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ABSTRACT

EVALUATION INDICATORS FOR SELECTION OF
SUSTAINABLE BUILDING MATERIALS

CANARSLAN, Ozgecan
M.Sc. in Building Science, Department of Architecture
Supervisor: Assoc. Prof. Dr. Soofia T. Elias Ozkan

December 2007, 109 pages

Environmental issues have gained importance due to global environmental
threat, such as depletion of energy resources and the impacts of climate change.
The building sector is responsible for almost half of the impacts on the
environment. Hence, this study focuses on the importance of environmental

impacts of building materials.

In this regard, firstly, sustainability indicators for building materials were
determined and the environmental impacts of selected building materials were
studied. Then, the evaluation system BREEAM and the evaluation software

BEES were selected and used to evaluate one block of bachelor flats and one of

v



housing units in ODTUKENT, which is located in the Middle East Technical

University campus in Ankara, Turkey.

Building materials used for the construction of walls, floors and roofs were
evaluated according to the indicators accepted by BREEAM and BEES. The
results for both units were compared and it was seen that the block of bachelor
flats takes lower ratings than the triplex unit for BREEAM and also lower
values for BEES. Therefore, the block of bachelor flats has less environmental

impact than the triplex unit.

While evaluating the materials an exact match for all the materials used in the
case buildings could not be found in these tools. Hence, it was not possible to
exact results for these materials. In this regard, countries should determine their

own evaluation indicators and develop their evaluation systems.

Keywords: Sustainable Architecture, Sustainability Indicators, Environmental

Evaluation Tools, BREEAM, BEES.



Oz

SURDURULEBILIR YAPI MALZEMELERI SECIMINDE
DEGERLENDIRME GOSTERGELERI

CANARSLAN, Ozgecan
Yiiksek Lisans, Mimarlik Bolimii

Tez Yéneticisi: Dog. Dr. Soofia T. Elias Ozkan

Aralik 2007, 109 sayfa

Iklim degisikliginin etkileri, enerji kaynaklarinin tiikenmeye baslamasi gibi
cevresel tehlikelerin ortaya ¢ikmasi nedeniyle ¢evreyle ilgili konular 6nem
kazanmaya baslamistir. Cevreye verilen zararin yaklasik yarisi yap1 sektoriiniin
etkisiyle ortaya ¢ikmaktadir. Bu nedenden, bu ¢alisma, yap1 malzemelerinin

gevresel etkilerinin 6nemi iizerinde durmaktadir.

Buna gore, oncelikle yap1 malzemelerinin stirdiiriilebilirlik gostergeleri
belirlendi ve secilen yapilarda kullanilan yap1 malzemelerinin ¢evreye
verdikleri zararlar arastirildi. Bunun icin BREEAM degerlendirme sistemi ve
BEES bilgisayar programu segildi. Ankara’da Orta Dogu Teknik Universitesi
kampiisii i¢inde bulunan ODTUKENT lojmanlarinda yer alan iki yap1
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belirlenerek, bu yapilarda kullanilan yap1 malzemeleri, BREEAM ve BEES’e
gore degerlendirildi. Bu yapilar, 3 katl bir konut blogu ve evli olmayan

Ogretim elemanlarina ait olan yapinin bir blogu olarak secilmistir.

Calisma kapsaminda segilen binalarin duvar, yer ve ¢atilarinda kullanilan yap1
malzemeleri, BREEAM ve BEES’in kabul ettigi gostergelere gore
degerlendirildi. Iki yapiya ait olan sonuglar karsilastirildiginda, evli olmayan
Ogretim elemanlarina ait olan yap1 blogunun 3 katli konut blogundan daha
diisiik cevresel etkilere sahip oldugu goriildii. Bundan dolayi, evli olmayan
Ogretim elemanlarina ait olan yap1 blogunun konut bloguna oranla ¢evreye

etkisi daha az oldugu sonucuna ulasildu.

Secilen yapilarda kullanilan yap1 malzemeleri degerlendirilirken, uygulanan
sistemlerde (BREEAM ve BEES) bu yap1 malzemesinin tam karsiliklarinin
olmadig1 goriildi. Bu ylizden her malzeme i¢in kesin degerlendirme
sonuclarina ulagilamadi. Degerlendirmede karsilasilan bu kisitlamadan
hareketle, her iilke kendi degerlendirme gostergelerinin belirleyerek kendine ait

degerlendirme sistemini olusturmasi gerekliligi ortaya ¢ikmistir.

Anahtar Kelimeler: Siirdiiriilebilir Mimarlik, Stirdiiriilebilirlik Gostergeleri,

Cevresel Etkileri Degerlendirme Sistemleri, BREEAM, BEES.
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CHAPTER 1

INTRODUCTION

In this chapter is presented the argument for the study. It also includes a
statement of its objectives and its procedure. Concluding is an overview of its

disposition.

1.1. Argument

The population of the world is rapidly increasing; therefore, natural resources
are being used up. Since resources are such limited, the world is faced with
global environmental threats. Increased use of fossil fuels and nuclear energy
cause air pollution. In addition, toxic wastes which are causing global warming
are a huge threat for the future of this planet. Therefore, environmental
problem is one of the most important problems for human health. There is a

need to pay more attention to this issue.

After the oil crisis of the 1970s, people become aware that nature and natural
resources can be finite. In 1990s, the issue of global warming and its
environmental effects gain importance. Consequently, researches about

environmental problems and reducing their impacts become increasing.

As looking after the environment is everyone’s responsibility, designers,
architects and builders have to share this responsibility. They need to beware

not only of the cost of building but also human health and the environment.



While designing a building, which is sustainable, its cost and materials should
be also considered in terms of energy efficiency. Sustainable design is

necessary for future generation to live in a better environment.

Architects have to take action to combat the environmental problems not only
in theory, but also in practice. Firstly, the sustainability guidelines should be
known by designers, and applied by the builders. In this regard, the selection of
building materials plays an important role in protecting the environment

through design decisions.

1.2. Objective

The main objective of this research was to evaluate the building materials used

in two of ODTUKENT housing units in terms of sustainability indicators. The

other objectives were;

to study sustainability in architecture,

e to determine the sustainability indicators of building materials,

e to research the literature to determine the evaluation tools using in
building sector for materials,

e to determine the environmental impacts of buildings in terms of

building materials.

1.3. Procedure

In the first stage of this study, literature survey was conducted based on theses,
publications in libraries, articles and web sources. It was used as background
information to determine the sustainability indicators and evaluation tools for
building materials of these tools. BREEAM and BEES were selected and

applied to evaluate building materials used in the case study buildings.



BREEAM was selected because it has a wide usage area around the world; and

BEES was selected because of its availability.

The building materials used in two of the selected buildings in ODTUKENT in
Ankara were evaluated through the evaluation tools (BREEAM and BEES).
The houses were selected according to their construction types. Architectural
drawings and information on the building materials of these units were
obtained from the METU Office of Construction and Technical Works;
photographs were taken by author.

1.4. Disposition

This study is composed of five chapters. In this first chapter, the argument,
objectives and methodology of the study are introduced. It includes also

disposition of the chapters and their contents.

In the second chapter, the literature survey is presented regarding
sustainability, sustainable architecture and sustainability indicators. Thereafter
information on sustainability indicators, evaluation tools and software
programs used for evaluating building materials are presented. Finally,

building materials are classified and their selection criteria are stated.

In the third chapter, the case study is defined in the survey material section.

Furthermore, the survey methodology is described.

In the fourth chapter, evaluation systems are applied to the case buildings.

Then the results of this survey are shown and discussed.

In the fifth chapter, the findings and their interpretations are summarized.



CHAPTER 2

LITERATURE SURVEY

This chapter is comprised of information related to sustainability, especially
building materials. It also includes the indicators of sustainability and the
evaluation tools accepted as a guide in the world. This literature survey is

based on thirty-five published sources and sixteen websites.

2.1. Definition of Sustainability

The first sustainability definition is described in 1981 by Brown (Kibert, 2005),
as “one that is able to satisfy its needs without diminishing the chances of

future generations”.

According to the Unesco web site, in 1987, United Nations prepared and
published the Brundtland Report due to the increase in concern about the
effects of economic development on health, natural resources and the
environment. In this report, sustainable development was defined by the
World Commission on Environment and Development (WCED) as
"development which meets the needs of the present without compromising

the ability of future generations to meet their own needs".

Helmore and Singh (2001) define sustainability as the management and use of
natural resources to make sure that these resources will stay intact for future

generations. One other web source (www.sustainablemeasures.com) defines



sustainability as “related to the quality of life in a community, whether the
economic, social and environmental systems that make up the community are
providing a healthy, productive, meaningful life for all community residents,

present and future”.

According to Pijawka (1995), sustainability aims to decrease energy
consumption, operation and maintenance costs in addition to that it targets to
reduce waste and pollution. As Pearce (1998) notes, sustainability has a new
approach to problem solving, in this new approach considering the finite
resources of earth within the context of the estimated future, and it also tries to
maintain the importance of meeting human needs and aspirations both now and
in future generations. He explains that the natural environment is the first
source for all physical resources to protect environmental quality, and it is also
a crucial factor of sustainability. While trying to achieve sustainability for the
human species, he emphasizes three primary objectives of sustainability which
are reducing consumption of matter and energy, avoiding negative effects on

environmental life support systems, satisfying human needs and aspirations.

Researchers of the National Park Service in America (www.nps.gov) have
emphasized that sustainable design can balance human needs rather than
human wants, and it also reduces environmental impacts, importation of goods
and energy as well as the generation of waste, in long-term, it will help to
minimize resource degradation and consumption on a global scale. According
to the same web source (Www.nps.gov), “sustainable building design must

aspire to:

o use the building as an educational tool to show the importance of the
environment in sustaining human life,
e reconnect human beings with their environment for the spiritual,

emotional, and therapeutic benefits that nature provides,



e create new human values and lifestyles to have a more harmonious
relationship with local, regional, and global resources and
environments,

e increase public awareness about appropriate technologies and the
cradle-to-grave energy, damaging effects of various building and
consumer materials,

e encourage living cultures to continue indigenous responsiveness to, and
be harmonious with local environmental factors,

e pass on cultural and historical understandings of the site with local,

regional, and global relationships.”

2.2. Sustainable Architecture

Kremers (1995) argues that the term sustainable architecture, used to explain
the movement related with environmentally conscious architectural design, has
created hesitation and confusion. He also describes sustainable architecture as
an approach to extend the availability of natural resources to architectural
design that minimizes sustenance or resource consumption. The author also
says that although the term sustainable architecture corresponds to slightly
different meanings to various audiences, however, the focus is on the built

environment and its long term viability.

Sustainable architecture is described by Hawken (1993) as the reimagining of
the relationship between human beings and living systems. Sev and Ozgen
(2003) describe sustainable architecture as the best way of using energy

adequately and materials without destroying our natural environment.

According to Kohler and Chini (2005), the principal objectives of sustainability
are to increase equity and quality of life over the long-term. They also state the

main objectives of sustainable architecture as;



e using a minimum of materials,

e ensuring a long-term use,

e choosing materials that do not cause huge environmental problems
e designing buildings to make sure that they can be easily maintained,

refurbished and deconstructed.

According to Willis (2000), sustainability seems to present a much bigger task
for building designers than it does for most other professions. She explains that
it is because building designers work in and on the environment in very directs

ways.

2.3. Sustainability Indicators for Building Materials

As Farrell and Hart (1998) note, a number of different indicators have been
developed to measure sustainability and that these indicators vary considerably,
depending on the underlying view of the sustainability they represent, the
organizing framework they utilize, and the interests and goals of creators of the
indicators. Additionally, they note that such indicators help not only to
establish numerical goals and analyze trends but also to explore the full
implications of the sustainability concept. The authors also explain what
information is needed and how it will be used in practice to determine the

selection of a particular indicator.

Ranganathan (1998) defines sustainability indicators as information used to
measure and motivates progress toward sustainability goals. According to
Gallopin (1997), indicators are variables, and results are the actual
measurements or observations. He also suggests that at the more concrete
level, indicators are thought as variables and each variable may take

different values depending on specific measurements or observations.



According to Veleva (2001), the importance of developing sustainability
indicators has increased worldwide. She also added that although the number
of sustainability indicators is growing. But, there is little or no guidance in
simple lists of indicators as to how to select or apply them over time in order to
become more sustainable. The author argues that giving an exact definition of
indicators is not something easy to do; moreover, the literature is relatively

confusing on this subject. According to the author, indicators need to be:

e in manageable number,

e appropriate to the task of evaluating sustainable production practices,
e based on available and accurate data,

e confirmable,

e simple and yet meaningful,

e developed through a transparent process,

e allowing for comparisons, among others.

According to Harris (1999), an environmental assessment method must take
into account a number of factors, such as those listed in Table 2.1. There is no
general agreement as yet on an appropriate range of indicators, nor are there

any specific benchmarks or agreed standards.

Table 2. 1: Indicators and their environmental impact of building materials
(Source: Harris, 1998)

Indicator Form of environmental impact

|. Embodied energy CO, emission, other gaseous pollutants, NO_, 50,. Quantifiable

2. Raw materials consumption ( Resource conservation) Quarrying local nuisance, noise, dust. Partially Quantifiable

3. Scarcity factor Raw material consumption. Are there better alternative uses for the material?
Partially Quantifiable

4. Recveling potential Difficult to quantify. Affects indicators 1-3 above

5. Effects on occupants of building or handlers (Toxic hazard) Asthma, etc. Difficult to quantify (reactions vary between individuals)

6. Potential for using recycled materials Difficult to quantify

7. Influence on energy consumption (0O, emission, other gaseous pollutants, NO,, SO . Possible to quantify, but

depends on location (i.e. climate)




Canarslan and Ozkan (2007) also point out that no single comprehensive
standard exists for evaluating the characteristics of all building materials from
the point of view of sustainability; therefore, there is a need to establish
universal indicators of sustainability in order to evaluate and choose material

for sustainable buildings.

Reilly (1997), for instance rated building materials according to five categories,
namely, energy efficiency, resource responsibility, social/public health
responsibility, economic/functional, quality of manufacturer. These indicators
can be used to evaluate building materials, as presented in Table 2.2. The
environmental impacts are rated from 1 to 5, where 1 indicates the least

negative impact.
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In another system developed by Pearce (1998), performance requirements for

sustainable building materials are classified under four main groups; namely,

environmental, technological, resource use and socio-economic performances

(Table 2.3).

Table 2. 3: Sample Information Requirements for Sustainable Building Materials
(Source: Pearce, 1998)

Environmental Technological Resource Use Socio-Economic
Performance Performance Performance Performance
Impacts on Air | Durability Energy Occupant Health/

Quality Service Life * Embodied Indoor Env’l
* Carbon Maintainability * Operational Quality
Dioxide Serviceability * Efficiency * VOC
* Hydrocarbons | Code Compliance | * Distributional Outgassing
Impacts on R-value Degree of * Toxicity
Water Quality Strength Processing * Susceptibility to
Impacts on Soil | Constructability | Source Reduction | biocontamination
Quality Materials Appropriateness
Ozone * Renewable for:
Depletion * Recycled/ * Scale
Potential Recyclability * Climate
Site Disturbance * Reused/ * Culture
Assimilability Reusability * Site
Scarceness * Renewability Economics:
Impacts during * Local/Transport | * Contribution to
Harvest Distance Economic
Processing * Packaging Development.
Impacts Requirements * Cost
* Labor Skill
Requirements
* Labor Amount
Requirements

In the 1990s, the development of a number of methods for evaluating the

greenness of buildings, both for new designs and existing buildings was seen

by the construction and property sector (Crawley and Aho, 1999). Many

countries are more sensitive about environmental issues; hence they have

11




developed their own evaluation criteria. Some of them have been sponsored by
government and some have been developed by research organizations. Some of
organizations related to sustainable or green architecture and environmental

issues are listed below:

¢ American Council for an Energy-Efficient Economy (ACEEE)
e Centre Scientifique et Technique du Batiment (CSTB)

e Conseil International du Batiment (CIB)

e Institute for Sustainable Futures (ISF)

e Sustainable Buildings Industry Council (SBIC)

e United States Green Building Council (USGBC)

e World Green Building Council (WGBC)

Following sections give an overview of evaluation tools and software that can
be used by architects to design sustainable buildings and to select sustainable

building materials.

2.3.1. Evaluation Tools

The most well known and advanced evaluation systems in use today are the

following:

e BREEAM (British Research Establishment Environmental
Assessment): BREEAM developed in UK sets the standard for best
practice in sustainable development and demonstrates a level of
achievement.

e LEED (The Green Building Council’s Leadership in Energy and
Environmental Design): LEED enhanced in USA is the benchmark for
the design, construction and operation of high performance green

buildings (www.usgbc.org).
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BEPAC (British Columbia’s Building Environmental Performance
Assessment Criteria): It is Canada's first evaluation system for
measuring the environmental performance of existing and new
commercial buildings (www.sustainableiowa.org).

ECP (The Environmental Choice Programme): It was developed by the
Government of Canada. It is one of many ecolabelling programs around
the world rewarding products and services for their environmental
leadership (www.terrachoice.com).

SCS (The Scientific Certification System): It was developed in USA.
PormisE (VTT Technical Research Centre of Finland): It is an
environmental assessment and classification system for residential,
office and retail buildings in Finland.

ESCALE: It was developed in France.

EcoEffect: It is a system to measure and estimate the environmental
impact of a building during a life cycle. It was developed in Sweden.
Casbee (Comprehensive Assessment System for Building

Environmental Efficiency): It was developed in Japan.

In addition to this list, Howard (2005) prepared a chart to present the scope of

environmental assessment methods (Table 2.4). Such tools are limited in scope

for performance assessment, but provide the framework for preparing the

documentation needed for certification. According to the author, green building

rating systems in general focus on the following six categories of building

design and life cycle performance:

A T

Site,
Transport,
Water,
Energy,

Materials,
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6. Indoor Environment.

Table 2. 4: Environmental Assessment Methods and Scope (Source: Howard, 2005)

e o -
[} (&) o
el &|
+ < 3 g
2 2l = &
Rating System sl F| =] o =| =
Green Globes Ca X X X X X
NAHB Green Guidelines Us X | X | X X X X
HK BEAM HK X X X X X X
SPEAR Int X X X X X X
BREEAM UK X X X X X X
LEED UsS X X X X X X
Green Stars Au X | X | X X X X
Green Building Label Ta X | x| x| X X X
Korea Green Building Label Ko X X | x X X
CASBEE Ja X X X X X X
GOBAS Ch X X X X X X
GBTool Int X X X X X
Escale Fr X X X X
ENVEST UK X X X
LEGEP Ge
PromisE Fi X | X | X X X X
Equer Fr X | x| X X X
ATHENA Ca/US X
Ecoquantum NI X

Seo (2002) notes that in the past several years, interests and researches in the
development of building and environmental assessment methods have
increased significantly. Howard (2005) points out that if a tool or method is too

simple and prescriptive then it will not be considered credible; on the other
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hand, if a tool or method is too complex, then it will appeal to only a small
segment of the market willing to invest the time and expense of the
sophisticated approach. According to the author, the future development of

existing sustainability assessment methods for buildings is likely to include:

1. Continuing modification of the metrics and methods of
assessment of the sustainability of buildings which is likely to
include:
¢ Improved methodology to provide a level playing field
and publicly available data for the use of LCA in buildings
e Improved tools to make the complexity of LCA
accessible and practical for designers, operators and
owners of buildings.
e Improved performance based metrics, underpinned by
better research for a broader range of sustainability
measures in existing assessment and certification systems.
2. Steady progress in the market uptake of these methods and

transformation of the building and real estate industries.

The most popular evaluation systems in the world are considered to be

BREEAM and LEED which are explained in detail in the following sections.

(i) BREEAM

The first simplified environmental assessment and certification system
developed internationally was the BREEAM rating system developed in the
UK in 1990 (Howard, 2005). According to Skopek (1999), BREEAM is the
most widely used international environmental assessment methodology; it has
been applied to over a thousand buildings in Europe, Asia, and America. The

author points out that its success depends on a benchmarking approach;
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comprehensive coverage of issues related to energy, environmental impact, and
health and productivity; and the identification of realistic opportunities for

improvement as well as potential additional financial rewards.

In 1996 the Canadian Standards Association (CSA) adapted BREEAM for use
in Canada. In 2001, the Canada Mortgage and Housing Corporation (CMHC)
conducted BREEAM/Green Leaf pilot assessments of several typical multi-
residential buildings (CMHC, 2001). Gowri (2004) also gives examples as
BEPAC (Building Environmental Performance Assessment Criteria),
BREEAM Canada and BREEAM GreenLeaf. The author notes that BREEAM
is recognized by the U.K. building industry as the reference for assessing
environmental performance, and that Canada, Australia and several European
countries have developed variations of BREEAM incorporating local

environmental requirements in their rating scheme.

There are currently four versions of BREEAM for different building types,
such as; offices, residences, industrial units and supermarkets/superstores.
Assessments are carried out by licensed assessors, who are trained by BRE.
The website of BREEAM explains the rating process as the assessor reviews
the building against a broad range of environmental issues to give an overall
score, which is then translated into a BREEAM rating of ‘pass’, ‘good’, ‘very

good’ or ‘excellent’.

Huovila, Rao, Sunikka, Curwell (2001) note that BREEAM can be used in a
number of different ways by customers, design teams and building managers:
Clients can use BREEAM to specify the environmental sustainability of their
buildings in a way that is quick, comprehensive and visible in the market place.
On the other hand, letting agents can use BREEAM to promote the
environmental certificate and benefits of a building to potential clients.

Additionally, building managers can benchmark their performance against
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others, both generally and within their own company; design teams can use

BREEAM as a tool to improve the performance of their buildings and their

own experience and knowledge of environmental aspects of sustainability.

Seo (2002) explains that the data required to evaluate through BREEAM is in

two forms; quantitative and qualitative as follows:

Quantitative: energy and water consumption, materials data,
environmental profiling system based on LCA data which is used to
determine the credits attributed for the materials.

Qualitative: the use of high frequency weights in fluorescent lighting, (a
health and comfort factor) or whether efforts have been made to plant

new trees (a site ecology factor).

The objectives of the Building Research Establishment's Environmental

Assessment Method (BREEAM) are to;

build to the appropriate quality and to last. Longevity depends much on
form, finishes and the method of assembly employed as on the material
used.

wherever feasible, use the construction techniques which are native to
the area, learning from local traditions in materials and design;

avoid using materials from non renewable sources or which cannot be

reused or recycled, especially in structures which have a short life.

BREEAM includes eight categories, which are energy, transport, pollution,

materials, land use, ecology, water consumption, health and well-being and

management. There are further divided into subcategories which are assigned a

maximum credit. These evaluation categories, their subcategories and the

maximum obtainable credits are presented in Table 2.5.
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Table 2. 5: Evaluation categories of BREEAM (Source: Adapted from website of BREEAM,

accessed August 2007)
Code Evaluation Categories Credits
Energy Enel | Dwelling Emission Rate 15
Ene2 | Building Fabric 2
Ene3 | Drying Space 1
Ene4 | EcolLabelled Goods 2
Ene5 | Internal Lighting 2
Ene6 | External Lighting 2
Transport Tral | Public Transport 2
Tra2 | Cycle Storage 2
Tra3 | Local Amenities 3
Tra4 | Home Office 1
Pollution Poll | Insulant GWP(Global Warming Potential) 1
Pol2 | NOx Emissions 3
Pol3 | Reduction of Surface Runoff 2
Pol4 | Renewable and Low Emission Energy Source 3
Pol5 | Flood Risk 2
Materials Matl | Environmental Impact of Materials 16
Responsible sourcing of Materials:Basic Building
Mat2 | Elements 6
Mat3 | Responsible sourcing of Materials:Finishing Elements 3
Mat4 | Recycling Facilities 6
Water Watl | Internal Potable Water Use 5
Wat2 | External Potable Water Use 1
Land use and | Ecol | Ecological Value of Site 1
Ecology Eco2 | Ecological Enhancement 1
Eco3 | Protection of Ecological Features 1
Eco4 | Change of Ecological Value of Site 4
Eco5 | Building Footprint 2
Health and Heal | Daylighting 3
Wellbeing Hea2 | Sound Insulation 4
Hea3 | Private Space 1
Management | Manl | Home User Guide 3
Man2 | Considerate Constructors 2
Man3 | Construction Site Impacts 3
Man4 | Security 2

According to Seo (2002) the percentage of credits achieved under each

category is then calculated and environmental weightings are applied to

produce an overall score for the building. Then, the overall score is translated

into a BREEAM rating. This weighting system is predetermined through the
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national review process therefore the users cannot apply their own individual

weighting priorities.

BREEAM is applied to non-residential buildings and the Ecohomes, a version
of BREEAM for homes, is used for residential developments of new private or
social residential property including conversions (www.chelmsford.gov.uk).
Ecohomes assessments can be carried out at both the design stage or post

construction for new buildings and major refurbishment projects.

Ecohomes determines the credits by using The Green Guide which was
developed by incorporation with the BRE method of Environmental Profiles of
UK construction materials. The Green Guide used for residential building is
called The Green Guide to Housing Specification. This guide assesses used
specification for walls, roof, and floor and window construction, together with
sections on landscaping, kitchen fittings and refurbishment. As shown in Table
2.6. building materials and components are evaluated according to a range of
environmental issues, including climate change, fossil fuel depletion, ozone
depletion, freight transport, human toxicity, waste disposal, water extraction,
acid deposition, ecotoxicity, eutrophication, summer smog and minerals
extraction. The table also gives the weighting factors of these issues which
were determined through the consensus of local and central governments,
materials producers, construction professionals, environmental activists,

academic and environmental researchers.
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Table 2. 6: Environmental issues covered in The Green Guide and weighting of environmental
issues (Source: The Green Guide to Housing Specification, 2007)

Environmental issues and production of building materials concerns| % Weights
Clirnate change Global warming or greenhouse gases 30
Fossil fuel depletion [Coal, oil and gas consumption 114
Ozone depletion Gases which destroy the ozone layer il
Freight transpart Distance and mass of freight maved 74
Human taxicity Fuollutants which are toxic to hurmans b7
YWaste disposal Material sent to landfill ar incineration 58
Water extraction Mains, surface and ground water consumption 5.1
Acid deposition Gases which cause acid rain, etc. 48
Ecotoxicity FPollutants which are toxic to the ecosystem 41
Eutrophication WWater pollutants which promote algal blooms, etc. 4,1
SUmmer smog Air pollutants which cause respiratory probleams 3k
Minerals extraction |Metal ares, minerals and aggregates 3.3

In the Green Guide, environmental issues are explained in detailed as given

below:

“Climate change: ‘Global Warming’ is associated with problems
of increased desertification, rising sea levels, climatic disturbance
and spread in disease. It has been the subject of major
international activity, and methods for measuring it have been
presented by the Intergovernmental Panel on Climate Change
(IPCC).

Fossil fuel depletion: This issue reflects the depletion of the
limited resource that fossil fuels represent. It is measured in terms
of the primary fossil fuel energy needed for each fuel.

Ozone depletion: Ozone depleting gases cause damage to
atmospheric ozone or the ‘ozone layer’. Damage to the ozone
layer reduces its ability to prevent ultraviolet (UV) light entering
the earth’s atmosphere, increasing the amount of harmful UVB
light hitting the earth’s surface.

Freight transport: The movement of freight causes congestion,

noise, and discomfort to those local to transport routes such as
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roads, ports or flight paths. All transport modes are included with
the same weighting, and the issue takes account of both the
distance traveled and the mass carried. This issue does not reflect
the impacts of energy use or emissions from each type of
transport, which is accurately accounted for within other relevant
categories, e.g. fossil fuel depletion.

Human toxicity: the emission of some substances such as heavy
metals can have impacts on human health. Assessment of toxicity
has been based on tolerable concentrations in air, air quality
guidelines, tolerable daily intake and acceptable daily intake for
human toxicity.

Waste disposal: This issue reflects the depletion of landfill
capacity, the noise, dust and odour from landfill (and other
disposal) sites, the gaseous emissions and leachate pollution from
incineration and landfill, the loss of resources from economic use
and risk of underground fires, etc.

Water extraction: This issue reflects the depletion, disruption or
pollution of aquifers or disruption or pollution of rivers and their
ecosystems due to over abstraction.

Acid deposition: Acidic gases such as sulphur dioxide (SO;) react
with water in the atmosphere to form ‘acid rain’, a process known
as acid deposition. When this rain falls, often a considerable
distance from the original source of the gas, it causes ecosystem
impairment of varying degree, depending upon the nature of the
landscape ecosystems.

Eutrophication: Nitrates and phosphates are essential for life, but
in increased concentrations of in water, they over-encourage the
growth of algae, reducing the oxygen within the water leading to
increasing mortality of aquatic fauna and flora and to loss of

species dependent on low-nutrient environments. Emissions of
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ammonia, nitrates, nitrous oxides and phosphorus to air or water
all have an impact on eutrophication.

Ecotoxicity: The emission of some substances such as heavy
metals can have impacts on the ecosystem. Assessment of toxicity
has been based on maximum tolerable concentrations in water for
ecotoxicity.

Summer smog: Because the reactions depend on sunlight and are
common in polluted atmospheres, this issue has known as
‘summer smog’. Although ozone in the upper part of the
atmosphere is essential to prevent ultraviolet light entering the
atmosphere, increased ozone in the lower part of the atmosphere
is implicated in impacts as diverse as crop damage and increased
incidence of asthma and other respiratory complains.

Minerals extraction: This issue reflects the total quantity of
mineral resource extracted. This issue is a proxy for levels of
local environmental impact from mineral extraction such as dust
and noise. It assumes that all mineral extractions are equally

disruptive of the local environment.”

The Green Guide uses ‘A, B, C’ rating system to evaluate building materials

and components. The lowest environmental impact is given an ‘A’ rating,

while the highest environmental impact is given a ‘C’ rating. This rating

system is used to evaluate the major building elements. When A-rated

specifications have been chosen for major elements, the impacts of the minor

elements become more significant in the overall impacts of the housing unit.

(i) LEED

LEED was launched in 1998 by U.S. Green Building Council. It aims to

improve the quality of the buildings and their impact on the environment. It is
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used by builders, designers and occupants to measure the impacts of their
building’s performance (see Appendix A). LEED evaluates five areas of

human and environmental health, which are;

e Sustainable site development,
e Water savings,

e Energy efficiency,

e Materials selection,

e Indoor environmental quality

e Bonus credits for Process and Design Innovation.

To obtain a rating, a building must fulfill seven prerequisites and then obtain
points for credits related to the four criteria, namely, sustainable sites, water
efficiency, energy and atmosphere, materials and resources, and indoor
environmental quality (Seo, 2002). These prerequisites are listed in Table 2.7

along with their objectives.

According to Gowri (2004), the prerequisites are critical because they do not
provide any credit points towards the overall score, but must be met
irrespective of meeting other credit requirements. The author expresses the
success of LEED in that it has created demands for adapting the rating system

for existing buildings, commercial interiors and residential buildings.
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Table 2. 7: Seven prerequisites to obtain a rating in LEED green building rating system
(Source: Seo, 2002)

Performance

Criteria Prerequisite Objective
Sustainable Erosion and to control erosion to reduce negative impacts on water
Sites Sedimentation Control | and air quality
Fundamental Building to verify and ensure that fundamental building elements
Systems and systems are designed, installed and calibrated to
Commissioning operate as intended
Sl Minimum Ener to establish the minimum level of ener ffici f
Atmosphere ay S S qy efficiency for

the base building and systems

CFC Reduction in
HVACE&R Equipment

to reduce ozone depletion

Materials and

Storage and Collection

to facilitate the reduction of waste generated by building

Environmental
Quality

Resources of Recyclables occupants that is hauled to and disposed of in landfills
to establish minimum indoor air quality (1AQ)
Minimum [1AQ performance to prevent the development of indoor air
Indoor Performance quality problems in buildings, maintaining the health

and well being of the occupants

Environmental
Tobacco Smoke (ETS)
Control

to prevent exposure of building occupants and systems
to environmental tobacco smoke

The LEED project checklist is applied to calculate the number of credits (see

Appendix A). According to version 1.11 updated in January 2007, the checklist

has a maximum of obtainable credits as 130 (Table 2.8).

Table 2. 8: LEED Project Checklist (Source: Adapted from LEED for Homes Program
Pilot Rating System; 2007)

Max. Points Available
Innovation and Design Process 9
Location and Linkages 10
Sustainable Sites 21
Water Efficiency 15
Energy and Atmosphere 38
Materials and Resources 14
Indoor Environmental Quality 20
Awareness and Education 3
Project Totals 130
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To earn a LEED certificate, firstly, a project has to be registered. The project
must comply with all prerequisites and performance credits within each
category. Different levels of green building certification are awarded based on
the total credits earned. According to the number of credits obtained a project
can earn a Certified status, a Silver, a Gold, or a Platinum certification in the

following manner:

e When projects achieve 40% or more of the Core Credits, they can
became a LEED Certified project,

e When projects achieve 50% or more of the Core Credits, they are
awarded the LEED Silver certification,

e  When projects achieve 60% or more of the Core Credits, they are
awarded the LEED Gold certification,

e  When projects achieve 80% or more of the Core Credits, they are

awarded the LEED Platinum certification.

2.3.2. Environmental Evaluation Software

There are a number of computer programmes available for evaluating a
product. This variety makes it difficult to select an appropriate programme.
According to Seo (2002), the building evaluation software generally assess
buildings at the whole building level, based on some form of Life Cycle
Assessment (LCA)' database but some of them i.e. BEES and Eco-quantum

are focused on building products.

Existing software can measure environmental impacts of materials, assess

passive solar heating, natural lighting and ventilation, calculate life-cycle cost

"LCA is a method for determining the environmental and resource impacts of a material,
product, or even a whole building over its entire life.
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and select appropriate building product in terms of environmental issues. The

most commonly used software for environmental evaluation are the following;

e ATHENA EcoCalculator

e BEAT (Building Environment Assessment Tool)

e BEES (Building for Environmental and Economic Sustainability)
e EcoProfile

e Eco-Quantum

e ECOTECT

e ENERGY-10

e ENVest (Environmental Impact Estimating Software)

¢ GBA (Green Building Advisor)

(i) Eco-Quantum

The Interfaculty Environmental Science Department (IVAM) of the University
of Amsterdam, which is a research and consultancy agency in the field of
sustainability, developed Eco-Quantum in 1999 to calculate a building’s
environmental impact. The aim was to assess the environmental performance
of the building during its design phase so that steps may be taken to improve it

before the construction phase.

Kortman, Ewjik, Mak, Anink, and Knapen (1998) explain the objectives of
Eco-Quantum as it enables a designer to quickly identify environmental
consequences of material choices and water and energy consumption of their
designs. Eco-Quantum is used in design and end-of-life stages for building
design and building materials (Seo, Tucker, Ambrose, Mitchell and Wang,
2005). Eco-Quantum permits large, diverse quantities of information on the
environmental performance of a building to be converted for the use of all

parties in the construction process (Larsson, 2003).
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According to Seo (2002), Eco-Quantum calculates the environmental effects
during the entire life cycle of the building from production to use to
demolition. The Eco-Quantum has four assessment criteria, namely natural

resources, environmental loading, land use and biodiversity (Table 2.10).

According to information on the Eco-Quantum website the required input
consist of the quantities, specifications and details on material of the building
components. The results are submitted into the form, as well as its energy
consumption for interior heating, cooling, hot water etc., which is taken from

the energy-performance calculation.

According to Soebarto and Williamson (2005), this program assesses the
environmental performance of the building on the basis of a life-cycle
assessment (LCA) technique where specified environmental effect scores are
converted into four environmental indicators which represent the
environmental consequences of design decisions. These indicators are raw

material depletion, emissions, energy consumption and waste.

(ii) Green Building Advisor (GBA)

The official website of Green Building Advisor (GBA) states the aim of the
software as helping users to identify actions to reduce the environmental
impacts of a building project, while ensuring healthy and productive indoor
spaces. It identifies the specific design strategies, which are grouped into

environmental topics (energy, water, or indoor environment) and subtopics.

Users determine which areas or systems they want to focus on improving the
building environmentally and the basic building description. GBA gives a
report including lists of relevant green building strategies, the advice of experts

and precedent building cases.
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(iii) ENVest- Environmental Impact Estimating Software

ENVEST, the Environmental Impact Estimation Software, is a tool based on
life cycle assessment methodology developed by BRE with the support of the
Department of Employment, Training and Rehabilitation (DETR) in USA. This
software is designed for offices and commercial buildings and enables
architects and designers to evaluate the environmental impacts of different
design option for a chosen building. It deals with the environmental impacts of
materials used during construction and maintenance, as well as the energy and
resources consumed during the buildings lifetime (Huovila, Rao, Sunikka,

Curwell, 2001).

ENVest is a tool that helps designers to consider the life cycle environmental
impact of buildings at the building inception stage. It provides a holistic

approach to the design by:

e helping to optimise the form of the building, for the least environmental
impact over the building life cycle.

» informing choice about the environmental impacts of the main elements
of the building structure.

e providing and maintaining reference data acquired from material
manufacturers.

o aiding designers to balance the environmental impact of the energy and
water consumed during the operational life of the building, with the
choice of building materials.

e performing comparisons of various building schemes.

Envest uses Ecopoints to calculate the environmental impacts of the design.
Almost all data entry is from menu choices, thereafter the assessment
continues. This process is explained on one of the web sources

(www.environmental-expert.com) in the following sequence:
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Step 1: Select a building shape from a choice of eight generic shapes.

Step 2: Input basic building dimensions and details - height, storeys, window
area etc.

Step 3: Enter details of main building elements [all presented as menu choices].
Refine the design by experimenting with different specifications to see how
this affects the Ecopoint score.

Step 4: Enter details for the building services e.g. heating, lighting, air
conditioning etc. so Envest can estimate operational impacts.

Step 5: Examine the final 'Ecopoints' score. This can be compared with
benchmarks for other buildings, either those designed by other architects, or
against other buildings designed by the same team. This enables the progress of

the design to be monitored and the final design to be assessed.

(iv) BEES - Building for Environmental and Economic Sustainability

The BEES (Building for Environmental and Economic Sustainability) is
designed for decision support in material choice stages (Borg, 2001). This
software allows a technique for selecting cost-effective, environmentally-
preferable building products (www.bfrl.nist.gov/info/software.html). It helps
users to balance the environmental and economic performance of building
products. Inventory flow items have to be indicated as inputs. It presents charts
and graphs of production processes, energy requirements and environmental

performance.

The BEES programme (NIST, 1998; Lippiatt, 1998) developed by the US
National Institute of Standards and Technology aims to help designers to select
building products that strike a balance between environmental and economic
performance. This can be achieved by placing the economic and the overall
environmental performance on the same hierarchical level in the decision-

making or assessment matrix. BEES allows decision-makers to assign different
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weights to environmental and economic performance aspects and thus arrive at

a single performance score for decision making. There are approximately 230

products in BEES 4.0. Major product groupings and their subgroups are listed

in Table 2.9.

Table 2. 9: Major product groupings and their subgroups

Building maintenance

cleaning products

bath and tile cleaners

carpet cleaners

floor strippers

Building repair and
remodeling

remodeling products

adhesive and mastic removers

Building sitework

site electrical utilities

transformer oil

site improvements

fertilizer

parking lot paving

roadway dust control

Equipment and furnishings

furnishings

chairs

fixed casework

table tops, counter tops,
shelving

Interiors

fittings

fabricated toilet partitions

interior construction

lockers

partitions

interior finishes

ceiling finishes

floor coverings

wall finishes to interior walls

Shell

exterior enclosure

exterior sealers or coatings

exterior wall finishes

exterior wall systems

roofing

ceiling insulation

roof coatings

roof coverings

superstructure

beams

columns

roof sheathing

Substructure

basement construction

basement walls

foundations

slabe on grade
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2.4. Sustainable Building Materials

According to Kohler and Chini (2005), one of the central objectives of
sustainable building is the optimal use of resources in a long-term perspective.
These resources are mainly materials, energy, water, and land. Buildings and
their planned co-location crucially affect the majority of our consumption of
resources, air, water and land pollution (Howard, 2005). In the U.S., buildings
use one third of the total energy, two-thirds of the electricity, one-eighth of the
water, and transform land that provides valuable ecological services. The
natural resources used in construction are building materials, energy and

water.

According to Pearce (1998), the act of construction results in the consumption
of large quantities of energy and materials over a relatively short period of
time, and can cause significant quantities of waste which must be recovered or
disposed. Additionally, the transportation required to move materials and
equipment to and from the site also consumes energy and results in
environmental impacts due to emissions and other conflicts with natural
ecosystems. The author notes that a building consumes not only energy for
heating, cooling, lighting, and other purposes, but matter for both operation of
the physical structure and for the processes undertaken by users such as
manufacturing, residential applications (e.g., cooking, dining, and bathing), or
retailing. Lacasse (1999) notes that the construction industry needs to take
steps in the direction of achieving sustainable buildings; since it consumes

natural and physical resources, it has a significant impact on the environment.

Building materials have to be investigated at the design stage to make the
building sustainable. Sustainable design deals with harmony with environment.
It provides human needs rather than human wants with the carrying capacity of

the natural and cultural environments, so sustainable building has to be
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constructed from natural sustainable materials collected onsite, generate its
own energy from renewable sources such as solar or wind, and manage its own
waste (www.nps.gov). Godfaurd, Derek and Jeroimidis (2004) note that
building materials must serve their planned function for a reasonable length of
time after installation. The authors also point out that the rational use of natural
resources and appropriate management of the building stock will contribute to
saving scarce resources, reducing energy consumption, and improving

environmental quality.

Zachariah (2003) refers to Wilson’s (2005) words where the author emphasizes
that, “in the greenest of projects it is likely that many products will be used that
are not themselves green, but are used in a manner that helps to reduce the

overall environmental impacts of the building”.

Decisions based on impacts should be carefully considered in decisions making
stage during design (Pearce, 1998). It is thought that environmentally friendly
building materials may cost more because of expenditure on research and
development, limited production quantities and specialized distribution
arrangements that cannot take advantage of the economy of scale of
conventional products. However, this is not always the case. Greener materials
may cost less than conventional materials if waste resources are used in their
production, or there are lower costs associated with reduced embodied energy,
smaller transportation costs in the case of local production and direct
distribution from the manufacturer over a multi-step supply chain (Malin,

2005, Wilson, 1999).

2.4.1. Classification of Sustainable Building Materials

According to Pearce (1999), in recent years the construction materials

technology has changed and there is an increased emphasis on reuse and
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recycling of construction and demolition waste materials like timber, steel and
concrete; improving traditional products such as concrete into fiber or plastic-
reinforced concrete; and development of completely new technology such as

geotextiles.

Building materials can be classified in different ways, i.e. way of using,
physical, chemical properties. According to Reilly (1997), building materials
can be divided into two categories, those which serve as part of an exterior
construction system; such as walls or roofing systems and those which serve as
part of an interior construction system; such as floors, partitions or ceiling
components. Mazzoleni (1998) investigated building materials in four

categories given below:

e Structural materials
e Partitions
e Floor/roof

e Window/door

On the other hand, Sarayl1 (1978) organizes building materials in three groups

in terms of their intended use as follows:

e structural materials
e finishing materials

e protecting materials
According to data by Turkish Statistical Institute (TUIK), reinforced concrete,

timber, brick, stone, sun-dried brick and aerated concrete are commonly used

in buildings as structural materials in Turkey.

33



2.4.2. Selection of Building Materials

Spiegel and Meadow (1999) point out that the planet earth is affected directly
or indirectly by the selection of products used in buildings. The authors express
concern that the type and quantity of raw materials used in building industry
are extracted and processed impacts the earth directly. They argue there is a
close link between the materials selected and how the building occupants use

the building.

According to Pearce (1998), specification of particular materials creates a
market demand for those materials during construction, stimulating the
harvesting of raw materials to be manufactured into the specified components,
which in turn must be transported to the site and assembled into the facility

system. The author also points out that

“even when ecologically sound alternatives to traditional
building materials can be found, their use often presents
conflicts with other parameters for materials selection,

especially economic considerations”.

Careful selection of environmentally sustainable building materials is the
easiest way for architects to begin incorporating sustainable design principles
in buildings (Godfaurd et a/, 2004). The author points out that natural materials
are generally lower in embodied energy and toxicity than man-made materials,
they require less processing and are less damaging to the environment. When
low-embodied-energy natural materials are incorporated into building products,

the products become sustainable.
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US National Park Service (NPS) indicates that in selecting building materials,
it is helpful to prioritize them by origin, avoiding materials from nonrenewable

sources. When their source is sustainable:

e Natural materials are less energy-intensive and polluting to produce,
and contribute less to indoor air pollution.

e Local materials have a reduced level of energy cost and air pollution
associated with their transportation, and can help sustain the local
economy.

e Durable materials can save on energy costs for maintenance as well as

for the production and installation of replacement products.

Geiser and Harriman believe that measurement is the key to managing and
improving performance. To respond to need for standardized measures, several
organizations, such as The Global Reporting Initiative (GRI), the World
Business Council for Sustainable Development (WBCSD), the World Resource
Institute (WRI), the Centre for Waste Reduction Technologies (CWRT) and
the International Organization for Standardization (ISO) have begun to develop

standardized sets of indicators.

The huge number of potential materials available to designers and contractors
makes optimization of material choices a nearly impossible task (Pearce,
1998). It has been seen that there is some weakness in the published indicators.
According to Veleva (2001), these weaknesses are the lack of a sustainability
definition, too large a number of indicators, a lack of detailed guidance on how
to use the indicators in practice, and a complicated reporting framework

suitable for large corporations but not for small and medium-sized companies.
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CHAPTER 3

MATERIAL AND METHODOLOGY

In this chapter is explained the material and research method used in the study.
The survey materials include the case study unit of ODTUKENT housing. The

methodology part presents the evaluation processes of materials.

3.1. Material

This study was implemented to evaluate building materials in terms of their
sustainability. A case study was carried out on two units of ODTUKENT
housing on METU Campus in Ankara. Photographs and production drawings
of the selected units are presented in more detail in this chapter. ODTUKENT
housing units are occupied by the academic and administrative staff of METU.
They are located on the west of METU campus (Figure 3.1). There are a total

of 213 units ranging from triplex villas to apartments.
The first stage of ODTUKENT housing project consisted of six different types

of plans. They were designed by the Architectural Firm Atabas and constructed
by METU Directorate of Construction and Technical Works (DCTW).

36



Figure 3. 1: Map of existing METU Campus. (Source: Website of Middle East Technical
University, accessed September 2007)

The second stage consisting of four types of plans were constructed between
1996 and 1998 by EBI (Electronic — Computer and Construction) Corporation.
On the west of the ODTUKENT housing area, Konukevi blocks were
constructed between 2003 and 2005 by EBI Corporation. Konukevi 1 has 3

blocks consisting of bachelor flats. Konukevi 2 has 36 units and Konukevi 3
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and 4 consist of 16 flats each. Site plan of ODTUKENT and Konukevi and

location of units are shown in Figure 3.2.

Second stage of ODTUKENT Housing units First stage of ODTUKENT Housing units

Third Stage of
ODTUKENT Housing units
(Konukevi units)

Figure 3. 2: Satellite image of ODTUKENT Housing area (Source: Google Earth, 2007)

Triplex Unit (Code 11):
Selected unit (Code 11) is an example of a row house in ODTUKENT. It is a

3-storey building, composed of basement floor, ground floor and first floor. It

covers approximately 140 m?. The basement floor consists of two store rooms
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and a boiler room. In the ground floor, a dining room connects with the kitchen
and there is a living room. Also there is a WC, an entrance hall and a terrace. In
the first floor, there are two rooms, a hall and a bathroom. Construction
materials used in this building are given in Table 3.1. The floor plans are

shown in Figure 3.3-3.5 and a picture of the unit is presented in Figure 3.6.

Table 3. 1: Construction materials of the triplex unit

Subcategory for Environmental |Construction materials used in

Impact of Materials the triplex unit

Faof Timber raof structure with insulation
covered with clay tiles

External walls Erickwork outer leaf, insulation,
brickwark inner leaf covered with
plaster

Internal walls Brick covered with plaster

Floars In-situ concrete slab covered with
plaster

indows P%C frame, double glazed
External surfacing There is no surfacing
Boundary protection There is no boundary wall
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Figure 3. 3: Basement floor plan of case study building. (Source: Celiknalga, 2006)
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Figure 3. 4: Ground floor plan of case study building. (Source: Celiknalga, 2006)
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Figure 3. 5: First floor plan of case study building. (Source: Celiknalga, 2006)

Figure 3. 6: Side view of row houses in ODTUKENT
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Konukevi 1 — Bachelor Flats:

Konukevi 1 was designed in 2000 by Goniil Evyapan and the Architectural
Firm Sanal. This building is composed of 3 blocks, connected to each other.
They are used as bachelor flats. In this study, material used for Block A was
investigated. It is a 4-storey-building. There are a boiler room and storages in
the basement floor. The ground floor consists of a reception area and has 6
units. The first floor has 6 duplex units. Each unit has a common living area
and a kitchen. These units also have their own bathrooms. Construction
materials used in this building are given in Table 3.2. The floor plans are
shown in Figure 3.7 - 3.10 and a picture of the block is presented in Figure

3.11.

Table 3. 2: Construction materials of Block A of bachelor flats

Subcateqgory for Environmental |Construction materials used in

Impact of Materials Block A of bachelor flats

Roof Timber roof structure with insulation
covered with metal sheet

External walls Aerated concrete blocks covered
with plaster

Internal walls Brick and plasterboard covered with
plaster

Floars Block floaring covered with plaster

Windows F%C frame, double glazed

External surfacing Face brick

Boundary pratection There is no boundary wall
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Figure 3. 7: Basement plan of the block of bachelor flats

Figure 3. 8: Ground floor plan of the block of bachelor flats
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Figure 3. 9: First floor plan of the block of bachelor flats
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Figure 3. 10: Second floor plan of the block of bachelor flats

44




Figure 3. 11: East side view of bachelor flats

3.2. Methodology

The case study buildings, the triplex unit and one block of bachelor flats
(Konukevi 1), were chosen in ODTUKENT housing area for the survey. They
were selected to evaluate the materials in terms of the sustainability indicator
through the evaluation system ‘BREEAM Ecohomes’ and the evaluation
software ‘BEES 4.0°.

The plans and detailed information was obtained from the METU Directorate
and Construction Department. Photographs of the buildings were taken by the
author. Drawings of the plans and section were reproduced through AutoCad

2006.
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(i) Evaluation through BREEAM

According to the BREEAM evaluation system, materials are evaluated in terms
of environmental impact, responsible sourcing of materials in basic building
elements and finishing elements and recycling facilities. Table 3.3 gives the

weight of evaluation categories.

Table 3. 3: Evaluation categories of BREEAM EcoHomes in Material section

Evaluation Categories Max. Credits
Environmental Impact of Materials 16
Responsible sourcing of Materials: Basic Building Elements 6
Responsible sourcing of Materials: Finishing Elements 3
Recycling Facilities 6

In this study, only the ‘environmental impact of materials’ section is used to
evaluate ODTUKENT housing. The environmental impacts of materials used
in the construction of the following categories; roof, external walls, internal
walls, floors, windows, external surfacing and boundary protection which are
calculated to determine the environmental impact credits of the building (Table

3.4).

Table 3. 4: Subcategory for environmental impact of materials

Credits | Subcategory for Environmental Impact of Materials
3 Roof

External walls

Internal walls

Floors

Windows

External surfacing

Rl RN W W W

Boundary protection
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Credits are scored for each component for each subcategory. Earned scores are
calculated according to environmental weightings as listed in Table 2.6, added
to get a single score. After calculating the credits as a single score, it is
converted into Ecohomes rating. As mentioned earlier, Ecohomes utilises an
‘A, B, C’ rating system. If a material gains at least 80% of the credits for each
of the subcategories, it obtains an ‘A’ rating. An ‘A’ rating means the least

environmental impact and hence the best rating.

(if) Evaluation through BEES

Additionally, the evaluation software BEES 4.0 was applied to case study
buildings. It was chosen because of its availability, it can be downloaded via

internet.

Firstly, a material is selected from the 3 hierarchical groups, i.e. major group
element, group element and individual element (Figure 3.12). For instance, to
get the values of floor coverings, ‘interiors’ is selected from the menu of
‘major group element’, then ‘interior finishes’ is chosen from ‘group element’
and ‘floor coverings’ is selected from the ‘individual element’ list and ‘View
product list’ button is used for getting more information about materials

included in this list.

After finishing the first step, a product alternatives screen appears (Figure
3.13), which is used to select one material or more than one material to
compare their results. For instance, it is possible to calculate the environmental
impacts values of ceramic tile and marble tile together, as illustrated in Figure

3.13.
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Figure 3. 12: Screen shot of building elements
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W atural Cork, Floating Floor Plank b
Matural Cork, Parquet Tile [

Compute BEES Results |

Cancel Help |

Figure 3. 13: Screen shot of product alternatives

48




After selecting the products BEES can compute the environmental impacts and

present them (Figure 3.14). The results are produced individually or together as

graphs. For instance, both environmental and economic performances can be

evaluated, if it is needed. Additionally, graphs are detailed in terms of life cycle

stage and environmental flow. Environmental flow has thirteen indicators,

namely, global warming, acidification, eutrophication, fossil fuel depletion,

indoor air quality, habitat alteration, water intake, air pollutants, ecological

toxicity, human health in terms of cancerogenous, ozone depletion and smog.

BEES gives reports to summarize the results or all tables in one, as optional.

77 Select BEES Reports

,

[ Summary Table

Summary Graphs
v Overall Performance
¥ Environmental Performance

™ Economic Performance

Detailed Graphs

by Life-Cycle Stage

[V Environmental Performance
v Global Warming

[ Acidification

™ Eutrophication

™ Fossil Fuel Depletion
[ Indoor Air Quality
[ Habitat Alteration
[ Water Intake

I Criteria Air Pollutants
¥ Ecological Tosicity

[~ Dzone Depletion
[~ Smog

[V All Tables in One
¥ Parameter Settings

™ Human Healt ™ Human Health Cancer ™ Human He
[ Human Health Noncancer ; -

Display

il |

by Environmental Flow

[v Global Warming

I Acidification

[™ Eutrophication

[¥ Fossil Fuel Depletion
[~ Indoor Air Quality
I Habitat Alteration
[ Water Intake

I Criteria Air Pollutants
I™ Ecological Toxicity

I” Dzone Depletion
[~ Smog

Embodied Energy

™ by Fuel Renewability

I Fuel Energy vs. Feedstack Energy

™ Human Health Cancer
™ Human Health Noncancer

Figure 3. 14: Screen shot of parameters of reports
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In this study, the plans were obtained and the materials were defined. They
were calculated through BEES. BEES gave the environmental impacts values
of these materials. Thereafter, the amounts of materials used in the block of
bachelor flats and the triplex unit of ODTUKENT housing were calculated.

The total amounts of environmental impacts were calculated.

50



CHAPTER 4

RESULTS AND DISCUSSION

In this chapter, evaluation of sustainability of building materials used in case
buildings is presented. Then, the results are given. Building materials of case
study buildings are evaluated in terms of their environmental impacts. In the

last part, results are discussed.

4.1. Evaluation through BREEAM

Materials used for the triplex unit of ODTUKENT housing are presented in
Table 3.1 in the previous chapter. To evaluate the materials used in case
buildings, the evaluation charts of Green Guide to Housing Specification were
applied. These charts have sustainability indicators accepted by BREEAM,
construction materials and summary ratings. As determined in previous
chapter, ‘A, B, C’ rating system is carried out in BREEAM EcoHomes.
Indicators used for Green Guide to Housing Specification are also explained in
Chapter 2. The assessors of Green Guide give a rating for each sustainability
indicators. Building materials used in roof, external walls, internal walls, floor
and windows of case study building are determined through the Green Guide
and ratings are shown in Table 4.1. The specifications of the Green Guide to

Housing Specification used for these buildings are shown in Appendix B.
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Table 4. 1: Ratings of construction materials of the triplex unit

ROOF EXTERNAL INTERNAL FLOOR WINDOW
WALLS WALLS
Timber roof Brickwark auter | Brick blocks|ln-situ concrate|PYC frame,
structure with leaf, insulation,  |covered with|slab covered with|double glazed
brickwark inner  |plaster plaster

insulation covered || Lor L overed with

with clay tiles plaster
Indicators
Climate change A A B B B
Fossil fuel deplation A A B A =
Dzane depletion C A A A z
Freight transport B A B & A
Hurnan toxicity A A A C B
Waste disposal A c = c A
Water extraction A B B C A
Acid deposition A A B B B
Ecotoxicity A A A A [
Eutrophication A A A c A
Summer smog A A = A A
Minerals extraction A A B & B
Recycled input C C = C [
Recyclability A A A A =
Currently recycled & A A A E
Energy saved by recycling A A A B E
Average rating A B B C C

Materials used for Block A of bachelor flats are presented in Table 3.2 in the
previous chapter. These materials were evaluated according to the Green Guide
to Housing Specifications as used in the triplex unit of ODTUKENT housing.
While evaluating the roofing materials an exact match could not be found in
the specifications of the Green Guide. Roofing components could therefore not

be rated. The average ratings are presented in Table 4.2.
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Table 4. 2: Ratings of construction materials of Block A of bachelor flats

EXTERNAL INTERNAL FLOOR WINDOW
WALLS WALLS

Aerated concrete|Brick blocks and |Block flooring|PYC frame

blocks  covered|plasterboard covered with|double glazed

with plaster coverad with plaster

plaster

Indicators
Climate change A B A B
Fossil fuel depletion A B A &
Ozone depletion A A A &
Freight transport A B & A
Hurnan toxicity B A B B
Waste disposal B & B A
Water extraction B B B A
Acid deposition A B A B
Ecotoxicity A A A &
Eutrophication A A B A
Surmmer smog A & A A
Minerals extraction B B B B
Recycled input A & B &
Recyclability A A A &
Currently recycled A A A &
Energy saved by recycling A A B &
Average rating A B B Cc

4.2. Evaluation through BEES

Triplex Unit:

Building materials of triplex unit were evaluated in terms of indicators used in

BEES. The values of roofing, external walls, internal walls, floor, ceiling and

floor covering materials are given below.

a) Roofing:
The construction material of roof is timber and it is covered with clay tiles.

BEES can calculate only the values of clay tile because of limitations. It has no

environmental impacts in terms of indoor air quality, habitat alteration and
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ozone depletion. The various impacts and their amounts are given in Table 4.3

below.

Table 4. 3: Values of materials used for roofing according to BEES indicators

ROOF
clay tile
units
global warming g 002 funit 171817 B
acidification mg H /unit BR495 B4
eutrophication g funit 40594
fossil fuel depletion AT # it 438 532
mdoor ar quality g TVOCs funit 0
habitat alteration T&E species / unit 0
water intalre liters # it A
criteria air pollutants |micraDALY s £ unit 1699
ecological toxicity 22,40 / unit 451 B1
human health g CHHA { unit 51136633
ozone depletion g CFC-11 funit 0
sStnog g Mox f unit B0, 75
Average 5353640 2

b) External walls:

In the triplex unit, external walls are made up of brick. Brick is used outer and
inner leaves and insulation is applied between two brickworks. Reinforced
concrete is used in basement walls. Walls are plastered and painted inside.
Values of BEES indicators by plaster and paint are given below as figure.
Figures of habitat alteration and ozone depletion by plaster and paint and
indoor air quality by plaster are not presented, because they have no impacts.
The figures of materials used in these two buildings are given in Appendix C.

The various impacts and their amounts are given in Table 4.4 below.
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Table 4. 4: Values of materials used for external walls according to BEES indicators

EXTERNAL WALLS
concrete | brick paint plaster
(hasememnt
units wall)

global warming g CO2 Funit BE74 B3 5272 218 92 1183 B4
acidification mg H 7 unit 202872 182533 95 51 313,18
eutrophication g N f unit 143 0,76 0,04 o2z
fossil fuel depletion MIT ¥ undt 4 58 823 056 074
mdoor ar quality g TVOC s f unit a 1] 205 0
hahitat alteration T&E species [ unit) a 1] 0 1]
water intalce liters £ it a7 4 1,11 13
criteria atr pollutants [microDALY s £ unit 224 051 0,03 0,13
ecological tomcity £ 2,40 £ unit 46 A 12 92 308 8,91
human health g CEHS f unit 257435584 157 4 0,25 12913
ozotie depletion g CFC-11 f unit a 1] 1] 0
smog g Moz / unit 40 32 18 03 20 42 5,34
Avel‘age 25767891 300,33 360 52 1647 B5
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¢) Internal walls:

Internal walls are composed of brick. Walls are covered with plaster and paint.
Brick, paint and plaster have no environmental impacts in terms of habitat
alteration and ozone depletion. Additionally, brick and plaster have no
environmental impacts about indoor air quality. The various impacts and their

amounts are given in Table 4.5 below.

Table 4. 5: Values of materials used for internal walls according to BEES indicators

INTERNAL WALLS
brick paint plaster
uniis
global wartaing g (02 / unit 5272l 21892 118954
acidification g H / unit 1825 33 85 51 31318
eutrophication g H funit 076 004 nz2
fossil fuel depletion T 7 undt 923 056 n7a
ndoor air quality g TVOCs f unit 0 205 0
habitat alteration T&E species f unit 0 0 0
water mtalce liters / unit 4 1,11 13
critenia air pollutants |microDALY s £ unit 051 003 013
ecological tomcity g 2,40 [ unit 12 82 308 8,91
human health g CEHE / unit 157 4 025 12913
ozone depletion g CFC-11 f unit 0 0 0
smog o Nox/ unit 18,08 20,42 539
Average 730033 360 52 1647 5o

d) Floor and Ceiling:

Floors are made in-situ concrete and covered with plaster and paint. Paint,
plaster and concrete have no environmental impacts in terms of habitat
alteration and ozone depletion. Additionally, concrete and plaster have no
environmental impacts about indoor air quality. The various impacts and their

amounts are given in Table 4.6 below.
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Table 4. 6: Values of materials used for ceiling and floor according to BEES indicators

CEILING FLOOR
paint plaster |concrete
units

clobal warmming 2 C02 { unit 21992 118864| 445851
acidification mgH / unit 95 51 313,18| 1238596
eutrophication g Funit 0,04 022 13
fossil fuel depletion IT J unit 056 07a 313
mdoor ar quality g TVOCs f unit 2046 a 0
habitat alteration T&E species f unit a a 0
water mtake liters J unit 111 13 585
criteria air pollutants |microDALY s £ unit 0,03 0,13 1,24
ecological tomoity g 240 f unit 3,08 8,91 28 94
human health g CAHA / unit 0,25 129 13] 12993105
ozone depletion g CFC-11 f unit a a i
stnog 2 Nox f unit 20,42 539 2304
AVEl‘age 360 52 1647 B5| 12993866

e) Floor coverings:

Ceramic tiles are used in entrance hall, kitchen, bathroom and wc. Bedrooms
are covered with carpet tiles. In the basement floor, mosaic tiles are used.
Although wooden parquet is used in living room and dining room, this material
can not be calculated through BEES. BEES has no values about wooden
parquet. Values of environmental impacts according to BEES indicators of

floor covering materials are shown in Table 4.7.
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Table 4. 7: Values of materials used for floor coverings according to BEES indicators

FLOOR COVERINGS
carpet | ceramic | mosaic
tile
global warming EB02 08 242103 2531 E1
acidification 120602 o0s .72 2157 32
eutrophication B A2 035 142
tosal fuel depletion 16,74 3.5 B3
idoor air quality 5476 004 a
habitat alteration 1] a a
water ntale 421 49 151 852
criteria air pollutants 057 028 0,41
ecological toxcity 8 A6 827 701
human health 391 2048 1,78
ozone depletion 1] a a
stnog 2952 11 B2 19 08
Average 7B50,04 3389 04 48320 08

Konukevi 1 — Bachelor Flats:

Building materials of Konukevi 1 — Bachelor Flat is evaluated in terms of
indicators applied in BEES. These materials are given in Table 4.8. Indicators
of BEES were given in detail in the previous chapter. The section drawing in

Figure 4.11 gives more detail information about where the materials are used.
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Figure 4. 11: Section of Block A of bachelor flats

a) External walls

Aerated concrete blocks were used for external walls in the block of flats. This
material includes portland cement, limestone, gypsum and aluminium. While
evaluating the materials an exact match could not be found in the product list
of BEES. Therefore ‘Lafarge Block Set’ was used for evaluation since it has
nearly the same contents as aerated concrete. As mentioned before, BEES
calculate the values of indicators according to materials’ own criteria.

Environmental impacts of global warming, for instance, are evaluated in terms
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of carbon dioxide, carbon tetrachloride, etc. Values belonging these criteria are

given in Appendix D.

External walls of the block of bachelor flats are covered with plaster and

painted. Values of indicators about exterior walls are presented in Table 4.9.

Table 4. 9: Values of materials used for exterior walls according to BEES indicators

EXTERIOR WALL
aerated plaster paint
concrete
hlock

global warming BE21,73 1188 B4 218 92
acidification 2148 02 313,18 a5 51
eutrophication 1,35 022 0,04
fossil fuel depletion 3ag 0,75 05k
indoor air quality 1] 1] 205
hahitat alteration 1] 1] ]
water intake 582 1.3 1.1
critetia air pollutants 212 0,13 0,03
ecological toxicity 25,29 a.91 3,08
human health B9 12913 0,25
ozone depletion 1] 1] 1]
SMog 35,54 539 2042
Average 89537 .36 1647 B5 IR0 52

b) Internal walls

Internal walls of the block of bachelor flats are built with brick and
plasterboard partitions. They are plastered and then painted or covered with
ceramic tiles. Habitat alteration and ozone depletion by whole materials of

interior walls and indoor air quality by brick and plasterboard have no impacts.
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Table 4.10, values of BEES results of these materials are shown.

In addition, paint and plaster have same features as used for exterior walls. In

Table 4. 10: Values of materials used for interior walls according to BEES indicators

INTERIOR WAL L
brick | gvpsum | paint |ceramic | plaster
board tile
global wartning o272 1933 52 21892 242103 11658364
acidification 1826 33 815,23 95 R Q05,72 313,18
eutrophication a7e 0,55 a,04 0,34 a2z
fosald fuel depletion 823 3,86 0 5k 391 a7a
indoor ar quality a 1] 205 0,04 a
habatat alteration a 1] a a a
water ntalce 4 1,02 111 1581 13
criteria awr pollutants a 51 a,24 a3 028 13
ecological toxicity 12 92 5,3k 308 827 891
human health 187 5 1,74 025 2048 12913
ozone depletion 0 1] 0 0 0
stnog 18,08 5,41 2042 11 B2 639
Average 700,33 276608 Je0 52| 338984 1647 BS

¢) Floor coverings

In the block of flats, carpet tiles are used as floor coverings in rooms.
Bathrooms and wc are covered ceramic tiles. Marble tiles are applied in
corridors and stairs. Mosaic tiles are used in basement floor. As mentioned
before, all materials have not exact match in the product list of BEES.
Therefore, terrazzo was used for evaluation since it has nearly the same
contents as mosaic tile. Values of environmental impacts according to BEES

indicators of these materials are shown in Table 4.11.
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Table 4. 11: Values of environmental impacts according to BEES indicators

FLOOR
marhle tile carpet |ceramic tile| mosaic
global warming 26438 34 002 05 2421,03 2531 61
acidification 759,07 1206 02 = W 2167 32
eutrophication 044 G52 0,39 1,42
fossil fuel depletion 8,55 16,74 3.7 63
indoor air quality 0,04 a4 7k 0,04 ]
hahitat alteration 1] ] 1] 1]
water intake B2 421 49 15,1 a5 2
criteria air pollutants 0,25 0g7 0,248 041
ecological toxicity 15,83 a.o6 .27 7.01
human health 176 53 3,1 20,48 1,75
ozone depletion a 0 a a
smog 2049 2932 11,62 19,06
Average 36063 7B50 04 3389,84 4820,08
d) Ceiling

Ceilings are covered with plaster and painted in the block of bachelor flats.
These materials are same with the ones used for exterior walls. Hence, the
impacts of indicators belonging to plaster and paint are not presented as figures

in this section. Merely, values are shown in Table 4.12.
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Table 4. 12: Values of environmental impacts for ceiling according to BEES indicators

CEILING
Plaster Paint
global warming 11588 64 218 92
acidification 313,18 a5 B1
sutrophication 0,22 0,04
fossil fuel depletion 0,75 0,56
indoor air quality 1] 205
hahitat alteration ] ]
water intale 13 1,11
critetia air pollutants 013 0,03
ecological toxieity 591 3,08
human health 12913 0,25
ozone depletion 1] 1]
SHOZ 5,39 20 42
Average 1647 BS 380 52

4.3. Data Evaluation

According to the evaluation of the triplex unit and the block of bachelor flats
through BREEAM Ecohomes, on the whole, the block of bachelor flat has less
environmental impact than the triplex unit, as seen in Table 4.13. It is seen that
the materials used for the external walls in bachelor flats (aerated concrete and
plaster) have less environmental impact than the materials of external walls in
the triplex unit (brick and plaster). Aerated concrete blocks have less
environmental impact than the insulated brick wall in terms of the values for
waste disposal and recycled input. They have same impacts in terms of the
values for climate change, fossil fuel depletion, ozone depletion, freight
transport, acid deposition, ecotoxicity, eutrophication, summer smog and
recyclability. Insulated brick work has less environmental impacts in terms of

the values for human toxicity and minerals extraction.
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Table 4. 13: Comparison of the ratings of case buildings according to BREEAM

The triplex unit The block of hachelor flat
Foof A not available
External WWalls B A,
Internal Walls B B
Floors o B
Windows o C

Again, according to the BREEAM evaluation, materials used for the internal
walls in both buildings have same ratings. As seen in Table 4.13, when
comparing the floors, the material used for floors in the block of bachelor flats
(in-situ concrete) has less environmental impact than the materials of floors in
the triplex unit (fired clay block and concrete flooring). As concrete slabs can
consume more cement, which is high in embodied energy and harmful
emissions, it results in higher impacts. Block flooring has less environmental
impacts in terms of the values of climate change, human toxicity, waste
disposal, water extraction, acid deposition, eutrophication, minerals extraction
and recycled input. The two types of floors have same impacts according to the
values for fossil fuel depletion, ozone depletion, freight transport, ecotoxicity,

summer smog and recyclability.

Windows, made of PVC, used in both buildings get a ‘C’ rating according to
BREEAM; whish is the least desirable rating. PVC frames have higher
environmental impacts than timber frame because of the high emission levels

during their production and their shorter lifespan.

Gaining best rating for building elements can be achieved by changing the
combinations of the materials. For instance, using insulation can raise the
rating from ‘C’ to ‘B’. On the other hand, adding another material, depending

on its properties, can change the rating from better to worse.
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The amount of materials used in the triplex unit and the block of bachelor flats
to calculate the whole impact of the building according to the BEES software
are shown in Table 4.14 and 4.15.

In this study, it was not possible to compare all materials within their own
categories in with BEES, except the materials of floor coverings. According to
the results, ceramic tiles have a better average of environmental values than
marble, carpet and mosaic tiles. Ceramic tiles have the best value in terms of
global warming; the value for ceramic tiles is very close to the value for marble
tiles and mosaic tiles, but carpet tiles have the highest value. It is seen that,
carpet tiles have nearly twice the value compared to ceramic and marble tiles.
Ceramic tiles also have the best value in terms of eutrophication, fossil fuel
depletion, water intake and smog. Ceramic tile and marble tile have the same
value in terms of indicators of indoor air quality. Marble tile has the best values
in acidification and criteria air pollutants. Mosaic tile is the best only in

ecological toxicity.

Environmental impacts are calculated by using the data obtained from the
BEES evaluation. Amounts of materials used in the building are multiplied by
the environmental impact values of these materials for each unit. It is seen from
the results that the value for human health has the highest environmental
impact in the triplex unit. On the other hand, the value for global warming has

the highest environmental impact in the block of bachelor flats.

Although the indicators cannot be added as they have different units, they are
totalled to give an average point. The triplex unit has 8,306,009,055 overall
points and the block of bachelor flat has only 339,631,992.7 overall points.
Yet, on the whole the block of bachelor flats has less environmental impact

than the triplex unit.
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The BREEAM as well as the BEES evaluation results show that the triplex unit
has more environmental impact than the block of bachelor flats according to
the materials of external walls and floors. However, they have same impacts in
terms of the materials of internal walls and windows. Although the BEES
results related to the amounts of materials used in the buildings, the BREEAM
evaluates the impacts per unit material. Therefore, these results show that the
materials used in the block of bachelor flats are better than those used in the
triplex unit. However, we can not claim that the materials used in the bachelor
flats are the best in terms of all the sustainability indicators determined during

this study.
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CHAPTER 5

CONCLUSION

The construction industry consumes most of the resources in nature and since
these resources are limited, selection of building materials gains importance.
Not only do the designers have the responsibility for selection of building
materials, but also producers and policy makers have a share in this

responsibility. From the literature survey it was determined that:

e If the value of global warming increases, it causes more climate
changes.

e The more acidification, the more acid rains.

e Increasing the value of eutrophication means the decline of quality of
sea-life.

o If the fossil fuel depletion increases, it causes higher air pollution and
climate changes.

e Indoor air quality affects human life in terms of health condition.

e The more value of habitat alteration causes decrease or extinction of
species.

e The higher value of water intake causes the reducing of water
resources.

e If the value of air pollutant is higher, it affects human life in terms of
health condition and causes climate change.

e Ecological toxicity causes the changes in ecosystem.
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e The higher value of indicator of human health causes the huge health
problems, especially, cancer.

e If the value of ozone depletion rises, more ultraviolet light by sun
passes through the atmosphere and affects human health.

e Smog increases the sensitivity to illness and affects human life in terms

of health condition

In this study, indicators of environmental impact were determined and
evaluation systems for these impacts were investigated. It was seen that there is
no standardization for evaluating sustainability in the world, and each country

has determined its own evaluation systems based on its own set of indicators.

In this study, two methods, from UK (BREEAM) and the USA (BEES), were
applied. So far such systems are being applied in developing countries only.
BREEAM is not used to evaluate the total impact of a building but the impacts
of each component individually. These impacts are independent of each other
and cannot be averaged. On the other hand, the whole impact of building can
be calculated through BEES in relation with the collected data about
environmental impacts of materials. BEES gives outputs as numerical values
according to the emission of gases during production stage, therefore it seems
more complex than BREEAM. On the other hand, BREEAM is more
understandable by users because of its easy (A, B, C) rating system; it is more

user-friendly.

However, since the databases of the BREEAM and BEES did not have an exact
match for all the materials used in the case buildings, it was not possible to get
an exact result for the whole building. Therefore, evaluation systems should be
developed for each country based on the properties of their own materials; and

designers should be encouraged to use these evaluation systems.
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APPENDICES

APPENDIX A

Table A.1: Project Checklist LEED for Homes

Project Checklist
LEED for Homes

Builger Name:
Home Address (Strect T Siate)
Input Malues: Mirsmuwm No. of Podnis Requined.
MooTEedmoms: | 4w oo amaizFy | 2400 7| cemmex [ 48 | smen[ _ss | sex[ g5 Fmee (50 ]
Defaled informafion on the measures below are provided in fie companion document "LEED for Homes Rating System"” Max Points
Availadiv
NIRE He abon and Design Pro (&Enimum of O ID Foints Required)
1.1 Intagrated Project Flanning Prelminary Rating Frempdnls
| | Y i2 Int=grated Froject Team 1
| |= L3 Desigr Chamass 1
L EY 21 @ualty Managsmant for Duranl®y Flanning; |Pre-Construction] Frotmpanls
| 27 Durabllity Wet Room Measunes Prefmpsls
2% Gty Managemert Pretmpiss
4 Thirg-Party Durabiily iInspecion 3
EY 31 Innovallve P Reglonal Declgn  Provice Cescription and Jusification for Epectic Measure 1
LY iz Provice Cescrption and JusiSication for 2pectic Measure 1
Y 3% Provide Description and Jusificaiion for Epectiic Measure 1
=3 Froyite Descrnfion arc Just<ication for Sosct Mease 1
a Suk-Total
el ] Location and Linkages [LL) (Wiinimum of 0 LL Points Required) R 1w
HOLD ! LEED-ND Melghbortvood LLZE-B =]
LY 2 Ei= Ealection Aztld Erelronmentally S=nsitive SRes and Familand L1 2
31 Preferved Locadions Select an Edge Development Shz L1 1
3% OF Eeiectan Infll Sk L 2
HE ] Select a Previowsly Developed 2hs L 1
3 Infrastneoiure ERe within 1/2 Ml of Exisfing Waker and Seper LLd 1
51 Communiy Racourosc Easkz Community Rescurtes § Fubilc Transporiabion L1 1
7 & Publlo Tranch QR Exteresiwe Community Ressoroes ¢ Pubilc Transporiadon L 2
L% ] OF Cutstanding Community Ressouroes ¢ Fubilc Transporiadon L 3
8 Access o Opon Soecs Pubiicly Acoessibie Girsen Spaces [] 1
a ‘Suk-Total
L1 Bie Stewardehip Erosion Controls (During Censinaction] Vriupnls
| | 12 Mirimlze Disturbed Area of 2ie 1
- 21 Landeoaping Ho Invasive Flants Frotmpanls
kY = Easic Landscaping Design F]
£ a3 Lirit Tuef 3
LY 4 Dirougnt Tolzrant Plants 2
£ 3 Zhading of Hardeoapes Locai= and Flant Trees to Ehade Hardscapes 1
- 41 Burtaps Walsr Management Desior Fermeanie S 4
e Diesign and Install Pemmansnt Erosion Confrols Z
& Maon-Toxlo Peed Conkrol Select Ins=ct and Pest Conirol ARernathes fom List 2
EY &1 Gompact Development Aserages Housing Density & Unlis | Acne (] F]
£ (1] OR Aserzg= Housing Dersiy & 10 Urils ¢ Acre L 3
Y E3 OR _Aserage Housing Dersiy & 20 Urils § Acre LL1 4
a ‘Suk-Total
TR e s '}Hg-mw n\ﬂ sanimum of 3 WE Foints Reguinesd) OoR 16
- L1 Water Reuce Ralrsater Harvestng System 4
bl = Grey Water Re-Use Syshem 1
L 21 Irrigation #yeis=m Select High EMiclercy Me=axsur=s from List 3
e Thirg Farty Verfication 1
Ll ar OR  Insial Landscape Desigred by Licensed or Cerlified Professional WE 2.2 4
31 Indoor Water Ucs Hign EMiclercy Fivures (Tollets, Showers, and Faucets) 3
33 R Very Hick Efc :nEF:-:Iur:: [Toleks, Bhowsrs, and Faucels} WE 3.1 s
a Bub-Total




Project Checklist (cont'd)

HERED Imdax Walue Achizved:
IECC Climais Zone:

wo.

g -

EA 1.2 Pts Achizaed

oo
oR

1.1 ENERGY 3TAR Homa Meels ENERGY ETAR for Homes witn Third-Farly Tesdng Priompanls
(=3 Ewcesds ENEREY STAR "7 Homas EA 248 34
Y 1 \Waber Haating Improsed Hiot Watsr Disirbuefion Syslem 2
= Pipe Insulzden 1
- 11 Redrigerani Managsmani Mirimizs Coore Depleton and Global 'Warming Corfrbufions i
a Suz-Todal (or Sub-Total from Adendum A - Frescriptiee EA Crecils)
i Materials and Resources  [MR) (MEnimum of 2 R Foints Required) 14
Y L1 Maiwrlal Efficlent Framing Cromrall Wasi= Facior for Framing Srder Shall be Mo Mo Shar 106, Profupinls
11 12 Adwarced Framing Tectnkouss 3
| | 13 OR Structurally insulalzd Pansks MR 1.2 2
L 21 Environmentally Praferabils Tropikcal Woods, IF Used, Must be F2C Pionspanis
|HE 2% Produabs Seect Environmersally Praferabls Frodusts Trom List z
e %1 Wacts Managesmant Decument Creeral Rate of Civersion it
I a2 Reduce Wasie Benf fo Landill by 25% to 100% 3
a Buk-Total
LEL isiinimum of & IEQ Paints Required)
| ¢ ENERGY ITAR wlth IAF Meels ENEREY ETAR w/ indicor A Package [IAP) IEG2-40 1
21 Zombustlon Venting Epace Heaiing & DHW Eoulp w' ClosedFower-Exhaust IEG 1 [PMisfispisls
- Instyl High Ferformance Fireplace IE@1 2
L 3 Molcburs Control Analyze Molsture Loads AND Install Cenlral Sysism (I Needed) IE@1 1
Y 41 Duideor Alr ventnation Weels ADRSAE 51d 52.2 EQ T Prvsganis
| | az Dedizated Ouldoor Alr System (wf Heat Recoveny] IEG 1 rl
| | L] Third-Party Tesfing of Culdoor Alr Flow Safis Inhy Home i
N %1 Looal Exhauct Meets ASHRAE Sid B2.2 IEG1 Preispanls
|| 83 TImer ! Ausoratc Contras for Sathraom Exhaust Fars IEG1 1
1 53 TRire-Farty Testng of Exhaust Alr Fiow Rate Jut of Home 1
N B1 Zwoply Alr Dlstrbullon Meets AZCA Manual O EE1 Prespanis
|| B2 Thire-Party Testng of Supply Alr Flow Into Each Room in Home 2
T Zuwoply Alr Fimering & B MERY Flters, w' Adequate Sypstem Alr Flow IEG1 Preipanls
i QR = 10 MERV Fliers, wy' Adesguabe 3ysbem Alr Flow 1
b OR z 13 MERV Flters, w' Adeqguate System Alr Flow 2
61 Gonfaminant Confrol Sea-0# Ducts Durng Construction IEG 1 1
BF Permarent Walk-31f Mals OF Shos Biorape OF Cernfral WVacuum 2
- 5] Flush Home CGontnuousiy for 1 W eek wiin 'Windows Open 1
e w1 Aadon Froteotion Instal Radon Reskslant Consinacton If Home is In EFA Zone 1 IEG1 Premspanis
| |= 0z Instyl Radon Resktant Consinacton IF Some k5 not in EFA Zore 1 IE@1 1
.1 Garags Folutari Protecilon W A Handlirg Equizment OF Retum Cucts in Garage IEG1  Fremmpanis
g Tighity Seal 3hared Burfaces between Sarage and Home IEQ@ 1 2
w03 Exhawst Fan In Gamge 1
i OF Detached Garape or Mo Garage IEG 1
a Bub-Total
IR
R 11 Eduoatian for Homsowmner Easic Ocoupant's Manual and Walkinrough of LEED Home et is
B 12 andior Tenambs Comprensnsive Soospant's Manual and Muliple Walkhroughs ! Trainings 1
b 13 Publlc Awareness of LEED Home 1
Y 21 Edusation for Eulll‘llrlg Il!rl- Basic EJ.II\:IrII Manai!l‘!- Mizrusl and '.'.'-alH"n'I:th of LEED Home k|
a Fub-Total
o Project Totals (pre_sarimoation sctimabss) 130
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APPENDIX B

Table B.1: External Walls Specifications in the Green Guide to Housing Specification

External walls

Summary Rating
Climate change
Fossil fuel depletion

0Ozone depletion

Freight transport

Human toxicity
Waste disposal
Water extraction
Acid deposition
Ecotoxicity
Eutrophication
Summer smog
Minerals extraction
Cost

Typical replacement interval

Recycled input
Recyclability

Currently recycled

Energy saved by recycling

Cavity and solid wall construction

Brickwork outer leaf, aerated blockwork
inner leaf, plasterboard/plaster, paint

B|B|B|A|A[A|A]|A]|z19-£71

3

Brickwork outer leaf, insulation,
aerated blockwork inner leaf,
plasterboard,/plaster, paint

A|B|B|A|A|A|A]|A | £49-£71

Brickwork outer leaf, insulation,
|dense blockwork inner leaf,
plasterboard/plaster, paint

A|C|BIA|A|A|A|A|EI-E67 |

PVC weatherboarding, insulation,
aerated blockwork wall,
plasterboard/plaster, paint

Cl|A[A]|C|C[A]|A]A]£55-£86

Rendered aerated blockwork cavity
wa sterboard/plaster, paint

30

als|B|AalAalAa]|A]|B|sa4-g72

Rendered dense blockwork cavity
wall, insulation, plasterboard/plaster,
paint

60

alcl|clalalalals |£49-565

Rendered dense blockwork outer leaf,
insulation, aerated concrete blockwork
inner leaf, plaster/plasterboard/plaster,
| paint

leaf, insulation, aerated blockwork inner
leaf, plasterboard/plaster, paint

Rendered lightweight blockwork outer |

A|B|B|A|A|A|A|B|E£28-£40

B|B|B|A|A|A|A|B|£45-£64

60

Rendered solid aerated blockwork,
|plasterboard,/plaster, paint

B|B|B|A|A|A|A|B |£38£55

60

Stone outer leaf, insulation, dense
blockwork inner leaf,
plasterboard,/plaster, paint

Alclclalalalalc|s7-£109

60

To determine the specifications of triplex unit

To determine the specifications of bachelor flats

Piechart shows the weighting of environmental issues.
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Table B.2: Roofing Specifications in the Green Guide to Housing Specification

Pitched roof construction

ETWEEN ramers

Concrete tiles, battens, sarking felt, A|lA|A|B|A|[A|B|A|A|A|A|A|E£28-554 |BO|C|A|C|A
battens on timber roof structure with
insulation b rafters

Fibre cement slates, battens, sarking AlB|a|lB|B|A|A|lB|B|A|[B|A|£50-£77 |30|C|A|C|A
felt on timber roof structure with
insulation between rafters

Palymer resin bonded slates, battens, clclalc|c|al|B|c|c|c|c|Aa|%£w£69 [35(C(C|C|C
sarking felt on timber roof structure
with insulation E rafters

Slates, battens, sarking felt on timber AlalAalc|A|lCc|A|A|A]|A]|A|C|£51-£143]|60|C A [A|A
roof structure with insulation within
rafters

Table B.3: Internal Walls Specifications in the Green Guide to Housing Specification

Internal partitions

Aerated blockwork partition, alalalalalalB|Aa]a|AalC|A|&26-241 |60|A B |B|B
SE P al e,

paint

Fairfaced brickwork Bl|A|A|B|A|C|B|AJA|A]A AlALA
Glass block wall clc|c|AjCc|B]JAJC]C|C]|A A|[C|A
Lightweight blockwork partition, C|A|AJC|A|C|B|JA]A|A]|C AlAL|A
plasterboard,/plaster, paint

' Softwood framed safety AlA|AJA|A|A|A|B|AIALA AlC|C
glass — single glazed

Steel stud, plasterboard, paint A|lA|A|A|A|JA|AJA[A|A]|C cjc|c
Timber studwork partition, A|lA|A|A|A|A|A|A[A|A]|C cjc|c
plasterboard, paint

Timber studwork with tongue and groove A|lA|A[A|A|A|A]A|A|A|C B|C|B
boarding to one face, plasterboard to

the other, paint to both sides
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Table B.4: Floors Specifications in the Green Guide to Housing Specification

Upper floor construction

Beam and block flooring, chipboard c|c|B|c|B|Aa|lA]|C|B|C|C]|A B|(B|B
or OSE decking on timber battens,

plasterboard ceiling

Beam and block flooring, plywood B|(B|B|C|B|A|A|B|B|C|B|A B|(A|B

decking on timber battens,
plasterboard ceiling

Screeded beam and block flooring,
plasterboard ceiling

Steel joists, chipboard or OSB decking,
plasterboard ceiling

Steel joists, plywood decking,
plasterboard ceiling

Timber joists, chipboard or 0SB
decking, plasterboard ceiling

Timber joists, plywood decking, cl|cjc|cC
plasterboard ceiling
Timber joists, tongue and groove c|c|B|C

floorboards, plasterboard ceiling

Table B.5: Window Specifications in the Green Guide to Housing Specification

double glazed, painted inside and out

Durable hardwood frame, A|lA|A|C|A|A|A|A|B|B]|A AlALA
double glazed, painted inside and out

Powder coated aluminium frame, C{C|A|[A|C|A|C|C|A|A]|A AlALA
double glazed

Aluminium faced timber composite c|C|{A|A|C|A|C|C|A|A|B A|ALA
frame, double glazed, painted inside

Glass block window A|C|A|A|C|C|[A[A|C]|C]|A A|B|A
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Figure C.1: Environmental impacts of aerated concrete block
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Figure C.2: Environmental impacts of brick and plasterboard
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Figure C.3: Environmental impacts of ceramic and marble tiles
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Figure C.4: Environmental impacts of mosaic tiles and nylon carpet
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APPENDIX D

Table D.1: Values of environmental impacts by aerated concrete block through BEES

GlobalWarming by Flow (grams CO2 equivalents/unit)

Categaory ElockSet
(a) Carbon Dioxide (COZ, net) 5.430,00
() Carbon Tetrachloride (CCER) 0,00
[3) Carbon Tetrafluaride (CF 0,
(3 CFC AZ (CCIZF2) 0,m

(&) Chloroform (CHCIZ, HC-200 0,m
{a) Halon 1301 (CF3ERD 0,m

(@l HCFC 22 (CHFZCN 0,m
(@) Methane (CHA) 133,628

[a) Methyl Bromide (CHZBT) 0,00

{ a) Methyl Chlaride (CH2C T 0,m

[ d) Methylene Chloride (CH2ZCL2, 0,00
() Mitrous Oxide (M207 2,15

(3 Trichloroethane (1,1, 1-CH3C 0,00
sum | BE2173

Acidification by Flow (milligram s H+ equivalents/unit)

Category Elock Set
[3) Ammania (MHZ) e~ =]
(3 Hydrogen Chloride (HC D 20,89
(3] Hydrogen Cyanide (HC M) 0,
(3 Hydrogen Fluaride (HF) 1,452
[3) Hydrogen Sulfide (H25) 0,
(3] Mitrogen Oxides (MO as NOZ 1117 22
[3) Sulfur Oxides (S0 az 502) 1.003,75
(a) Suluric Acid (H25 04 0,00
Surm 2198 02
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Eutrophication by Flow (gram s nitrogen equivalents/unit)

Category ElockSet

(3] Ammonia (MH2 0,00
() Mitrogen Oxides (NOx as MOZ 1,24
() Mitrous Deide (M207 0,00

(3] Phosphaoric Acid (H3P O3 0,00

(3] Phos phorus (P 0,00

[3) Phos phorus Pentoxide (P2 05) 0,00
(v Ammonia (MHS3H, MH2, as N 0,04
(w) BODS (Biochemical Oxygen 0,0z
{wi) GO0 (Chemical Dxygen 0,04

{wf) Mitrate (NO3-) 0,00

(i) Mitrite (NOZ-) 0,00

i) Mitrogenows b atter (unspeci 0,00
(wi] Phosphates (FO4 3-, HF OG-, 0,00
{w]) Phos pharus (P 0,00

(wi] Fhos phore Pentoxide (P2 057 0,00
Sum 1,25

Fossil Fuel Depletion by Flow (MJ/unit)

Category ElockSet

(r1 Coal (in ground) 0,13

(r) M atural % as (in ground) 0,60
{1 3l {in ground) I (=]

Surm jcR==1

Indoor Air Quality by Flow (grams Total VOCs/unit)

Category ElockSet
(3) Indoor Tatal WOCs 0,00
Sum 0,00
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Habitat Alteration by Flow (threatened & endangered species/unit)

Category Elock Set

Land Use (End of Period W aste) 0,0
Land U=se (In=tallation Wi aste) 0,0
Land Use (Replacement W aste) 0,0
Sum 0,

Water Intake by Flow (liters/unit)

Category BlockSet
W gter Us ed (total 552
Sum 582

Criteria Air Pollutants by Flow (micro disability-adjusted life y earsiunit)

Category ElockSet

[a) Mitrogen Oxides (MOx as HOZ 0,06
[a) Pariculates (greater than 0,00
(a) Pariculates (P 100 0,04
[a) Pariculates (unspecified) 1,74

(3] Sulfur Oxides (50x as 5027 027
Sum 2,12

Ecological Toxicity by Flow (grams 2 4-dichlorophenoxy-acetic acid equivalents/unit)

Category BElock Set
[a) Carbon Monoxide (SO0 027
{(d) Crice<ins (unspecified) 0,95
(a1 Mercury (Ha) 21,04
(a) Nitrogen Oxides (NOx as NOZ 057
(i) Sibeer (Ag+) 1,97
All Others 0.50
Sum 25,29
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Human Health Cancer by Flow (grams benzene equivalents/unit)

Category Elock Set
All Others 0,03
Cancer-d) Arsenic (As) 0,23
Cancer-(a) Dicins (uns pecifie 529,65
Cancer-(3 Mickeal (M 0,01
Cancer-(n) Ars enic (As3H, A5+ 0,43
Cancer--{u) Phenol (CEHGOH) 0,43
Sum 91,00

Ozone Depletion by Flow (grams CFC-11 equivalents/unit)

Category Elonzk Set

(3) Carbon Tetrachloride (CCE) 0,00
[a) CFC A2 (CCIZF2) 0,0

fay1Halon 1201 (CF3EN 0,0
(aYHCFC 22 (CHF2CN 0,0

(a) Methyl Bromide (CHZBD 0,00

(3) Trichloroethane (1,1, 1-CH2C 0,00
Sum 0,00

Smog by Flow (grams NOx equivalents/unit)

Category Elock Set

fa) Carbon Monoxide (CO) 0,21

(a) Hydrocarbors (except methan 1,16
{a) Hydrov arbons (uns pesified) 0,21
(&) Hitrogen Oxides (MO as NOZ 3452
(a1 Particulates (unspecified) 1,74

All Others 0,10
Surm 2864
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Table D.2: Values of environmental impacts by plaster through BEES

GlobalWarming
Category Stuczo
(a) Carbon Dioxide (CO2Z, net) 1.158,00
[3) Carbon Tetrachloride (CCED 0,00
[3) Carbon Tetrafluoride (CF) 0,
[ay CFC 12 (CCI2F2) 0,00
(a) Chlarafarm (CHCIZ, HC-207 0,00
[a) Halon 1301 (CF2B0 0,00
(A HCFC 22 (CHFZCD 0,00
{a1 Methane (CHA) 2754
[a) Methyl Bromide (CH2BT) 0,00
[ &) Methy| Chloride (CH2IC D 0,00
[ 3) Methylene Chloride (CHZC L2, 0,00
(a1 Hitrous Cixide (H207 210
(a) Trichloroethane (1,1, 1-CH3C 0,
Sum 1125 .64
Acidification
Category Stucoo
(3 Ammonia (HHE) o=
[ 3) Hydrogen Chlaride (HC D) 32458
(3] Hydrogen Cyanide (HCH) 0,0
(3 Hydrogen Fluoride (HF) 037
(31 Hydrogen Sulfide (HZ 5 0,25
(a) Hitrogen Cxides (NOx as MOZ2 199,62
[3) Sulfur Oxides (50« as 502) 148,42
(a) Sulfuric Acid (H2S5 O 0,00
Surm 213,18
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Eutrophication

Category Stucoo
[3) Ammonia (MHZ) 0,0
() Nitrogen Oxides (NOx as NOZ 0,13
(a1 Nitrous Oxide (M200 0,00
(3] Phozpharic Acid (H23P 04 0,
() Phos phorus (P 0,00
(31 Phos phorus Pentoxide (P205) 0,
() Ammonia (MHA+, NH3, a= M) 0,01
(i) BODRS (B iochemical Doy gen 0,0
{w) COC (Chemical Dxygen 0,01
[wi) Mitrate (MO3-) 0,00
(o) Mitrite (MO2-) 0,00
(i) Mitrogenous b atter Cunspeci 0,01
(in] Phozphates (FO4 2-, HPOS-, 0.m
{nf) Phos phorus (P 0,00
i) Fhos phores Pentoxide (PZ0O5) 0,0
Sum 0.z
Fossil Fuel Depletion
Cateqory Stucoo
{r1Coal {in ground) 0,04
(1 M atural & a= (in ground) 0,12
£r1 3l {in ground) 0,53
Sum 0,7ms
Indoor Air Quality
Category Stucoo
(3) Indwor Total WOCs 0,
Surn 0,00
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Habitat Alteration

Category Stucco
Land Use (End of Period Wi aste) 0,00
Land U=e (Installation W aste) 0,00
Land Use (Replacement W aste) 0,00
Sum 0,00

Water Intake

Category Stucco
il gter Us ed (total) 1,20
Sum 1,20

Criteria Air Pollutants

Category Stucoo
() Mitragen Oxides (MOx as NOZ 0,01
(a) P articulates (greaterthan 0,00
[d) Particulates (P 00 o0
[a) P articulates (unspedified) o.or
[3) Sulfur Qxides (S50x a5 5 02) 0,04
Sum 0,13

Ecological Toxicity

Category Stucoo
() Carbon Monoxide (CO) 0,07
[ 3) Dicxins (uns pecified) 0,12
[a) Mercury (Ha) = (]
[a) Mitrogen Oxides (NOx as NOZ2 0,02
(i) Sitear (Ag+) 0,20
All Others 0,12
Sum 2,01
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Human Health Cancer

Category Stucoo
Al Dthers 0,0=
Cancer-[d) Arsenic (As) 0,05
Cancer-{d) Chromium (Cr M, C o0,0s
Cancer--[a) Dioxins (uns pecifie 142,85
Cancer--{uw] Ars enic (Rs3H, A5+ o..or
Cancer-in) Fhenol (CEGHS0H) o..or
Sum 129,132
Ozone Depletion
Category Stuczo
(&) Carbon Tetrachloride (CCE) 0,00
(a1 CFC 12 (CCIZF2) 0,00
(ay Halon 1201 (CF3BN 0,00
[aYHCFC 22 (CHFZCN 0,00
(&) hdethyl Bromide (CH3ET 0,00
(a) Trichloroethane (1,1, 1-CH3C 0,0
Surm 0,00
Smog
Category Stucoo
[a) Carbon honoeide (CO) 0,06
(a) Hydrocarbors (except methan 017
(3] Hydroc arbons (unspecified) 0,13
[a) Mitrogen Dxides (NOx as MO2Z 4,84
(3} P aricul ates [unspecified) o.0r
All Others 0,0z
Sum 5.3
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Table D.3: Values of environmental impacts by ceramic and marble tiles through BEES

Global Warming by Flow (grams CO2 equivalents/unit)

Category Tile/Glass CompMarble
(a) Carbon Dioxide (CO2, net) 231250 241240
(a) Carbon Tetrachloride [(CCI4) 0,03 0,00
(&) Carbon Tetrafluoride [CF4) 0,00 0,00
[#) CFC 12 (CCIZF2) 0,80 0,00
() Chlaroform [CHCIZ, HC-20) 0,80 0,00
{a) Halon 1301 (CF3E 0,80 0,00
(&) HCFC 22 (CHFZCI) 0,80 0,00
(&) Methane (CH4) a7 42 134 45
(a) Methyl Bromide (CH3EY) 0,00 0,00
() Methyl Chloride (CH3CI) 0,80 0,00
(&) Methylene Chloride (CH2CI2, 0,80 0,00
(&) Mitrous Oxide [(N20) 11,08 154
(a) Trichloroethane (1,1,1-CH3C 0,00 0,00
Sum | 242103 2548739

Acidification by Flow (milligrams H+ equivalents/unit)

Category Tile/Glass CompMarble
(a) Ammonia (MH3) 056 045
(&) Hydrogen Chloride (HCI) 254 4 46
(&) Hydrogen Cyanide (HCM) 0,00 0,00
(&) Hydrogen Fluoride (HF) 429 oM
(&) Hydrogen Sulfide (HZ25) 0,oo 003
(&) Mitrogen Oxides (NOx as NOZ 27 e 366 93
(a) Sulfur Oxides (S0x as SO 523 86 386,76
(a) Sulfuric Acid (H2504) 0,00 0,00
Sum a03 .72 78907
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Eutrophication by Flow (grams nitrogen equivalents/unit)

Category Tile/Glass CompMarble
(&) Arnrnonia (NH3) 0,00 0,00
(a) Mitragen Oxides (NOx as NOZ 0,31 0,41
(&) Mitrous Oxide (M20) 0,00 0,00
{a) Phosphoric Acid (H3PO4) 0,00 0,00
(&) Phosphorus (F) 0,00 0,00
{a) Phosphorus Pentoxide (P205) 0,00 0,00
) Ammonia (NHA+, NH3, as M) 0o 001
fw) BODS (Biochemical Oxygen 0,04 0,00
(A COD (Cherical Oxygen 00z om
i) Mitrate (MO3-) 0,00 0,00
() Mitrite (MNOZ-) 0,00 0,00
{w) Mitrogenous Matter (unspeci 0,00 0,00
() Phosphates (PO4 3-, HPO4--, 0,00 0,00
fw) Phosphorus (F) 0,00 0,0
() Phosphorus Pentoxide (P2035) 0,00 0,00
Sum 039 ‘ 044

Fossil Fuel Depletion by Flow (MJ/unit)

Category Tile/Glass CompMarble
(1 Coal (in ground) o002 004
(11 Matural Gas (in ground) 233 4 66
(1) 3l (in ground) 156 395
Sum | 391 865

Indoor Air Quality by Flow (grams Total VOCs/unit)

Category Tile/Glass CompMarhle
(a) Indoor Total WOCs 004 0,04
Sum 004 004
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Habitat Alteration by Flow (threatened & endangered species/unit)

Category Tile/Glass CompMarble
Land Use (End-of-Period Waste) ooo ooo
Land Use (Installation Waste) n,no n,no
Land Use (Replacement Waste) 0,00 0,00
Sum 000 0,00

Water Intake by Flow (liters/unit)

Category Tile/Glass CompMarble
Wwater Used (total) 15,10 76,10
Sum 1510 | 76,10

Criteria Air Pollutants by Flow (micro disability-adjusted life years/unit)

Category Tile/Glass CompMarble
{a) Mitrogen Oxides (MOx as NO2 0,02 002
(&) Particulates (greater than 0,00 0,00
{a) Particulates (PM 10} 0,03 0,00
(&) Particulates (unspecified) 0,06 012
{a) Sulfur Oxides (50x as S02) 07 0.M
Sum 028 025

Ecological Toxicity by Flow (grams 2 4-dichlorophenoxy-acetic acid equivalents/unit)

Category Tile/Glass CompMarble
(a) Dioxins {unspecified) 0,03 024
{a) Mercury (Hg) 6581 14 458
(a) Mitrogen Oxides (NOx as MOZ 014 0,19
() Sihver (Ag+) 0m2 0,36
fw) Wanadium V3+, V54 0,00 035
All Others 0ge 021
Sum 827 1883
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Human Health Cancer by Flow (grams benzene equivalents/unit)

Category Tile/Glass CompMarhle
All Others 004 a,m
Cancer-(a) Arsenic (As) 0,0a 0,04
Cancer-(a) Dioxins (unspecifie 1869 17567
Cancer-(a) Lead (Ph) 1,13 o,0a
Cancer-(w) Arsenic (As3+, AsS+ 0,20 oog
Cancer--(w) Phenal (CEHZ0H) 033 o722
Sum 20,48 176 53

Ozone Depletion by Flow (grams CFC-11 equivalents/unit)

Category Tile/Glass CompMarble
(a) Carban Tetrachloride (CC14) oao 0,00
fa) CFC 12 (CCIZFZ) a,oo a,0o
{a) Halon 1301 (CF3Er) 0,00 0,00
(a) HCFC 22 [CHF2C) a,oo a,0o
{a) Methyl Bromide (CH3Er) 0o 0,00
(&) Trichloroethane (1,1,1-CH3C 0,oo 0,00
Sum Qoo 0,00

Smog by Flow (grams NOx equivalents/unit)

Category Tile/Glass CompMarble

(a) Hydrocarbons (except methan 016 019
(@) Hydrocarbons {(unspecified) 2 B6 140
{a) Mitrogen Oxides (NOx as NOZ 8,58 11,36
{a) Particulates (unspecified) 006 012

[2) Styrene (CEHSCHCHZ) o,ao 72

All Others 0,14 0,20

Sum 11562 2090
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Table D.4: Values of environmental impacts by plasterboard through BEES

GlobalWarming by Flow (grams CO2 equivalents/unit)

Category Gyp=smBoard
(a1 Carbon Dioxide (COZ2, net) 1642 562
(3] Carbon Tetrachlaride (CCER 0,05
(a) Carbon Tetrafluoride (CF) 0,0
[a) CFC 12 (CCIZF2) 0,00
(a) Chloraform (CHCIZ, HC-200 0,00
{ayHalon 1301 (CF2BN 0,00
(@aIHCFC 22 (CHFZCNH 0,00
(d) Methane (CHS) 276 565
(3} Methyl Bromide (CH3BED 0,00
[ a1 Methyl Chloride (CHIC N 0,00
[ 3) Methylene Chloride (CHZ2CEZ, 0,a0
(31 Hitrous Oiide (N207 14,13
(31 Trichloraethane (1,1, 1-CHIC 0,a0
sum | 1sess

Acidification by Flow (milligrams H+ equivalents/unit)

Category GypsmBoard
(3] Ammonia (MHZ) 2,495
(3 Hydrogen Chlaride (HC D 2565
(3] Hydrogen Cyanide (HCH) 0,00
(3 Hydrogen Fluaride (HF) 0,495
(3] Hydrogen Sulfide (HZ 5) 0,01
(a1 Mitragen Dxides (MO as NOZ 142,29
(3] Sulfur Oxides (50 as 502 GES 26
[a) Sulfuric Acid (H25 04 0,0
Sum 215,23
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Eutrophication by Flow (gram s nitrogen equivalents/unit)

Category GypsmBoard
(3] Ammonia (MH3) 0,00
[a) Mitrogen Oxides (NOx as NOZ 0,16
(30 Nitrous Cide (NZ200 0,00
[3) Fhospharic Acid (H3F O 0,00
(a1 Fhos pharus (F) 0,00
(a) Fhos phores Fentoxide (P205) 0,00
i) Ammonia (MHSH, NH32, as M) 0,06
) BODS (Biochemical O=ygen 0,10
() T OO (Chemical O=ygen 0,05
{wiy Mitrate (NO3-) 0,m
[y Mitribe (MO2-3 0,m
) Mitrogenouws hatter (unspeci 0,06
() Phosphates (PO4 3-, HPO4--, 0,12
{w) Phos phores (P 0,02
() Phos phones Pentoxide (P205) 0,00
Sum 0,65

Fossil Fuel Depletion by Flow (MJ/unit)

Category GypsmBoard
(r1 Coal {in ground) 0,2
(r1 M atural Fa=s (in ground) 3493
(r1 3l {in ground) 0,41
Sum 355

Indoor Air Quality by Flow (grams Total VOCs/unit)

Category GypsmBoard
(a) Indaor Total WOCs 0,00
Surn 0,00
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Habitat Alteration by Flow (threatened & endangered species/unit)

Category Gyp=smBoard
Land Use (End of Period W5 aste) 0,00
Land U=e (Installation W aste) 0,00
Land Use (Replacement W aste) 0,00
Sum 0,00

Water Intake by Flow (liters/unit)

Catagory GypsmBoard
Wi gter Us ed (total) 1,02
Surn 1,02

Criteria Air Pollutants by Flow (micro disability-adjusted life y ears/unit)

Category GypsrmEBoard
() Mitrogen Oxides (NOx as MOZ2 0,01
(a1 Particulates (greater than 0,04
(a) Particulates (Fh 1070 0,04
(a1 P aricul ates {unspecified) 0,02
(3] Sulfur Oxides (50x a5 5027 0,18
Surn 0,29

Ecological Toxicity by Flow (grams 2 4-dichlorophenoxy-acetic acid equivalents/unit)

Category GypsmBoard
[ a) C hlorpyrifos 0,12
(a1 Mercury (Ha) 2581
(&) Metol achlor (C1SHZZCIN 02) 0,20
(o) Cobalt (Co |, Coll, Co Nl 0,18
(i) Siheer (Ag+) 1,80
All Others 0,55
Surn [=pc.:]
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Human Health Cancer by Flow (grams benzene equivalents/unit)

Category Gyp=mBoard
All Others 0,05
Cancer--{ ) Arsenic (As) 012
Cancer--(3) Berzansa (CHEHE) 0,04
Cancer-{a) Dioxing (uns pecifie 0,75
Cancer--n) A enic A3+, AsS+ 0,2
Cancer-{w] Phenal (CEHS0OH) 037
Sum 1.74

Ozone Depletion by Flow (grams CFC-11 equivalents/unit)

Category GypsmBoard
(3] Carban Tetrachlaride (CCE) 0,00
[a)CFC A2 (CCI2F2) 0,00
(ay Halen 1301 (CF3B1) 0,00
(aIHCFC 22 (CHFZCD 0,00
a) Methyl Bromide (CH3BD 0,00
(d) Trichloroethane (1,1,1-CH3C 0,0
Sum 0,00

Smog by Flow (grams NOx equivalents/unit)

Category GypsmBoard
(a1 Hydrocarbons (except methan 0,13
(a) Hydroc arbons (unspecified) 0,85
3] Methana (CHE 0,04
(a) Mitrogen Oxides (NOx as HOZ 4,41
[3) Xylene (CGHL CHIE) 0,07
All Others 0,21
Surn a4
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