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Abstract: Construction waste becomes a global issue facing by practitioners and researchers around the world.
Waste can affects success of construction project significantly. More specifically, it has major impact on
construction cost, construction time, productivity and sustainability aspects. This paper aims to identify various
factors causing construction waste in Malaysia. Study was carried out through structured questionnaire focusing
three major parties (i.e. clients, consultants and contractors) involved in construction project. Data was analyzed
with Statistical Software Package SPSS. Reliability of data was found as 0.917 which showed that data collected
was highly reliable. The calculation of Mean Rank of the construction waste causes found that the 5 key causes are
Poor site management and supervision, Lack of experience, inadequate planning and scheduling, Mistakes and
errors in design and finally Mistakes during construction. Spearman correlation analysis showed that Mistakes
during construction was highly correlated with Rework (with 0.829 correlation value) and Slow information flow
between parties (with a value of 0.60) and vice versa. Through identifying the causes and its correlation of the
construction waste it gives better understanding to the construction community for future construction projects

which benefit not only in term of economy but also the environment.
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1. Introduction

Wastes defined as unwanted or discard materials [33,
34]. The wastes continually causing an environmental
troubles and global warming problems to the world
[35,36]. There are many categories of wastes produce
namely municipal solid waste, commercial waste,
medical waste, biodegradable waste and construction
waste. The municipal solid waste usually known as
garbage and trash for any household [35,37]. Others than
that, commercial waste also frequently occurred. The
waste mainly results from business and industrial
sites[38]. Medical waste also known as clinical. The
waste is defined as waste commonly generate from
hospital and clinics. The waste is generated in the
diagnosis, treatment, or immunization of human beings or
animals [39]. The term biodegradable waste is any waste
that is capable of undergoing anaerobic or aerobic
decomposition. The waste are food processing, paper,
textiles, wood, etc. [40]. The area of this research
focusing on construction waste. The wastes produced at
construction sites in physical form and non physical form.
The physical waste are mainly from broken concrete,
bricks, metals, packaging waste, etc. Whereas the non

physical waste are cost overruns and time delays in
construction projects [41].

In 21st century, researchers and practitioners around
the world facing the challenges of construction waste.
Various researches in develop countries indicate that
contribution of construction waste in the urban area tend
to increase [1]. Researches in United States and Europe
have revealed that considerable amount of waste lies in
flow processes of construction as in [2]. In addition, study
conducted in Sri Lanka also reveals that the domestic
construction industry workforce is ignorant of flow
activities that create waste and their causes [3]. Moreover,
researchers from Nigeria described waste emanates
during different stages of construction which can be
during planning, estimating or construction stage [4].
Other problems according to the Singapore researchers,
during design, operational, procurement and material
handling attributes that leads to site waste [5]. In addition,
as in [6] also indicated construction managers often fail to
identify or address waste in the construction process.

Thus, as a developing country, Malaysia also has
fallen into construction waste problems in line with the
rapid development of construction sector. In tandem, with
increasing demand of infrastructure projects, residential
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development projects, large amounts of construction
waste are being produced in Malaysia [7]. These
conditions may give a huge impact on project costs and
time due to physical and non-physical waste for
Malaysian construction industry [41]. The objective of
this on-going research is to identify various factors
causing construction waste in Malaysia.

2. Related Works

Construction industry sectors have been experiencing
chronic problems such as poor safety, inferior working
conditions and insufficient quality as in [8]. Besides that,
some researchers identified lack of material, rework,
lacks of equipment and supervision delays as factors
influencing productivity in the Indonesian construction
industry [9]. In Singapore, as in [5] stated new purchases
to replace wasted materials, rework to correct mistakes,
delays, and dealing with generated waste cause heavy
financial losses to the contractor. Meanwhile, researchers
found that eight waste sources were deemed to be
sufficiently significant [10]. These were waiting due to
crews’ interference; waiting due to equipment sharing,
and setup of equipment; waiting for instruction and
inspection; rework due to design change; waiting due to
stock problem and material vendor delay. In Sri Lanka,
the study also shows these conditions will lead to the
construction waste. The conversion activities are a major
cause of uncertainty in production, increasing the share of
non-value adding activities as in [11].

Researchers and practitioners commit with many
wasteful activities during design and construction process
without adding value for the construction progress as in
[5-6, 12-13]. Besides that, as in [2] and [14], believed the
significant problems faced by the construction industry
are materials and time wastes. These non-value added
works may generate non-physical waste even though the
quantity is difficult to measure or ascertain in different
construction projects.

A number of researchers and practitioners from the
construction family interpret and give meaning of non-
physical waste in a different dimension. Waste describes
as any human activity that absorbs resources but creates
no value, such as mistakes that require rectification,
production of items no one wants, process steps that are
not needed, unnecessary movement of employees, and
people waiting for the conclusion of upstream activities
[15]. Furthermore, waste also describes as any
inefficiency that result in the use of equipment, materials,
labor or capital in larger quantities [16].

In other words, waste in construction is not only
focused on the quantity of waste of materials on-site, but
also related to several activities such as overproduction,
waiting time, material handling, processing, inventories
and movement of workers [11, 17]. Similarly, researcher
from Indonesia defined waste is not only associated with
waste of materials in the construction process, but also
other activities that do not add value such as repair,
waiting time and delays [18].

There are also other categories of waste that such as
accidents, working under suboptimal conditions [19].

Waste can be defined as any inefficiency that results in
the use of equipment, materials, labor, or capital in larger
quantities than those considered as necessary in the
construction process as in [1]. Hence, wastes from the
construction, remodeling, and repairing of individual
residences, commercial buildings, and other structures are
classified as construction wastes [20]. Finally, waste in
construction is defined as the difference between the
value of those materials delivered and accepted on site
and those used properly as specified and accurately
measured in the work, after the deducting cost saving of
substituted materials and those transferred elsewhere
[21]. In this study, 20 articles related to construction
waste were referred. From these articles, the contributed
factors to construction waste were identified as in Table
1.

Table 1 List of causes contributed to construction
waste.

Causes

Reference

Poor site management and
supervision

Lack of experience

Inadequate planning and
scheduling

Mistakes and Errors in
design

Mistakes during
construction

Incompetent subcontractors

Rework

Frequent design changes

Labor productivity

Inadequate monitoring and
control
Inaccurate quantity take-off

Shortage of site workers

Lack of coordination
between parties

Slow information flow
between parties

Shortage of technical
personnel (skilled labor)
Changes in Material
Specification and type
Equipment availability and
failure

Effect of weather

[2L;[61:[10L;[13];

[18];[22] and [25]
[1L;[SE[18]; [22]; [28] and
[32]
[1L2L[SLI10L[13L[141:[17];
[18];[20];[28];[30] and [32]
[3LI4LISLI13]:[14]5[20:[25]
and [32]

[22];[25] and [31]

(L2 05L[61:[141:[171;[20];
[22];[25] and [30]
[1L[2L3L:[41;[141;[18];[28]
and [32]
[5;[61;[10];[13];[14];[18];
[22]; [23];[28];[29];[30];[31]
and [32]

[2];[51:[18];[20] and [30]
[3];[28];[29] and [32]
[4] and [23]

[6]; [17] and [18]

[14];[17];[18];[23];[28] and
[31]

[3;[5];[23] and [30]
[1];[14];[18] and [23]

[5] and [32]

[1L[2L5L[ 101 14T[18];[25]
and [30]
[2L;B3LI4L[51:[61:[13]5[14];
[18];[30] and [32]
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Table 1 shows 18 factors were identified from past
researchers. These factors were used to conduct this
preliminary study to determine whether the factors are
also common to Malaysia construction industry.

3. Preliminary Survey

A preliminary quantitative study was carried out to
investigate the perception of industry’s players regarding
construction waste issue. From the identified factors, a
structured questionnaire was developed and distributed in
central region of peninsula Malaysia. The questionnaire
distribution was done randomly using two approaches,
namely via postal mail as well as direct visitations to the
respective firms. From the total of 60 questionnaires were
distributed, only 41 (68%) of the respondents duly filled
and returned the questionnaires. Data was analyzed with
Statistical Software Package SPSS. Frequency, Mean
Rank and Spearman Correlation Analysis were used in
this research.

The purpose of respondent’s demography is to
review the capabilities of the respondents in
understanding the issues of construction waste. The first
demography of this survey is the clusters of the
respondents. They are either contractors or consultants or
client. Fig. 1 shows the background of the respondents. It
was found that the majority of the respondents are in the
contractor field, 51 %, followed by Consultants, 34% and
the lowest is the clients, only 15% of the total
respondents. Based on the pie chart, it can be seen that
contractor’s field plays a major influences in this
research.

Respondents' Organization

E Client
Cconsultant
Hcontractor

Fig. 1 The Organization of respondents.

In term of experience in the construction industry,
this survey found that as much as 39% of respondents had
working experience of 6 to 10 years, followed by 32%
respondents who possessed working experience of
between 11 to 15 years. The minority group of
respondents in terms of work experiences was those less
than 5 years’ experience, is 29%.

24

Respondent's Experience
i 2% o5 years

A6-10years

1115 years

Fig. 2 Respondent’s experience in construction.

Fig. 2 of the pie chart indicates that 71% of the
respondents are in between 6 to 15 years working
experience in Malaysian construction industry. The
profile information of the respondents experience reflects
their understanding about issues concerning identifying
factors causing of construction waste.

Respondents’ Qualification

[T
BES
S

A il ma
Edwise

Fig. 3 Respondents’ Qualification.

The qualification attained by the respondents as
shown in Fig. 3. The chart shows 66% of the respondents
obtain Bachelor of Engineering (BE). The second largest
of respondents’ education level is Masters of Science
(MSc), 15%. The Diploma holder comprises of 12% and
then followed by BSc, 5%. The smallest percentage is
Bachelor of Business Administration (BBA), only 2% of
the total respondents. This indicates that majority of the
respondents obtain bachelor degree, 73%. Therefore, it
can be deduced that all of the respondents were well
educated.

4. Significant Causes

The reliability test was conducted on the data to
measure its stability and consistency. In this test
Cronbach’s alpha (reliability coefficient) was determine
in order to indicate the reliability of the data. The closer
Cronbach’s alpha value to 1 the higher the internal
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consistency reliability of the data [24]. In this study,
reliability test on the data was carried out and it was
found that the alpha value is 0.917. This indicates that
data collected was highly reliable.

Mean rank

The significant of the factor are determined from the
Mean Rank approach. Mean Rank or Kendall's W is a
non-parametric = statistic. Mean Rank represents, the
higher Mean Rank Value, the higher position is placed.
The ranking of the factors causing construction waste is
calculated using the Mean Rank Calculation as:

=

Where:
M; = Mean Rank

R = Individual Mean Rank of factor

Muax = Maximum Individual Mean Rank of factor
N  =is the number of factors

From the analysis, was discovered the ranking of
each factors due to the Mean Rank Value. The Table 2
shows significant causes of construction waste and its
ranking.

Table 2 List of causes with mean rank value.

Mean
Causes of Construction Waste Rank  Rank

Value
Poor site management and supervision 7.17 1
Lack of experience 7.71 2
Inadequate planning and scheduling 7.78 3
Mistakes and Errors in design 8.00 4
Mistakes during construction 8.34 5
Incompetent subcontractors 8.76 6
Rework 9.02 7
Frequent design changes 9.24 8
Labour productivity 9.35 9
Inadequate monitoring and control 9.40 10
Inaccurate quantity take-off 9.74 11
Shortage of site workers 10.09 12
Lack of coordination between parties 10.21 13
Slow information flow between parties 10.61 14
Shortage of technical personnel (skilled 10.91 15
labour)
Changes in Material Specification and 10.93 16
type
Equipment availability and failure 11.83 17
Effect of weather 11.90 18

There are 5 selected significant factors placed the
highest ranked or key position among the other factors
and they are;

1. Poor site management and supervision,
ii. Lack of experience,
iii. Inadequate planning and scheduling,
iv. Mistakes and errors in design,

v. Mistakes during construction.

Site management and supervision

The Poor site management and supervision was
ranked the highest factor causing construction waste by
the Mean Rank Value of 7.17. This evidence is supported
as in [25], a study in China. They stated that Lack of
management skills and Lack of supervision become
major reasons in huge waste generation. Moreover in
Chile was identified that Poor or lack of supervision
cause waste [2]. In another recent study also stated that
waste also occurs due to the poor construction
management [22]. Moreover, a pilot study also conducted
in Sri Lanka and contended that a considerable amount of
construction waste is mostly due to improper
management and supervision of sites [26].

Lack of experience

Lack of experience (Mean Rank, 7.71), was the
second key cause of construction waste, supported by
researcher in South China and mention construction
works operated by inexperienced mental cutters is the
main cause of reinforcement waste [22]. This statement
also agreed as in [27] that a significant percentage of
foreign contract labor has little or no experience in
construction. Thus, inexperienced foremen contribute to
more defective works and reworks in Hong Kong
construction industry [28]. Researcher also believed that
factor that produces waste due to the inexperience field
supervisor [1].

Inadequate planning and scheduling

The inadequate planning and scheduling cause was
ranked third by the Mean Rank Value Coefficient, 7.78.
Meanwhile, poor planning and scheduling were
identified as the key variables causing waste [18]. In the
study identified that improper planning as the most
significant operational contributors to waste generation
[5]. Furthermore, imperfect planning of construction
results in material waste [14]. Furthermore, poor
planning as a key cause lead to the flows wastes [3]. In
the study, mean value is 4.13, so a mean value exceeding
3.00, means the respondent agreed that statement. This is
reinforced in another study that caused by lack of
planning and control may lead to rework to the building
(indirect waste) [1].

25
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Mistakes and errors in design

The fourth causing construction waste is Mistakes
and errors in design, Mean Rank, 8.00. This supports a
similar finding as in [28], which found that “design
errors” are major contributors to change orders and
rework, which in turn result in a high volume of
construction waste. In addition, Australian researchers
also revealed a similar result from his survey and
categorized typical construction debris cause into design
change and design error [13]. Furthermore, research in
China found that reworks caused by the design error. This
is another fact supported by the researcher, because
rework is a waste, due to design error and mistakes [10].
Hence, United Stated researcher also observed and
analyzed categorized the sources of construction waste
into design [20]. There is a similar survey result and
categorized typical construction waste sources into design
error and design change [13].

Mistakes during construction

Mistakes during construction with the Mean Rank of
8.34 are placed as fifth factor causing construction waste
for this research. Major cause of wastes is default from
construction processes [25]. Other studies reveal that
Lack of constructability increase cost around 6-10% of
total of project cost in United Stated [16]. This factor also
often leads to the construction waste. Hence, another
researcher mentions that the wastes resulting from wrong
construction method, defects, and poor optimization in
performing tasks [21].

5. Correlation Between Causes

This study investigated the correlation strength
between the determined causes of the construction waste.
To determine the strength, Spearman correlation
approach was adopted. Theoretically, if there is a
correlation between two factors, the range of correlation
value (R) must be range between —1 and +1. [24].
Correlation coefficient value goes towards O the
relationship between the two factors causing construction
waste will be weaker.

From the Spearman correlation analysis, 18 factors
causing construction waste was correlated can be identify
that 13 factors having correlation > 0.600 among them.
Otherwise, 5 factors don’t have any strong correlation
value above 0.600. There are shortage of technical
personnel (skilled labor), Frequent design changes,
Mistakes and Errors in design, Inaccurate quantity take-
off and Effect of weather.

The strongest positive correlation factor for this
research finding was Mistakes during construction highly
correlated with Rework, the correlation value, R was
0.829. The R value shows a very strong and positive
relationship between that two factors causing construction
waste. On the other hand, Mistakes during construction
and slow information flow between parties found the
correlation value only 0.600. Thus, mistakes and rework
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have strong bonding, tied together for this research
finding.

The Lack of coordination between parties also has
positive correlation with slow information flow between
parties, R value of 0.761. Meanwhile, Poor site
management and supervision with correlation value,
0.724 have relationship with inadequate monitoring and
control factor. There is a positive correlation between
those two factors. On the same time, Inadequate planning
and scheduling factor also having positive correlation
with Lack of experience factor, with the R value, 0.721;
Incompetent subcontractors, with 0.719 correlation value;
Inadequate monitoring and control with value of 0.660;
labor productivity, R value 0.651; Slow information flow
between parties, with 0.649 correlation value and Poor
site management and supervision, R value of 0.639.

Results also indicated that Lack of experience
factor have a positive relationship with Poor site
management and supervision factor at the R value of
0.606; Inadequate monitoring and control with value
0.622 and Slow information flow between parties with
the R value of 0.624. Meanwhile, Poor site management
and supervision also having a positive correlation
between Incompetent subcontractors with the correlation
value of 0.689.

Based on the results, Shortage of site workers
factor was having positive relationships with the labor
productivity factor. The both factors correlated at the
value of 0.717. There are positive relationship labor
productivity factor with inadequate planning and
scheduling, with R wvalue, 0.651 and Incompetent
subcontractors with the correlation value 0.628. Beside
that’s, Incompetent subcontractors with Equipment
availability and failure and Rework with Changes in
Material Specification and type shows having positive
correlation at the same correlation value 0.624.

6. Conclusion

This on-going research has helps to identify factor
causes of construction waste in Malaysia. The most
significant factors causing construction waste are Poor
site management and supervision, Lack of experience,
inadequate planning and scheduling, Mistakes and errors
in design and Mistakes during construction. Thus, the
study proved that Mistakes during construction having
strong positive correlation with Rework, 0.829 correlation
value. These findings will give a better understanding to
the Malaysian construction industry players and create
awareness among them for undertaking future
construction projects.

References

[1] Nazech E.M, Zaldi D., and Trigunarsyah B.
Identification of Construction Waste in Road and
Highway Construction Projects. Eleventh East Asia-
Pacific Conference on Structural Engineering &
Construction (EASEC-11), Taiwan, (2008), pp.19-21.



S. Nagapan et al., Int. J. Of Integrated Engineering Vol. 4 No. 2 (2012) p. 22-28

[2] Serpell, A., Venturi, A., and Contreras, .
Characterization of waste in building construction
projects. Presented on the 3rd workshop on lean
construction, Albuquerque, (1995), pp. 67-77.

[3] Senaratne, S., and Wijesiri, D. Lean Construction as
a Strategic Option : Testing its Suitability and
Acceptability in Sri Lanka. Lean Construction
Journal, (2008), pp. 34-48.

[4] Wahab, A. B., and Lawal, A. F. An evaluation of
waste control measures in construction industry in
Nigeria. African Journal of Environmental Science
and Technology, Volume 5, (2011), pp. 246-254.

[5] Ekanayake, L. L., and Ofori, G. Construction
material waste source evaluation. Proceedings of
Strategies for a Sustainable Built Environment,
Pretoria, (2000).

[6] Alwi, S., Hampson, K., and Mohamed, S. Non
Value-Adding Activities in Australian Construction
Projects. Proceeding of International Conference on
Advancement in Design, Construction, Construction
Management and Maintenance of Building Structure,
Bali, (2002).

[7] Begum, R. A., Satari, S. K., & Pereira, J. J. Waste
Generation and Recycling Comparison of
Conventional and Industrialized Building Systems.
American Journal of Environmental Sciences,
Volume 6(4), (2010), pp. 383-388.

[8] Alwi, S., and Hampson, K. Identifying the important
causes of delays in building construction projects.
Proceedings of 9th East Asia-Pacific Conference on
Structural Engineering and Construction, Bali,
(2003).

[9] Kaming P.F., Olomolaiye P.O., Holt G.D., and
Harris F.C. Factors influencing construction time and
cost overruns on high-rise projects in Indonesia.
Construction Management and Economics. Volume,
15(1), (1997), pp. 83-94.

[10]Zhao, Y., and Chua, D. K. H. Relationship between
productivity and non value-adding activities.
Proceeding of 11th annual conference of the
international ~ group  for lean  conmstruction,
Blacksburg, (2003).

[11]Alarcon, L. F. Tools for the identification and
reduction of waste in construction projects. Lean
construction, Rotterdam, (1994), pp. 365-377.

[12]Love P. E. D. Toward Concurrency and Integration
in the Construction Industry” The 3rd ISPE
International Conference on Current Engineering,
Canada, (1996).

[13]Faniran, O. O., and Caban, G. Minimizing waste on
construction project sites. Engineering Construction
and Architectural Management Journal, Volume
5(1), (2007), pp.182-188.

[14]Polat, G., and Ballard, G. Waste in Turkish
Construction: Need for Lean Construction
Techniques. Proceeding 12th Annual Conference of
the International Group for Lean Construction
(IGLC-12), Elsinore, (2004).

[15]Womack J. P. and Jones D. T. Lean thinking, Simon
and Schuster, New York, (1996).

[16]1Koskela, L. Application of the New Production
Philosophy to Construction. Technical Report No.
72, CIFE, Stanford University, (1992).

[17]Formoso C. T., Isatto E. L. and Hirota E. H.,
“Method for Waste Control in the Building
Industry”, Proceedings of the Seventh Annual
Conference of the International Group for Lean
Construction, Berkeley,(1999).

[18] Alwi, S., Hampson, K. and Mohamed, S. Waste in
the Indonesian construction projects. Proceedings of
International Conference of CIB W107 - Creating a
sustainable Construction Industry in Developing
Countries, South Africa, (2002), pp. 305-315.

[19]Koskela, L. An Exploration Towards a Production
Theory and Its Application to Construction.
Technical Research Centre of Finland, VTT
Publications 408, Finland, (2000).

[20] Gavilan, R. M. and Bernold, L. E. Source evaluation
of solid waste in building construction. Journal of
Construction and Management, (1994), pp. 536—
552.

[21]Pheng, L. S. and Tan, S. K. L. How Just-in-Time
Wastages can be Quantified : Case Study of a Private
Condominium Project. Journal of Construction
Management and Economics, Volume. 16, (1998),
pp. 621-635.

[22]Lu, W., Yuan, H., Li, J., Hao, J. J. L., Mi, X., and
Ding, Z. An empirical investigation of construction
and demolition waste generation rates in Shenzhen
city, South China. Waste management, Volume
31(4), (2011), pp. 680-687.

[23]Garas, G. L., Anis, A. R., and Gammal, A. E.
Material Waste in the Egyptian Construction
Industry. Proceedings of the 9th Annual Conference
of the International Group for Lean Construction,
(2001), Singapore, pp. 1-8.

[24]Sekaran, U. and Bougie, R. Research methods for
business: A skill building approach. 5th edition
Wiley, London, (2010).

[25]Wang, J. Y., Kang, X. P., and Tam, V. W. Y. An
investigation of construction wastes: an empirical
study in Shenzhen. Journal of Engineering, Design
and Technology, Volume 6(3), (2008).

[26]Jayawardane, A. K. W. Material and labour wastage
on Sri Lankan construction sites. Journal of
Construction Management, Volume 13, (1998), pp.
221-239.

[27]Lee, K. H. and Sivananthiran, A. Contract labour in
Malaysia: perspectives of principal employers,
contractors and workers. International Labour
Review, Volume 135(1), (1996), pp. 75-91.

[28]Wan, K. M. S., Kumaraswamy, M. M. and Liu, D. T.
C. Contributors to Construction Debris from
Electrical and Mechanical Work in Hong Kong
Infrastructure Projects. Journal of Construction
Engineering and Management, Volume 135(7),
(2009), pp. 637-646.

[29]Poon, C. S., Yu, A. T. W., Wong, S. W., and
Cheung, E. Management of construction waste in
public housing projects in Hong Kong. Journal of

27



S. Nagapan et al., Int. J. Of Integrated Engineering Vol. 4 No. 2 (2012) p. 22-28

Construction Management and Economics, Volume
22, (2004), pp. 675-689.

[30]Bossink, A. G. and Brouwers, H.J.H. Construction
waste: quantification and source evaluation. Journal
of Construction FEngineering and Management,
Volume 122(1),1996, pp.55-60.

[31]Llatas, C. A model for quantifying construction
waste in projects according to the European waste
list. Journal of waste management, Volume 3,
(2011), pp. 1261-1276.

[32]Osmani, M., Glass, J., Price A.D.F. Architects’
perspectives on construction waste reduction by
design. Journal of Waste Management, Volume 28,
(2008), pp. 1147-1158.

[33]Ferguson, J., Kermode, N., Nash, C. L., Sketch,
W.AJ., and Huxford, R.P. Managing and
Minimizing Construction Waste: A Practical Guide.
Institute of Civil Engineers, London, (1995).

[34] Winkler, G. Recycling Construction and Demolition
Waste Publisher: McGraw-Hill, (2010).

[35]Desa, A., Kadir, N. B. A., & Yusooff, F. A Study on
the Knowledge, Attitudes, Awareness Status and
Behaviour Concerning Solid Waste Management.
Procedia Social and Behavioral Sciences, Volume
18, (2011), pp. 643-648.

[36]Sakai, S.-ichi, Yoshida, H., Hirai, Y., Asari, M.,
Takigami, H., Takahashi, S., Tomoda, K., et al.
International comparative study of 3R and waste
management policy developments. Journal of
Material Cycles and Waste Management, Volume
13(2), (2011), pp. 86-102.

[37]Budhiarta, 1., Siwar, C., & Basri, H. Advanced
Science Information Technology Current Status of
Municipal Solid Waste Generation in Malaysia.
International ~ Journal —on  Advance  Science
Engineering Information Technology, Volume 2(2),
(2012), pp.16-21.

[38]Iman Ahmed, Chack Cherdsatirkul, Alan Chin,
Kwesi Daniels, Mike Harris, Ciksa Kruger.
Commercial Solid Waste Management for New York
City. Thesis of Master of Science in Sustainability
Management, (2011), pp. 8 -21.

[39]Klangsin, P., and Harding, A K. Medical waste
treatment and disposal methods used by hospitals in
Oregon, Washington, and Idaho. Journal of the Air &
Waste Management Association. Volume 48(6),
(1998), pp. 516-526.

[40] Gomez Palacio, J. M., Ruiz de Apodac, A, Rebollo,
C., and Azcarate, J. European policy on
biodegradable waste: a management perspective.
Water science and technology. Journal of the
International  Association on Water Pollution
Research, Volume 46(10), (2002), pp. 21-28.

[41]Nagapan, S., Rahman, I. A., and Asmi, A. Factors
Contributing to Physical and Non-Physical Waste
Generation in Construction Industry. International
Journal of Advances in Applied Sciences,
Volumel(1), (2012).

28



