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Abstract

Today, due to the rapid growth of population, depetent of the construction industry is a necesaityaround the world,
new subjects such as sustainable development,ommvantal pollution, conservation of resources, aeduction of CO2
emission have become the most important reseapibstamong the scientific societies. In recent geaspecially after 1997,
new tools were invented to assess the building@mviental impacts, including total life cycle, frggroduction to demolition.
National regulation of the buildings in Iran hasamplete chapter on how to calculate and contrargyp consumption of the
buildings during their operation phase, but unfordtely, construction and demolition phases arellptaeglected. Absence of
a practical regulation to control unpleasant impsaif the construction and demolition phases of #édimg could cause
unsustainable development, as a silent crisis isecily happening and is going to appear in nextatées when the buildings
gradually reach the final phase of their life cyeleThis paper will try to draw a framework for assesent of the
environmental impacts of buildings during their iemtlife cycle using the ISO standards for life leyassessment (LCA).
According to this framework and by defining and sweag the numerical parameters representing thelding
environmental sustainability, it would be possitdecompile regulations to estimate the optimumtlmhithese parameters and
to keep them in a limited range. By doing so, iuldobe possible to provide for the current genemas needs without
compromising the ability of the future generatidasprovide for their needs. This is an abstract nieg of sustainability
itself.

Keywords: Construction industry, Sustainability, LCA, Sustdile development, Environment.

1. Introduction

After the Industrial Revolution, human knowledge d@a
great deal of progress in software and hardwardés Th
resulted in building production becoming one of dineatest
industries in the world. Achieving new mathematical
knowledge in structural calculation and inventioihnew
materials, such as steel and concrete, providedtitiey for
man to create new construction systems and led to
development of construction industry. In the 19tesn
construction speed and novel structures were thst mo
popular field in the construction industry, but the
following century, maintenance of the built struet
became more important. There is just one impogabject

at the beginning of the 21st century that concetres
construction industry professional, demolition afilings
and putting an end to their existence.
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In order to control the probable crisis of building
demolition, a global movement started to increase
environmental sustainability and reduce negativpaicts
of the construction systems on natural environment.

Production and maintenance of building is also as
important. Thus, all the factors related to thiues have to
be studied and assessed carefully. Destructive
environmental impacts, expansion of CO2 emission,
unlimited use of renewable and non-renewable ressur
and importance of the future generations' needsttere
most common topics of this global movement.

2. Crisis of Non-Sustainable Construction

As mentioned before and shown in the diagram below,
it was found out that the expanding need of theldvor
population for new buildings and accepting the
development of construction industry as an undéaitdrt
is currently occurring.
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Fig. 1. Projection of world population. Source: Population
division of the Department of economic and sodfies of the
United Nations secretariat, 2005 [1]

According to the sustainable development's defing;j
mentioned in the next pages, development of coctibru
without controlling its undesired impacts on the
environment, will increase fossil fuel use, CO2 ssian,
environmental pollution and will bring about manther
issues. As shown in the next diagram, every colnttie
world has to reduce its CO2 emission to a certaiell
Therefore, the construction industry, as one of st
polluting industries, is the direct target of tiéernational
programs. It's necessary to know that the constmct
industry uses 37% of all the produced energy arid 80
the water resources. At the same time, it creai®s of
the CO2 [2]. Therefore the first meetings were hid
1990 to produce an appropriate tool for constructio
sustainability assessment [3-4].
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Fig. 2. Carbon emission scenarios based on 300 Gt globsil fo
carbon budget, split equally between industrializedntries (IC)
and developing countries (DC). [1]

This movement was followed by several efforts to
produce assessment tools like environmental pretese
tool [5], green building assessment tool [6], LEEI0I [7]
and some other tools. Therefore, it could be urndeds

that no one doubts the necessity of environmental
sustainability assessment for buildings. Most deved
countries have special programs to control therdetste
effects of the construction industry by measurihgirt
environmental sustainability.

Iran is now trying to cross the necessary path to
becoming a developed country. Attention to sustilitya
is one of the accelerating factors in a country's
development. It causes higher performance and more
economic growth. Because of the rapid growth ofi'fra
population, especially in the last two decades, agd
glancing at the age proportion in the lranian dytie
population pyramid, it's easy to anticipate an exirag
need for construction, particularly in the residgngector.
Low performance of the current common construction
systems in Iran causes very low environmental, @cin
and social sustainability in the industry. It seethat
continuing the current situation in constructionl wesult
in facing serious problems in the next 50 yearsh@lgh
this crisis will accrue in all phases of constrantisuch as
production, maintenance and demolition, the most
destructive and critical phase is the last phaseblPms
made by demolition wastes are the main part ofctisss.

To have a better and more understandable view ®f th
future crisis, an example model is given.

With the construction method used in Tehran, the
buildings' life-time is about 50 years. Thus, affare
decades, majority of the buildings in this city ane for
demolition. Management of this large-scale denwils
waste will create a big problem. Although, thisices
problem will be faced gradually in the years to epom
nevertheless, it will appear suddenly. Previousiwilar
crisis happened in some other industries in vehicid
computer industries and put many countries with no
preventive programs in serious trouble. Howeverstiud
the developed countries dealt with this crisis sastully
suffering minimum costs, because their prevention
methods and strategies had been thought of in advan
With such experiences in other industries, it seémbe
necessary to study the destructive environmentetisf of
construction systems in all phases of a structlife,ssuch
as production, maintenance and demolition. Furtbeem
it is needed to make effective decisions to conthelse
disadvantages and guide the construction industtyate
the maximum amount of sustainability.

3. Sustainability
3.1. Sustainable Development

Sustainable development is a new subject in rekearc
and scientific societies. The evidence shows a g@w
inclination toward studying this field in recentcdeles.
One of the first studies in this field was in 19i2the
United Nations. Its result was published in Agerzia
in1992. These considerations were accomplishechén t
United Nations' conference in Rio de Janeiro andewe
developed by several national and international
conferences and seminars. The main defined gotileske
efforts was preservation of the natural environnfenthe
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future generations. It was followed by the sustai@a
development theory [8]. A few of the available défons
for sustainable development are brought in theo¥alig
paragraphs.

As defined in SAGE seminar, sustainable development
is a result of providing human needs using techgiokd,
social and economic means simultaneously
progressing despite of the natural resources prasen
[9]. Another definition given by the British sustable
development supporting society calls sustainable
development as a process in which people can gnew t
potentials and increase support resources [10jabable
development is described as a multiple subject exricg
the natural environment, industry, economy, tecbgwl
politics and the media [11].

DERT definition calls sustainable development a
subject that can guarantee a better life styleafopeople
now and in the future. This goal could be achiebgd
using these tools [12]:

-Social progress which
everyone

-Effective protection of the environment

- Prudent use of natural resources

-Maintenance of high and stable levels of economic
growth and employment

Another famous definition is given by the World
Committee of Environment and Development (WCED) in
1983 for the first time. It defines the sustainable
development as a kind of development that meets the
needs of the present generation without comprogitie
ability of the future generations to meet their oneeds
[11].

All given definitions have the same view, beingttha
sustainable development is a multidisciplinary eubj
concerned with many fields, but the most importéits
are social, economic and environmental sustaimgbili
From this point of view, sustainable developmentade
up of three factors and when it's told that susthia
development happened it means that sustainabitity i
achieved in three fields of society, economy and
environment at the same time [13].

and

recognizes the needs of

Sustainable
Development

A A A

Social Environmental (Sustainable Economic
(Sustainable Environment & resources) (Sustainable
Communities) Economy)

Fig. 3. Three themes of sustainable development [14]

3.2. Sustainable Construction

encouraging scientific discussion about sustaiitgpil
this topic entered construction industry, gradually
Sustainable construction is a kind of building protibn
with responsible management with regard to the
environmental rules and use of resources by thhekig
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possible performance [15]. In other words sustdaab
development is a specific approach of sustaingbilit
concerned with the construction industry. Also,
construction industry is complex and consists ofesa
phases like production, development, planning,
construction and maintenance of the built enviramme
Therefore, sustainable construction can be destritsea
branch of sustainable development that contairenfial
and physical planning, designing, organizing, maker
selection, recycling and minimizing demolition wea§t 6].

As mentioned before, there are three fields in
sustainability of development. It's also possibde study
these three fields for construction sustainabilp, each
field needs precise research and could be analyzed
different phases of a building's lifetime usinghteical and
structural approaches in major and minor scale.nThe
results of these studies could be compared with etteer.
Comparison of these results could found in theofaihg
pages.

3.3. Life Cycle Sustainability Assessment

The first step in composing a sustainable constmict
system is to change the design process in a way tha
sustainability principles could be addressed at gttaat
point of the process. In order to achieve a suskdn
design, creative methods are necessary to solve the
technical problems. Successful methods are onlsettioat
emit less pollution with lower cost, conserve merergy
and natural resource and also increase the health a
satisfaction rate in the built space. Like any ofhi@blem,
solving this one needs to be divided into smallebjems.
Thus, a construction system has to be broken dotenits
components and a proper strategy should be founelith
of the minor problems. By optimizing these minor
elements, the whole system would get optimized. nMai
parts of a construction system can be describ§t7ds

-Pre-use phase

-Use phase

-After use phase

As shown in Fig. 4, life cycle can be studied adony
to different construction using different approazhe

Building sustainability can be studied using
environmental, economic, technologic and sociatucal
approaches in different levels for all the phasésao
building's life time. Therefore, we have a very glicated
problem with several dimensions in a 3d diagram and
several parameters can be defined through intéwsect
nodes.

Optimizing any of these parameters can be a pesitiv
point in increasing the entire system's environalent
sustainability. All these complications can be ceene by
subdividing each point to smaller fields and stayti
optimization from these minor points.
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Fig. 4. Several study point in construction industry adaag to
recognition level, life cycle phase and criteri8][1

This study is restricted to the construction materi
using the environmental approach in the entiredyfele of
the phases.

3.4. Life Cycle Assessment (LCA)

There are many methods available for assessing the
environmental impacts of materials and components
within the building sector. While adequate to ateakfor
a particular purpose, they have disadvantages. i<CA
methodology for evaluating the environmental loads
processes and products during their whole lifeeytb].
The assessment includes the entire life-cycle pfoauct,
process, or system encompassing the extraction and
processing of raw materials; manufacturing, transpion
and distribution; use, reuse, maintenance, reqycéind
final disposal [16]. LCA has become a widely used
methodology, because of its integrated way of itngathe
framework, impact assessment and data quality [21].

Following a product in all its life phases became
popular in recent years, in order to assess anel@@vnan
made products, especially the industrial ones. Yéar
1997 can be mentioned as the start point. In 1987,
International  Standardization = Organization  (ISO)
published a new standard for environmental manageme
of the industrial products. So, it was the first s
principles and frameworks to control the destruetiv
environmental effects of the industrial productsingd this
approach, several effective factors like energgt,coater
usage, labor amount, CO2 emission and so forthdcbel
considered ranging from excavation of the raw nialter
and production to the end of a product's lifetigewhich,
it would be recycled or demolished. Combinationatif
these results shows the performance and the envéatal
efficiency of a product. Building environmental
sustainability assessment needs tools that camaeah
building in its life cycle. LCA offers a method wWitthis
capability [22].

LCA methodology is based on ISO 14040 and consists
of four distinct analytical steps: defining the faad
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scope, creating the life-cycle inventory, assessihg
impact and finally interpreting the results [18mgloyed

to its full, LCA examines environmental inputs and
outputs related to a product or service life-cyflem
cradle to grave, i.e., from raw material extractitimough
manufacture, usage phase, reprocessing where neteded
final disposal.

ISO 14040 defines LCA as—A technique for
assessing the environmental aspects and potemjcis
associated with a product, by: compiling an inventof
relevant inputs and outputs of a product systeratuating
the potential environmental impacts; and interpetihe
results of the inventory analysis and impact assess
phases. LCA is often employed as an analytical sitati
support tool. [19]. Historically it has found popular use
comparing established ways of making and processing
materials, for example comparing recycling with
incineration as a waste management option [25].

Its necessary to pass specified steps to do lifdecy
assessment. They can be divided to four steps as
mentioned in the table below:

Table 1 1SO 14040 format [26]

LCA Phase Primary Activities
Life Cycle Definition
Goal & Scope Functional Unit Definition
Definition System Boundary Definition

Data Quality Determination
Data Collection
Quantification of inputs/outputs

Classification

Inventory Analysis

Impact Assessment Characterization
Weighting
, Reporting
Interpretation Critical View

Considering about twenty five researches done
between 2000 and 2007 in building assessment by LCA
shows two different approaches in life cycle conijpms.
About 60% of them done by Building Material and
Components Composition (BMCC) and other 40% by
Whole Process of Construction (WPC). These two
approaches are compared in below:

Phases for the WPC
Pre-construction

Activities involved

¥ Phases for the BMCC
during the process

Extraction of raw Production, manufacturing and “:J;
_’Input Materials ﬂ:> final disposal for building Materials
Manufact materials. R
lanufacturinrg : _
; Planning costs, clients Manufacturing
Materials
|||::> requirements, supply chain
Building management, transport to
cokEtuGhion Uutpﬁt site building construction. Transport

Cp=ration Rehabilitation, repair, and

Input Clugand = "::tDmamtenance Service life for
— u i i ilati
Maintencnics P" HVAC: Heating, Ventilating,

mZ2Tro<omo

“
) = Air Conditioning.
Dismantling
Demolition Waste disposal and Wasts
Irput Output SiS cidpaa:.
_pb_ ......P.bm:> recycling materials. management

Fig. 5. Schematic representation of the building life eyj@7]

77



4. Strategies and Standards for Sustainable

Construction

As mentioned before, first construction standards wa
published in 1997 by ISO. All known standards for
building environmental sustainability were compilafier
this year. Related standards by ISO are as follow:

-ISO 14040: Main principles for environmental

standardization

-ISO 14041: Target compliment and component

analysis

-ISO 14042: Environmental effects assessment

-ISO 14043: Life cycle assessment

Raw materials and recycling of post
consumer materials

Transportation

Manufacturing of construction material
and components

Transportation
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Site construction works
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Fig. 6. Medium detailed flow diagram of a building/constiian
[28]

Several international standards show importandhef
construction industry's environmental effects. Hoeve in
the first step, it seems necessary to find out wthat
specifications of a confirmed building by 1SO stards
are? And how could a building achieve them? The
environmental friendly building or green building &
complex of strategic considerations in placemepsigh
and construction that reduces the destructive tsffet a
building as much as possible [29]. Suitable design
approach is needed to create these strategieefoterall
the resources such as materials, fuel, labor arehsoust
be considered in an architecture design to resul@i
sustainable construction. Is seems that construatfoa
green building needs creative solutions for many
paradoxes in the decision making phase of a design
process. So, any decision in the design processlihect
or indirect short-term and long-term environmeicts.

All the tools try to help their users to choosetdreand
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more appropriate materials and design methods.

Due to the importance of the construction effeats o
environment, main specifications of a sustainahiiding
that a regular building misses are follows [15]:

- Reduction of the embodied energy and resource
depletion

-Minimization of the external
environmental damage

-Minimization of the internal pollution and damatge
the health

Respecting these principles causes positive effects
the environmental health, resource conservation thed
natural environment. A green building has some aextr
specifications other than those mentioned for auleeg
building, such as the cost, function, stability atite
aesthetic. A few of them are as follows:

-Reduction of human exposure to noxious materials

-Conservation of non-renewable energy and scarce
materials

-Minimization of the life cycle's ecological impaoh
energy and the material used

-Use of renewable energy and materials that are
sustainably harvested

-Protecting and restoring the local air, waterl|, tura
and the fauna

-Supporting the pedestrians, bicycles, mass tramsit
the other alternatives to the fossil fuelled vetscl

Many countries started comprehensive researches to
achieve this target and several recommendations and
programs were compiled on how to do so. Accordmg t
the Agenda 21, a program for sustainable constmatias
implemented in Britain. According to this program,
sustainable construction is a complex of procedses
which a useful industry achieves a built environmédine
following is a list of the steps which should bkea:

-Enhance quality of life and offer customer satiitm

-Offer flexibility and the potential to cater forser
changes in the future

-Provide and support a desirable natural and social
environment

-Maximize efficient use of the resources

-Make a profit

Including all these parameters leads to getting a
sustainable building and by losing each item, spam of
sustainability will be lost [30].

Practicable  recommendations can  help
professionals to develop these items. Restrictibrthe
sustainability items to measurable limited paramsesand
compiling the measuring tools and methods can be a
starting point to composing a list of appropriate
recommendations. By assessing these sustainability
parameters and superposing, the output diagrantiseeé
parameters could be drawn during a building's diyele
using the 1SO standard as a reliable pattern. Tihusach
phase of a building's life-cycle, deviation of thigram
from the 1SO standard can be measured and be evedid
as the system's fault. Then it could be corrected.

If correction is not possible, then, that item wilé
substituted or omitted from the construction system
increase the building's environmental sustaingbilit

pollution and the

the
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By utilizing this approach, a system can find effex
parameters

in the environmental sustainability and measure and

correct them to create a new generation of cortsbruc
systems with a higher rate of environmental suatality.

4. 1. Effective Recommendations to Increase Envieoral
Sustainability of Construction Systems

sustainable
rules of this

A framework can be drawn for
construction. Respecting the primary
framework would result in [31]:

-Minimization of resources consumption

-Maximum of resources reuse

-Use renewable and recyclable resources

-Protect the natural environment

-Create a healthy and non-toxic environment

-pursue quality in creating the built environment

Sustainability of a building is not only restrictéml the
construction system but also design the processahas
direct and an undeniable effect on its sustairtgbikive
main rules to achieve a sustainable design arelksvé

In addition, more effective rules can be compiled t
achieve sustainable construction. Following titkes main
subjects for future researches in construction
sustainability:

- Reuse old buildings

- Recycle waste materials

- Use salvaged materials

- If one must build new, check how much energy

was used to produce the materials

- Consider low energy design

- Design buildings that are cheap to run

- Design building that will be cherished to

increase the chance of reuse

- Design for flexible buildings

-Designing and constructing while keeping health and
safety in mind

5. Parametric Approach
5.1. Environmental sustainability assessment tools

In recent decades, several assessment tools were

(32]: o _ invented to calculate the relationship between the
-Healthy interior environment construction materials and their environmental affe
-Energy efficiency Some of the most important databases and tools for

-Ecologically benign materials
-Environmental form

life-cycle assessment in different countries araraged in
the table below:

-Good design
Table 2 Some databases and tools of life-cycle assessth®W#€P and BMCC [28]
Database Country Function Level Software
Athena Canada Database +Tool whole building design detisio Eco Calculator
Bath Data UK Database product comparison No
BEE Finland Tool whole building design decision BEE 1.0
BEES USA Tool whole building design decision BEES
BRE UK Database +Tool whole building design decision No
Boustead UK Database +Tool product comparison Yes
DBRI Denmark Database No
Ecoinvent SL Database product comparison No
ECO-it NL Tool whole building design decision ECO-it
ECO Methods France Tool whole building design decision Underedigpment
Eco- Quantum NL Tool whole building design decision Eco- Quantum
Envest UK Tool whole building design decision Envest
Gabi Germany Database +Tool product comparison Gabi 4
|10- database Denmark Database product comparison No
IVAM NL Database product comparison No
KCL-ECO Finland Tool product comparison KCL- ECO 4.1
LCAIT Sweden Tool product comparison LCAIT
LISA Australia Tool whole building design decision LISA
Optimize Canada Database +Tool whole building design detisio Yes
PEMS UK Tool product comparison Web
SEDA Australia Tool whole building assessment SEDA
Simapro NL Database +Tool product comparison Simapro
Spin Sweden Database product comparison No

in the ISO framework for life cycle assessment is
functional unit  definition. All the  previous
recommendations are descriptive. It means thatthis
paper, no functional unit is defined. Thereforethaut

5.2. Environmental sustainability parametric assesst

As mentioned before, one of the most importantsstep
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transforming the recommendations into measurable
parameters, it would be impossible to calculateifding's
environmental sustainability or even compare déffer
buildings' sustainability rate with one another.

In order to compose a practical regulation thaidt e
obtained by the professionals in construction itrguin
Iran, it's essential to define the parameters dhatable to
describe all the aspects of the environmental swidity
to enable the concerned organizations such asslran'
Building and Housing Research Center to compile
assessment tools. All the assessment tools prelsbefere
have their own parameters and categorize buildings
according to their parametric evaluation.

Investigation of all these sustainability assessmen
tools guides us to obtain a general view of suatility
parametric definition. One of the most complete sdtthe
environmental indicators is presented in a repatted
EIME (Environmental Improvement Made Easy) in 2009.
Considering all the noticeable reports, researemes the
manuals concerned with the environmental sustditabi
assessment, some of the most important, effecthnet a
measurable parameters for building's sustainabaitg
briefly described: [33]

5.2.1. RMD (natural material depletion indicator)

The RMD indicator calculates the depletion of nakur
resources, taking into account the size of the ureso
reserve in ground and the consumption rate of teday
economy. It is expressed in fraction of reserve
disappearing per year (indeed the consumption iste
expressed as a quantity per year). Once the tygseve is
identified, an index can be defined that will relaén
inventory flow with the depletion of that resourcehe
proposed depletion indicator uses equivalency facice.,
each natural resource consumption recorded in
inventory is multiplied by the resource’s weightifagtor
(or equivalency factor). As described in equatith (he
total depletion index is then compiled by adding th
previous intermediate results for all inventory wio
considered.

the

(1)Depletion =

equivalant factor egerve X inventory consumption,qgerve

Reserve

Several methods can be used
equivalency factors.

The indicator implemented in the EIMETM software is
the index called "Ec(R*Y) - depletion of non rendlea
resources"”.

The overall result of resources depletion is calimd
as follows:

to produce the

RMD =

1
X inventory consumptionreserve)
(reserveres X yearsSyeserve

Reserve

RMD indicator is expressed in the fraction of the
reserve disappearing per year.
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5.2.2. ED (energy depletion)

ED indicatoraccount for energy consumption (or use),
either derived of the combustion of fuels (fossilnot) or
from other sources (hydroelectricity, tidal, solaind).
Nuclear electricity is included in energy from uran
fuel. The indicator also considers the latent eyeiry
materials (which is produced during the combustibthe
material, typically at the end of life).

In order to be able to distinguished, Renewablegne
and non renewable energy amounts, two differentidlo
are integrated in the indicator calculation: leigpressed in
MJ.

This indicator also is described in other sources a
GER as Gross Energy Requirement in some other
researches.

5.2.3. WD (water depletion indicator)

WD indicator is representing the water consumption
during the product whole life cycle, ie the sum of
consumption from any kind of water source or gualit
(drinkable, industrial, ...).

It is important to notice that water used for coglior
used in a closed loop process are not taken irtioust.

It is expressed in di

5.2.4. GWP (global warming potential indicator)

The GWP indicatois representing the contribution to
the global warming due to specific gas emissionshim
atmosphere during the product life cycle. It isregsed in
grams of CO2 equivalent. It means that Carbon dmxs
assigned a GWP of 1, while the GWP of other gases i
expressed relative to the GWP of carbon dioxidenfro
fossil carbon sources.

This indicator considers the potential direct effeon
the Greenhouse Effect of the emission of 64 ‘greasd’
gases over 100 years. The overall result of enmissio
these gases on the GWP is calculated as follows:

GWP = Z GWP, X m;

where, for a greenhouse gés *

- mi is the mass of the gas emissions (in g),

- GWPi is its Global Warming Potential.

The GWP is expressed in gram CO2 equivalent.

The GWPi (Global Warming Potential of the gas i§)
defined as the ratio of the time integrated radéaforcing
from the instantaneous release of 1 kg of a trabstance
relative to that of 1 kg of a reference gas:

T T
GWP = (f ai. Ci(t).dt)/(f aC02.CCOo2(t). dt)
0 0

Where, for a greenhouse gés '
-ai: heat radiation adsorption following the increage
concentration of gag'!
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-Ci(t): remaining concentration of gasi’ ‘in
atmosphere at’'time.

-T: integration gap year.

5.2.5. ODP (stratospheric ozone depletion potential
indicator)

The OD indicator is representing the contributiorhe
depletion of the stratospheric ozone layer by timéssion
of specific gases. It is expressed in grams of QEC-
Equivalent.

This indicator considers the direct effect on
stratospheric ozone depletion of the emission 0b2@ne
depleting gases.

The overall result of emission of these gases on
stratospheric ozone depletiorOD) is calculated as
follows:

oDP = Z ODP1 X m;

Where, for an ozone depleting gas

-mi is the mass of the gas released (in g),

-ODPi is its Ozone Depletion Potential.

The Ozone Depletion indicator is expressed in gohm
CFC-11 equivalent.

The ODPi (Ozone Depletion Potential of the ggsis
defined as the ratio between ozone breakdown in the
equilibrium state due to annual emissions (in kg )yof a

quantity of gas released into the atmosphere, and the
breakdown of stratospheric ozone in the equilibristate
due to an equal quantity of CFC 11, which is useda
reference.

5.2.6. AT,WT (air and water toxicity indicator)

The AT indicator is representing the air toxicity a
human environment, taking into account the usually
accepted concentrations tolerated for several gasgshe
quantity released. The given indication correspaodthe
air volume necessary to dilute « contaminated .air »

The WT indicator is representing the water toxicity
This indicator takes into consideration the usuatigepted
concentrations tolerated for several substances thad
quantity released. The given indication correspaodthe
air volume necessary to dilute « contaminated water

The overall result is calculated as follows:

AT (inventory air emissioni>
h Limit Value,
inventory water emission;
N
Limit Value;

The Limit Values are expressed in g/l, so thatAffe
and WT are expressed in volume (dm3 for WT and on3 f
AT).

5.2.7. POC (photochemical ozone creation indicator)

The POC indicator calculates the potential creatibn
troposheric ozone ("smog") by the release of sygegdses
which will become oxidants in the low atmospherelam
the action of the solar radiation. It is expresisegrams of
ethylene (C2H4) equivalent.

POCP based on three scenarios and 9 days; FRG-
Ireland, France-Sweden and UK. The overall restit o
emission of these gases on the POC is calculated as
follows:

POC = Z POCP; X m;

where, for a volatile organic compound gas ‘i":
- mi is the mass of the gas released (in g),

- POCPi is its Photochemical Ozone Creation
Potential.

POCP index is expressed in gram of ethylene (C2H4)
equivalent.

The POCPi (POCP of an emissiom) is the ratio
between the change in concentration due to a charthe
emission of that VOC and the change in the ozone
concentration due to a change in the emissionhyfete.

The POCP of a VOC is estimated as the quantity of
ozone produced when one gram of this VOC is retbase

5.2.8. AA (air acidification potential indicator)

The AA indicator presents the air acidificationdgses
released to the atmosphere. It is expressed ingyodid+,
as if all gases were H+, using equivalency in their
acidification potential.

This indicator considers the direct effect on air
acidification of the emission of substances listed able
of the appendix. The overall result of emission tioé
substances on the AA is calculated as follows:

-y )

where, for an acidification substarice

-mi is the mass of the substance released (in g),

-APi is its Acidification Potential

The Air Acidification Indicator (AA) is expressedh i
gram of H+ equivalent.

An Acidification Potential (AP) of a substance is
calculated on the basis of the number of H+ ion&clvh
can be produced per mole (given by the stoechignadtr
the oxidation reaction). However, as emissions are
specified in g rather than in moles, the latterntitya has
to be divided by the molecular weight of the substa
APs are developed by analogy with the GWP.

5.2.9. WE (water eutrophication indicator)

WE indicator is representing the water eutrophirati
(enrichment in nutritive elements) of lakes and in&r
waters by the release of specific substances in the
effluents. It is expressed in grams of #£Qas if all
substances were RO using equivalency in their
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nitrification potential.

The Eutrophication (water) index is an amended
version of an index produced by CML. It has been
introduced by Ecobilan as the CML oxygen depletion
index does not seem to be an adequate index fastaal
nutrification. The Eutrophication (water) indexréstricted
to water eutrophication. The flows included are the
emissions of nutritive

compounds in water and COD. The overall result of
emission of the substances on the WE is calculated
follows:

WE:ZNPixmi

where, for the nutritive compound

- mi is the mass of the compound (in g),

- NPi is the Nutrification Potential of the compound.

The Eutrophication Water Indicator is expressed in
gram of phosphate equivalent.

Eutrophication is assessed through oxygen depletion
The Nutrification Potential Npi) of the compound is
based on its potential contribution to the formatid the «
Redfield » algae biomass (C106H2630110N16P). This
contribution is translated into oxygen depletiokirig into
account the quantity of oxygen consumed when algae
decomposes. The COD is already expressed as aitguant
of consumed oxygen. All the nutrification potergiare
normalized by the phosphate potential.

5.2.10. HWP (hazardous waste production indicator)

HWP Indicator calculates the quantity of hazardous
waste produced for a given product. It is addedhe®
flows of the LCA inventory which correspond to
hazardous waste.

It is expressed in kg.

6. Life
Framework

Cycle Sustainability — Assessment

Combination of ten parameters, mentioned above,
covers most aspects of the sustainability. Assessmoe
these parameters is a scientific way to calculate
sustainability as a non-parametric subject throdighding
the subject into measurable parameters.

Brief description and calculation of these paramsete
has also been mentioned previously. The next step i
assessment and improvement of the constructiorsist
environmental sustainability is to measure any hafsée
parameters from the beginning to the end of thédimg's
life cycle. These criteria can be described agfet

Total life cycle= (Pre-use + Operation + End life)
Phases

Each phase can also be divided into smaller parts:

Pre-use phase= Excavation of raw material + Mdteria
process + Transport + Construction

It means that the pre-use phase of a building desgu
several parts and any of the sustainability paramet
should be assessed in all of these sub phasebeFudre,
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the pre-use phase amount of any of the ten parssrnista
result of all these steps put together.

The operation phase is the most investigated pblaae
building's life cycle all around the world and Irsnnot an
exception. The 19th chapter of Iran's national ding
regulation is entirely about the assessment antraloof
the energy consumption of a building during its ratien
phase, design phase is included. Even, this plsastsed
restricted to the energy consumption which reprssED
(Energy Depletion), which is also called GER (Gross
Energy Requirement). So, the other nine parameters
should be investigated, as well. Maintenance, repai
renovation and reconstruction should be measurettheas
sub phases of the operation phase.

The last phase of a building's life cycle includesne
sub phases:

End life Phase= Demolition + Transport + Recycling

Restoration and Rehabilitation can be considered as
another possible end life scenario for a buildihg.any
case, this phase of a building's life cycle is mpartant
and complicated as the previous ones and should be
investigated and measured.

Following up and measuring the construction maleria
in all the phases of a building is possible, notv.is|
necessary to figure out the impact factor of anyhef ten
parameters in any of the phases and sub-phases and
simultaneously estimate the upper limit, lower tirand
the optimum amount of any of these parameters dche
phase. On the other hand, giving useful recommentat
to bring parameters into the defined range and dripg
environmental sustainability is necessary, too.

By using this approach, the limitations of the paaters
can be composed as regulations that should bectespey
all the professionals in the construction industiygm
manufacturers of building materials to the constms
Furthermore, issuing the construction permissiatificate
can depend on respecting all the recommended |emits
preventing any construction taking place whichus af the
defined environmental ranges.

Therefore, it is possible to have a complete, ralct
and multidisciplinary regulation for the assessmantl
improvement of the buildings' environmental susthility
during its life cycle. Also, emphasis on the comstion
materials or any other elements of a building fsuest.

7. Conclusion

According to previous page it's easy to find outt tim
current decade, the most important subject related
construction industry is controlling environmentdfects
of a construction system. Prudent consumption of
renewable and non-renewable resources to providertdu
generation needs without compromising future geditara
to provide their needs, resulted many researches in
environmental performance of construction systemd a
optimizing them all around the world. Among many
invented tools for sustainability assessment, LGAtHe
most popular with it's two approaches called BMA@ a
WPC. International standardization organization Q)S
also compiled some criterions to standardize coottm
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systems. With a glance at all these internatioffarts to
improve environmental sustainability and despite of
current low performance construction systems in our
country, it is necessary to compile simple and ficable
recommendations to reform current situation anfliither
steps more serious researches can be startedetat ilozal
tools to assess environmental sustainability ostostion
systems scientifically. Sustainability as a nonapagtric
subject can be described and measured by ten ispecif
parameters called environmental indicators. These
indicators can be mentioned as a result of all reffo
toward assessment of environmental sustainability
including databases, regulations and also softwHnese
ten parameters could be calculated as indicatoraénp
during all sub phases of a building life cycle frahe
beginning to the end.

recycling

II= (Indicator Amount,, X Indicator Weight,, )

n=production

I I: Indicator Impact

These parameters could be calculated during all sub
phases of a building life cycle from the beginntogthe
end and it should be mentioned that the indicatoount
in all phases do not have same value so they shmaild
calculated according to their weight and it shomlclude
all phases and sub phases of a building life cycle.

Indicator impact calculation only shows the levél o
environmental sustainability. To improve a building
environmental sustainability, permitted amount aicle
indicator impact should be calculated and respefriad
the beginning of a building life cycle, even froresign
phase.

Lower Limit < Indicator Impact < Upper Limit

Respecting limitation of these parameters and aptim
amount of them, it would be possible to compile new
regulations and even new chapters of National Ehgld
Regulation for assessment and improvement of
construction systems environmental sustainabiligylife
cycle numerical parametric measurement approach tha
can result in a great amount of energy and national
resource saving and preservation of natural enrigan.
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