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ABSTRACT 

 

 

 

Continuation of urbanization is expected to gradually rise the energy demand 

for consumption and economic activities. Therefore, a sustainable approach to the 

development is needed to reduce the consumption of energy. Malaysia has recorded 

7.3 tons in carbon dioxide emission per capita in the year 2007. This amount puts 

Malaysia in the 57th place in the world. This is due to an increase in oil derivatives 

and gas expenditures in the last decade. Fuel consumption also has a significant role 

in the demolition of the construction sites as well as their waste disposal. Hence, an 

increase of demands for demolition has a negative impact on these criteria. Building 

demolition as a case study for life cycle assessment (LCA) that was conducted for a 

18740 m
2
 floor area, four-storied office, with one story as the top floor, one bridge 

for connecting the structures and a two-storey basement car park. Menara Tun Razak 

as its subject, with a projected life span of 29 years; it is located in the commercial 

area of Kuala Lumpur. Furthermore, a Building Information Modeling (BIM) system 

is used to determine the accurate quantity of elements and its simulation. The LCA 

model analyzes the energy use and greenhouse gas (GHG) emissions associated with 

demolition and waste disposal. The findings show that as much as 225039.021 

kilograms of CO2 equivalent of GHGs were released for 15147862 tons of 

demolition materials where, 97.633 percent or 219713.1 kilogram CO2 equivalent 

from the amount was carbon dioxide, followed by 1.358 percent or 3056.47 kg CO2 

equivalent of methane, 1.008 percent or 2269.188 kilogram CO2 equivalent of 

dinitrogen monoxide and 0.001 percent or 0.225 kg CO2 equivalent of other gases 

such as chloroform and ethane. The processes that contributed significantly to the 

total GHGs emission were mainly from the burning of 57688.8 liters of diesel fuel 

during demolition. Besides, it is also shown that demolition and waste disposal had a 

71.95 percent and 28.04 percent contribution in reinforce concrete framework 

structure share in producing GHG. 
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ABSTRAK 

 

 

 

Pembandaran yang berterusan dijangka akan meningkatkan permintaaan 

tenaga untuk kegunaan aktiviti ekonomi. Oleh itu, satu pendekatan untuk 

perkembangan mampan diperlukan untuk mengurangkan penggunaan tenaga. 

Malaysia mempunyai penunjuk mampan sebanyak 7.3 tan pelepasan karbon dioksida 

per kapita pada tahun 2007. Jumlah ini meletakkan Malaysia di kedudukan ke-57 

dunia. Ini adalah kerana peningkatan derivatif minyak dan perbelanjaan gas dalam 

dekad terakhir. Penggunaan bahan api juga mempunyai peranan penting dalam 

meroboh dan melupuskan sisa pembinaan. Oleh itu, permintaan untuk meroboh 

bangunan yang meningkat memberi kesan negatif kepada isu kemampanan. Kajian 

ini menerangkan satu kajian kes berkaitan perobohan ‗life cycle assessment‘ (LCA) 

yang telah dijalankan untuk 18.740 m
2
 kawasan lantai, pejabat 4 tingkat, 1 tingkat 

atas, sebuah jambatan sambungan kepada struktur dan 2 tingkat tempat letak kereta 

bawah tanah. Tambahan pula, sistem ‗Building Information Model‘ (BIM) 

digunakan untuk menentukan kuantiti yang tepat  dan simulasi. Model LCA 

menganalisa penggunaan tenaga dan pelepasan gas rumah hijau (GHG) yang 

berkaitan dengan perobohan dan pelupusan sisa. Bangunan kajian kes yang dipilih 

adalah Menara Tun Razak berusia 29 tahun yang terletak di kawasan komersial di 

Kuala lumpur. Penemuan menunjukkan bahawa sebanyak 225039.021 kilogram CO2 

bersamaan dengan GHG telah dilepaskan untuk pengeluaran 15147862 tan bahan 

perobohan, 97.633percent atau 219713,1 kilogram bersamaan CO2 daripada jumlah 

karbon dioksida, diikuti oleh 1,358 peratus atau 3056,47 kg bersamaan CO2 metana, 

1,008 peratus atau 2.269,188 kilogram bersamaan CO2 dinitrogen monoksida dan 

0,001 peratus atau 0,225 kg bersamaan CO2 gas lain seperti kloroform dan etana. 

Proses yang paling ketara menyumbang kepada jumlah pelepasan GHG adalah 

pembakaran 57688,8 liter diesel semasa melakukan aktiviti. Selain itu, ini juga 

menunjukkan bahawa pelupusan dan sisa perobohan mempunyai 71,95 peratus dan 

28,04 peratus sumbangan untuk mengukuhkan rangka kerja bahagian struktur konkrit 

dalam menghasilkan GHG. 
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CHAPTER 1 

 

 

 

 

1  INTRODUCTION 

 

 

 

 

1.1 Introductions 

 

 

Housing is one of the most important needs of every human being. Without 

housing one would be exposed to adverse effects resulting from vagaries inherent in 

an environment. Exposure to bad weather would lead to hill health. Housing fosters 

the development of other industries. The building industry produces buildings for 

utilities, shops and communal facilities. Housing is also a tool for economic 

development.  

 

Today, it is widely accepted that human activities are contributing to climate 

change. The Fourth Assessment Report of the Intergovernmental Panel on Climate 

Change (IPCC) estimated that between 1970 and 2004, global greenhouse gas 

emissions due to human activities rose by 70 percent (IPCC, 2007). While the full 

implications of climate change are not fully understood, scientific evidence suggests 

that it is a causal factor in rising sea levels, increased occurrence of severe weather 

events, food shortages, changing patterns of disease, severe water shortages and the 

loss of tropical forests. Most experts agree that over the next few decades, the world 

will undergo potentially dangerous changes in climate, which will have a significant 

impact on almost every aspect of our environment, economies and societies. 
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 In forty years we need to have reduced our greenhouse gas emissions by at 

least 50% to avoid the worst-case scenarios of climate change. In eleven years we 

need to have achieved at least a 25% reduction in emissions. In December 2009 the 

world‘s nations are gathered in Copenhagen to negotiate an agreement on a new 

global protocol that will enable humanity to achieve the necessary global targets. The 

building sector contributes up to 30% of global annual greenhouse gas emissions and 

consumes up to 40% of all energy. Furthermore, 41% of the total energy 

consumption in the U.S. is emitted 38% of greenhouse gas emissions. Given the 

massive growth in new construction in economies in transition, and the inefficiencies 

of existing building stock worldwide, if nothing is done, greenhouse gas emissions 

from buildings will more than double in the next 20 years. Therefore, if targets for 

greenhouse gas emissions reduction are to be met, it is clear that people must tackle 

emissions from the building sector. Mitigation of greenhouse gas emissions from 

buildings must be a cornerstone of every national climate change strategy (USDOE, 

2011). 

 

Of the many environmental impacts of development, the one with the highest 

profile currently is global warming, which demands changes from government, 

industry and public. Concerns about the local and global environment situation are 

rising all over the world. Global warming is the consequence of long term buildup of 

greenhouse gases (CO2, CH4, N2O, etc.) in the higher layer of atmosphere. The 

emission of these gases is the result of intensive environmentally harmful human 

activities such as the burning of fossil fuels, deforestation and land use changes 

(Buchanan and Honey, 1994)This is generally accepted to be the reason that average 

global temperatures have increased by 0.74 °C in the last 100 years. Global 

temperatures are set to rise by a further 1.1 °C in a low emissions scenario, and by 

2.4 °C in a high emissions scenario, by the end of the century. It is necessary to 

reduce Green House Gases (GHG) emissions by 50% or more in order to stabilize 

global concentrations by 2100 (Houghton et al., 2001)The Tyndall Centre has 

suggested that a 70% reduction in CO2 emissions will be required by 2030 to prevent 

temperature rising by more than 1 °C (Bows et al., 2006). 
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There are many methods available for assessing the environmental impacts of 

materials and components within the building sector. Life cycle assessment (LCA) is 

a tool used for the quantitative assessment of a material used, energy flows and 

environmental impacts of products. It is used to assess systematically the impact of 

each material and process. LCA is a technique for assessing various aspects 

associated with development of a product and its potential impact throughout a 

product‘s life (i.e. cradle to grave) from raw material acquisition, processing, 

manufacturing, use and finally its disposal (ISO, 1997). 

 

 

 

 

1.2 Background of Research 

 

 

Nowadays there is a growing concern for sustainability. This has led to a 

change in the otherwise economic approach to resource consumption accounting. In 

recent years, the tendency has been to use structural optimization criteria to reduce 

the environmental impact involved in all life cycle stages. Any optimization of 

design for sustainability should be conducted in accordance with the ISO 14040 

standards, which require that an appropriate boundary and scope be set and justified 

(ISO 1998). Reducing CO2 emissions is one of the most widely used criteria, since 

data related to the environmental impact of most construction materials have been 

compiled by distinct organizations (e.g. Goedkoop and Spriensma 2001; Catalonia 

Institute of Construction Technology 2009) 

 

In design paradigms, trade-offs are made among alternative solutions aimed 

to optimize building performance for various objectives. On the other hand, 

environmental objectives are diverse, complex, inter- connected, and usually 

conflicting. Reducing impacts on one problem (e.g., global warming) may increase 

impacts on another (e.g., solid waste generation). In order to reach the aim of 

improving the building performance and decrease destructive effects on global 

warming, performance of a building material, product, or system should be 

optimized. It is necessary to weight global warming impacts, normalize sources of 
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similar impacts, and calculate the total environmental performance in order to select 

the most preferable alternative. Hence a comprehensive assessment system is 

required to assess confidently the environmental performance of a particular design. 

 

Building Materials and Component Combinations (BMCC) nearly two thirds 

of the studies listed in Table  1.1 Relate to materials and components. Materials are 

naturally found in impure form, e.g., in ores, and extraction or purification not only 

consumes energy but also produces waste (Asif et al., 2007). Many industrialized 

countries have made steps towards environmental improvement of the construction 

process, building occupation and demolition, and these steps differ to the extent that 

building construction is strongly determined by local traditions, local climate and 

locally available natural resources. As a result, many LCA studies calculating the 

environmental impacts of BMCC have been done during the last fifteen years. 

 

Researchers have compared timber to other framing materials in buildings. 

Borjesson et al. compared CO2 emissions from the construction of a multi-storey 

building with a timber or concrete frame, from life-cycle and forest land-use 

perspective. The primary energy input (mainly fossil fuels) in the production of 

materials was found to be about 60-80% higher when concrete frames were 

considered instead of timber frames (2000). Lenzen et al. analyzed the timber and 

concrete designs of the same building in terms of its embodied energy using an 

input-output based hybrid framework instead of the process analysis Borjesson used. 

Their estimations of energy requirements and greenhouse gas emissions were double 

( 2002). Gustavsson et al. studied the changes in energy and CO2 balances caused by 

variation of key parameters in the manufacture and use of the materials in a timber- 

and a concrete-framed building. Considered production scenarios, the materials of 

the timber-framed building had lower energy and CO2 balances than those of the 

concrete-framed building in all cases but one (2006). 
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Table 1.1 Published LCAs applied within the building sector within the last 15 years 

 

Abbreviations: WPC, whole process construction; BMCC, building and materials 

components combinations. Impact categories: En, energy consumption; GW, global 

warming potential; OD, photochemical ozone creation; WC, water consumption; 

DA, depletion of a biotic resource; A, acidification; HT, human toxicity; W, waste 

creation; EC, eco-toxicity; E, eutrophication; EL, energy consumption; RS, resources 

consumption; O, others; AR, air emissions. Source:(Ortiz et al., 2009) 

 

Xing et al. compared a steel-framed office building in China with a concrete-

framed one. The life-cycle energy consumption of the building materials ‗per area‗in 

the steel-framed building is 24.9% that of the concrete-framed building, whereas, in 

the usage phase, the energy consumption and emissions of steel-framed building are 

both larger than those of concrete-framed building. As a result, the energy 

consumption and environmental emissions achieved by the concrete-framed building 
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over its whole life-cycle is lower than the steel-framed one (2008). Asif et al. 

calculated the CO2 emissions of eight construction materials for a dwelling in 

Scotland timber, concrete, glass, aluminum, slate, ceramics tiles, plasterboard, damp 

course and mortar. The study concluded that 61% of the embodied energy used in the 

house was related to concrete. Timber and ceramic tiles comes next with 14% and 

15%, respectively, of the total embodied energy. Concrete was responsible for 99% 

of the total of CO2 emissions of the home construction, mainly due to its production 

process (Asif et al., 2007). Nebel et al. studied the environmental impacts of wood 

floor coverings manufactured in Germany, and held analyses to help the industry 

partners to improve their environmental performance and use the results for 

marketing purposes. The study did not aim to compare products, but to produce an 

LCI and find the environmental impacts of this industry (2006).  

 

 Conservation of energy becomes important in the context of limiting GHG 

emission into the atmosphere, and reducing costs of materials(Venkatarama Reddy 

and Jagadish, 2001), and the embodied energy payback period should always be one 

of the criteria used for comparing the viability renewable technologies (Wilson and 

Young, 1996). To promote environmental impact reduction the European 

Commission released the integrated product policy (IPP) (2003), which aimed to 

enhance the life-cycle of products. The life-cycle of most construction products is 

long and involves many complicated procedures and stake holders (e.g., designer, 

manufacturer, assembly, construction, marketing, sellers, and final users).  

 

Many researchers have been interested in studying the environmental benefits 

of using recycled, reused or recyclable, reusable materials in the building industry. A 

study by Erlandsson et al. set a new method for reused materials, and confirmed that 

using reused materials is better for the environment than building with new, their 

case study data showing a reduction in environmental impact by up to 70% (2004). 

Selecting durable and renewable materials could also be an alternative for grouping 

materials, as well as recycling, reusing and recovering materials for optimum waste 

disposal (Sun et al., 2003 ). A study comparing plastics to wood and concrete in 

Swedish dwellings found that although plastics were only 1%–2% by weight, their 

manufacturing energy was 18%–23% of the entire amount required for the three 

dwellings(Adalberth, 1997). Researchers classified building materials in different 
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ways. For example, Asif et al. categorized them into main families, i.e., stone, 

concrete, metals, wood, plastics and ceramics (Asif et al., 2007). Junnila and Horvath 

studied the significant environmental aspects of a new high-end office building with 

a life span of over 50 years. In this study functional unit is considered as 1 

kWh/m2/year and location of study was at Southern Finland (Northern Europe). The 

LCA performed here had three main phases inventory analysis for quantifying 

emissions and wastes, impact assessment for evaluating the potential environmental 

impacts from the inventory of emissions and wastes, and interpretation for defining 

the most significant aspects. In this study life cycle of a building was divided into 

five main phases; building materials manufacturing, construction process, use of the 

building, maintenance, and demolition. GHG emissions were estimated to be 48,000 

ton CO2eq/m2.50yr.(Junnila S and A., 2003) 

 

Four of the studies listed in Table  1.2 deal with dwellings. Adalberth studied 

the energy use during the life-cycle of three single-unit dwellings, built in Sweden in 

1991 and 1992 (1997). The houses were prefabricated and timber framed. The study 

emphasized the importance of LCA, to gain an insight into the energy use for a 

dwelling in Sweden. The functional unit was m2 of usable floor area (i.e., gross area 

minus walls area), and the study assumed a 50 years life-span. The life-spans of 

different building components and materials were collected from the maintenance 

norm of the Organization for Municipal Housing Companies in Sweden to estimate 

how many times each would be replaced during the life of the dwelling. The study 

showed that the difference between percentage energy and percentage by weight for 

materials (e.g., the concrete used was 75% by weight of the whole, while the energy 

used to produce it is only 28% of the production energy of the whole dwelling). 

Adalberth performed a sensitivity analysis on the building material data, energy use 

and electricity mix, which had been discovered to be of a greatest environmental 

burden. This study concluded that the greatest environmental impact (70%–90%) 

occurs during the use phase. Approximately 85% and 15% of energy consumption 

occurs during the occupation and manufacturing phases, respectively (Adalberth, 

1997). 

A study carried out in France as part of the EQUER project (evaluation of 

environmental quality of buildings) considered different phases of dwelling‗s life-

cycle, using the functional unit of m2 living area, with the sensitivity analyses based 
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on alternative building materials, types of heating energy, and the transport distance 

of the timber. This study showed that the dwellings with greatest environmental 

impact were not those whose area is larger, and emphasized the importance of 

choosing materials with low environmental impact during the pre-construction phase 

(i.e., employing LCA as a decision making supporting tool during the design stage) 

(Adalberth, 1997). 

 

Involving the recycling potential scenarios within the life-cycle of low energy 

dwellings had been studied by Thormark, for energy efficient apartment housing in 

Sweden. Over a 50 year life-span, embodied energy accounted for 45% of the total 

energy requirement, and about 37%–42% of this embodied energy could be 

recovered through recycling (2002). In a Japanese urban development case study, 

Jian et al. suggested that to reduce life-cycle CO2 emissions timber dwellings were 

preferred to other materials, and that open spaces such as parks and green areas 

should be maximized to work as a breathing lung inside the development (Jian et al., 

2003). 

 

In terms of LCA for offices Scheuer et al. studied a new university building 

(75 years life-span, six storeys, and 7,300 m2 area, in USA). They identified 60 

building materials and showed that the operational energy amounted to 97.7% of the 

whole energy consumption, which can be explained by the long life-span. The 

energy of the demolition phase was only 0.2%. The study translated the energy 

consumed in the life-cycle into environmental impacts-global warming 93.4%, 

nitrification potential 89.5%, acidification 89.5%, ozone depletion potential 82.9%, 

and soil categories waste generation 61.9%. Data were taken from Simapro, Franklin 

associates, DEAMTM, and the Swiss Agency for the Environment, Forests and 

Landscape. The study emphasized the need for data on unusual performance 

characteristics, or detailed evaluations of building features in the design stage, which 

they say is impossible with current building data (Scheuer et al., 2003).  

 

Guggemos and Horvath compared environmental effects of steel and concrete 

framed buildings using LCA. Two five-storey buildings with floor area of 4400 m2 

were considered which were located in the Midwestern US and were expected to be 

used for 50 years. In this study two methods, process based LCA and EIO-LCA, 
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were used to evaluate life-cycle environmental effects of each building through 

different phases: material manufacturing, construction, use, maintenance and 

demolition phase. The results showed that concrete structural-frame had more 

associate energy use and emissions due to longer installation process( 2005). 

Blengini performed LCA of building which was demolished in the year 2004 by 

controlled blasting. The adopted functional unit used in the current case-study was 1 

m2 net floor area, over a period of 1 year. This residential building was situated at 

Turin (Italy). In this study demolition phase and its recycling potential were studied. 

The life cycle impact assessment (LCIA) phase was initially focused on the 

characterisation and six energy and environmental indicators were considered, GER 

(Gross Energy Requirement), GWP, ODP (Ozone Depletion Potential), AP, EP and 

POCP (Photochemical Ozone Creation Potential). SimaPro 6.0 (2004) and Boustead 

Model 5 (Boustead I, 2004). were used as supporting tools in order to implement the 

LCA model and carried out the results. The results demonstrated that building waste 

recycling is not only economically feasible and profitable but also sustainable from 

the energetic and environmental point of view (Blengini, 2009). 

 

Scheuer et al. performed LCA on a 7300 m2 six-storey building whose 

projected life was 75 years at SWH (Sam Wyly Hall). The building is located on the 

University of Michigan Campus, Ann Arbor, Michigan, US. LCA has been done in 

accordance with EPA (Environmental Protection Agency), SETAC (Society for 

Environmental Toxicity And Chemistry), and ISO standards for LCA (Vigon BW, 

1993; ISO, 1997). Primary energy consumption, GWP, ODP, NP (nitrification 

potential), AP, and solid waste generation were the impact categories considered in 

the life cycle environmental impacts from SWH. An inventory analysis of three 

different phases: Material placement, Operations and Demolition phase was done. 

Results showed that the optimization of operations phase performance should be 

primary emphasis for design, as in all measures, operations phase alone accounted 

for more than 83% of total environmental burdens (Scheuer et al., 2003). 
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Table 1.2 Environmental impacts associated with different buildings. 

 

R: residential, C: commercial. 

Source: (1),(2),(3),(4) (Adalberth K et al., 2001) (5),(6)(Norman J et al., 2006) 

(7),(8)(Guggemos AA, 2005) (9) (Jian et al., 2003) (10) (Junnila S and A., 2003) 

(11) (Scheuer et al., 2003) (12) (Kofoworola and Gheewala, 2008) (13) (Arena and 

Rosa, 2003) 

 

While carbon is a motivation for policy of BIM, the connections between 

digital technologies and sustainability are not well developed in policy and practice. 

There is however research activity that is beginning to develop new tools to use BIM 

in order to address a range of sustainability concerns. Russell-Smith and Lepech 

(2012), for example, develop an activity based method for lifecycle assessment, 

through modeling and benchmarking of building construction. The sustainability 

concerns addressed by such tools include: the assessment of environmental impacts 

(Lu et al., 2012); consideration of waste management issues (O'Reilly, 2012; 

Rajendran and Gomez, 2012) guidance to designers on environmental issues(Capper 

et al., 2012; Firoz and Rao, 2012; Geyer, 2012; Hetherington et al., 2012; Kanters et 

al., 2012; Mirani and Mahdjoubi, 2012) and a response to a government strategy for 

carbon reductions in both current and future building stock (McAuley et al., 2012). 

 

Recent studies were also examining the use of BIM throughout the lifecycle 

of construction projects, addressing and looking at the life-cycle of particular 

materials such as concrete(Borrmann et al., 2012). There are also a few studies on 
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renovation and on reconstruction and on waste management and minimization 

(O'Reilly, 2012; Rajendran and Gomez, 2012; Yeheyis et al., 2012)  

 

There is also a literature that sets out frameworks for guidance of quantity 

surveyors there were expectations that this work will be changed by the widespread 

use of BIM and consideration of how these activities can be achieved through the 

new tools. 

 

 

 

 

1.3 Problem Statement 

 

 

Since 1751 approximately 337 billion tons of carbon have been released to 

the atmosphere from the consumption of fossil fuels and cement production. Half of 

these emissions have occurred since the mid-1970s. The 2007 global fossil-fuel 

carbon emission estimate, 8365 million metric tons of carbon, represents an all-time 

high and a 1.7% increase from 2006. Globally, liquid and solid fuels accounted for 

76.3% of the emissions from fossil-fuel burning and cement production in 2007. 

Combustion of gas fuels (e.g., natural gas) accounted for 18.5% (1551 million metric 

tons of carbon) of the total emissions from fossil fuels in 2007 and reflects a 

gradually increasing global utilization of natural gas. Emissions from cement 

production (377 million metric tons of carbon in 2007) have more than doubled since 

the mid-1970s and now represent 4.5% of global CO2 releases from fossil-fuel 

burning and cement production. Gas flaring, which accounted for roughly 2% of 

global emissions during the 1970s, now accounts for less than 1% of global fossil-

fuel releases.(Boden et al., 2010) 

 

 The over-dependence on fossil fuels and over-exploitation of earth‘s natural 

resources has now become obstructions for sustainable development in many 

countries. Global energy related emissions of CO2 are anticipated to rise from 20.9 

billion t in 1990 to 28.8 billion t in 2007. It is then projected to reach 34.5 billion t in 

2020 and 40.2 billion t in 2030, an average growth rate of 1.5% per year. Moreover, 
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Kyoto Protocol announced significant portions of CO2 emitted by the United States 

(22%), China (18%), E.U.(11%), Russia (6%), India(5%), and Japan (5%). 

Furthermore,    The European Union has agreed upon climate targets to decrease the 

emissions of greenhouse gases by 20% by 2020 and 50% by 2050 compared with the 

1990 level (International Energy Agency, 2009) (United Nations 2007) ( European 

Commission) 

 

Comprising data from CDIAC in 2000 and 2007 are shown significant issue. 

Rank of Malaysia decreased from 69 in 2000 with 5.4 metric tons of CO2 per capita 

to 57 in 2007 with 7.3 metric tons of CO2 per capita. This trend shows that Fuel 

consumption in Malaysia had increased rapidly since 2000 until 2007. 

 

Nowadays there is a growing concern for sustainability. This has led to a 

change in the otherwise economic approach to resource consumption accounting. In 

recent years, the tendency has been to use structural optimization criteria to reduce 

the environmental impact involved in all life cycle stages. Any optimization of 

design for sustainability should be conducted in accordance with the ISO 14040 

standards, which require that an appropriate boundary and scope be set and justified 

(ISO 1998). Reducing CO2 emissions is one of the most widely used criteria, since 

data related to the environmental impact of most construction materials have been 

compiled by distinct organizations (Goedkoop and Spriensma, 2001). 

 

Also the construction industry is one of the main contributors towards the 

development of Malaysia, providing the necessary infrastructure and physical 

structures for activities such as commerce, services and utilities. The industry 

generates employment opportunities and injects money into a Malaysian‘s economy 

by creating foreign and local investment opportunities(Agung, 2010). However, 

despite these contributions, the construction industry has also been linked to global 

warming, environmental pollution and degradation. Due to the alarmingly decreasing 

land for construction, Malaysia is calling for the use of developed sites and 

conversions of existing buildings to meet current demands. Therefore on a broad 

spectrum, demolition can be predicted to be playing a major role in future nation 

building. Deconstruction, waste of this process and unsustainable tools, are also 

linked to the adverse environmental impacts of the construction industry. 
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1.4 Aim of Research  

 

 

The aim of this study is to calculate the generation of GHG per 1 square 

meters in reinforced concrete building in Malaysia. This study is done by 

determining the crucial processes that contribute to the total GHG impacts during the 

demolition and waste disposal include landfill treatment that used diesel as the main 

source of energy. 

 

 

 

 

1.5 Objective of Research 

 

 

The objectives for this case study: 

1. To identify the methods and processes of a demolition.  

2. To analyze the relevant contribution of Building Information 

Modeling‘s Tool (revit structure software) to accurate estimation 

materials produced after deconstruction. 

3. To measure the relevant plant‘s fuel consumption on demolition and 

waste disposal phase, and calculation GWP of activities by simapro 

software as the tools for LCA. 

4. To evaluate the GHG per square meter of the case study subject and 

weight of materials that were demolished and under wastage 

treatment.   
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1.6 Scope of Research  

 

 

The scope of the LCA mostly consists of the functional unit, the system 

boundary, allocation procedures, data requirements and assumptions or limitations. 

The functional unit of the study was defined as 1 square meter gross floor area of 

Menara Tun Razak building. 

 

The boundary of this study includes the stages of the demolition and waste 

disposal. In order to suit the objective of the study and based on the system 

boundary, the study only focus on emissions that contribute to the greenhouse effects 

from demolition site including emissions from activities, which consist of fuel. 

Figure  1.1 shows the general outline of inventories involved in the study.   

 

 

Figure  1.1 System boundary MENARA TUN RAZAK 

 

Moreover for LCA database is chosen Ecoinvent 2.01 version (2007) of this 

research. Datasets are offered for a Swiss (CH) and a European (RER) supply 

situation also BEES V4.02 as impact assessment methodology to assess the 

environmental impact. The Bees methodology uses the environmental problems 

approach that was developed by the society for environmental toxicology and 

chemistry (SETAC). Therefore, this study was focused on LCA of fuel used and 
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GHGs emission based on the demolition and wastage scenario in case study Menara 

Tun Razak in Kuala Lumpur.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



153 

 

REFRENCES 

 

 

 

 

About the National BIM Standard-United States.( 2010). "National Institute of 

Building Sciences."   Retrieved april, 2010, from 

www.buildingsmartalliance.org 

Adalberth K, and  Almgren A, et al. (2001). "Life-Cycle Assessment of Four 

Multifamily Buildings." International Journal of Low Energy and Sustainable 

Buildings 2: pp.1–21. 

Adalberth, K. (1997). " Energy Use During the Life-Cycle of Single-Unit Dwellings: 

Examples." Build Environ 32: pp. 321-329. 

Agung, M. (2010). Annual Report 2009, Jakarta, Mahkamah Agung. 

Arena, AP and Cde Rosa (2003). "Life Cycle Assessment of Energy and 

Environmental Implications of the Implementation of Conservative 

Technologies in School Building in Mendoza-Argentina." Building and 

Environment 38: pp.359-368. 

Arham, Abdullah (2008). A Methodological Analysis of Demolition Works in 

Malaysia. 

AS2601, Standards Australia International (2001). Standards Australia International 

the Demolition of Structures  as 2601 Sydney. 

Asif, M., T Muneer, et al. (2007). "Life Cycle Assessment: A Case Study of a 

Dwelling Home in Scotland. ." Build Environ 42: 1391-1394. 

Asif, M., T. Muneer, et al. (2007). "Life Cycle Assessment: A Case Study of a 

Dwelling Home in Scotland." Build Environ 42: pp.1391-1394. 

Azar, C. et al. (2002). "Decoupling – Past Trends and Prospects for the Future." 

Barrett, A and Lawlor, J. (1995). "The Economics of Waste Management in Ireland." 

Economic and Social Research Institute: 129pp. 



   154 

BAUMAN, H.  and A.M. TILLMAN (2004). " The Hitch Hiker's Guide to Lca, 

Studentlitteratur Ab." 

BDH (1998). Building Department Hong Kong Code of Practice for Demolition 

Hong Kong. 

Becerik-Gerber, Burcin, and  and Samara Rice (2010). "The Perceived Value of 

Building Information Modeling in the U.S. Building Industry." Journal of 

Information Technology in Construction and Building Materials: pp. 185-

201. 

Blengini, Gian Andrea (2009). "Life Cycle of Buildings, Demolition and Recycling 

Potential: A Case Study in Turin, Italy." Building and Environment 44(2): 

319-330. 

Boden, T.A., G. and Marland, et al. (2010). Global, Regional, and National Fossil-

Fuel Co2 Emissions. Carbon Dioxide Information Analysis Center, Oak 

Ridge National Laboratory, U.S. Department of Energy, Oak Ridge, Tenn., 

U.S.A. Doi 10.3334/Cdiac/00001_V2010  

Borjesson, P and L Gustavsson (2000). "Greenhouse Gas Balances in Building 

Construction: Wood Versus Concrete from Life-Cycle and Forest Land-Use 

Perspectives." Energ. Policy 28: pp.575-588. 

Borrmann, A., K. M.  Lukas, et al. (2012). "Bim-Based Life-Cycle Management for 

Reinforced Concrete Buildings." International Journal of 3-D Information 

Modeling (IJ3DIM) 1(1): pp.1-24. 

Boustead I (2004). "Boustead Model V5. 0: Operating Manual.Uk: Boustead 

Consulting Ltd;." 

Boustead, I. (1996). "Lca - How It Come About, the Begining in Uk.  ." Int J LCA 

J(3) 147-150. 

Boustead, I., and and G.F.  Hancock (1979 ). Handbook of Industrial Energy 

Analysis,  Chichester Ellis Horwood and New York: John Wiley Chapter 3, 

―Real Industrial Systems,‖ . 

Bows, A., S. Mander, et al. (2006). Living within a Carbon Budget,Report for 

Friends of the Earth and the Co-Operative Bank. Manchester, UK, The 

University of Manchester. 

Browne, M.A. et al. , . (2007). Microplastic – an Emerging Contaminant of Potential 

Concern Integrated Environmental Assessment and Management 3. 



155 

BS6187 (2000). British Standards Institution Bs 6187 Code of Practice for 

Demolition London. 

Buchanan, A.H. and B.G. Honey (1994). "Energy and Carbon Dioxide Implications 

of Building Construction." ENB 20: pp.205-217. 

Buschmann, R. . (2003). "Umweltvertraglichkeit Von Gebaudedammstoffen, 

Umweltministerium Schleswig-Holstein." 

Capper, G, J. and Matthews, et al. (2012). "Incorporating Embodied Energy in the 

Bim Process.". 

CDIAC.(2000). "Carbon Dioxide Information Analysis Center."   Retrieved 7 

January, 2013, from http://mercury.ornl.gov/cdiacnew/ 

CDIAC.(2007). "Carbon Dioxide Information Analysis Center."   Retrieved 7 

January, 2013, from http://mercury.ornl.gov/cdiacnew/ 

Commission, European.(2003). "What Is Integrated Product Policy? ."   Retrieved 20 

January, 2009, from http://ec.europa.eu/ environment/ipp/ 

CRI.(2008). "The Total Waste Generation Distribution in Percentages between 

Different Sources in the Eu, Efta, Croatia and Turkey in 2008." from 

http://www.eea.europa.eu/data-and-maps/figures/total-waste-generation-in-

the-1 

Curran, M.A. (1996). Environmental Life-Cycle Assessment,  McGraw-Hill. 

DLNZ (1994). Approved Code of Practice for Demolition Department of Labour 

New Zealand. Wellington. 

Douglas, T.   (1992). "Patterns of Land, Water and Air Pollution by Waste. In 

Newson M. (Ed.)." Managing the Human Impact on the Natural Environment 

John Wiley & Sons: 150- 171. 

Eastman, C., P. Teicholz, et al. (2011). A Guide to Building Information Modeling 

for Owners, Managers, Designers, Engineers, and Contractors,  John Wiley & 

Sons, Inc. 

ECOINVENT (2007). Ecoinvent 2.0. Swiss Centre for Life Cycle Inventories.: Swiss 

Centre for Life Cycle Inventories. 

EEA (European Environment Agency) ( 2003 ). Europe‘s Environment: The Third 

Assessment. Environmental Assessment Rept. Copeenhagen. No. 10 EEA: 

151-164. 



   156 

EPA.(2006, Last updated August 16, 2012). "Life Cycle Assessment (Lca)."   

Retrieved 1 JANUARY, 2013, from 

http://www.epa.gov/nrmrl/std/lca/lca.html 

EPA.(2010, November 16, 2012). "2010 Total Msw Generation (by Material)."   

Retrieved 4 JANUARY 2010, from 

http://www.epa.gov/epawaste/nonhaz/municipal/index.htm 

Erlandsson, M.  and P.  Levin (2004). "Environmental Assessment of Rebuilding and 

Possible Performance Improvements Effect on a National Scale." Build 

Environ 39: pp.1453-1465. 

European Commission ( 2003). Waste Generated and Treated in Europe, European 

Commission., Office for Official Publications of the European Communities, 

Luxembourg. 

European Commission (1999). Construction and Demolition Waste Management 

Practices and Their Economic Impacts. B. European Commission DGXI. 

European Parliament and Council Directive, EEION. European Environment 

Information and Observation Network (1994, 2009/12/08). "European 

Parliament and Council Directive 94/62/Ec of 20 December 1994 on 

Packaging and Packaging Waste, Art.3(5) "   Retrieved 5 JANUARY, 2013, 

from http://scp.eionet.europa.eu/definitions/reuse) 

Eurostat.(2004, 3 October 2006 ). 1/4/2013, from 

http://archive.defra.gov.uk/evidence/statistics/environment/waste/kf/wrkf13.h

tm 

Fazil, Mat Isa (2004). Group Research, Research & Technology Division Petronas. 

Firoz, S. and and S. K  Rao (2012). "Modelling Concept of Sustainable Steel 

Building by Tekla Software." International Journal of Engineering 1(5): 

pp.18-24. 

Forurensningstilsyn, Statens (2002). "Reduksjon Av Klimagassutslipp I Norge. En 

Tiltaksanalyse for 2010 Sft Rapp, Oslo.". 

Fossdal, S. (1995). Energi Og Miljoregnskap for Bygg, NBI, Oslo. 

Geyer, P. (2012). "Systems Modelling for Sustainable Building Design." Advanced 

Engineering Informatics. 

Gielen, D.J. (1997). Building Materials and Co2, Western European Emission 

Strategies. 



157 

GilesLambertson.(16 july 2008). "Manufacturersbegintotoutfuelefficiency 

Constructionequipmentguide.Com."   Retrieved 8 January, 2013, from 

http://www.constructionequipmentguide.com/story.asp?story=10902. 

Goedkoop, M. and and R. Spriensma ( 2001). "The Eco-Indicator 99: A Damage  

Oriented Method for Life Cycle Impact Assessment, Methodology Report 

(Third Edition)." Pré Consultants, Amersfoort, Netherlands. . 

Goedkoop, M., R. Heijungs, et al. ( 2009,). "Recipe 2008 – a Life Cycle Impact 

Assessment Method Which Comprises Harmonised Category Indicators at the 

Midpoint and the Endpoint Level, Report I: Characterisation (First Edition), 

Vrom, Holland. ." 

Grattan, J.P., S. and  Huxley, et al. (2003). " Modern Bedouin Exposures to Copper 

Contamination: An Imperial Legacy?" Ecotoxicology and Environmental 

Science: pp.55. 

Guggemos AA, Horvath A ( 2005). "Comparison of Environmental Effects of Steel- 

and Concrete-Framed Buildings. ." Journal of Infrastructure Systems 11(2): 

pp.93–101. 

Gustavsson, L and R Sathre (2006). " Variability in Energy and Carbon Dioxide 

Balances of Wood and Concrete Building Materials." Build Environ 41: 

pp.940-951. 

Hammond, G. et al. () . (2006). Inventory of Carbon and Energy (Ice). Beta, 

University of Bath. 

Hergunsel, Mehmet F. (2011). Benefits of Building Information Modeling for 

Construction Managers and Bim Based Scheduling. Degree of Master of 

Science in Civil Engineering, WORCESTER POLYTECHNIC INSTITUTE. 

Hetherington, R., R.  and Laney, et al. (2012). "Zone Modelling and Visualisation: 

Keys to the Design of Low Carbon Buildings." 

Houghton, J.T, Y. Ding, et al. (2001). "Climate Change 2001 Third Assessment 

Report (Tar) the Scientific Basis, the Summary for Policymakers." 

Cambridge University Press: Cambridge, UK. 

Howard, N. (2000). Sustainable Construction – the Data, Cr 258/99 Watford, Centre 

for Sustainable Construction BRE. 

IMF.(2009, December 03, 2012 ). "International Monetory Fund."   Retrieved 7 

January, 2013, from http://www.imf.org/external/data.htm#data 



   158 

IOWA (2008). Best Management Practices Waste Reduction, Construction and 

Demolition Debris. IOWA. 

IPCC (2007). Climate Change 2007 Mitigation. Contribution of Working Group Iii 

to the Fourth Assessment Report of the Intergovernmental Panel on Climate 

Change. B. [Metz, O.R. Davidson, P.R. Bosch, R. Dve, L.A. Myer (eds)], 

Cambridge, U.K. and New York, NY, U.S.A., Cambridge University Press, 

2007. 

ISO, Guide (2006). "35: 2006. Reference Materials–General and Statistical 

Principles for Certification." International Organization for Standardization 

(ISO), Geneva. 

ISO, ISO (1997). "14040." Environmental management-Life cycle assessment-

Principles and framework: 28. 

Jian, G., L. Jiang, et al. (2003). "Life Cycle Assessment in the Environmental Impact 

Evaluation of Urban Development-a Case Study of Land Readjustment 

Project, Hyogo District, Japan." J. Zhejiang Univ. Sci 4: pp.702-708. 

Jochem, E. et al. ()  . (2004). "Werkstoffeffizienz. Einsparpotenziale Bei Herstellung 

Und Verwendung Energieintensiver." Grundstoffe, Fraunhofer IRB Verlag. 

Jolliet, O., M. Margni, et al. (2003). "Impact 2002+: A New Life Cycle Impact 

Assessment Methodology." Int J Life Cycle Assess 8(6): pp.324–330. 

Junnila S and Horvath A. ( 2003). "Life Cycle Assessment of Environmentally 

Significant Aspects of an Office Building." journal of Infrastructure systems 

9(4): pp.157–166. 

Kanters, J., M. C.and Dubois, et al. (2012). "Architects‘ Design Process in Solar-

Integrated Architecture in Sweden." 

Khemlani, Lachmi.  .AECbytes "Building the Future (2011). "Agc‘s Winter 2011 

Bimforum Part 1."   Retrieved 22 Mar, 2011, from Www.aecbytes.com 

Kofoworola, OF and SH. Gheewala ( 2008). "Environmental Life Cycle Assessment 

of a Commercial Office Building in Thailand." International Journal of Life 

Cycle Assessment 13: pp.498–511. 

Kohler, N. et al. (1994). Energi- Und Stoffflussbilanzen Von Geb€Audenw€Ahrend 

Ihrer Lebensdauer. EPFL-LESO/ifib Universit€at Karlsruhe, Bern. 

Krogh, H. et al. (2001). "Miljovurdering Af Kemiske Stoffer I Byggevarer, 

Miljostyrelsen Nr. 12, Kobenhavn." 



159 

Lawton, J.H and R.M.  May (1995). "Extinction Rates." Oxford University Press, 

Oxford. 

Lenzen, M and G. Treloar ( 2002). "Embodied Energy in Buildings: Wood Versus 

Concrete-Reply to Borjesson and Gustavsson." Energ. Policy 30: pp.249-255. 

Lu, S., I and Wu, et al. (2012). "Applying Building Information Modelling in 

Environmental Impact Assessment for Urban Deep Excavation Projects." 

Gerontechnology 11(2): pp.182. 

McAuley, B., A. V. and  Hore, et al. (2012). "Use of Building Information Modelling 

in Responding to Low Carbon Construction Innovations: An Irish 

Perspective.". 

MDG Indicator.(2007). "Development Indicators Unit Statistics Division United 

Nations "   Retrieved 7 January, 2013, from 

http://mdgs.un.org/unsd/mdg/Default.aspx 

Meili, C.  (2007). Synthetische Nanomaterialen. Risikobeurteilung Und 

Risikomanagement. 

Mirani, B. and and L. Mahdjoubi (2012). " New Generation of Energy Design Tools 

for Low Impact Buildings.". 

Motzl, H. et al. (2000). "O¨Kologie Der Dammstoffe." IBO Springer, Wien. 

Muhlethaler, B. et al. () , . (2006). "Naturdammstoffe, Bauthema 02." Fraunhofer 

IRB Verlag, Stuttgart. 

NADC (1996). 10 Common Misconceptions About the Demolition Industry. T. N. A. 

o. D. Contractors. Doyleston. 

National Institute of Building Sciences (NIBS) (2007). National Building 

Information Modeling Standard.‖ Nibs, Version 1, Part 1. 

Nebel, B., B. Zimmer, et al. (2006). "Life Cycle Assessment of Wood Floor 

Coverings a Representative Study for the German Flooring Industry." Int. J. 

Life Cycle. Assess 11: pp.172-182. 

Nemry, F. et al. (2001). "Greenhouse Gas Emissions Reduction and Materials Flows, 

Parts I and Ii." Intitut Wallon. 

NIST National Institute of Standards and Technology "BEES 4.0"  Retrieved 1March 

2010 http://www.bfrl.nist.gov/oae/software/bees/bees.html, (2010). 

NORBERG, ANDRÉ ( 2012). Implementing Building Information Modeling within 

the Railway Sector Master of Science Department of Civil and Environmental 



   160 

Engineering Division of GeoEngineering Road and Traffic Research Group  

CHALMERS UNIVERSITY OF TECHNOLOGY Göteborg. 

Norman J, MacLean HL, et al. ( 2006). " Comparing High and Low Residential 

Density: Life-Cycle Analysis of Energy Use and Green House Gas 

Emissions." Journal of Urban Planning and Development 132(1): pp.10–21. 

OECD.(2000). from http://www.oecd.org/statistics/ 

O'Reilly, A. (2012). "Using Bim as a Tool for Cutting Construction Waste at 

Source." Construction Research and Innovation 3(1): pp.28-31. 

Ortiz, O, F and Castells, et al. (2009). " Sustainability in the Construction Industry: A 

Review of Recent Developments Based on Lca." Construction and Building 

Materials 23: pp.28–39. 

Pommer, K. et al. (2001). "Handbog I Miljovurdering Af Produkter, Miljonyt Nr. 58, 

Kobenhavn.". 

Rajendran, P. and and C. P. Gomez (2012). .Implementing Bim for Waste 

Minimisation in the Construction Industry: A Literature Review. 2nd 

International Conference on Management. Holiday Villa Resort and Spa, 

Langkawi Kedah, Malaysia. 

Russell-Smith, S. and M.  Lepech (2012). " Activity-Based Methodology for Life 

Cycle Assessment of Building Construction." CIBSE ASHRAE Technical 

Symposium: Buildings Systems and Services for the 21st Century Segonds, 

F., J. Nelson. 

Scheuer, C., G.A. Keoleian, et al. (2003). "Life Cycle Energy and Environmental 

Performance of a New University Building: Modelling Challenges Design 

Implications." ENB 35: pp.1049-1064. 

Schmidt, A. (2006). "Miljog Sundhedsforhold for Plastmaterialer, Miljoministeriet 

Prosjekt Nr. 1103 Kobenhavn.". 

SimaPro 6 (2004). Software and Database Manual. Amersfoort. The Netherlands: Pre 

Consultants BV. 

Strand, S.M. (2003). The Mase Decision Support System, Phd NTNU, Trondheim. 

STRØMMAN, A. H. (2010). Methodological Essentials of Life Cycle Assessment. 

Sørnes, K. 2010. Life-Cycle Assessment of a Single Family Residence 

Conforming to the New Standard Tek 07. Master Project, NTNU. 



161 

Succar, B. (2009). "Building Information Modelling Framework: A Research and 

Delivery Foundation for Industry Stakeholders." Automation for Construction 

18: 357-375. 

Sun, M., H. Kaebernick, et al. (2003 ). "Simplified Life Cycle Assessment for the 

Early Design Stages of Industrial Products." CIRP Ann-Manuf. Techn. 52: 

pp.25-28. 

Thormark, C. (2001). Recycling Potential and Design for Disassembly in Buildings, 

Phd  

Thormark, C. (2002). " A Low Energy Building in a Life Cycle-Its Embodied 

Energy, Energy Need for Operation and Recycling Potential." Build Environ 

37: pp.429-435. 

UNEP (1991). Phase 1: Initial Surveys and Preliminary Assessment. UN Inter-

agency Plan of Action for the ROPME RegionOceans and Coastal Areas 

Programme Activity Centre, UNEP. UNEP. Nairobi, Kenya, UNEP. 

UNESCAP (2000). State of the Environment in Asia and the Pacific 2000. Economic 

and Social Commission for Asia and the Pacific Asian Development Bank. 

New York, 2000. 

USDOE (2011). Emissions of Greenhouse Gases in the United States 2009. 

Washington, DC, US Energy Information Administration. 

Venkatarama Reddy, B.V and K.S. Jagadish (2001). "Embodied Energy of Common 

and Alternative Building Materials and Technologies." ENB 35: pp.129-137. 

Vigon BW (1993). Life-Cycle Assessment: Inventory Guidelines and Principles. 

Cincinnati,Oh: Us Environmental Protection Agency, Risk Reduction 

Engineering Lab. 

Warmer Bulletin 47 (1995). "Warmer Bulletin Fact Sheet; Construction and 

Demolition Wast." Journal of the World Resource Foundation, Tonbridge, 

Kent. 

Weibel, T. et al.  (1995). O¨ Koinventare Und Wirkungsbilanzen Von Baumaterialen, 

ETH, Zurich. 

Wilson, R. and A. Young (1996). "The Embodied Energy Payback Period of 

Photovoltaic Installations Applied to Buildings in the U.K." Build Environ 

31: pp.299-305. 

World Bank (1998). Pollution Prevention and Abatement Handbook: Towards 

Cleaner Production,Washington, Dc. 



   162 

Xing, S, Z Xu, et al. (2008). "Inventory Analysis of Lca on Steel and Concrete-

Construction Office Buildings." ENB 40: pp.1188-1193. 

Yeheyis, M., K. Hewage, et al. (2012). " An Overview of Construction and 

Demolition Waste Management in Canada: A Lifecycle Analysis Approach to 

Sustainability." Clean Technologies and Environmental Policy: pp.1-11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




