplied4by4Y4¨ /kg4CO2 equivalents). This factor indicates the extent
of the damage to the environment and/or humans, expressing it in a financial amount for the purpose of
avoiding potential damage or settling any damage incurred. These aggregated environmental scores
are also reported separately.

1.4 Availability of space
Availability of space to construct buildings varies widely across OECD countries and is generally
related to population density (see Annex I. 2.1 Population density). Land scarcity (urban and rural) is
reflected in land costs and property prices. Although wealth levels (see Annex I. 2.2 Standards of
living), urbanisation rates and climate (see Annex I. 1.1 Climate) all play a part, it is reasonable to assume
that the amount of per capita space allocation (e.g. the average size of a house) is correlated to the
availability and price of land. The cheaper the land, the larger the house and, consequently, the more
materials used to build, maintain and repair it. Conversely, a lack of available land may encourage
efficiency of design and therefore efficiency in the use of materials. However, high priced land may also
raise the cost and environmental impacts of construction as builders may need to build greater density to
recoup their investments, or build in risky locations (see Annex I. 1.1 Climate), on poor sub-soils (see
Annex I. 1.2 Type of sub-soil) or have to build far away from sources of materials (see Annex I. 1.3
Proximity of sources of raw materials). Further, high-rise construction places additional weather loads on
the façade and requires more durable construction techniques (see Annex I. 1.1 Climate). For designers to
understand and compare the relative environmental benefits and trade-offs of the building design, a whole
building LCA is necessary.
To make a building’s financial proposition feasible for builders in the face of high land costs, policies
need to be sufficiently flexible to allow smaller units (office suites, apartments, etc.) and/or taller or higher
density buildings. Compact urban design is generally understood to reduce GHG emissions through more
efficient use of urban land (Annex I - 2.1 Population density), building materials and existing infrastructure
(see Annex I. 1.1 Climate) through a greater diversity of building types and land uses. In locations where
land costs are high, builders may also be forced to sacrifice quality of construction to remain on budget.
Poor-quality buildings will incur a greater degree of maintenance and repair over their life-time. It is also
possible that in rapidly developing regions where land availability is diminishing and/or prices are rising
fast even high-density buildings may be replaced frequently.
The pace of renewal of building stock can sometimes affect building quality and regulatory controls
may be necessary to monitor the detailed design and materials specifications. By comparison, where land is
plentiful and cheap, there is the potential for sub-urban sprawl of low-density buildings if strong planning
controls are not in place, which is not only the least efficient form of development in terms of “in-use”
energy consumption (U.S. EPA) but also an inefficient use of construction materials.
Although dense building design may result in the efficient use of building materials, typical tall
building construction tends to require materials with relatively high environmental impacts. However, the
situation may be changing. Many building codes limit the density of wood construction to mid-rise for
residential and low rise for non-residential, but advances in wood technology are leading to taller and more
substantial designs with wood. There are new techniques and building systems entering the market that
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enable tall building construction in heavy timber (FP Innovations, 2014) which may help to reduce the
environmental footprint of the structural systems.
POLICY GOALS AND LEVERS
GOAL: Manage the availability of appropriate land for development
Economic

Market-based instruments: Land pricing policies can be used to set fair valuations, encourage or
discourage speculation, while stipulating conditions to development (e.g. for amenities like public
transportation which can themselves affect land prices), built form and density.

GOAL: Support the adoption of innovative design
Economic

R&D Incubation: (see Annex I. 4.3 Support of innovative construction technologies)

Regulatory

Building codes: Policies promoting advances in building technology can facilitate the adoption of
higher density buildings using low impact structural materials (such as wood).

GOAL: Encourage whole building design and the selection of construction materials based on LCA
Information

Life-Cycle Assessment (LCA) of building materials, assemblies and structures: Tall, high-density
buildings may be exposed to particularly harsh environmental conditions and frequent maintenance
schedules may be difficult to achieve. LCA is the only way to scientifically determine if a building design
and the materials that are used to build it will in fact result in a net reduction in environmental impacts
over its intended life span.

GOAL: Encourage ecologically appropriate forms of development
Economic

Performance-based building incentives: Incentives to encourage density such as “Density Bonuses” can
also be used to encourage compact, dense forms of development and sustainable materials choices.
•

France: “Grenelle de l’Environnement” puts forward a framework of energy and climate-related policies
and measures, setting ambitious targets for specific sectors and energy sources, and guidelines for
strengthening R&D on clean energy technologies. Reducing the CO2 footprint energy consumption and
production (which includes the footprint of materials) of the building sector is a priority area outlined in
the Grenelle laws. Municipalities are provided with the possibility of increasing land use density ratios
(building coverage ratios, i.e. the net floor area derived from use of the maximum building footprint
allowable on a given parcel divided by the total parcel land area) by up to 20 % for energy-efficient
construction that relies on renewable energy sources. This net floor area is calculated without including
attic or basement space that could not be made suitable for human habitation, nor does it include roof
terraces, balconies and loggias (Arene, Ademe, RDI, 2008).

Economic

Performance-based building incentives: Conditions can be applied to Development Cost Charges (DCCs)
in terms of sustainable materials use. For example, certain durability standards can be described for
infrastructure construction to avoid frequent or premature maintenance and repair.

Regulatory

Land use plans and zoning laws: Land use controls can be used to encourage compact forms of urban
development. For example, an Urban Containment Boundary (UCB) can be used to set aside land to be
protected from most forms of development. Usually an UCB (sometimes realised as a “green belt”) will
delineate the edge of town and the beginning of rural areas and is a useful tool to protect against sub-urban
sprawl. An Integrated Community Sustainability Plan (ICSP) can incorporate policies to address land pricing,
use of local materials and/or sustainable building performance requirements.

1.5 Seismic activity
A number of OECD countries are located in seismically active regions. Earthquakes can occur
without warning and cause total devastation. In most jurisdictions, buildings must be designed to maintain
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structural integrity during and after a seismic event long enough for occupants to be protected and then
evacuate safely. The design team must take a multi-hazard approach towards design that accounts for the
potential impacts of seismic forces as well as all the hazards to which an area is vulnerable (such as
tsunamis in coastal regions). Performance-based requirements, which may exceed the minimum life safety
standards of current codes, must be established to respond appropriately to the risks imposed on the
building's mission and occupants. These require the use of high-strength materials, which may have a high
environmental footprint.
While life safety must remain the top priority in seismic design, lessons from the Christchurch
earthquakes in New Zealand in 2010 and 2011 suggest that this goal is no longer sufficient. Many
buildings (even those designed to modern seismic codes) were no longer viable after the earthquakes and
had to be demolished. Experts in Christchurch subsequently developed “Low Damage Design” approaches
that allow buildings to not only withstand seismic forces sufficient to protect lives, but also to maintain
and/or regain structural integrity. This substantially reduces economic losses, the amount of new materials
required to repair and replace buildings as well the amount of waste materials generated from building
demolition or collapse. Allowing designers to create alternative solutions and establishing performancebased building codes can encourage innovative approaches to seismic design.
Low Damage Design can include various approaches such as isolating the base of the building,
rocking structural system and designing for controlled repairable damage. For example, engineers in
Christchurch have developed a post-tensioned wood structural system (Buchanan, 2014) with built-in
replaceable dissipaters and re-adjustment capabilities after a seismic event. This solution uses low
environmental impact materials (such as Laminated Veneer Lumber (LVL) and Cross Laminated Timber
(CLT) panels) and is able to absorb complex seismic forces with little residual deformation.
Facility to receive, process and recycle waste building materials is also important in planning for
seismic events. Several years after the earthquakes, Christchurch City Council is still working to process an
estimated four million tonnes of rubble from earthquake-damaged buildings (see Annex I. 5.4
Requirements or standards that enhance the diversion of end-of-life materials from landfill as well as the
re-use of materials). Dealing with the scale and urgency of rebuilding after a disaster can be extremely
challenging. To this end, it is important for regions at risk to develop and disseminate resources to
designers and builders for sustainable reconstruction of buildings well in advance of a catastrophic event.
POLICY GOALS AND LEVERS
GOAL: Control/prevent development in high-risk zones
Economic

Market-based instruments: (see Annex I. 1.4 Availability of space)

Regulatory

Land use plans and zoning laws: (see Annex I. 1.2 Type of sub-soil)

GOAL: Encourage the consideration of sustainable construction materials and process during reconstruction
after a seismic event
Information

Education and training policies: Educational resources and guidelines on the sustainable
reconstruction of buildings need to be planned, developed and rolled out well in advance of a
catastrophic event so industry is familiar with the appropriate solutions.
•

International: The United Nations has developed a set of practical guidelines, “Sustainable
Reconstruction in Disaster-Affected Countries: Practical Guidelines”, for the reconstruction of
buildings applicable to developing and developed countries that aim to optimise the use of scarce
materials and manage waste (UNEP, 2012).
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GOAL: Support the adoption of innovative design
Economic

R&D Incubation: (see Annex I. 4.3 Support of innovative construction technologies)

Regulatory

Building codes: (see Annex I. 1.4 Availability of space)

1.6 Proximity to geo-physical features
Major geo-physical features such as mountains, lakes and oceans can affect the degree of exposure of
buildings to natural forces such as sunlight and wind, and can have an amplifying or distortional effect on
local weather patterns (see Annex I. 1.1 Climate). The presence of geo-physical features may pose
potential hazards to buildings such as flooding and landslides. They may therefore limit the availability of
land for development (see Annex I. 1.4 Availability of space). Some geo-physical features such as forests,
wetlands, estuaries, etc. may require protection from encroachment by development although, managed
properly, some (such as forests) may be a source of local materials (see Annex I. 1.3 Proximity of sources
of raw materials). As climate-related events increase in severity and frequency, larger quantities of
materials and/or materials with higher environmental impacts will be needed to improve building stock
resiliency.
Proximity to certain features, such as salt water, can cause exposed building materials to deteriorate.
The most common problems associated with salt deterioration of buildings include disintegration of mortar
and deterioration of brick and masonry, rusting and corrosion of exposed metals, masonry wall ties and
reinforcing in concrete, deterioration of terracotta products such as roof tiles and delignification of
structural timbers.
POLICY GOALS AND LEVERS
GOAL: Restrict development in high-risk zones
Economic

Market-based instruments: (see Annex I. 1.1 Climate and Annex I - 1.4 Availability of space)

Regulatory

Land use plans and zoning laws: (see Annex I. 1.2 Type of sub-soil)

GOAL: Encourage durable construction techniques and planned maintenance schedules
Information

Green building rating systems: (see Annex I. 1.1 Climate)

Regulatory

Sustainable procurement policies (see Annex I. 1.1 Climate)

GOAL: Support the adoption of innovative design
Regulatory

Building codes: (see Annex I. 1.4 Availability of space)

2. Socio-economic factors
Micro and macro socio-economic factors can inform a building’s physical form and characteristics as
well as the quality and durability of its construction. The number, density and scale of a population and its
economic means will have a significant impact on design decisions, from building size and configuration
to material selection and detailing.
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2.1 Population density
Population density is the number of people per unit of land area and can have a strong influence on
the layout and compactness of a community. Population density determines in large part the cost in money,
energy and resources to build and maintain buildings and public infrastructure. The greater the density in
an urban area, the more its buildings, sewers and roads can be made compact and efficient. Population
growth and rapid urbanisation are key factors contributing to pressure on availability of space (see Annex
I. 1.4 Availability of space) and on building markets to rapidly increase the number of housing, office and
industrial units. The need for housing sometimes results in standard solutions that are copied from different
locations with no consideration of the actual needs of the users and the local climate conditions (see Annex
I. 1.1 Climate).
POLICY GOALS AND LEVERS
GOAL: Encourage ecologically appropriate forms of development
Economic

Market-based instruments: (see Annex I. 1.1 Climate and Annex I - 1.4 Availability of space)

Economic

Performance-based building incentives: (see Annex I. 1.4 Availability of space)

Regulatory

Land use plans and zoning laws: (see Annex I. 1.4 Availability of space)

Regulatory

Sustainable procurement policies (see Annex I. 1.1 Climate)

GOAL: Manage the availability of appropriate land for development
Economic

Market-based instruments: (see Annex I. 1.1 Climate and Annex I - 1.4 Availability of space)

2.2 Standards of living
Rising standards of living are putting pressure on the carrying capacity of the earth to provide the
resources necessary to sustain societal expectations. Between 1950 and 2004, the average new North
American house expanded by 135 %, from 93 m2 to 218 m2. During the same period, the average U.S.
household size fell from 3.7 to 2.6 people. Thus, floor space increased by 235 % per capita from 25m2 to
over 84m2 (Rees, 2011). This trend is occurring in many regions around the world – particularly in rapidly
developing countries. Expectations of the performance and amenities provided by buildings also rise in line
with standards of living. This drives the amount of goods and equipment installed in homes and offices as
well as the construction assemblies (for example, lowering tolerance for interstitial noise transfer can add
additional layers of plasterboard, or concrete toppings to wood floor structures). Despite efficiency gains,
material and energy use per dwelling and per capita continue to increase so green building policies need to
not only address materials choice but also space allocation per person.
Urbanisation in developing areas has been an inevitable response to stagnating or deteriorating
conditions in rural areas as people migrate to towns in search of the better standards of living afforded by
access to housing, amenities and jobs. Uncontrolled, urbanisation and increasing population density (see
Annex I. 2.1 Population density) contribute to pressure on availability of space (see Annex I. 1.4
Availability of space) and on building markets to rapidly increase the number of housing units. Rising
standards of living and average family incomes can also contribute to urban sprawl, the most inefficient
form of development in terms of resource efficiency (see Annex I. 1.4 Availability of space), as people
have the ability to pay more to travel and commute longer distances to work and back home. At the same
time, high levels of poverty can be a significant drain on materials and resources. Poorly maintained and
deteriorating building stock may need to be replaced earlier than planned. The urgent need for new housing
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sometimes results in standard solutions that are copied from different locations with no consideration of the
actual needs of the users and the local climate conditions (see Annex I. 1.1 Climate).
POLICY GOALS AND LEVERS
GOAL: Encourage ecologically appropriate forms of development
Economic

Performance-based building incentives: (see Annex I. 2.1 Population density)

Regulatory

Land use plans and zoning laws: (see Annex I. 1.4 Availability of space)

GOAL: Provide good quality affordable housing to reduce the rate of repair and replacement
Economic

Market-based instruments: Financial assistance to increase access to quality housing will help to
maintain existing structures and limit premature demolition. Measures such as low or no-interest
loans, shared ownership programmes and mortgage insurance can improve access to finance while
protecting lenders from risk of default.
•

Regulatory

UK: the London “First Steps” shared ownership programme allows buyers to purchase a share
in the value of a new home, starting at 25 % of the full market value of the home, and pay a rent
on the part owned by the developer. Maintenance and upkeep is also proportional. The owned
share can be increased over time until the home is owned outright.

Policies describing desired building form, function and character: Affordable housing policies
aim to provide quality and affordable housing to all members of society in order to minimise the
potential for sub-standard, low-cost housing with high maintenance costs and short life spans.

2.3 Availability of a qualified workforce
The quality of design and construction workmanship is crucial to the success and longevity of a
building project. The employment of well-trained and experienced professionals and trades people is the
best way to assure a high level of building craft. The employment of sustainable materials may require
specialist expertise that is not readily available (such as competence in building science). In many
jurisdictions, the scope and pace of change within the design and construction industries are increasing and
it is challenging for educators and training authorities to keep their curricula current.
The past decade has seen an influx of new technologies and a raft of new regulations predominately
relating to environmental performance, all within a challenging economic climate of spiralling construction
costs, increased competition for natural resources and a dwindling skilled labour pool. There are some
regions that will have a large number of skilled workers retire in the next decade and are struggling to
attract young workers into traditional trades. Indeed, in some regions and for some types of construction
project, the industry is trending away from the established “craft” of building and towards a manufacturing
mindset. Transformed by powerful digital tools such as Building Information Modelling (BIM), the
industry is moving towards Modern Methods of Construction (MMC’s), such as offsite construction
(prefabrication, pre-assembly, etc.), which have the potential to radically improve material efficiency and
reduce waste. However, they may also significantly disrupt the industry if adequate training and technical
support are not provided.
Architects and engineers are normally required to maintain their professional credentials through
ongoing education. It is possible to develop targeted training curricula to build awareness and expertise in
sustainable materials and their application in building design. Similarly, it is important for regulators and
inspectors to stay abreast of evolving techniques, particularly with the adoption of performance-based
building codes, which require high levels of technical expertise to review. Authorities that accept
performance-based designs may refer to 3rd party experts to review “alternative solutions”. The
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construction industry is large, fragmented and risk-averse. Unless it is required to do so, there is a lack of
investment in training, ongoing re-training and “up-skilling”, all of which are essential if new technologies
and approaches are to be implemented successfully. Where builder certification schemes, trade
qualification requirements and mandatory continuing professional development policies are in place (for
example, in Germany), the quality of the buildings is generally good and, in addition, builders are able
communicate the value of sustainable construction materials to their customers.
Builder qualification schemes linked to procurement requirements can be effective at controlling the
quality of construction where a significant proportion of building activity occurs outside of formal
economies and industrial building practices. So-called ‘illegal’ or ‘informal’ settlements drive demand for
low quality materials, which can lead to significant degradation of local natural resources and urban
environmental quality and can drive up volumes of construction waste. Further, a significant part of the
building materials that enter the economy are informal, even when produced by legitimate companies. Tax
evasion, disregard to environmental or social regulations and quality standards are example of informality.
In these circumstances, there is an imperative to develop markets, enterprises and employment around the
provision of appropriate, sustainable construction materials and systems.
A major challenge faced by the construction industry in many OECD countries is reconciling the need
for a mobile labour force with a correspondingly internationally recognised training system. For example,
the EU now provides all citizens the right to work in any of its member countries but labour relations,
standards and employment regimes still differ significantly among EU members despite various
harmonisation activities. Increased labour mobility in the absence of standardisation of training
and qualifications may be disruptive to established national training and apprenticeship schemes.
Currently, the EU is working to increase the number of qualified workers across Europe to deliver energy
efficient and “nearly zero-energy” buildings. This effort could be further extended to include “low
environmental footprint” buildings, which take into account the energy, GHG and other impacts of
materials choices over their life cycle.
POLICY GOALS AND LEVERS
GOAL: Encourage a culture of apprenticeship, builder training and qualifications
Information

Education and training policies: Builder and trade worker certification schemes and continuing
education requirements are necessary to minimise illegal construction and ensure builders stay up to
date on new techniques, products and approaches. They are also important for reducing the rate of
illegal construction activity. It is possible to require certain qualifications as part of the project
procurement process. This applies to the general contractor or primary agent as well to the specialty
trades.
•

Regulatory

USA: The Oregon Construction Contractors Board (OCCB) is responsible for licensing and
mandates continuing education of developers, builders and specialty trades. Contractors getting
their OCCB license for the first time are required to complete at least 16 hours of training on law
and business practices, and pass a state test. The person that takes the training and passes the
test must be an owner or employee of the business and exercise management or supervisory
authority over the construction activities of the business.

Building codes that restrict access to construction sites by unqualified personnel: can prevent
inadequately trained workers from performing skilled work on construction sites.
•

Germany has a highly regulated construction labour market, including legislation specifying the
craft skills that workers must possess in order to work in the industry. The system imposes
severe penalties on anyone who performs construction work without the required qualifications.
The fine can be as much as EUR 100 000. The German regulations are generally enforced due
to the culture of the industry with its commitment to high standards and quality workmanship. The
German Law on the Posting of Workers (Arbeitnehmer-‐Entsendegesetz) and the stringent
certification requirements has even been able to limit the ability of firms to use foreign workers to
(Calvert, 2011)
undercut German labour standards
.
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GOAL: Ensure building professionals have access to educational resources on how to reduce the
environmental footprint of buildings
Information

Education and training policies: Support the development of professional education (for owners,
architects, engineers, planners, builders, building inspectors, etc.) on sustainable construction
materials by working with training institutions, unions and professional associations to develop
educational materials directed at maintaining their members’ professional expertise. It is important to
support education with project-specific technical expertise as professionals work to leverage their
education in their designs and during construction.
•

Canada and USA have a number of government agencies and NGO’s working to advance the
use of sustainable wood construction materials. The Binational Softwood Lumber Council,
Forestry Innovation Investment and the Softwood Lumber Board with key delivery agents such as
WoodWorks, American Wood Council and the Canadian Wood Council work together to research
new sustainable wood solutions, to educate professionals via the Rethink Wood initiative and
then provide in-the-field support to architects, engineers and builders via the Woodworks
programme (in the US and in Canada) of technical resources and expertise.

2.4 Public education and availability of information about materials flows and the environmental impacts
of materials
Moving towards the goal of increased use of sustainable construction materials requires fundamental
changes in human attitudes and behaviour. Progress is thus critically dependent on education and public
awareness in order to stimulate demand and provide a long-term supportive policy environment within
which researchers, manufacturers, designers and builders can confidently invest in the necessary education,
business improvements and technical advances necessary to support a sustainable materials economy.
Sustainability is a complex concept and public engagement is essential to build awareness, communicate
priorities and values to gain support. Also, the building industry is slow-moving and buildings take a long
time to conceive, design and build.
It is very important for information to be made available at the time when it matters most. There are
several “touch-points” available to policy makers when decision-makers interact with regulations or with
each other that are opportunities for education. These touch-points can include:
•

Time of sale, purchase or lease of a building

•

Building regulatory approvals (building permit, demolition permits, etc.)

•

Business license application and renewal.

Training for professionals such as building valuers, surveyors, appraisers, marketers, brokers and
agents (estate agents, leasing agents, etc.) can help raise public awareness of the environmental impacts of
construction materials and alert buyers and renters of the presence of potentially hazardous materials (such
as asbestos, etc.). Indeed, there are educational opportunities afforded by building labelling programmes
themselves. However, in many countries, there challenges with requiring public disclosure of such issues
and there are no standards, data repositories or governing bodies to oversee the process.
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POLICY GOALS AND LEVERS
GOAL: Engage and educate the public on the importance of sustainable construction materials
Information

Real estate agents education: Building valuers, surveyors, appraisers and agents are usually the
public’s first point of contact when they buy, sell or rent a building. There is an excellent opportunity to
provide information about the materials that went into the building (not just hazardous materials), the
green building rating system certification(s) that the building has achieved, etc.
•

Information

USA: The Green MLS Toolkit is being applied in various cities and states across the U.S. (e.g.
Portland, Chicago, Atlanta). It offers data entry fields to identify green features, energy
performance ratings and certifications (such as LEED, PassivHaus, etc.). This helps agents
search for sustainable homes and properties, and allows builders and sellers to market their
green endeavours, thereby encouraging owners to maintain their buildings properly and keep
them running efficiently.

Public education policies: Public engagement is a long-term investment in resources, personnel,
outreach venues and activities (physical and virtual), etc. Public engagement on sustainable
construction materials need to be co-ordinated with professional and industry education and support to
ensure skills are available to meet demand (see Annex I. 2.3 Availability of a qualified workforce).
•

Switzerland: Public education efforts are as important as developing industry capacity and
expertise. Public awareness needs to be raised and sustained on an ongoing basis. The City
of Zürich invested in three years of comprehensive public engagement to educate citizens
about climate change, energy security, and the future availability of energy supplies leading
up to a 2008 referendum at which, three-quarters of the population in favour of joining the
2000-Watt Society project. The vote gave the programme’s goals a democratic legitimacy and
enshrining them in the constitution. Since then, regular events to increase public awareness
continue to be held, such as annual environment days and the Zürich Multimobil action days
where the inner-city is closed to cars.

3. Cultural factors
The patterns and characteristics of a region’s natural and built elements can be steeped in cultural
significance. They can provide starting points for approaching site development as well as building design
and the use of materials. Strong cultural character that is based on long-held or historical practices can also
present barriers to change.
3.1 Architectural typology
The style, form and function of a building can have a significant effect on the performance and the
projected service life of building materials. The practical applicability of building materials is determined
by the function and size of the proposed building as well as by structural, fire protection and durability
requirements. The architectural typology may or may not provide adequate protection for exposed
materials from the weather (see Annex I. 1.1 Climate) and/or from occupants. The traditional design
vernacular of a region may provide useful clues as to the most appropriate typology to employ, and which
to avoid. Material choices are often legally limited by the building type and size, in order to protect public
safety. As a result, a single-family house has far fewer limitations than a skyscraper, from which hundreds
of inhabitants must be evacuated in case of emergency. So, while the choice of materials may be limited
for tall buildings because they must withstand high winds and severe weather, there are normally far more
material options available for small buildings because the performance standards for combustibility,
structural strength, etc. are lower.
Although buildings with large occupancy numbers (such as theatres, lecture halls, and restaurants) and
with large enclosed floor areas require fire-resistant construction and complex fire protection systems, fire
suppression technology has evolved to the point that it may be permissible to construct larger buildings in
low environmental impact but combustible materials such as wood. Building type and use will also dictate
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the degree of anticipated wear and tear. Densely inhabited and intensely used buildings, such as schools or
hospitals, will require very resilient materials, which may have high environmental impacts. LCA allows
the designer to objectively select the optimal material based on the specific performance of the building
project.
POLICY GOALS AND LEVERS
GOAL: Encourage durable climate-appropriate construction techniques and planned maintenance schedules
Information

Green building rating systems: (see Annex I. 1.1 Climate)

Regulatory

Policies describing desired building form, function and character: (see Annex I. 1.1 Climate)

GOAL: Support the adoption of innovative design and construction techniques
Information

Education and training policies: Deployment of new technologies and methods using sustainable
materials need to be supported by an education and training strategy targeting all industry
stakeholders. The need for specialist qualifications or professional designations to use a particular
material or technology needs to be considered well in advance of adoption (see Annex I. 2.3 Availability
of a qualified workforce and Annex I - 4.3 Support of innovative construction technologies)

Economic

R&D incubation: (see Annex I. 4.3 Support of innovative construction technologies)

Regulatory

Building codes: (see Annex I. 1.4 Availability of space)

GOAL: Encourage the selection of construction materials based on LCA
Information

Product certification and labelling schemes: Products that carry an ISO-compliant Environmental
Product Declaration provide the information necessary to conduct LCA.

Information

Life-Cycle Assessment (LCA) of building materials, assemblies and structures: (see Annex I. 1.4
Availability of space)

3.2 Historical or regional character preservation
Some building materials, and the form and style of the buildings in which they are used, can carry
special connotations within cultures and regions. These materials may have been used in a particular way
for a long time and speak to the “genius loci” or genius of the place (e.g. adobe in the southern USA,
marble in Italy or wood in Scandinavia). The materials, and the buildings they comprise, can provide a
very important historical narrative and regional identity. In many cases, the materials that have the most
significant cultural resonance are sourced locally and have been incorporated into building designs that
best suit local climate and other physical conditions of the area. As a result, there is often a strong synergy
between climate-appropriate design and the cultural and historical values of a region (see Annex I. 1.1
Climate).
In regions with significant historical context, the preservation of existing buildings is important and
should be considered ahead of other options. Restoring and re-using an existing building is a more
environmentally appropriate use of resources than demolition and building anew. However, modern
expectations of workplace and residential functionality can sometimes be at odds with older buildings
which, for example, may have load-bearing walls as opposed to open plan areas, may not be very energy
efficient, etc. Planning controls (heritage protection legislation) and market-based instruments (such as tax
credits) may be necessary to encourage the ongoing use of existing buildings.
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“Historic District” guidelines or other visually-based design guidelines may specify allowable
exterior materials, colour selection, and other aesthetic considerations including style. However, care must
be taken to prevent over-use of diminishing sources of traditional materials, such as stone. However, some
materials that are associated with a desired symbolic expression may no longer be available and/or too
costly, resulting in other materials being substituted to replicate that material and achieve the desired
effect. In this case, preparatory planning and design efforts are necessary to develop alternative solutions
that are both culturally acceptable and use sustainable materials.
POLICY GOALS AND LEVERS
GOAL: Encourage the selection of construction materials based on LCA
Information

Product certification and labelling schemes: Policy makers can encourage providers of culturally
significant materials to prepare Environmental Product Declarations (EPD) so that planners, architects
and builders can understand and compare the environmental impacts of the materials they are using
fairly and consistently.

Information

Life-Cycle Assessment (LCA) of building materials, assemblies and structures: (see Annex I.
1.4 Availability of space)

GOAL: Ensure that historically or culturally significant materials are readily available and sourced
sustainably
Information

Benchmarking, data gathering, performance reporting and statistics: Regular surveys of the
relevant natural resources can assist with coordination between local planning requirements and the
availability of material supplies, pricing and environmental impacts of extraction and processing.
There are sustainability management and reporting protocols that help companies involved in the
extraction, harvesting and processing of regionally important materials to demonstrate that they are
following environmentally responsible practices and that the materials are plentiful and/or
replenished.
•

International: The Global Reporting Initiative (GRI) administers a comprehensive Sustainability
Reporting Framework that is widely used around the world. A sustainability report is a report
published by a company or organisation about the economic, environmental and social impacts
caused by its everyday activities. A sustainability report also presents the organisation's values
and governance model and demonstrates the link between its strategy and its commitment to a
sustainable global economy.  There are reporting frameworks for the construction sector and for
the construction materials sector.

GOAL: Preserve existing historically or culturally important buildings wherever possible
Information

Benchmarking, data gathering, performance reporting and statistics: A comprehensive inventory
of buildings based on regularly updated conditions assessments, historical characteristics and asset
value can be used to manage building preservation strategies.

Information

Education and training policies: Educational resources for professionals may be needed to guide
design solutions that will assist with building preservation strategies as well as protect high-value
materials effectively throughout their service life in order to avoid premature repair and replacement
(see Annex I. 2.3 Availability of a qualified workforce).
•

Information

USA: National Trust for Historic Preservation provides resources and support in the effort to
preserve and revitalise America's historic structures and communities.

Education and training policies: are necessary to ensure that historically or culturally significant
materials are deconstructed or disassembled and preserved for re-use when an old building reaches
its end of life (see Annex I. 5.4 Requirements or standards that enhance the diversion of end-of-life
materials from landfill as well as the re-use of materials).
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Economic

Market-based instruments: Heritage “registered” buildings can be placed in lower property tax
brackets or be exempt from certain development constraints. Economic incentives can also be used
to encourage building maintenance and renovation can help to maximise the value of historic
buildings. Property tax incentives and other market-based instruments can be used to mitigate the
potential inefficiencies in layouts of older buildings.

Economic

Performance-based building incentives: (see Annex I. 1.4 Availability of space)

Regulatory

Land use plans and zoning laws: (see Annex I. 1.4 Availability of space)

Regulatory

Policies describing desired building form, function and character: A heritage plan and design
guidelines can be used to establish clear and consistent architectural language, detailed design
features, materials selection as well as identify applicable neighbourhoods and buildings that warrant
preservation.

Regulatory

Legislation that promotes renovation and adaptability: Laws can be developed which require
certain buildings to be kept up with current building codes. Policy triggers (such as time of sale or
purchase, age of the building or equipment or the building’s location) can be established which cause
a certain number and type of improvements to be required.

GOAL: Encourage durable construction techniques and planned maintenance schedules
Information

Green building rating systems: (see Annex I. 1.1 Climate)

4. Financial factors
Buildings are expensive and there is always a limit to the funds available for construction. Once
defined, this limit can have a major influence on subsequent design decisions, from building size and
configuration to material selection and detailing. Construction still remains a labour-intensive, craft-based
process where worker skill and productivity has a direct effect on the durability, quality and affordability
of a project.
4.1 Cost of construction materials, land, transport and labour
The OECD regularly undertakes construction price surveys to understand the range of costs and
economic factors that affect construction activity. There is a wide disparity in the costs of materials, land,
transport and labour across OECD member countries. The price of any good, resource or service is directly
informed by availability and demand. For example, when materials and labour are not available locally and
need to be brought in from elsewhere, costs rise. Affordability can, to some extent, be tempered by the
wealth of the region (see Annex I. 2.2 Standards of living) so prices that are too high in one region may be
acceptable to another.
Globally, the demand for construction minerals has expanded rapidly, increasing from 8.7Gt or 80 %
from 1980 to 2008 (OECD, 2013). Demand for construction minerals is linked to economic growth as well
as changes in demographics (e.g. the amount and type of housing needed (see Annex I. 2.1 Population
density and average wealth (e.g. size of dwellings (see Annex I. 2.2 Standards of living) as well as countryspecific factors (i.e. geography (see Annex I. 1. Physical factors) and consumer preferences (see Annex I.
3. Cultural factors). The use of construction minerals has increased across all OECD countries since the
1980’s and makes up over half of the total growth witnessed during that time. Since 2000, total material
extraction and consumption in the OECD is around 20Gt and 22Gt respectively (OECD, 2013). As prices
rise, so the likelihood of substitution of goods and services with cheaper and potential inferior alternatives
increases. The substitution effect may result in the use of less sustainable materials made in manufacturing
facilities that do not employ the most efficient manufacturing equipment or environmentally appropriate
sourcing controls for raw materials.
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The most effective approaches to dramatically improving the material efficiency and productivity
involve the use of prefabrication, preassembly, modularisation, and off-site fabrication techniques and
processes; widespread deployment and use of interoperable 3D digital technology applications, also called
Building Information Modelling (BIM), improved job-site efficiency through more effective interfacing of
people, processes, materials, equipment, and information; and innovative, widespread use of demonstration
installations (see Annex I. 4.3 Support of innovative construction technologies) and effective performance
measurement to drive efficiency and support innovation. Recognising this opportunity for improvement,
the UK government, for example, is investing in a series of coordinated strategies under the Construction
2025 Industrial Strategy aimed at improving efficiency and productivity in construction, which will have a
direct and positive impact on resource efficiency and the uptake of sustainable building materials as well.
The concept of offsite construction draws on principles that seek to achieve improvements in quality,
reductions in waste and improvements in the efficiency of the overall build process. Currently, there exists
no universal definition of offsite construction but it is widely recognised as comprising four main types of
assembly which include:
Small scale items such as light fittings
•

Large scale modules and panelised systems

•

Units of fully enclosed space (i.e. individual rooms)

•

Complete buildings

The efficiency and quality improvements that can be realised through off-site construction are
substantial (see box 11).
Box 11. Summary of the sustainability benefits of offsite construction

Source: The Modular Building Institute (U.S. data)

The availability and therefore cost of qualified labour (see Annex I. 2.3 Availability of a qualified
workforce) significantly affects construction affordability. A benefit of high labour costs is that the
adoption of worker productivity improvement measures may be prioritised and accelerated. On one level,
this can be desirable as productivity helps companies be profitable and therefore be in a good position to
invest in new sustainable materials and practices. However, high labour costs, especially as a result of
69

ENV/EPOC/WPRPW(2014)4/FINAL
over-qualification of workers, can also drive production away and, with concepts such as offsite
construction becoming more prevalent, construction jobs could, conceivably, move to cheaper labour
locations far away.
The cost of borrowing for builders and businesses can either promote or stifle construction activity. A
slow construction economy will dampen any willingness to invest in the education necessary to implement
new materials and technologies as well as the ability for manufacturers to invest in new energy efficient
equipment, transportation systems, etc. In regions with high costs of land, materials, labour, etc. efforts
may be necessary to impose clear planning controls and building performance requirements to ensure that
the buildings are not constructed far away from sources of materials and labour and that the substitution
effect is minimised. Proximity to transportation nodes may assist with reducing the impacts of
transportation (see Annex I. 1.3 Proximity of sources of raw materials).
POLICY GOALS AND LEVERS
GOAL Manage the availability of affordable land that is appropriate for development
Economic

Market-based instruments: (see Annex I. 1.4 Availability of space)

Regulatory

Land use plans and zoning laws: (see Annex I. 1.4 Availability of space)

GOAL: Support the adoption of innovative design and construction techniques
Economic

R&D Incubation: Greater use of efficient practices such as prefabrication, preassembly,
modularisation, and off-site fabrication techniques and processes can be encouraged by ensuring
long-term commitment in the form of financial investment, regulatory reform and industry education.
Further, widespread deployment and use of Building Information Modelling (BIM) supports off-site
construction and improved job-site efficiency through more effective interfacing of people, processes,
materials, equipment, and information (see Annex I. 4.3 Support of innovative construction
technologies)
•

UK: To date, £60 million has been invested by the UK Technology Strategy Board (UKTSB) into
the Low Impact Building Innovation Platform, which is designed to fund projects that can reduce
construction times, improve quality and make buildings more efficient. A recently funded project
has undertaken a fundamental rethink of building processes, developing a system of ‘near-site’
manufacture using modern ‘flying factories’, in order to deliver high-quality, low-carbon buildings
at affordable levels. These ‘flying factories’ allow the structures to be built in controlled conditions,
removing the potential effects of bad weather and other on-site hazards, and speeding up the
assembly of the building on site. Being located close to the building project eliminates
transportation impacts associated with shipping large pre-fabricated modules from the factory to
the site. Combined with virtual-reality-enabled supply chain management and process
improvement, the system provides a 28 % reduction in cost per square metre and 30 % shorter
programmes, providing a higher-quality and a more predictable build cost.
In 2010, off-site construction comprised about 12 % of building taking place in the UK (UK
Government, 2012). To support the investments in off-site construction, the UK Government has
also rolled out its national BIM strategy, which included establishing common standards, data
management protocols, etc. as well as helping technology developers engage with the industry
constructively. The strategy has led to public and private investment in a BIM Task Group and a
connected digital economy accelerator or “catapult”. Under the 2011 Government Construction
Strategy, the UK Government indicated its intention to require collaborative 3D BIM (with all
project and asset information, documentation and data being electronic) on its projects by 2016.

Regulatory

Building codes: (see Annex I. 1.4 Availability of space)
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GOAL: Control the costs and environmental impacts associated with transportation of materials
Information

Green building rating systems: (see Annex I. 1.3 Proximity of sources of raw materials)

Information

Product certification and labelling schemes: (see Annex I. 3.2 Historical or regional character
preservation)

Information

Life-Cycle Assessment (LCA) of building materials, assemblies and structures: (see Annex I.
1.4 Availability of space)

Information

Benchmarking, data gathering, performance reporting and statistics: Are necessary to inventory
available materials and building stock characteristics, and to monitor improvements in the
environmental “footprint” of building stock over time. Metrics can include embodied energy, GHG
emissions and waste associated with building construction, as well as industrial energy efficiency in
order to keep track of construction material manufacture and production.
• International: the United Nations Environment Program’s Sustainable Buildings and Climate
Initiative is working on an internationally applicable Common Materials Metric (CMM), which would
serve as a LCA-based reporting protocol for use by policy makers to benchmark the environmental
footprint of their building stock and gauge improvements over time (Levasseur, 2014).

Regulatory

Policies describing desired building form, function and character: (see Annex I. 1.3 Proximity of
sources of raw materials)

GOAL: Ensure building professionals have access to educational resources on how to reduce the
environmental footprint of buildings
Information

Education and training policies: (see Annex I. 2.3 Availability of a qualified workforce).

GOAL: Encourage a culture of apprenticeship, builder training and qualifications in order to improve
productivity and efficiency on the construction site
Information

Education and training policies: (see Annex I. 2.3 Availability of a qualified workforce).

4.2 Presence of environmental taxes
Environmental taxes can be particularly valuable where wide-ranging changes in behaviour are
needed across a large number of production and consumption activities. They can be simple, easy to
understand and generate revenues for governments. The production of many building materials is very
energy and GHG intensive. Altering market dynamics at the production and end-of-life stages of building
materials can have a striking effect on the environmental impacts of the resulting products in terms of
GHG emissions and waste reduction as well as “in-use” energy and water efficiency during their life cycle.
However, the effect on materials prices must be considered to avoid substitution for cheaper less
sustainable options (Annex I - 4.1 Cost of construction materials, land, transport and labour).
Virgin materials taxes have been imposed in several countries, including Sweden, Denmark and the
UK, for aggregates – specifically gravel, rock, stone, etc. These types of taxes tend to be applicable to
situations where monitoring of environmental impacts (such as non-point source emissions) or property
rights regimes are had to implement. For such tax systems to work, there needs to be sufficient price
elasticity for the market to substitute alternative (e.g. recycled) materials. Further, producers of recycled
materials may have few incentives to enhance their waste sorting and processing activities in the presence
of virgin materials taxes. So, additional policies may need to be introduced to increase the supply of
recycled materials (see Annex I. 5.5 Policies promoting “end-of-waste”).

71

ENV/EPOC/WPRPW(2014)4/FINAL
Landfill taxes, which are levied on solid waste by volume, weight or material type, have also been
useful tools in stimulating waste diversion strategies. The level of landfill taxes imposed by OECD
countries vary widely, and some countries levy no tax. Among the countries with taxes, the rates vary from
EUR 3 per tonne in Bulgaria to up to EUR107.49 per tonne in the Netherlands. The total cost of disposal to
landfill, however, depends also on the gate fee charged by the landfill for accepting waste. When this is
factored in, the total cost to landfill one tonne of waste goes up as high as EUR155.50 in Sweden (BioIntelligence Services, 2012).
Despite the high costs in some countries, landfill charges are unlikely to raise major revenues and, if
set too high, they may encourage circumvention and/or illegal dumping. Still, they can have considerable
environmental and economic significance, in ensuring that waste management decisions take account of
the environmental consequences of different disposal options (landfill, incineration, recycling, etc.) and
encouraging substitution by producers and consumers towards products and packaging that involve less
waste, and more efficient recycling (Fullerton, et al., 2008) (see Annex I. 5.4 Requirements or standards
that enhance the diversion of end-of-life materials from landfill as well as the re-use of materials).
A number of OECD countries have implemented carbon taxes either at the national (e.g. Sweden) or
at the state level (e.g. Quebec and British Columbia in Canada) with generally positive results. Certainly,
taxes on GHG emissions, energy and heating fuel can be a very effective driver of energy efficiency
investments and experience suggests that such mechanisms can be implemented without detriment to the
regional economy.
POLICY GOALS AND LEVERS
GOAL: Encourage energy and resource efficiency by the imposition of environmental taxes
Economic

Market-based instruments: Environmental taxes can be effective instruments for driving energy
and resource efficiency in business activities but need to be developed cohesively and holistically to
avoid double-counting.
•

Denmark: the main goal of the Danish 2050 Energy Strategy is to achieve 100% independence
from fossil fuel in the national energy mix by 2050. In a first step to completely phase out fossil
fuels the government targets a drop in consumption of oil, gas and coal by 33 % between 2009
and 2020. To reach 100 % of electricity from renewables, the government is focussing on wind
energy, which is expected to provide for 40 % of total electricity needs, together with biomass
and biogas. This policy incorporates all energy users including industrial, manufacturing and
production. A district-heating network, fed by renewable heat from biomass (including wood
waste and bio-based construction waste materials), will be the primary means of energy
transition in the heating sector. Full independence from fossil fuels will also be reached through
a long-term energy efficiency policy aiming at reducing gross energy consumption by 6 % from
2006 levels. Energy companies will be required to increase energy savings by 50 % in 2013 and
75 % by 2017 to 2020. The government is also implementing ambitious building codes, banning
oil boilers in all new constructions and, by 2017, in all houses while biomass, biogas and solar
thermal appliances will be strongly encouraged. Building materials manufactured in Denmark will
also have low environmental footprints. In order to generate revenues to finance the energy shift
of the country, Denmark will introduce a public service obligation tax on electricity and gas, while
tax on oil, gas and coal will be further increased to discourage their use.

•

Canada: The province of British Columbia (BC) introduced a revenue-neutral carbon tax shift in
2008. It imposed a price on the use of carbon-based fuels which rose year of year for four years
from USD 15/tonne to USD 30/tonne, with all the revenues going to fund corresponding cuts in
other taxes. Four years after the tax was introduced, BC’s per capita consumption of fuels
subject to the tax had declined by 19 % compared to the rest of Canada. At the same time, its
economy has kept pace with the rest of the country (Ellis and McClay, 2013).
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4.3 Support of innovative construction technologies
To drive the range of innovative building policies, technologies and practices necessary to reduce the
environmental impacts of construction materials into the market place requires a strong, stable and
supportive R&D environment capable of developing, testing and validating new products and technologies
in a timely fashion. This can be challenging because construction is a diverse, project-based and
fragmented industry that includes both services and manufacturing processes, which makes it difficult to
compare against standard measures of innovation (Dulaimi and Kumaraswamy, 2000).
Long-range planning for innovation based upon clear sector-specific goals and rationale is invaluable
to a slow-moving industry such as construction. Driven by the desire to no longer be characterised by late
delivery, cost overruns, commercial friction, late payment, accidents, unfavourable workplaces, a
workforce unrepresentative of society or as an industry slow to embrace change, industry leaders in some
countries (such as the UK and Australia) are partnering with government to develop a broadly supported
series of ambitions aimed at promoting innovation investment and adoption. Goals can be established for
resource efficiency and environmental impacts of construction, which will ultimately drive the uptake of
sustainable materials. For example, goals can include reductions in:
Both the initial cost of construction and the whole life cost of assets
•

The overall time from inception to completion for new build and refurbished assets

•

GHG emissions in the built environment

•

The trade gap between total exports and total imports for construction products and materials

At the project delivery level, R&D can be stimulated by enabling the use of new techniques that
encourage Integrated Project Delivery (IPD) solutions, tools such as BIM, and/or by re-structuring building
contracts from prescriptive or functional requirements to performance-based outcomes that will force the
team to work together from an early stage and take collective responsibility for the finished project.
Governments can take a strong leadership role by demonstrating innovation in their own projects,
establishing certain standards or requirements (such as the obligatory use of BIM), supporting
construction-specific R&D accelerators and incubators and working with law-makers, insurers and
financial institutions to ensure that there are innovation “safety nets” in place to protect both industry
innovators and the wider society.
The building materials manufacturing sector comprises businesses of all sizes from artisans to multinational corporations. Collaboration and sharing of R&D activities on a sector-wide basis via technical
publications, conferences, etc. will help accelerate mainstream adoption of new products and technologies.
Innovation needs to be supported all along the project delivery process. For example, entrepreneurs and
manufacturing companies involved with both recycling and value-added product manufacturing can be
provided with technical assistance, partnership programs, financing support, low-cost land, and the use of
other economic development tools to advance waste diversion solutions.
Benchmarking is necessary to maintain a healthy innovation ecosystem and monitor improvements
over time. Despite the complexities, metrics can include industrial energy efficiency in order to keep track
of construction material manufacture and production as well as the environmental footprint of buildings
themselves using LCA. Benchmarking and reporting can encourage investments in the technologies and
equipment necessary to achieve efficiency improvements in energy and natural resource consumption as
well as pollution and waste reduction as companies strive to remain competitive.
Effective implementation and adoption of new products and techniques is predicated upon a strong
connection between industry, researchers and those organisations and agencies that bridge the gap – in
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particular, those that teach apprentices, students and professionals, create placement opportunities for
graduates in design and construction firms and by those that help construction leaders to maintain a current
knowledge of R&D activity.
Some universities are able to help professors and teachers stay up to date on new practices and
empower their teachers to regularly update their courses in order to expose students to the latest trends.
However, the pace of change and the amount of R&D underway today can make it difficult for teachers to
keep their course relevant without support from the university for staff professional development. By
comparison, it can be very difficult for instructors in trade schools to keep themselves up to date and to
modify their curriculum at all. In many countries, trade training is fast-paced. Students are only in the
classroom on a part-time basis but groups of students move through quickly leaving little time for
instructor professional development for the teachers and to add new educational materials to the
curriculum. Further, apprenticeships and other workplace training programmes are mostly governed by
third party industrial training authorities that operate at a national or international level (for ease of trade
mobility). These courses take a long time to be approved and cannot be changed or added onto easily.
POLICY GOALS AND LEVERS
GOAL: Establish performance metrics for the R&D investment and activity
Information

Benchmarking, data gathering, performance reporting and statistics: A long-range vision and
action plan for innovation helps to target opportunities for innovation, identify key partners (such as
governments, utilities, training institutions, etc.) and send a clear message to researchers and
innovators as to where the priorities are likely to be and how industry anticipates integrating new
technologies. Benchmarking is necessary to monitor the health of the innovation ecosystem and
R&D investment over time. Metrics for innovation need to be created that reflect the complexities of
the construction industry and reported regularly to track progress and identify challenges.
•

Australia: “Construction 2020” is a national initiative undertaken by the Australian property
and construction industry in applied research and contributes to the industry’s national and
international growth and competitiveness. Vision One of the six visions established for the
industry is, “Environmentally sustainable construction - for industry to design, construct and
maintain its buildings and infrastructure to minimise negative impacts on the natural
environment, thereby preserving environmental choices for future generations. By 2020, the
vision is for the industry to have comprehensive eco-efficiency evaluation tools for all stages of
the construction life cycle”.

•

UK: the “Construction 2025” industrial strategy sets out the following performance targets for
the construction industry as a stimulus for investment in R&D:
o

Lower costs: 33 % reduction in the initial cost of construction and the whole life cost of
built assets

o

Lower emissions: 50 % reduction in greenhouse gas emissions in the built
environment

o

Faster delivery: 50 % reduction in the overall time, from inception to completion, for
new build and refurbished assets

o

Improvement in exports: 50 % reduction in the trade gap between total exports and
total imports for construction products and materials
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GOAL: Support the adoption of innovative design and construction techniques
Information

Education and training policies: (see Annex I. 2.3 Availability of a qualified workforce).

Economic

R&D incubation: Demonstration projects can help the building industry learn about new
technologies and approaches in “real-life” settings. It is important to create innovation “safety-nets”
so that both industry innovators and wider society are protected from potential failure.
•

Regulatory

USA: the New York City Economic Development Center (NYCEDC) connects building owners
and technology companies to drive commercialisation, increase innovation in buildings, and
attract cleantech entrepreneurs. In 2013, NYCEDC launched the RISE : NYC global
competition to identify new and innovative technologies that can help make NYC small
businesses more resilient. Up to USD 30 million was made available to fund the installation of
technologies at local small businesses that sustained significant losses as a result of Hurricane
Sandy or are most vulnerable to future storms, sea level rise, and other effects of climate
change. The objective of RISE : NYC technologies was to improve the resiliency of building
systems, energy infrastructure and telecommunication networks, thereby minimising
the impact of storm damage, outages, and service interruptions on local small businesses.

Building codes: (see Annex I. 1.4 Availability of space)

GOAL: Support R&D directed towards sustainable materials and technologies
Economic

R&D incubation: (see Annex I. 5.3 Policies that reduce material throughput, particularly of high
impact materials)

5. Regulatory factors
A strong, fair, stable and sustained policy environment with measurable goals, clearly articulated
responsibilities of the project team and stakeholders and supported by meaningful enforcement tools is
very important in implementing and sustaining appropriate actions and behaviours by industry and society.
5.1 Policies that relate to natural resources management, environment, urban planning, energy and
territorial development
The real estate and construction industries in most countries are large consumers of resources but, at
the same time, they are major economic engines that influence a wide range of political objectives such as
employment, balance of trade, resource development, transportation of goods, energy, manufacturing, and
more. As such, policies governing natural resource management (such as forestry management standards),
environment (protection of public spaces, anti-pollution, etc.), urban planning, energy and territorial
development all have a direct bearing on the construction industry and the extent to which it can adopt
sustainable materials, products and practices.
Some countries have a history of robust policy-making whereas others are more culturally
predisposed to minimise central government intervention. In terms of low-impact construction generally
and the use of sustainable building materials in particular, the most successful regimes have been those that
have taken an integrated approach to policy-making and strategic investment, underpinning all the relevant
laws and regulations with a clearly defined philosophy of environmental impact reduction.
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POLICY GOALS AND LEVERS
GOAL: Encourage the use of product labelling schemes for materials such as EPDs
Information

Green building rating systems: Pressure on materials manufacturers to develop EPDs will increase
as rating systems continue to incorporate LCA.
•

Information

USA: LEED Version 4 has a credit for “Building product disclosure and optimisation environmental product declarations” which requires the use of at least 20 different permanently
installed products sourced from at least five different manufacturers that meet one of the following
disclosure criteria:
o
Product-specific declaration:

Products with a publicly available, critically reviewed life-cycle assessment
conforming to ISO 14044 that have at least a cradle to gate scope are valued as
one quarter (1/4) of a product for the purposes of credit achievement calculation.
o
Environmental Product Declarations which conform to ISO 14025, 14040, 14044, and EN
15804 or ISO 21930 and have at least a cradle to gate scope.

Industry-wide (generic) EPD -- Products with third-party certification (Type III),
including external verification, in which the manufacturer is explicitly recognised as
a participant by the program operator are valued as one half (1/2) of a product for
purposes of credit achievement calculation.

Product-specific Type III EPD -- Products with third-party certification (Type III),
including external verification in which the manufacturer is explicitly recognised as
the participant by the program operator are valued as one whole product for
purposes of credit achievement calculation.

Product certification and labelling schemes: EPDs underpin the implementation of a robust
integrated “beyond-financial” reporting framework for manufacturers and supports whole building LCA.
•

France: Loi Grenelle II (2012) requires companies to include information on their environmental
and social performance (including all of the company’s subsidiaries) in their annual report effectively turning it into the foundation for a fully integrated report. Every French company,
private and public, exceeding more than 500 employees, has to report on the social and
environmental consequences of its activities. The reporting criteria include environmental policy,
pollution and waste management, sustainable use of resources (which includes consumption of
raw materials, measures taken to improve the efficiency of raw materials use and energy
consumption), climate change, etc.
The implication of this law is that applicable French construction materials manufacturers and
construction companies are directed to document and report their environmental performance.
Not only are they well informed about the environmental impacts of their own products but they
must in turn acquire information about the raw materials which they purchase thereby stimulating
the uptake of EPDs and other environmental documentation for materials. In fact, under Loi
Grenelle II, guidelines were developed for EPDs for the major consumer goods, which includes
material and immaterial goods (e.g. services).

Information

Life-Cycle Assessment (LCA) of building materials, assemblies and structures: (see Annex I. 1.4
Availability of space).

GOAL: Encourage the “right-sizing” of buildings
Information

Green building rating systems: Designers can be encouraged to design buildings to use space
efficiently. Effective size-optimisation measures could include providing multi-purpose, multi-function
spaces, shortening circulation and designing to use standard material sizes so as to reduce material
cutting, etc. Indeed, the size and floor area of houses in many regions has been growing steadily (see
Annex I. 2.2 Standards of living).
•

USA and Canada: LEED – Homes includes a “Home Size Adjustment” factor which
compensates for the overarching effect of home size on resource consumption by adjusting the
award level point thresholds (for certified, silver, gold, and platinum) based on home size.
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GOAL: Encourage the use of sustainable procurement policies
Regulatory

Sustainable procurement policies: A procurement policy focused on reducing the impacts of
construction materials might include objectives such as waste prevention and reduction, resource
reduction, pollution and toxin reduction, reduction of GHG emissions, etc. When buildings are tendered
for construction, the bid documents can be designed to reflect “triple bottom line” goals, which
encompass, environmental, social and economic criteria.
•

International: the EC Green Public Procurement (GPP) programme is a voluntary instrument,
which means that Member States and public authorities can determine the extent to which they
implement it. GPP is defined is "a process whereby public authorities seek to procure goods,
services and works with a reduced environmental impact throughout their life cycle when
compared to goods, services and works with the same primary function that would otherwise be
procured” (EC Communication (COM (2008) 400)). Public authorities are major consumers in
Europe: they spend approximately EUR 2 trillion annually, equivalent to some 19 % of the EU’s
gross domestic product.
By using their purchasing power to choose goods and services with lower impacts on the
environment, they can make an important contribution to sustainable consumption and
production. Green purchasing is also about influencing the market. By promoting and using GPP,
public authorities can provide industry with real incentives for developing green technologies and
products. In some sectors, public purchasers command a large share of the market (e.g. public
transport and construction, health services and education) and so their decisions have
considerable impact.

•

UK: British Research Establishment (BRE) Global framework standard for the Responsible
Sourcing of Construction Products (BES 6001) provides a holistic approach to managing a
product from the point at which component materials are mined or harvested, through
manufacture and processing. It is demonstrated through an ethos of supply chain management
and product stewardship and encompasses social, economic and environmental dimensions. It
addresses aspects such as stakeholder engagement, labour practices and the management of
supply chains serving materials sectors upstream of the manufacturer. BES 6001 Standard for
the Responsible Sourcing of Construction Products is contained in the BRE Green Book Live
Responsible Sourcing of Construction Products and sets out requirements under 3 main
headings:
o

Organisational management

o

Supply chain management

o

Environmental and social issues

To meet this Standard, organisations must satisfy certain compulsory elements. In addition, there
are higher levels of compliance that can result in a higher performance rating being awarded.

GOAL: Create a strong, stable, fair policy environment that communicates clear goals related to low-impact
construction and the use of sustainable materials
Information

Benchmarking, data gathering, performance reporting and statistics: A long-range vision for
sustainability sends clear signals to industry stakeholders and integrates sustainability objectives
across as many facets of policy-making as possible
•

Germany: Has attained international recognition for its environmental leadership developed
through an ambitious crosscutting approach to policy-making and strategic investment.
Employing a full range of information-based mechanisms, market-based instruments and
“command and control” regulations designed to support green growth; Germany has achieved
one of the highest levels of resource productivity (all industries) among OECD countries (OECD
Environmental Performance Review: Germany, 2012).
An effective waste management policy also contributed with about three-quarters of total and
municipal waste being pre-treated and sent for recovery, while 63 % of municipal waste was
recycled, outperforming the European Union (EU15 average: 46 % - 2009 data). As well as
improving its environmental performance and quality of life, strong environmental policies have
helped stimulate environmental innovation and an internationally competitive environmental
goods and services sector (of which construction is a significant part).
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5.2 Regulations that prohibit, restrict or require the use of certain materials
For environmental reasons, materials may be restricted or prohibited which impose significant
impacts either during their extraction and manufacture or during disposal. For example, some regions have
begun to recognise the challenge of using building with high-embodied energy such as cement and
encourage the use of “low carbon” options such as Portland limestone cement (PLC) or wood. Materials
which involve extraction processes that threaten ecosystems or endanger wildlife can be banned (for
example, there are export bans on tropical hardwood species such as big-leaf mahogany from Brazil 11) or
be required to carry a “Chain of Custody” certificate which confirms that extraction was carried out
without environmental damage or that the material was procured from sustainable sources. Regulators can
demand that only products bearing a chain of custody certificate are used in buildings.
Globally, the forestry sector has been working with certification programmes for many years.
Currently, there are more than 50 independent certification systems dedicated to sustainable forestry
management practices and wood product manufacturing worldwide, addressing a variety of forest types
and tenures. Under the certification process of credible entities ((such as Forest Stewardship Council (FSC)
and the Programme for the Endorsement of Forest Certification (PEFC)), independent third party auditors
are able to evaluate, measure, and certify the sustainability of the forest management practices and forest
products associated with a particular organisation. A variety of factors are taken into account during audit,
including forest inventory, management, silvicultural and harvesting practices, road construction and other
related activities, and the environmental, social and economic impacts of forest activities.
The majority of buildings are constructed with some amount of materials that are synthetic,
chemically processed or treated. There is increasing concern that some products can affect human health.
Restrictions and bans on the use of certain constituents such as asbestos, heavy metals (lead, mercury, etc.)
and ozone depleting substances (such as CFCs) have been in effect in the EU and elsewhere for several
decades. Many green building rating systems go further and set limits on the types of permissible products
for health reasons. For example, there may be volatile organic compound (VOC) emission limits for paints,
solvents, glues etc. A few rating systems impose outright bans on toxic substances. Such prohibitions can
be challenging in markets where there are no readily available substitutes. For example, polyvinyl chloride
(PVC) is a ubiquitous material that is commonly used in buildings (e.g. plumbing and piping systems, etc.).
There are concerns about the potential for “persistent bio accumulative toxicants” from the release of
dioxin not only during the manufacturing process, but also during the product’s lifecycle, including
possible burning in landfill fires. However, PVC is such a dominant material in the market, that the
availability and affordability of lower impact alternatives such as high-density polyethylene (HPDE) is
limited. Regulators therefore need to ensure there are ample supplies of cost-comparable alternatives prior
to imposing restrictions on materials.
There are certain jurisdictions, which impose requirements for the use of particular materials in order
to support local economies. Such policies are particularly prevalent in regions with strong reliance on local
natural resources such as forestry. Frequently, these resources are publicly owned and so it is important to
securing highest and best use of the resource for local benefits such as employment. While preferential
policies can stimulate innovation in the use of the material in new situations, there is also a risk of
materials being used in inappropriate situations.

11

Big-leaf mahogany was granted international regulatory protection by its listing on CITES Appendix II in late
2002. The Convention on International Trade in Endangered Species of Wild Fauna and Flora, or CITES, is a UNchartered agreement signed by 175 nations whose objective is to ensure that international trade in animals and
plants does not threaten species survival.
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POLICY GOALS AND LEVERS
GOAL: Restrict the use of high-impact and toxic materials and chemicals in buildings
Information

Green building rating systems: Some systems prohibit the use of certain high-impact or toxic
materials.
•

Information

USA: the Living Building Challenge includes a “Red List” of toxic materials and chemicals that are
prohibited from a building following LBC certification. Red List materials include: Asbestos,
Cadmium, Chlorinated Polyethylene and Chlorosulfonated Polyethlene, Chlorofluorocarbons
(CFCs), Chloroprene (Neoprene), Formaldehyde (added), Halogenated Flame Retardants,
Hydrochlorofluorocarbons (HCFCs), Lead (added), Mercury, Petrochemical Fertilisers and
Pesticides, Phthalates, Polyvinyl Chloride (PVC), Wood treatments containing Creosote, Arsenic
or Pentachlorophenol.

Product certification and labelling schemes: Many schemes include information about human
health impacts as well as impacts relating to disposal.

GOAL: Promote or require the use of certain low-impact materials
Economic

Market-based instruments: Governments can invest in either cash or, more creatively, barter-based
incentive programmes whereby the use of certain products can be recognised in the form of vouchers
for other environmentally responsible products.
•

Regulatory

Japan: the Wood Points Programme (WUPP) is a programme designed to provide the domestic
forestry and sawmill sectors in Japan with a competitive advantage by subsidising the increased
use of “local wood” species - such as sugi, hinoki and Japanese larch - in residential home
construction. Homeowners and builders who use more than 50 % of a “local wood” species in
structural and non-structural end-use applications can receive as much as ¥600 000 in points.
While the points do not have a cash value, they can be redeemed for other products, such as
energy-efficient windows or wooden furniture.

Building codes: can require the use of particular materials in certain types of buildings. However, care
must be taken to ensure there is sufficient knowledge in the industry to avoid inappropriate use and
thereby frequent repair or premature replacement.
•

Canada: In 2009, the British Columbia Government amended its building code to allow six-storey,
wood-frame residential construction; the previous limit was four storeys. More than 150 mid-rise
wood frame building projects have now been completed, planned, or are under development in
B.C. The impetus for this code change was the introduction of the Wood First Initiative (WFI) to
promote a “culture of wood” in the province. Also in 2009, the Wood First Act was enacted to
position wood as the primary choice for building material in provincially funded buildings, where
supported by the BC Building Code. The building code was also updated to allow six-storey, woodframe residential construction for the first time in Canada.
The WFI is delivered mainly through activities and programs proposed and managed by trade
associations, knowledge centres and educational institutions. Service delivery partners are
selected through an annual competitive proposal-call process. FII also delivers some activities
directly. Programs under Wood First include marketing and outreach, education and skills
development, strengthening manufacturing capacity, research and innovation, reducing barriers to
wood use, and providing support to decision makers for policies on wood use.
In June 2014, the BC government reiterated its commitment to Wood First by investing CAD 2.14
million to advance the use of wood in British Columbia with a focus on expanding the use of wood
in non-residential construction, strengthening manufacturing capabilities, and positioning BC as a
global leader in wood design technologies. Funding is being provided to industry trade
associations and research institutions with proven records in wood products marketing, training,
wood products development and research. Together, these actions have expanded the use,
application and development of wood technologies and wood products in BC. In the five years
since Wood First was introduced, the use of wood in building construction in BC has grown rapidly,
particularly in the multi-storey residential market and in institutional and recreational buildings. New
approaches to building with wood have been developed, and there is the potential to use wood in
much taller structures than today.
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•

Wood First” policies have been a polarising issue within the Canadian construction industry (a
similar policy has been implemented in Quebec and others are in development in Ontario and
Nova Scotia). Wood First has gained widespread support within the forestry industry, local
governments and the public (particularly those living in communities which rely on the forestry
industry for jobs). According to the BC government, nine out of 10 British Columbians say woodproduct manufacturing is important to the provincial economy and job growth. Throughout the
province, more than 50 local governments have developed their own pro-wood policies. However,
government-led “Wood First” policies have also generated a backlash from other major materials
manufacturers (notably the steel and cement/concrete sectors) who believe that the legislation
undermines the credibility and effectiveness of building codes and is a barrier to fair and open
competition because it favours one industry over others.

5.3 Policies that reduce material throughput, particularly of high impact materials
Reducing material throughput in buildings requires new approaches to design, construction and
operation. At the design phase, dematerialisation strategies (essentially, doing more with less) can be
employed to control the amount of materials going into the building by looking for highest and best use of
the materials, sourcing materials can serve multiple functions and purposes, and employing a LCA process
to ensure the lowest environmental footprint possible over the entire life of the building. During
construction, strategies such as off-site construction (see Annex I. 4.3 Support of innovative construction
technologies) use of salvaged or reclaimed materials and waste recycling (see Annex I. 5.4 Requirements
or standards that enhance the diversion of end-of-life materials from landfill as well as the re-use of
materials), particularly of high-value and/or high-impact materials can help to reduce the impacts of
material throughput. However, for these strategies to be effective, there needs to be a viable market for
used materials in place. A combination of coordinated policies is necessary to ensure that the market is
well supplied with sufficient choice of acceptable materials and that there is also sufficient demand to keep
suppliers in business.
The concept of “Extended Producer Responsibility” (EPR) programmes is slowly taking off in the
building industry, but so far these rarely extend beyond batteries and carpet. Also known as “product takeback,” these programmes commit producers to creating and financing end-of-life management of their
products. Currently, they are mostly geared toward holding manufacturers accountable for the safe disposal
of hazardous materials. For example, according to the U.S. Product Stewardship Council, of the 76 EPR
laws in the U.S., 23 are for electronics, 14 are for auto switches, and 10 are for thermostats. However,
carpet manufacturers around the world are managing their products at the end of life by reclaiming flooring
and re-manufacturing it into the same product again in a “closed loop” system that diverts waste from
landfills. Also, gypsum is being recycled in many OECD countries and brought back into the production of
gypsum wallboard (also known as plasterboard or drywall). In many OECD countries, there are
sophisticated programmes to control the amount of packaging. For example, the UK Packaging
Responsibility Note (PRN) system was set up under the Producer Responsibility Obligations (Packaging
Waste) Regulations 2007 to improve traceability, good behaviour and compliance. Programmes for other
big-ticket building products are harder to find, but a limited number of manufacturers of vinyl siding and
roofing panels have systems in place, and others could be poised to follow suit.
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POLICY GOALS AND LEVERS
GOAL: Encourage sustainable procurement solutions
Information

Green building rating systems: some programmes give credit for products with “extended producer
responsibility” (EPR) programs.
•

USA: LEED Version 4 includes credits for products purchased from a manufacturer (producer) that
participates in an extended producer responsibility programme or is directly responsible for extended
producer responsibility.

Information

Education and training policies: to foster the deconstruction industry and develop green jobs.

Economic

Market-based instruments: governments can establish reuse centres that act as used building material
depots, some of which can also offer deconstruction services and consulting,

Regulatory

Sustainable procurement policies: Governments can demonstrate leadership by requiring materials to be
salvaged during the deconstruction of their own buildings. Policies can also promote extended producer
responsibility such as leasing, “take-back” programmes, etc. place responsibility for the product in the hands
of the manufacturer.
•

USA: California is the first state to enact a green chemicals policy into law (the California Green
Chemistry Initiative is described in the OECD SMM report). State legislators have developed a
sophisticated awareness of the impacts of products containing toxic chemicals at all stage of their life
cycle. To this end, the California Carpet Stewardship Bill (AB 2398), which was signed into law in
October 2010 requires carpet retailers to help divert used carpet from landfills. Carpets can contain a
wide range of toxic chemicals in the backing materials, glues, fire retardants, etc. At the same time,
carpet can be easily recycled and many U.S. carpet manufacturers (such as Interface) are at the
leading edge of closed loop manufacturing and sustainable materials management. Retailers are now
required to create and implement a carpet-recycling plan to increase the percentage of post-consumer
carpet diverted from the landfill.
The non-profit Carpet America Recovery Effort (CARE) operates a carpet stewardship programme that
retailers can choose to participate in to meet AB 2398 requirements; otherwise, retailers must submit
their own diversion implementation plan—including consumer education, fees, progress measurement,
and annual reporting—to the California Department of Resources, Recycling, and Recovery
(CalRecycle). California retailers charge customers a fee for all new carpet purchased; the revenue will
fund post-consumer carpet recycling measures. CalRecycle lists compliant manufacturers on its website
and enforce penalties for noncompliance. This programme has subsequently informed NSF/ANSI 1402007 Standard, which is a third-party, multi-attribute national standard for sustainable carpet.

GOAL: Encourage dematerialisation (doing more with less)
Information

Green building rating systems: Many systems include credits for the use of products which carry ”ecolabels”, salvaged materials, the re-use of building components, the re-use of portions of the existing building,
or the renovation of the entire building in lieu of new construction. They also encourage durable construction
and the use of low-impact materials such as supplementary cementing materials (SCMs) in concrete, products
made from industrial or consumer waste materials (carpet, resilient flooring, solid surfaces, etc.) and products
from renewable materials (wool, grass, etc.).

Information

Education and training policies: Educational resources, technical information and support including master
specifications for the use of salvaged materials, planning for de-construction, etc. can assist designers and
builders to accurately describe desired processes and outcomes.

Economic

Market-based instruments: Tax credits for donations of used building materials can stimulate a viable
market environment for used building materials.

Economic

R&D incubation: Reuse centres need to be established which can serve as used building material depots,
some of which also test new technologies and processes, offer deconstruction services and consulting,
implement programs to foster the deconstruction industry, provide training and develop green jobs (Annex I 4.3 Support of innovative construction technologies).

Regulatory

Building codes: Regulations requiring material salvage, waste diversion during demolition and construction,
and legislation such as landfill bans (Annex I - 5.4 Requirements or standards that enhance the diversion of
end-of-life materials from landfill as well as the re-use of materials) can be integrated into building codes.
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GOAL: Encourage the “right-sizing” of buildings
Information

Green building rating systems: (see Annex I. 5.1 Policies that relate to natural resources
management, environment, urban planning, energy and territorial development).

5.4 Requirements or standards that enhance the diversion of end-of-life materials from landfill as well as
the re-use of materials
The impact of construction and demolition (C&D) debris on the environment is significant. For
example, in the U.S., more than 135 million tonnes of debris from construction sites is brought to landfills
every year, making it the single largest source in the waste stream. In commercial construction in the U.S.,
a typical new building generates an average of 19kg of waste per square metre of building area. To put this
in perspective, a new building of 5 000m2 (a typical college residence hall or mid-size suburban office
building) will produce about 90 000kg of waste. Change the activity to demolition and the figures increase
dramatically. In this case, commercial buildings yield an average of 700kg per square metre of building
area. Turn the same 5 000m2 building in to a demolition project and the result will be almost 4 000 tonnes
of waste (Freymann et al.).
Except in a number of European countries and certain regions and urban centres around the developed
world, actual recycling rates of C&D waste are low. Globally, the removal of illegally dumped
construction waste is an important financial burden for local authorities. In countries that have established
and integrated waste management infrastructure and achieving relatively high rates of diversion (some
jurisdictions are achieving rates in excess of 70 %), the challenge now lies as much in moving material up
the 5Rs hierarchy, as it does in further increasing diversion. Barriers to improving diversion and increasing
the reuse of building materials include:
•

Market forces that result in labour and land being expensive, and materials being inexpensive.
High labour costs create a disincentive to utilise used building materials at the design, restoration,
re-grading, and installation stages. Expensive land makes it difficult for used building material
stores to hold significant inventory;

•

Performance requirements that limit the use of used building materials. These requirements
include code changes, re-grading requirements, contracts that specify new materials covered by a
warranty, and energy performance and water conservation objectives;

•

Disaggregation of supply such that each supplier of used building materials has a small
inventory, much is sold informally, and there is no way to capture the entire offering. It can be
difficult for architects to easily find what is available;

•

Disconnection between each step in the construction process (design, construction, renovation,
deconstruction, diversion) that isolates decision-making and precludes the coordination that
would allow additional use of used building materials;

•

Lack of infrastructure for supporting diversion into reuse and recycling, which includes too few
drop-off locations, lack of facilities for some materials (e.g. glass), pricing structures that don’t
support small and medium-scale recycling, and a lack of used building material stores able to
support large projects;

•

Cultural impediments, including customer/client preferences for new materials, a general lack of
awareness of deconstruction options, and the firm entrenchment of status-quo construction
practices;

It is possible to impose waste generation “caps” on projects with the expectation that:
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•

Materials be prefabricated

•

Buildings designed with size-optimisation measures in mind, and

•

Purchasing agreements with waste reduction provisions to prevent excess materials from arriving
at the site (e.g., packaging).

However, such regulations need to be accompanied with comprehensive education and training
programmes in all aspects of the construction process, targeting architects, demolition and renovation
contractors, home-owners and clients and waste haulers. Templates for construction waste management
(CWM) plans and master specifications for building disassembly and deconstruction can be helpful.
Salvaged materials such as heavy timber structural members (beams and columns), masonry and tiles
not only extend the service life of materials but can also add character to the building (see 3.2 Annex I Historical or regional character preservation). In most countries, there are established markets in most
locations for heritage value items such as windows, doors, cabinets, porch columns, siding, panelling, and
flooring which are frequently sold directly from job sites. However, such products generally only comprise
a tiny fraction of the waste generated. Some waste materials can be sold as feedstock for other
manufacturing processes. For example, where clean wood waste is diverted from landfill, it is mostly
chipped and used for energy production purposes (see Annex I. 5.5 Policies promoting “end-of-waste”).
Once job-site recycling practices have been established, it is important for policies to be developed
that encourage the connection of all the different steps in the supply chain between the supply of used
materials and the requirements of new construction. This can be accomplished, in part, by working with
large institutions that have the capacity to do this internally (e.g. universities and branches of government).
Large institutions can also support the market by purchasing for core products (e.g. crushed concrete as
road base), visible products that illustrate the potential for used materials (e.g. flooring in high-profile
buildings), and mandatory minimum content requirements for used materials in public projects and
publicly-funded projects.
Tax incentives have proven very helpful in some jurisdictions, and potential policies include tax
receipting for donated used materials, and the elimination of sales tax on used materials. Other market
incentives include reduced permit fees, density bonuses, and set-back leniencies when used building
materials are utilised. Market pricing is also an important factor in the rate of waste recycling. For
example, if the value of virgin timber is low, the range of economically viable options for reuse and
recycling of wood is severely limited (see Annex I. 4.1 Cost of construction materials, land, transport and
labour).
POLICY GOALS AND LEVERS
GOAL: Encourage the use of low-impact materials
Information

Green building rating systems: encourage the re-use of construction materials, bio-based materials
and materials containing recycled content
•

Information

USA: LEED Version 4 includes credits for materials reuse, which includes salvaged, refurbished,
or reused products; materials containing recycled content (recycled content is the sum of
postconsumer recycled content plus one-half the pre-consumer recycled content, based on cost),
and bio-based products which must meet the Sustainable Agriculture Network’s Sustainable
Agriculture Standard. Bio-based raw materials must be tested using ASTM Test Method D6866
and be legally harvested, as defined by the exporting and receiving country. Hide products, such
as leather and other animal skin material, are excluded

Education and training policies: (see Annex I. 5.3 Policies that reduce material throughput,
particularly of high impact materials)
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Regulatory

Policies describing desired building form, function and character: Regulations that require the
use of low-impact materials have the additional effect of encouraging further innovation within the
product manufacturing industries.

GOAL: Establish product stewardship policies
Economic

Market-based instruments: Environmental certificates can be established for materials stewardship
purposes. Certificates for certain materials such as packaging can be tradable in specialty markets
(such as emission trading exchanges that serve cap and trade schemes). Regulations can be
employed to make engagement in the market system mandatory for recyclers and producers so that
those that illegally dispose of waste do not participate in the benefits (see Annex I. 5.3 Policies that
reduce material throughput, particularly of high impact materials).

Economic

Sustainable procurement policies: (Annex I.5.4 Requirements or standards that enhance the
diversion of end-of-life materials from landfill as well as the re-use of materials)
•

Slovenia: In 2007, public procurement in the Republic of Slovenia represented 13 % of GDP,
which accounts for as much as 47 % of national budget expenditures, and recent legislative
actions have been designed to bring forward a shift towards greener decision-making in the public
sector. The national Action Plan for Green Public Procurement (2009) is intended to establish an
operational system of green public procurement. Concrete specific targets are aimed at achieving
certain shares of green public procurement by 2012: construction and buildings (30%), cleaning
(60%), office IT (95%), vehicles (40%), electricity (100%), furniture (50%), paper (70%), and
catering (40%). The Action Plan for Green Public Procurement lists 14 measures, including:
preparation of a governmental decree on green public procurement, trainings and educational
activities, green procurement web platform, dialogue with commercial sector to develop green
market, and introduction of an Eco-Management and Audit Scheme (EMAS) into the public sector.

GOAL: Establish waste generation “caps”
Regulatory

Building codes: Waste generation “caps” can be imposed on projects to prevent excess materials
from arriving at the site, e.g., packaging.

GOAL: Create a strong, stable, fair policy environment that communicates clear goals related to low-impact
construction and the use of sustainable materials
Information

Benchmarking, data gathering, performance reporting and statistics (see Annex I.5.1 Policies that
relate to natural resources management, environment, urban planning, energy and territorial
development)

GOAL: Promote closed-loop solutions to reduce waste to landfill
Information

Green building rating systems: Offer criteria and targets for construction waste management,
materials salvage and building re-use.

Information

Education and training policies: Can be developed to provide CWM plan templates and master
specifications for the de-construction and disassembly of buildings.

Regulatory

Building codes: Disassembly and deconstruction can be stimulated by de-coupling deconstruction
from the building permit. Other approaches include offering an accelerated development permit
process, mandatory deconstruction for categories of buildings, and establishing targets within the 5Rs
hierarchy rather than simply overall diversion.
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Regulatory

“Zero-waste” goals: Many jurisdictions have begun to work towards zero waste goals which are
supported by a range of waste diversion regulations (e.g. landfill bands and closing international
borders to waste transports) and solutions for builders aimed at minimising waste to landfill (such as
construction waste management targets, accessible infrastructure for processing construction waste,
etc.).
•

The Netherlands: the Dutch “Chain-Oriented Waste Policy programme” aims to address the
environmental impacts acting across the whole material chain. The chain approach considers the
material chain as a whole, all the stages in the life cycle of a product or material. From rawmaterial mining, production and use, to waste and possible recycling. The chain approach
identifies the stages in the material chain where the greatest environmental benefit can be
obtained efficiently and the necessary actions for realising this benefit. Of importance in this
context is that the environmental benefit in one stage does not cause a higher environmental
impact for another stage or another chain (Dutch Ministry of Housing, Spatial Planning and the
Environment).

5.5 Policies promoting “end-of-waste”
Criteria can be developed to define when a waste ceases to be a waste and becomes a “secondary
product”, which has value in the marketplace. For certain wastes, end-of-waste criteria can promote the
production of higher quality secondary products by defining technical and environmental minimum
requirements to be fulfilled by the materials. Information on the product characteristics (which can be
documented in an EPD or other environmental information certificate or label) facilitates their comparison
and may enhance the quality of the final product leading to an increase in their demand and a positive
impact on the recycling rates. The construction industry has the potential to collect and divert substantial
volumes of a wide range of waste materials. Some products, such as aggregates, can be reprocessed and
replace raw material. Products, such as PVC, can be ground up and recycled which offsets the production
of a material, which has high environmental impact. However, there are fewer benefits in “down-cycling”
products because it will ultimately result in the material being landfilled or combusted. Clean wood waste
can be processed into particle-based products that extend the life of the product, however it may also be
used in plastic-composite products that are difficult to separate and must be disposed of at the end-of-life.
For markets to function effectively, the economic value of the materials needs to be clearly
established all along the value chain. Builders need to be motivated to invest the time it takes to
disassemble components, in the collection and sorting processes, sourcing companies able to receive the
materials, contamination control measures, worker training and haulage to processing facilities. The
construction industry is not only a major producer of waste materials but also has the potential to be a
primary consumer of products derived from secondary materials. Many green building rating systems
recognise the use of materials containing pre-and post-consumer recycled content. For such materials to be
accepted and adopted by the construction industry, they need to be easy to use, readily available, offer the
same levels of function and durability, and be price-competitive. Many product-labelling schemes describe
the proportion of recycled content. The overall environmental impact of materials will be reduced by the
use of secondary materials and this information will be provided in EPDs.
POLICY GOALS AND LEVERS
GOAL: Encourage the use of “secondary materials”
Information

Green building rating systems: Encourage the use of construction materials containing recycled
content

Information

Product certification and labelling schemes: Many schemes include information about constituent
materials such as those that have been re-used or re-processed from waste streams.
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Information

Education and training policies: (see Annex I. 5.3 Policies that reduce material throughput,
particularly of high impact materials)

GOAL: Establish criteria for end-of-waste
Regulatory

Establish end-of-waste criteria: Consistent cross-border criteria are necessary to provide investor
confidence, regulatory frameworks and market clarity.
•

EU: The European Commission Waste Framework Directive is preparing a set of end-of-waste
criteria for priority waste streams. The criteria have been laid down for iron, steel and aluminium
scrap. Next waste streams to be addressed include copper scrap, recovered paper, glass cullet,
plastics and biodegradable waste / compost. Technical proposals have been submitted for the
end-of-waste criteria on copper scrap metal, recovered paper, glass cullet and is conducting
further studies biodegradable waste/compost and plastic.

GOAL: Promote closed-loop solutions to reduce waste to landfill
Regulatory

“Zero-waste” goals: (Annex I - 5.4 Requirements or standards that enhance the diversion of end-oflife materials from landfill as well as the re-use of materials)

GOAL: Establish policies that promote product stewardship
Economic

Market-based instruments: Environmental taxes can be effective instruments for driving energy and
resource efficiency in business activities but need to be developed cohesively and holistically to avoid
double-counting.
•

UK: A number of tax measures have been implemented primarily with environmental objectives in
mind. They have included three national environmental taxes that could affect the price of
building materials: There are now levies on landfill, industrial energy use (the climate change
levy) and also on virgin materials – specifically on the commercial exploitation of aggregates
(quarry products). The Aggregates Levy came into effect in 2002 and imposes a fixed rate (£2.00)
per tonne of materials removed from its originating site. In addition to these explicitly
environmental tax measures, wider areas of tax policy-making routinely include some discussion
of environmental issues.

5.6 Internationally agreed standards for sustainability in building construction
Practical, relevant rules and recommendations concerning methods for the assessment of the
environmental performance of buildings, which exist on either a national or regional basis, can be
examined and improved with the help of policy frameworks and regulations. ISO 15392:2008 is an
internationally agreed standard that identifies and establishes general principles for sustainability in
building construction. It is based on the concept of sustainable development as it applies to the life cycle of
buildings and other construction works (individually and collectively) from their inception to the end of
life, as well as to all the related materials, products, services and processes. ISO 15392:2008 does not
provide levels (benchmarks) that can serve as the basis for sustainability claims. It is also not intended to
provide the basis for assessment of organisations or other stakeholders. The ISO LCA peer review and
criteria review process provides a system of checks and balances to ensure that LCA studies used for
external policy and decision making undergo additional review by independent and interested parties12.

12

ISO 21931 is one in a suite of ISO standards dealing with sustainability in building construction, which includes
ISO/TS21929-1, ISO21930 and ISO15392, along with the terminology of sustainability in building construction
(future ISO/TR 21932).
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ISO 15392 is based on the concept of sustainable development as it applies to buildings and other
construction works, from their inception to the end of life, understood as their “life cycle”. It defines that
sustainable development of buildings and other construction works brings about the required performance
with minimum adverse environmental impact, while encouraging improvements in economic, social (and
cultural) aspects at local, regional and global levels. The Technical Specification ISO/TS 21929-1:2006
“Sustainability in building construction - Sustainability indicators - Part 1: Framework for development of
indicators for buildings”, provides a framework, makes recommendations, and gives guidelines for the
development and selection of appropriate sustainability indicators for buildings. The aim of this standard is
to define the process that shall be followed when addressing the economic, environmental and social
impacts of a building using a common framework and a set of indicators. The current text defines the core
indicators that are essential from the viewpoint of sustainable building for three levels: Location specific
indicators, site-specific indicators and building specific indicators. The indicators consider the
environmental, social and economic impacts to the different areas of concern. The standard describes the
core indicators in terms of name, definition and measurement, and potential impact. The main impacts are
outlined as follows:
•

Environmental: Impacts to environment and resources

•

Economical: Economic value, Productivity

•

Social: Health, Satisfaction, Equity, Cultural value

Work is progressing to create a global standard for the requirements and guidelines for quantification
and communication of the carbon footprint of products. The working document is under the ISO
designation, “ISO/TC 207 SC7 N158 Carbon footprint of products - Requirements and guidelines for
quantification and communication”. It is anticipated that this standard will lay the ground for common
definitions of life cycle assessment criteria.
At the product scale, the increasing demand for EPDs and Product Environmental Footprints (PEFs)
have generated a corresponding need for rules for making comparable declarations of products within the
same category. These rules are defined as Product Category Rules (PCRs) in ISO 14025 “Product Rules in
the GHG Protocol Product Life Cycle Accounting and Reporting Standard”, the Supplementary
Requirements in the UK’s PAS 2050, and “Product Footprint Category Rules” in the European
Commission Product Carbon Footprint Standard (draft). A number of standards such as France’s BP X30
and the forthcoming ISO 14067 require the use of PCRs for making comparative product declarations.
However, thus far, there remains no strong consensus on how to develop sound and consistent PCRs, nor is
there a productive cross-recognition of PCRs between various programs.
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POLICY GOALS AND LEVERS
GOAL: Adopt internationally recognised information-based assessment system for building materials
Information

Product certification and labelling schemes: EPDS and PCRs provide internationally recognised
protocols that govern how data about materials life-cycle impacts are gathered by manufacturers.

•

International: the Product Category Rule Guidance Development Initiative is an
international consortium dedicated to providing more clarity, uniformity and guidance on
the development of PCRs in order to help improve the legitimacy of the product
declarations. The initiative was launched in early 2012 under the premise that the
Guidance would be the shared product of all organisations wishing to take part in its
development, and that it would be international and voluntary. The specific goals of this
effort are to:

− Supplement existing LCA-based product claim standards
− Create a robust PCR template that can be used by all programme operators
− Operationalise the PCR template through example PCRs
− Provide instructions and real-world examples of how to adapt or harmonise PCRs
− Develop a list of common elements for PCRs
− Make best practice recommendations for PCR development
− Support the advancement and alignment of existing LCA-based product claim
standards

− Include all stakeholders interested in the development process
− Evolve continuously based on the need determined by stakeholders
Information

Life-Cycle Assessment (LCA) of building materials, assemblies and structures: LCA protocols
have been developed under ISO standards. Promote the adoption of internationally recognised
standards and guidelines regionally applicable polices can be developed which align with
international protocols in order to facilitate benchmarking and encourage improvement over time
•

U.S.: Developed and primarily used in the U.S., the International Green Construction Code
(IgCC) is a model code to include sustainability measures for the entire construction project and
its site - from design through construction, certificate of occupancy and beyond. The IgCC
creates a regulatory framework for new and existing buildings, establishing minimum green
requirements for buildings and complementing voluntary rating systems, which may extend
beyond baseline of the IgCC. The code acts as an overlay to an existing set of “opt-in”
international building codes and incorporates the American ASHRAE Standard 189.1 as an
alternate path to compliance. The IgCC includes measures to conserve materials including
requirements for at least 55 % of construction materials to be recycled, recyclable, bio-based or
indigenous and to divert at least 50 % of construction waste from landfill.
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ANNEX II. POLICY MEASURES THAT MAY AFFECT THE ADOPTION OF SUSTAINABLE
CONSTRUCTION MATERIALS
As in other policy domains, governments have a wide variety of policy levers and instruments at hand
to encourage behaviours that are in line with policy objectives, in this case the choice of sustainable
construction materials. These policy tools broadly fall under market-based instruments, information-based
and voluntary approaches, and regulatory mechanisms 13.
1. Market-based instruments
Policy instruments that use markets, price and other economic variables provide incentives for
industry to reduce or eliminate negative environmental externalities (such as pollution or waste) or to move
to desired practices (such as the use of sustainable building materials or the adoption of waste diversion
practices). Fiscal incentives can be applied to building policies in the form of taxes, rebates on fees,
government charges and subsidies, etc. Market-based instruments (MBIs) are generally implemented
through fiscal policy and tend to be operated separately from industry regulations, such as building codes.
However, policy makers can also leverage market forces in the development of land use and building
regulations and incorporating tools such as performance-based incentives whereby benefits (such as
density “bonuses”, etc.) are awarded to builders for pursuing the desired course of action (such as reducing
the environmental impact of their building).
2. Information-based and voluntary approaches
Markets need trustworthy and accessible information in order to function effectively. During the last
two decades, policy makers and economists have turned their attention to information-based policies in
order to reduce information asymmetries and to incorporate and value the full range of environmental
externalities associated with commercial activities. Increasingly, information-based instruments have been
developed to support or replace existing mechanisms, such as fiscal and economic measures and
“command-and-control” regulations. These informational policies encompass a broad range of approaches
from mandatory disclosure programs (such as the Commercial Building Disclosure Program in the
Australia) to voluntary programs such as eco-labelling schemes 14 implemented in numerous OECD
countries.
A common feature of these informational approaches is their aim to change directly or indirectly the
behaviour of economic agents. Generally, informational strategies are predicated on the assumption that
businesses will respond to pressure from consumers, workers, investors, and communities armed with
more complete information about those firms' environmental practices. By disclosing information, agents
who have it can make informed decisions and better protect their interests. The potential for such an
increasing role for disclosure strategies is reinforced by the availability of information provided by the
internet and the continual decrease of the cost of data collection, aggregation and dissemination.
3. Regulatory measures
The direct regulation of an industry or activity by legislation states what is permitted and what is
illegal. The ‘command’ is the presentation of quality standards/targets by a government authority that must
be complied with. The ‘control’ part signifies the negative sanctions that may result from non-compliance
e.g. prosecution. For example, the main purpose of building codes is to protect public health, safety and
13

See Figure 3.1. “Summary of SMM policy instruments” in the OECD SMM report (OECD, 2012) that provides a
table of policy examples organised in accordance with the applicable life-cycle stages of construction materials.

14

The Ecolabel Index provides a review of over 500 eco-labels in effect around the world, www.ecolabelindex.com
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general welfare as they relate to the construction and occupancy of buildings and structures, and so they
are structured, in most countries, as “command-and-control” measures.
Table 10. Policy measures that may affect the adoption of sustainable materials

Mechanism

Description of what the policy mechanism is and how it works

Market-based instruments
Market-based
instruments
(MBIs)

To make serious impact on some of the major environmental problems now facing policy makers,
environmental policy cannot be approached purely as a technical issue, to be resolved solely by
requiring the use of specified abatement technologies and setting limits on emissions, etc. Extensive
and far-reaching changes to existing patterns of production and consumption are needed to achieve
national and international climate change and sustainability goals, and these changes will inevitably
entail substantial economic costs. The search for instruments capable of minimising these costs, and
of achieving behavioural changes across all sectors, has led policy makers to pay close attention to the
potential for incentive-based environmental regulation, that is, through economic instruments. The
range of possible tools includes:

•
•
•
•
•
•
•
•
•
•
•
•

Grants, subsidies and other types of funds
Preferential loans (such as low or zero interest that may be backed by governments)
Land-pricing strategies
Fees and licenses
Government-backed insurance policies
Taxes and levies (such as import tariffs)
Tax incentives (such as rebates, credits or exemptions on Value Added Tax (VAT), Goods
and Services Tax (GST), etc.)
(Tradable) supplier obligations and responsibility notes
Third party financing
Audits
Minimum requirements and penalties
Deposit-refund systems

Implementing an MBI commonly requires some form of regulation. They can be implemented in a
systematic manner, across an economy or region, across economic sectors, or by environmental goal
(e.g. primary energy). For example, environmental taxes (such as virgin materials taxes) can be
particularly valuable where wide-ranging changes in behaviour are needed across a large number of
production and consumption activities. They can be simple, easy to understand and generate revenues
for governments. Altering market dynamics at the production and end-of-life stages of building
materials can have a striking effect on the environmental impacts of the resulting products in terms of
emissions and waste reduction as well as energy and water efficiency during their life cycle. However,
the effect on materials prices must be considered to avoid substitution for cheaper less sustainable
options.
Many types of MBIs designed by governments and utilities to address “in-use” energy and GHG
emissions exist today, which could provide useful models for encouraging the use of sustainable
materials. Product and technology incentives, grants, equipment rebates could be extended to
recognise the environmental footprint of the materials. They can also target local manufacturers with
incentives to improve the efficiency of industrial processes. For example, an energy-efficient
equipment upgrade for a building materials manufacturing facility will help to reduce the primary
energy consumption and embodied GHGs associated with the materials produced.

90

ENV/EPOC/WPRPW(2014)4/FINAL

Mechanism

Description of what the policy mechanism is and how it works

Market-based instruments
Market-based
instruments
(continued)

Builders who achieve prescribed environmental performance standards may be rewarded with
additional developable floor area, exemptions from (or reductions in) certain building permit fees,
development cost charges, or other economic considerations. For example, “Density Bonuses” can be
used to inform the scope, form and use of development as well as functional, environmental and social
performance outcomes. Density Bonuses offer developments a level of density that surpasses the
allowable Floor Area Ratio (FAR) in exchange for greener development (including the use of
sustainable construction materials). In some locations where green building rating programs are in
use, density bonuses can be offered for achieving certain certification levels. A number of Swiss
cantons have adopted this instrument in order to promote the construction of buildings that comply
with the MINERGIE building standard.

Performancebased building
incentives

Development Cost Charges (DCCs) are designed to help finance growth-related infrastructure. They
are one-time charges that local governments can levy on most new subdivision and building at the
time of approval. DCCs shift financial responsibility for providing capital costs for off-site
infrastructure, including sewer, water, storm drainage, roads, public amenities and parkland, from the
general tax base to the developers of new growth requiring the infrastructure. Conditions to DCCs in
terms of sustainable materials use can be stipulated.

R&D incubation

Sustained investment in innovation is essential for industry competitiveness, survival and growth. It
can drive competitive advantage, improve productivity and enable companies to capture higher value
components of the value chain. A healthy innovation ecosystem is critical to the uptake of new
technologies and solutions such as those necessary to introduce and adopt sustainable construction
materials. Compared to other industries, construction in most countries remains largely locally
focused, undiversified, and with relatively small export markets. There is a high level of industry
fragmentation and limited collaboration. Other potential barriers to innovation include:

•
•
•
•
•

Procurement impacting on the level of collaboration
Sub-optimal knowledge transfer and lost sector-wide learning opportunities
Issues around market uptake and awareness of benefits from innovation
Access to finance
Risk-averse attitude to innovation

Government and/or corporate investment in sector-specific research and development can extend
beyond facilitating access to capital to include the provision of testing facilities and expertise,
gathering and sharing information on markets and R&D activities, creation of demonstration projects
and connecting researchers to the industry applications. Clear performance metrics against which to
monitor innovation vitality need to be developed that reflect the unique characteristics of the building
industry.
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Mechanism

Description of what the policy mechanism is and how it works

Information-based and voluntary approaches
Product
certification and
labelling schemes

Environmental product labelling schemes (also known as “green labels” or “eco-labels”) can be
voluntarily provided by manufacturers or mandated by governments to inform consumers about a
product’s environmental impacts. Criteria and standards for eco-labelling schemes vary widely. Some
are set through government regulation such as the EU Ecolabel), others may be developed by industry
for industry (e.g. the U.S. Carpet and Rug Institute’s GreenLabel program). Ideally, criteria are
developed and revised in a transparent way by a group of experts. International standards for product
labelling practices are provided within the ISO 14020 to 14025 series, which deals with
environmental labels and declarations.
From 1 July 2013, under the Construction Products Regulation (CPR), it became mandatory for
manufacturers to apply CE marking to any of their products covered by a harmonised European
standard (hEN) or a European Technical Assessment (ETA). This was a major change in the United
Kingdom as affixing of CE marking under the old Construction Products Directive (CPD) had been
voluntary. This, coupled with other changes introduced by the CPR, left the construction industry
facing its most significant change for a decade in the way in which construction products were to be
sold in Europe
The information that goes into the life-cycle assessment (LCA) of a product, assembly or entire
building, is provided by manufacturers via an Environmental Product Declaration (EPD). An EPD
includes information about the environmental impacts associated with a product, such as:

•
•
•
•
•

Raw material acquisition
Energy use and efficiency
Content of materials and chemical substances
Emissions to air, soil, and water
Waste generation

The criteria for developing Environmental Product Declarations (EPDs) are described under ISO/CD
21930. EPDs must be created in accordance with the relevant Product Category Rulings (PCRs)
described under ISO 14025. PCRs provide product category specific rules, requirements, and
guidelines for calculating and reporting environmental impacts across the full life cycle of a product
using life cycle assessment (LCA). As a contribution to standardising product sustainability
assessment and communication, the Guidance for Product Category Rule Development (developed by
the Product Category Rule Guidance Development Initiative) specifies requirements and
recommendations on:

•
•
•
•

Steps to be taken before PCR creation,
Elements of PCRs,
Review, publication, and use of PCRs, and
Best practices with PCR development and management.

The EU Construction Product Regulation (CPR) harmonizes the methods of assessment and test, the
means of declaration of product performance and the system of conformity assessment of construction
products, but NOT national building regulations. Also, the European Commission (EC) has released
its Communication on a Single Market for Green Products, which includes the use of a product
environmental footprint (PEF) – a type of product claim that requires PEFCRs (equivalent to PCRs).
There is also a movement to introduce Health Product Declarations (HPDs) that are designed for the
accurate and impartial reporting of product contents and each ingredient’s relationship to the bigger
picture of human and ecological health. The HPD objectively defines the critical information needed
to support accurate supply chain disclosure by manufacturers and suppliers, and informed decisions
by building designers, owners, and users.
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Mechanism

Description of what the policy mechanism is and how it works

Life-Cycle
assessment
(LCA) of
building
materials,
assemblies and
structures

A product or material life cycle is defined as the “Consecutive and interlinked stages of a product
system, from raw material acquisition or generation from natural resources to final disposal” (ISO
14040:2006). Life cycle assessment (LCA) is a universally accepted tool to assess and compare the
environmental impacts of products and services that go into buildings as well as the buildings
themselves. It is a state-of-the-art methodology, framed by the ISO 14040/14044 standards 15, that
allows the potential impacts of products, processes or services to be quantified over their entire life
cycle, i.e. from raw materials extraction to final disposal (ISO 2006a; ISO 2006b).
LCA can evaluate a broad range of environmental considerations (such as embodied energy, global
warming potential, impacts on water quality, impacts on human health, etc.) against explicitly
declared criteria and give a summary of environmental performance. Such assessments can be used
for benchmarking performance and monitoring progress towards improvement of performance for
particular materials, building elements, whole buildings or even at the building stock level. LCA is
therefore a powerful way to provide manufacturers and suppliers with science-based information to
manage and reduce the environmental impacts of their materials and products as well as make
operating, manufacturing and supply chain decisions. At the same time, LCA can inform designers
and the public of the impacts associated with a material, product or entire building and also provide a
basis for demonstrating and communicating the result of efforts to improve environmental
performance in construction works (assemblies, structures, civil infrastructure, etc.).
For a long time, LCA has existed largely within the domain of academic and research activities.
However, the situation is changing. For example, green building rating systems are starting to
incorporate LCA. Arguably, the most advanced research and development is in Europe where the
CEN/TC 350 technical committee (an initiative from the European Committee for Standardisation
(CEN)) administers a range of pan-European standards for LCA that are also the national standards
for each of the member countries. CEN signed an agreement with the International Organisation for
Standardisation (ISO) in 1991 to ensure technical cooperation between the ISO and European
standards 16.
The challenge to widespread adoption of LCA is the availability of data and tools. LCA is a dataintensive process and current, comprehensive, regionally appropriate life cycle inventories (LCIs) of
materials data need to be developed, collected and maintained prior to the implementation of a
successful LCA-based building policy.
Materials-based performance metrics are necessary to ensure consistency and fairness for industry so
that improvement can be measured over time. The OECD SMM report provides a critique of LCA and
notes that while LCA approaches may help to identify differences in potential environmental impacts
from different approaches to production, or to different consumption decisions, economic
consequences do not emerge through a LCA. The economic implications of a policy may need to be
addressed separately using cost-benefit analysis or other economic decision-making tools.

15

The International Standards Organization (ISO) has developed a suite of protocols under which LCA is to be
conducted, data is to be collected and information is to be reported. LCA methodology is set out in the ISO 14040
series. Supporting documents include Product Category Rules (PCRs) described in ISO 14025 and Environmental
Product Declarations (EPDs) outlined in ISO/CD 21930 (see below). An additional standard—ISO 219311:2010— establishes a framework for methods of assessment of the environmental performance of buildings and
related external works. An additional standard—ISO 21931-1:2010— establishes a framework for methods of
assessment of the environmental performance of buildings and related external works. ISO 21931 does not set
benchmarks or levels of performance relative to environmental impacts and aspects. Instead it aims to bridge the
gap between regional and national methods for the assessment of the environmental performance of buildings, by
providing a common framework for their expression.

16

EN 15643-1:2010: “Sustainability of construction works – Sustainability assessment of buildings – Part 1:
General framework” establishes very general principles and requirements for the development of a number of
subsequent standards. The methodological framework defined is applicable for all kinds of buildings and is based
on a life cycle approach.
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Mechanism

Description of what the policy mechanism is and how it works

Green building
rating systems
and standards

There are over 60 green building rating systems in effect, worldwide. They provide consumers,
building professionals and government regulators with a means to evaluate the environmental impact
of a particular structure under a series of categories such as energy, water, occupant health, materials
and location. Green building rating systems are voluntary by nature and therefore only apply to a subset of leadership-level buildings. Indeed, most providers state that their intention is, at best, to target
the “top 25 %” 17 which therefore dilutes their intensity of effectiveness to an entire building stock.
Many green building rating systems are administered by not-for-profit organisations that are
independent from government regulators. In some jurisdictions, policy makers are attempting to
leverage the presence of rating systems to effectively “outsource” the review and verification of the
green features and performance of building projects. While this may expedite the regulatory process,
there may be challenges in terms of:

•

Schedule: builders need to know that their project meets the green criteria early in the
construction process yet, most rating systems do not issue certification until after the
project is complete making it difficult to enforce controls on companies which no longer
have a relationship to the building.

•

Fit: while rating systems are generally very comprehensive and address a wide range of
environmental impacts, they are usually positioned at a national level and do not
necessarily consider the local characteristics of a particular project.

•

Clarity: most rating systems use a checklist approach to award points for optional building
features that support green design. The more points, the greener the building. However, it
is not always possible to be sure that a certified building has scored well in particular
categories. For example, a certified building may have secured the majority of its credits
for “in-use” energy efficiency and not addressed materials.

•

Enforcement: rating system providers are usually not-for-profits and may not have the
legislative muscle necessary to hold developers and builders accountable in the event of
failure to perform.

Green building standards are different from rating systems and set pass-fail levels of performance.
They are confirmed early in the construction process and are more likely to be administered by
government agencies with enforcement capabilities. Examples include PassivHaus in Germany,
ASHRAE 189.1 in the U.S. and MINERGIE-ECO in Switzerland.

EN 15643-2:2011: “Sustainability of construction works – Assessment of buildings – Part 2: Framework for the
assessment of environmental performance” establishes specific guidelines for the assessment of the environmental
performance of buildings.
EN 15804:2012: “Sustainability of construction works - Environmental product declarations – Core rules for the
product category of construction products” provides a structure for the development of product category rules
(PCR) for construction products so that the environmental product declarations (EPD) created using these PCRs
are harmonised. The PCRs for different construction products in compliance with the EN 15804 standard are
currently in development.
EN 15978:2011: “Sustainability of construction works – Assessment of environmental performance of buildings –
Calculation method” provides calculation rules for the assessment of the environmental performance of buildings
based on EN 15643-1 and EN 15643-2 guidelines as well as using data for construction products coming from EN
15804 compliant EPDs when available.
These standards have been developed in accordance with the ISO standards so that they do not contradict main
issues.
17

For example, as stated in the U.S. LEED Homes rating system introduction.
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Mechanism

Description of what the policy mechanism is and how it works

Benchmarking,
data gathering,
performance
reporting and
statistics

Benchmarking, data gathering and reporting is necessary to inventory locally available materials,
building stock characteristics (such as historical buildings), and to monitor improvements in the
environmental “footprint” of building stock over time. Metrics can include embodied energy, GHG
emissions and waste associated with building construction, as well as industrial energy efficiency in
order to keep track of construction material manufacture and production.
As methodologies such as LCA become mainstream and performance criteria are incorporated into
building codes, the need to establish benchmarks and targets will become increasingly important.
Benchmarks and targets are already in place for “in-use” energy and GHG emissions performance in
many OECD countries. The OECD SMM report dedicates a chapter to benchmarking and setting and
using targets (Chapter 2, “Setting and Using Targets for SMM: Opportunities and Challenges”). It
defines the various types of targets that are applicable to SMM and discusses the opportunities and
challenges to target-setting in detail.

Education and
training policies

Industry educational resources and public outreach strategies are both essential to stimulate both
supply and demand for sustainable building materials. Policy makers can support the development of
professional education programmes by working with training institutions, trades unions and
professional associations to develop the expertise of building owners, designers, builders and
tradespeople. It is important to time the delivery of educational programmes with important
construction-related decisions such as building purchase/sale, tenant turn-over or renovation. It is
possible to underpin education programmes with project-specific technical expertise to support the
project team as they leverage their education in their designs and during construction. For example,
master specifications can be developed to assist designers and builders to accurately describe desired
processes and outcomes such as the use of reclaimed or salvaged materials and technical experts can
be made available to come into the office or onto the construction site to provide “hands-on” advice.
At the same time, regulations can be implemented that prohibit inadequately trained workers from
performing skilled work on construction sites. Builder certification and continuing education
requirements are necessary to minimise illegal construction and ensure builders stay up to date on new
techniques, products and approaches. It is possible to require certain qualifications as part of the
project procurement process. This applies to the general contractor or primary agent as well to
tradespeople.

Regulatory measures
Land use plans
and zoning laws

Legislation can be established that requires or prohibits certain building uses or types of construction
(e.g. in climatically or seismically high-risk locations). Special designations may be applied to lands
that require specific environmental measures or performance criteria (for example, the building or
neighbourhood must achieve a certain green building rating system certification level or score).
Planning, designing and constructing buildings is a long-term undertaking and developers appreciate
certainty in the market. Long-range plans are particularly important mechanisms to send clear and
sustained signals to industry of current and future development priorities. For example, an Integrated
Community Sustainability Plan (ICSP) is any existing or new long-term plan, developed in
consultation with community members, to help the community realise sustainability objectives within
environmental, cultural, social and economic dimensions of its identity. An ICSP can be part of an
overall Official Community Plan (OCP) and can incorporate policies to address land pricing, use of
local materials and/or sustainable building performance requirements.
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Mechanism

Description of what the policy mechanism is and how it works

Policies
describing
desired building
form, function
and character

Policies and regulations can be established as a means of controlling development to achieve a
specific urban form, function or character. “Form-based codes” can be an effective response to the
challenges of urban sprawl, deterioration of historic neighbourhoods and neglect of pedestrian safety
in new development. Tradition has declined as a guide to development patterns, and the widespread
adoption by cities of single-use zoning regulations has discouraged compact, walkable urbanism.
Form-based codes are a tool to address these deficiencies, and to provide local governments with the
regulatory means to achieve development objectives with greater certainty. For example, form-based
codes can be used to promote historical or local character, which promote retention of existing
buildings and traditional construction techniques, which may encourage the use of local materials,
and, at the same time, deliver climate-appropriate solutions.

Building codes

Building codes and regulations specify the minimum standards to which buildings and non-building
structures (such as bridges, tunnels, etc.) must be designed to perform, primarily in order to protect
public health and safety. Building codes can be complex and are usually intended to be applied by
design and construction professionals. Increasingly, building codes have started to include issues
relating to “in-use” energy and water efficiency and some are being extended to consider the
construction process, materials and assembly. For example, building codes can include requirements
for construction waste diversion, prohibit the use of certain materials, and establish minimum
environmental performance criteria.
Historically, regulatory controls have generally been highly prescriptive in nature. In the last 20 years,
however, there has been a growing transition to objective-, functional- and performance-based
building regulations. In these regulations, the focus has shifted from prescribing solutions to
identifying objectives, functional requirements, and performance expectations, and allowing for a
wider selection of compliance options. These “functional-based” policies can help to encourage
advances in building technology and can lead to innovative, efficient solutions using sustainable
materials.

Legislation that
promotes
renovation and
adaptability

Requirements for building renovations and upgrades may be imposed to ensure that the existing
building stock complies with certain regulatory criteria. This is quite common where jurisdictions are
accountable for ensuring that the existing building stock performs to specified levels of energy
efficiency, GHG emissions, etc.
Policy triggers (such as time of sale or purchase, age of building or equipment or the building’s
location) can be established which cause a certain number and type of improvements to be required.
Renovations may be mandated by legislation or the indirect consequence of the implementation of a
building environmental labelling scheme.
Functional adaptability is the ability of a building to be adaptively reused for a different purpose to
that for which it was originally designed. This is indicated by qualities of design such as generous
ceiling heights, over-designed structure and high-levels of ‘buildability’ (a combination of simple,
standardised construction and often prefabricated construction systems). Climate change adaptability
requires the use of resilient materials, bio-climatic design strategies and integration of strategies for
more autonomous provision of essential building services. The extent to which buildings are designed
for deconstruction using recyclable materials is also an important indicator of the potential for future
economic feasibility of achieving a zero-waste building sector.

Sustainable
procurement
policies

Governments can harness the immense purchasing power of businesses and organisations to help to
promote environmental stewardship. Sustainable procurement and purchasing policies such as the EU
Green Public Procurement programme (GPP) can have substantial “trickle-down” effects on the
construction materials supply chain because they encourage organisations to not only take into
account the economic value (price, quality, availability and functionality) but also the related
environmental and social impacts of the goods and services they buy at local, regional and global
levels.
A sustainable procurement/purchasing policy or programme focused on reducing the impacts of
construction materials might include a range of objectives such as waste prevention and reduction,
resource reduction, pollution and toxin reduction, reduction of greenhouse gas (GHG) emissions, etc.
When buildings are tendered for construction, the bid documents can be designed to reflect “triple

96

ENV/EPOC/WPRPW(2014)4/FINAL

Mechanism

Description of what the policy mechanism is and how it works
bottom line” goals, which encompass, environmental, social and economic criteria.

End-of-waste
criteria

The construction industry is a significant generator of waste, the vast majority of which can be
recycled. In order to facilitate and promote recycling of construction and demolition (C&D) waste,
while ensuring a high level of environmental protection, reducing the consumption of natural
resources and the amount of waste sent for disposal, some countries have established criteria to define
when a waste ceases to be a waste and becomes a secondary product (Delgado et al., 2009). Certain
specified waste ceases to be waste when it has undergone a recovery operation and complies with
specific criteria developed in accordance with the following conditions:

•

The substance or object is commonly used for specific purposes

•

A market or demand exists for such a substance or object

•

The substance or object fulfils the technical requirements for the specific purposes and
meets the existing legislation and standards applicable to products

•

The use of the substance or object will not lead to adverse environmental or human health
impacts

•

Limiting values for pollutants where necessary and shall take into account any possible
adverse environmental effects of the substance or object

Consistent definitions of secondary products create legal certainty for waste management decisions
and for the different actors dealing with specific waste streams, including producers and users of the
recycled material. Investment decisions on new treatment capacities for the management of waste
require legal certainty. Definitions would also improve compatibility of regulatory frameworks for the
recovery and reuse of secondary materials.
Currently, in some cases, materials generated in one country are not considered to be wastes;
however, if transported to countries with different regulatory approaches, they might be considered
wastes and require waste management control, hampering the functioning of the internal market.
Consequently, producers and users tend to restrict themselves to national markets avoiding
administrative and judicial costs or risks of an unclear waste status of the materials.
“Zero-waste”
goals

Most OECD countries monitor the flows of material into their waste streams. The most prevalent
construction waste materials are wood, mineral aggregates, metals, other waste (paint, ceramics,
rubber, bitumen, etc.), plastics, organics and glass. Reducing waste generation over a building’s lifecycle is crucial to the sustainable performance of buildings and creating a “circular economy” for
construction materials. Material wastage on building sites due to managerial or technological
deficiencies increases materials consumption as well as the amount of waste generated.
Fundamental to waste diversion is the 5Rs waste hierarchy, which prioritises policy approaches:

•

Rethink waste and adopt environmentally-friendly practices

•

Reduce the amount of waste produced

•

Reuse materials repeatedly.

•

Recycle materials through local programs

•

Recover the core properties of the materials (such as embodied energy) by using them to
generating energy-from-waste (e.g. through landfill gas-to-energy).

Zero-waste goals are designed to minimise waste to landfill and to encourage diversion solutions.
Targets can be set for C&D waste diversion. Tipping fees and/or landfill taxes can be imposed for
materials disposed in landfills and “eco-fees” can be charged on the purchase of new materials that are
difficult to dispose of. Where a viable market solution (including the provision of collection and
processing centres) is in place for waste minerals, disposal bans can be implemented.
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ANNEX III. SUMMARY ASSESSMENT OF THE FACTORS WHICH MAY INFLUENCE THE CHOICE OF BUILDING MATERIALS AND
THE MATERIAL LIFE STAGE TO WHICH POTENTIAL POLICY GOALS AND LEVERS APPLY
The ranking of the policies presented in the table below has been developed based on a review of policies and the professional experience of the
author. It is possible that the rankings may be different based on the particular circumstances of a region, project or other factors. The degree to which
actions during the building phase increase the use of sustainable building products is organised as follows:
High

Medium

Influence

Low

Policy goal

Policy lever

Applicable material life cycle stage
Selection

Installation

Operation

End of life

Green building rating systems

●

●

●

Market-based instruments

●

●

Land use plans and zoning laws

●

Building codes

●

●

Encourage the use of climate-appropriate
design

Green building rating systems

●

●

●

Policies describing desired building form,
function and character

●

Promote climate resiliency

Land use plans and zoning laws

●

Encourage durable construction techniques
and planned maintenance schedules

Green building rating systems

●

●

●

●

Life-Cycle Assessment (LCA) of building
materials, assemblies and structures

●

Benchmarking, data gathering,
performance reporting and statistics

●

●

●

●

Sustainable procurement policies

●

Control/prevent construction in high-risk
areas

Market-based instruments

●

Land use plans and zoning laws

●

Support the adoption of innovative design

Building codes

●

Physical factors
Climate

Type of sub-soil

Restrict construction in high-risk areas
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●

Influence
Proximity of
sources of raw
materials

Availability of
space

Seismic activity

Proximity to geophysical features

Policy goal

Policy lever
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Applicable material life cycle stage
Selection

Installation

Green building rating systems

●

●

Product certification and labelling
schemes

●

Life-Cycle Assessment (LCA) of building
materials, assemblies and structures

●

Policies describing desired building form,
function and character

●

Sustainable procurement policies

●

Encourage the selection of construction
materials based on LCA

Life-Cycle Assessment (LCA) of building
materials, assemblies and structures

●

Manage the availability of appropriate land
for development

Market-based instruments

●

Support the adoption of innovative design

R&D Incubation

●

Building codes

●

Encourage whole building design and the
selection of construction materials based
on LCA

Life-Cycle Analysis (LCA) of building
materials, assemblies and structures

●

Encourage ecologically appropriate forms
of development

Performance-based building incentives

●

Land use plans and zoning laws

●

Control/prevent development in high-risk
zones

Market-based instruments

●

Land use plans and zoning laws

●

Encourage the consideration of sustainable
construction materials and process during
reconstruction after a seismic event

Education and training policies

●

Support the adoption of innovative design

R&D incubation

●

Building codes

●

Market-based instruments

●

Land use plans and zoning laws

●

Green building rating systems

●

Minimize the environmental impacts
associated with transportation of materials

Restrict development in high-risk zones
Encourage durable construction techniques

99

Operation

End of life

●

●

●

●
●
●

●
●

●
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Influence
Policy goal

Policy lever

Applicable material life cycle stage
Selection

Installation

Operation

End of life

and planned maintenance schedules

Sustainable procurement policies

●

Support the adoption of innovative design

Building codes

●

Encourage ecologically appropriate forms
of development

Market-based instruments

●

●

Performance-based building incentives

●

●

Land use plans and zoning laws

●

Sustainable procurement policies

●

Manage the availability of appropriate land
for development

Market-based instruments

●

●

Encourage ecologically appropriate forms
of development

Performance-based building incentives

●

●

Land use plans and zoning laws

●

Provide good quality affordable housing to
reduce the rate of repair and replacement

Market-based instruments

●

Policies describing desired building form,
function and character

●

Availability of a
qualified
workforce

Encourage a culture of apprenticeship,
builder training and qualifications

Education and training policies

●

●

●

Ensure building professionals have access
to educational resources on how to reduce
the environmental footprint of buildings

Education and training policies

●

●

●

●

Public education
and availability of
information about
the environmental
impacts of
materials

Engage and educate the public on the
importance of sustainable construction
materials

Education and training policies

●

●

●

●

Encourage durable construction techniques
and planned maintenance schedules

Green building rating systems

●

●

●

Policies describing desired building form,
function and character

●

●

Support the adoption of innovative design

Education and training policies

●

●

Socio-economic
factors
Population
density

Standards of
living

●

●

Building codes

●

Cultural factors
Architectural
typology
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●

Influence

Policy goal

Selection

Installation

Operation

End of life

R&D incubation

●

●

●

●

Building codes

●

●

Product certification and labelling
schemes

●

Life-Cycle Assessment (LCA) of building
materials, assemblies and structures

●

Product certification and labelling
schemes

●

Life-Cycle Assessment (LCA) of building
materials, assemblies and structures

●

Ensure that historically or culturally
significance materials are readily available
and sourced sustainably

Benchmarking, data gathering,
performance reporting and statistics

●

Preserve existing historically or culturally
important buildings wherever possible

Benchmarking, data gathering,
performance reporting and statistics

●

Education and training policies

●

●

Market-based instruments

●

●

Performance-based building incentives

●

●

Land use plans and zoning laws

●

Policies describing desired building form,
function and character

●

and construction techniques
Encourage the selection of construction
materials based on LCA

Historical or
regional character
preservation

Policy lever
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Applicable material life cycle stage

Encourage the selection of construction
materials based on LCA

Legislation that requires renovation

●

●

●

●
●

Encourage durable construction techniques
and planned maintenance schedules

Green building rating systems

●

●

Support the adoption of innovative design
and construction techniques

R&D Incubation

●

●

Building codes

●

●

Control the costs and environmental
impacts associated with transportation of
materials

Green building rating systems

●

●

Product certification and labelling
schemes

●
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●

●

●

Financial factors
Cost of
construction
materials, land,
transport and
labour

●

●
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Influence
Policy goal

Policy lever

Applicable material life cycle stage
Selection

Installation

Operation

End of life

Life-Cycle Assessment (LCA) of building
materials, assemblies and structures

●

Benchmarking, data gathering,
performance reporting and statistics

●

Policies describing desired building form,
function and character

●

Manage the availability of affordable land
that is appropriate for development

Market-based instruments

●

Land use plans and zoning laws

●

Ensure building professionals have access
to educational resources on how to reduce
the environmental footprint of buildings

Education and training policies

●

Encourage a culture of apprenticeship,
builder training and qualifications in order
to improve productivity and efficiency on
the construction site

Education and training policies

Presence of
environmental
taxes

Encourage energy and resource efficiency
by the imposition of environmental taxes

Market-based instruments

●

●

●

●

Support of
innovative
construction
technologies

Establish performance metrics for the R&D
investment and activity

Benchmarking, data gathering,
performance reporting and statistics

●

●

●

●

Support the adoption of innovative design
and construction techniques

Education and training policies

●

●

●

●

R&D incubation

●

●

●

●

Building codes

●

●

Support R&D directed towards sustainable
materials, technologies and solutions

R&D incubation

●

●

Encourage the use of product labelling
schemes for materials such as EPDs

Green building rating systems

●

●

Product certification and labelling
schemes

●

Life-Cycle Assessment (LCA) of building
materials, assemblies and structures

●

●

●

●
●

●

●

●

Regulatory factors
Policies that to
natural resources
management,
environment,
urban planning
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●

Influence

Policy goal

Policy lever
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Applicable material life cycle stage
Selection

energy and
territorial
development

Regulations that
prohibit, restrict
or require the use
of certain
materials
Policies that
reduce material
throughput,
particularly of
high impact
materials

Requirements or
standards that
enhance the
diversion of endof-life materials
from landfill as
well as the re-use

Installation

Operation

End of life

Encourage the “right-sizing” of buildings

Green building rating systems

●

Encourage the use of sustainable
procurement policies

Sustainable procurement policies

●

●

●

●

Create a strong, stable, fair policy
environment that communicates clear
goals related to low-impact construction
and the use of sustainable materials

Benchmarking, data gathering,
performance reporting and statistics

●

●

●

●

Restrict the use of high-impact and toxic
materials and chemicals in buildings

Green building rating systems

●

●

●

Product certification and labelling
schemes

●

Promote or require the use of certain lowimpact materials

Building codes

●

Sustainable procurement policies

●

Encourage sustainable procurement
solutions

Green building rating systems

●

Encourage dematerialisation (doing more
with less)

●
●

●

Education and training policies

●

Market-based instruments

●

Sustainable procurement policies

●

Green building rating systems

●

●

●

Education and training policies

●

●

●

●

Market-based instruments

●

●

●

●

R&D incubation

●

●

●

●

●

●

Building codes

●

Encourage the “right-sizing” of buildings

Green building rating systems

●

Encourage the use of low-impact materials

Green building rating systems

●

●

●

Education and training policies

●

●

●

●

Policies describing desired building form,
function and character

●

Market-based instruments

●

●

●

●

Sustainable procurement policies

●

Establish product stewardship policies
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Influence
Policy goal

Policy lever

Applicable material life cycle stage
Selection

of materials

Policies
promoting “endof-waste”

Internationally
agreed standards
for sustainability
in building
construction

Installation

Operation

Establish waste generation “caps”

Building codes

Create a strong, stable, fair policy
environment that communicates clear
goals related to low-impact construction
and the use of sustainable materials

Benchmarking, data gathering,
performance reporting and statistics

●

●

Promote closed-loop solutions to reduce
waste to landfill

Green building rating systems

●

●

Education and training policies

●

●

Building codes

●

●

●

“Zero-waste” goals

●

●

●

Green building rating systems

●

●

●

Product certification and labelling
schemes

●

●

Education and training policies

●

●

Encourage the use of “secondary
materials”

●

Establish criteria for end-of-waste

End-of-waste criteria

Promote closed-loop solutions to reduce
waste to landfill

“Zero-waste” goals

Establish policies which promote product
stewardship

Market-based instruments

●

Adopt internationally recognised
information-based assessment system for
building materials

Product certification and labelling
schemes

●

Life-Cycle Assessment (LCA) of building
materials, assemblies and structures

●

Breakdown of applicable policy levers
by applicable material life cycle stage

End of life
●

●
●

●
●

●

●
●
●

Selection

●

Installation

●

Operation

●

End of life

Factors with high degree of influence

55%

40%

21%

23%

Factors with medium degree of influence

31%

19%

7%

6%

Factors with low degree of influence

7%

2%

1%

1%

Total proportion of policy levers by
applicable material life stage

93%

61%

29%

29%
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ANNEX IV. LIST OF ORGANISATIONS, PROGRAMMES AND INITIATIVES REFERENCED
AND USED IN THE FINDINGS OF CHAPTER 1
Name

Website

2000-Watt Society

www.2000watt.ch

Argonne National Laboratory

www.anl.gov

BRE Green Guide

www.bre.co.uk/greenguide

BRE Environmental Assessment Method (BREEAM)

www.breeam.org

BRE SmartWaste

www.smartwaste.co.uk

California Department of Resources, Recycling, and
Recovery (CalRecycle)

www.calrecycle.ca.gov

Canadian Wood Council

http://cwc.ca

Canadian WoodWORKS! Programme

http://wood-works.ca

Cannon Design

www.cannondesign.com

Carpet America Recovery Effort (CARE)

www.carpetrecovery.org

Christchurch City Council

http://www.ccc.govt.nz

City of Zürich 2000-Watt Society

www.stadt-zuerich.ch/2000-watt-society

Collaborative for High Performance Schools

www.chps.net

Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES)

www.cites.org

Ecoinvent life cycle inventory (LCI) and database,

www.ecoinvent.ch

EU Ecolabel programme

http://ec.europa.eu/environment/ecolabel

Forest Stewardship Council (FSC)

https://ic.fsc.org

Forestry Innovation Investment Ltd.

www.bcfii.ca

FP Innovations

https://fpinnovations.ca

Green Halo

www.greenhalosystems.com

Green MLS Toolkit

http://greenthemls.org  

Inter-jurisdictional Regulatory Collaboration
Committee (IRCC)

www.irccbuildingregulations.org

Interface

www.interface.com

International Green Construction Code (IgCC)

www.iccsafe.org

LEED rating system (Canadian versions), Canada
Green Building Council

www.cagbc.org

LEED rating system (U,S, versions), U.S Green
Building Council

www.usgbc.org  

Lesosai software for the certification and thermal
balance calculation of buildings

www.lesosai.com
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Name

Website

Living Building Challenge 2.0

https://ilbi.org/lbc/LBC Documents/LBC2-0.pdf   

Loi Grenelle

www.pcet-ademe.fr/le-grenelle

London Crossrail project

www.crossrail.co.uk

London “First Steps” shared ownership programme

www.sharetobuy.com/firststeps  

Metro Vancouver

www.metrovancouver.org

Metro Vancouver Zero Waste Challenge

www.metrovancouver.org/services/solidwaste/mvandsolidwaste/zwc

MINERGIE, MINERGIE-P, MINERGIE-ECO
standards

www.minergie.ch

Modular Building Institute

www.modular.org

New York City Economic Development Center

www.nycedc.com

Norway National Office of Building Technology and
Administration

www.dibk.no

Oregon Construction Contractors Board

www.oregon.gov/CCB  

Portland ReBuilding Center

http://rebuildingcenter.org

Programme for the Endorsement of Forest
Certification (PEFC)

www.pefc.org

Publicly Available Specification (PAS) 2050

www.carbonlowemissions.co.uk/Standards/PAS2050

Rethink Wood initiative

www.rethinkwood.com

RISE : NYC competition

www.rise-nyc.com  

Re-Use Consulting

www.reuseconsulting.com

Skanska

www.skanska.se

Swiss Federal Institute of Technology

www.ethz.ch

Swiss Wood Resource Policy and Wood Action Plan

www.bafu.admin.ch/wald/01152/10307/index.html?lang=de   

Therm modeling software for two-dimensional heattransfer effects in building components

http://windows.lbl.gov/software/therm/therm.html

UK BIM Task Group

www.bimtaskgroup.org  

UK Eco-Reinforcement certification scheme

www.eco-reinforcement.org

U.S. Asbestos National Emission Standards for
Hazardous Air Pollutants

www.epa.gov/airtoxics/asbes/asbespg.html

U.S. Carpet and Rug Institute GreenLabel program

www.carpet-rug.org/CRI-Testing-Programs/Green-Label-Plus

U.S. Occupational Safety and Health Administration
(OSHA), Asbestos information

www2.epa.gov/asbestos

U.S. National Trust for Historic Preservation

www.preservationnation.org

U.S. Product Stewardship Council

www.productstewardship.us

WasteCAP TRACE

www.wastecaptrace.org
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ANNEX V: CASE STUDY OF THE SWITZERLAND 2000-WATT SOCIETY ENERGY VISION
Switzerland has implemented a life-cycle based regulatory and practical infrastructure (see box 12),
which a science-based approach to calculate and regulate embodied energy associated with building
operations, materials and construction practices. Such an infrastructure consists of a coordinated suite of:
•

Regulations, guidelines and targets (SIA 2040 Energy Efficiency Path, SIA 2032 Embodied
Energy of Buildings, the Minergie-ECO building rating standard, 2000-Watt Society, etc.)

•

Software and tools (Therm, Lesosai, etc.) and

•

Datasets and lifecycle inventories (Ecoinvent).

The impetus for a total energy/GHG impact based policy has been the adoption of the 2000-Watt
Society vision and framework which was developed by the Swiss Federal Institute of Technology in order
to support a balance between industrialised and developing countries and thus make it possible for all
people to enjoy a good standard of living. It proposes that if existing worldwide energy reserves were to be
allocated equally on a per capita basis, then every person in every society must limit their energy
consumption to a maximum of 17 500 kWh of energy per year (global average), which corresponds to a
continuous requirement of 2 000 watts (equivalent to about twenty 100W light bulbs burning per person
per year). The long-term goal of the 2000-Watt-Society is therefore to achieve a sustained primary energy
use of 2 000 watts per person and emissions of no more than one tonne of CO2 equivalent per person and
year by 2050.
Today, the 2000-Watt-Society plays an integral role within the Swiss regulatory infrastructure. It
takes into account the total primary energy use and total GHG emissions from all consumption sectors in
Switzerland. It was piloted in Basel in 2001, and adoption has grown across Switzerland to currently
encompass 20 cantons and 100 towns and cities. The City of Zürich, Switzerland’s largest city, joined the
2000-Watt Society project in 2005. After three years of comprehensive public engagement, three-quarters
of the Zürich population voted in a 2008 referendum in favour of achieving the 2000-Watt Society by
2050, give the programme’s goals a democratic legitimacy and enshrining them in the constitution. It is
understood in Switzerland that there is a long payback period for energy investments. It is therefore
necessary to create a stable long-term policy environment in order to provide the market with the
confidence required to place investments. Currently, the City of Zürich has adopted the 2000-Watt Society
for its own facilities and, currently, offers it as a voluntary “stretch” goal for other projects.
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Box 12. Embodied energy infrastructure in Switzerland

Source: Intep LLC, Brantwood Consulting et al. (2012)

The Swiss Society of Engineers and Architects (SIA) has established targets, standards and protocols
for implementing the 2 000-Watt-Society vision. The SIA 2040 Effizienzpfad Energie (Energy Efficiency
Path) and SIA 2032 Graue Energie von Gebäuden (Embodied Energy of Buildings) technical specification
and the associated documentation SIA D 0236 (2011 edition) establish a framework for the following two
impact categories:
•

Global warming potential measured in kg CO2 eq./(m2 yr)

•

Non-renewable primary energy measured in kWh/(m2 yr)

Under the 2000-Watt Society, a building’s energy and carbon footprint is deemed to include the
materials and processes associated with construction, retrofits, maintenance and operation during use, as
well as deconstruction at the end of its useful life. Embodied energy and associated GHG emissions from
the manufacturing and transportation of building components as well as the footprint created by the
building’s operation are counted continuously during the building’s use. Energy and GHGs related to
everyday personal travel and associated transportation infrastructure make up the transportation category
and are also included (see box 13).
All these measures are focused on driving a meaningful reduction of fossil energy use. This occurs
through an associated increase of energy efficiency in all areas of usage, as well as through amplified
substitutions of fossil energy with carbon neutral or minor CO2 emission solutions. For this reason, all
efficient, substitutive and affirmative measures must take into consideration the impact on both energy
consumption and CO2 emissions.
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Box 13. The 2000-Watt Society framework

Source: SIA 2040

Implementation of an integrated carbon-based building policy as defined by the 2000-Watt Society
goals, requires the application of LCA in a manner that is consistent with the design and construction
process. Since it is impractical to include every aspect of a building in an LCA calculation, system
boundaries, assumptions and limitations are developed as part of goal and scope, a standardised approach
is necessary. SIA 2032 sets out impact makers - such as GHG emissions, energy use, and ozone depletion as well as the units used for quantification - such as CO2 eq./(m2 yr), kWh, etc.
Allocation procedures, as well as the required quantity and quality of data used are also defined. The
calculation of embodied energy comprises the total amount of non-renewable primary energy and GHG
emissions released during its life cycle within the predefined system boundary. For policy compliance
purposes, the calculation of GHG emissions for embodied energy is based on the development and
adoption of four factors that are established regionally to ensure fairness, parity and comparability:
•

Impact categories

•

Useful life of buildings, products and building materials

•

Life cycle system boundary

•

Building component system boundary

These factors are consensus-based and developed, updated and reviewed by experts from the product
manufacturing industries and energy utilities, thereby establishing a consistent approach to policy
administration and performance comparability. In fact, SIA 2040 provides benchmark performance criteria
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for a wide range of energy sources, equipment and appliances to ensure consistency for all calculations and
models. With common information in place, energy ratings for buildings can be created prior to
occupancy, delivering energy consumption and carbon emission metrics that regulators can use for
community reporting and trend analysis.
In order to fairly compare embodied energy and operating energy in different buildings, all data is
benchmarked against the number of years (total divided by lifetime of the building) and gross floor area (in
order to normalise results). The useful life of a building needs to be standardised in order to quantify the
embodied energy markers and define target values. In Switzerland, a useful life of 60 years is typically
used. The useful life of building materials varies greatly. Structural components and insulation typically
remain in use for the entire life of a building, whereas roofing, siding, windows, paint and HVAC systems
will all likely be replaced once or even several times during the same time period. Replacement of products
and materials has a significant impact on embodied energy.
Defining the system boundary for building components is extremely complex, and it is virtually
impossible to account for every resource that goes into a building over the course of its life cycle. It is
therefore important for policy makers to define limitations and assumptions for the building component
system boundary. Components that do not vary much from one project to the next can be accounted for
using either calculations or prescriptive methods. In an effort to simplify the verification process it makes
sense to omit life cycle stages with minimal impact, and those for which data is not readily available.
Swiss practices were identified for their relevance and replicability in jurisdictions interested in
advancing an integrated, performance-based policy environment, which have the ability to:
•

Define energy system boundaries and energy flow in order to create strategic clarity of carbon
emission impacts of buildings

•

Identify and define building energy consumers (heating, lighting, materials, etc.), their respective
utilisation levels and drivers (building design versus occupant behaviour) in order to create
clarity of accountability for regulatory purposes

•

Introduce the principles of primary energy factors and GHG emission coefficients to consistently
and quantitatively describe the scope of GHG emission impacts of buildings

•

Propose concise, measurable and comparable energy and carbon performance targets that meet
the intent of municipal low carbon goals and are simple, fair, measurable and enforceable, yet
offer flexibility to industry

•

Introduce the principles of low carbon design as they apply to Vancouver’s multi-unit residential
buildings.
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Box 14. Lifecycle system boundary of a building as applied within the Swiss building policy framework

Source : Intep LLC, Brantwood Consulting et al. (2012)

Managing materials sustainably across their whole life cycle presents a challenge to policy makers.
Shifting to a carbon-based building policy that relies on LCA is a major undertaking and requires
investment in an integrated approach, which must be sustained over a long time frame in order to provide
confidence to the market and give it time to adapt. It must also be noted that, culturally, the Swiss are more
predisposed towards public policy and regulation than many countries. Further, engagement by all players
in the design, construction and regulation of buildings (regulators, consultants, builders, utilities,
manufacturers, suppliers, etc.) is essential and a wide range of outreach, education and training for both
professionals and the public is critical.
Public education efforts are as important as developing industry capacity and expertise. Public
awareness needs to be raised and sustained on an ongoing basis. The City of Zürich invested in three years
of comprehensive public engagement to educate citizens about climate change, energy security, and the
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future availability of energy supplies leading up to a 2008 referendum at which, three-quarters of the
population in favour of joining the 2000-Watt Society project. The vote gave the programme’s goals a
democratic legitimacy and enshrining them in the constitution. Since then, regular events to increase public
awareness continue to be held, such as annual environment days and the Zürich Multimobil action days
where the inner-city is closed to cars.
Box 15. Swiss online Bauteilkathalog showing summary data and global warming potential for a brick wall with
exterior insulation

Source : Bauteilkathalog

Such ambitious regulatory reform needs to be supported by a suite of powerful tools and resources.
Switzerland’s success has been built upon a suite of globally equitable long range targets, performancebased regulations, supported by the availability of software tools, databases of materials, catalogues of
assemblies and verification tools to assist the design team throughout the design process. Lesosai is a Swiss
LCA software tool that is in use in many countries across Europe. It offers both thermal performance and
embodied energy/carbon impact calculations. Lesosai is underpinned by a large database for commonly
used materials in Europe and the associated life cycle impact data (‘Liste Ökobilanzdaten’ published by
KBOB/ recommendations of sustainable construction and elaborated with data from Ecoinvent). Boundary
conditions are set in accordance with SIA 2032. A free online “Bauteilkathalog’ has also been created
which offers a dynamic database of products and materials which generates effective U-values, grey
energy (the hidden energy associated with a product, meaning the total energy consumed throughout the
product's life cycle from its production to its disposal), primary energy consumption and global warming
potential and more for assemblies the designer inputs into the system (see box 15).
There is a great deal of merit in establishing aspirational goals around which policies and programs
can be structured. The fact that the 2000-Watt Society’s is rooted in a philosophy of globally equity and
social justice has proven to be compelling to businesses and public alike. In Switzerland, appreciation of
the value of low impact materials such as wood, as articulated through the 2000-Watt Society vision have
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encouraged the implementation of materials specific policies such as the Wood Resource Policy which sets
targets for the use of sustainable wood products at home and overseas. For example:
•

At least 50 % increase in the wood content of the entire Swiss building stock (new buildings)

•

20 % increase in the domestic per-capita consumption of both sawn wood and derived timber
products

The 2000-Watt Society is now being evaluated for application in locations outside of Switzerland
such as the cities of Munich, Germany and Vancouver, Canada. However, some challenges need to be
resolved for LCA-based building policy to be broadly applicable. Authorities having jurisdiction over
building regulations need to clarify the scope of the LCA model, establish benchmark performance criteria
and describe the permissible methodologies before they can mandate LCA as part of building permit
submission. Indeed, LCA can be a complex and data intensive process since every energy and material
flow must be quantified for each step of the life cycle. Powerful software tools exist to access databases of
product life cycle inventories (LCIs) in order to generate whole building LCA models. This means that the
must LCIs exist, be up to date and complete, with emission and resource extraction data available for every
supply chain, mean of transportation, installation activity, end-of-life treatment, etc. in all applicable
regions.
An increasing number of Product Category Rules (PCR), methods and standards are being developed
to provide those frames for particular applications (e.g. buildings) or for particular impact pathways (e.g.
climate change). Despite this, consensus has not yet been reached for all these issues. LCA methodology
also implies subjective decisions, such as the selection of allocation criteria and system boundaries that
must be framed in order to get consistent and replicable results. Currently, experienced LCA specialists are
brought into project teams to conduct this work and these experts may not be readily available in all OECD
countries.
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