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Abstract: Despite waste management in construction industry has a significant impact on both economical and
environmental issues, the current level of waste management performance in Korean construction is reported as relatively
low. To improve any type of management performance, it is necessary to diagnose the current status of the performance
level. In this context, this research is aimed to identify important factors in influencing the waste management performance
and to develop an evaluation tool for the purpose of assessing the level of the performance for a particular construction
site. In this paper, 59 influential factors have been identified and categorized into five classes, i.e.,, manpower, material,
method, management, and policy, in terms of the characteristics of the factors. In addition, an evaluation tool has been
developed in order to effectively quantify all the 59 factors based on a thorough industry survey. The output of the Tool,
which is Waste Management Index, effectively assess the level of waste management performance for a particular project
and provide with the most leveraged factors in need for improvement in waste management performance.
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1. INTRODUCTION

1.1 Background and Purpose

As global climatic and ecological problems have become
serious, regulations such as UNFCCC (United Nations
Framework Convention on Climate Change) and laws
relevant to wastes in most countries have gradually
reinforced.[1] To comply with these restrictions, many
construction companies are required to establish a
“sustainable” construction production system. To cope
with this issue, only a few large-size construction
companies have established waste management guidance
with instructions to reduce construction wastes and to
maximize their reuse.

However, the results of the on-site case studies reveal
that the present state of waste management in the
construction, especialy for the high-rise residential
buildings, was at a low level by only providing the
minimum requirement obligated by the regulations. As a
result of this passive management, loss of material cost
appeared to be approximately $1.0-1.2 million per project
excluding waste treatment costs and their relevant indirect
costs.[13] Based on this result, it is obvious that
construction wastes have a significant impact on the
economical loss as well as the environmental damages. One
of the reasons of this ineffectiveness is the lack of any
guidance which evaluates the waste management
performance and is not available on the construction site.
Therefore, it is difficult to recognize how effectively a
particular project is performing in terms of waste
management.

In this context, this research aims to develop a tool for
evaluating the effectiveness of the waste management
performance in the site for the purpose of identifying the
factors which influences the waste management
performance. M ain target of the research is focused on the

wastes generated in the high-rise residential projects which
occupy the most proportion in terms of Korean building
industry.

1.2 Methodology

In order to achieve this objective, first, various waste
management performance factors are identified through
extensive literature reviews. Second, a questionnaire
survey for construction managers who deal with wastes is
conducted to analyze both weight and priority of the
identified factors. Finally, an evaluation tool is developed,
which is based on the factors and their weights and
priorities.

As this research is still on going, the focus of this paper
is on identifying waste management performance factors
and establishing a conceptual model for the evaluation
tool.

2. WASTE MANAGEMENT PERFORMANCE
FACTORS

In this research, the construction management
performance factors are defined as the actions which
influence on decreasing wastes and increasing recycle in
the construction sites. Hence, with the norm of the
possibility of decreasing wastes and increasing recycle,
various construction management performance factors
were selected through extensive literature reviews.
Literature surveys consisted of three parts: 13
papers[4,5,6,7,8,9,10,11,12, etc.] about construction waste
published in academic journals of Korea, 7 construction
waste management manuals[3, etc.] used by the sole
national housing corporation and 6 mgjor firms among the
1% to 10" construction firms in the rank of assessing and
disclosing of construction execution capability, and 3 laws
of Korearelated to construction wastes.
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As the result of literature reviews referred above, it was
discovered that 59 factors would have influence on
decreasing wastes and increasing recycle. Authors, who
have researched construction wastes for years, categorized
these factors by common characteristics: manpower,
material, method, management, and policy. Table 1 lists
these 59 factors by category. “Manpower” category
includes factors related to commitment, organization, and
education for the staff of a contractor or a subcontractor
who manage wastes on site. “Material” category mainly
consists of the issues related to minimizing loss of materials
and use of recycled materials. The factors in “method”
category include the issues on dealing with construction
wastes such as carrying and storing the wastes inside of a
site and taking them out of a site. The “management”
category mostly represents the factors regarding
contractor’s waste management plan and execution,
contractual conditions for waste treatment between a
contractor and either a subcontractor or a waste disposal
agency, and contractor’s supervision on the waste
personnel. Lastly, factors in “policy” category generally
signify the legal issues about wastes and environmental
items facilitating improved waste management.

As mentioned above, these 59 factors indicate the items
which influence decreasing wastes and/or increasing
recycle in the construction sites. As such, if a construction
site is evaluated based on these 59 factors in terms of
implementation level of the site, it is possible to assess the
performance level of the project. However, since all of the
factors do not have the same level of importance, it is
necessary to identify the magnitude of importance of all the
identified factors.

3. RESULT OF DATA COLLECTION

3.1 Data Collection

In order to investigate the magnitude of importance of
for the whole 59 factors, questionnaire survey was
conducted. The importance level represents both weight
and priority of the factors. The organization of the
guestionnaire consists of suggesting 59 factors by
category and requesting respondents to choose an numeric
option ranged from 0 to 10. A scale of O represents ‘no
influence on decreasing wastes and increasing recycle’,
while a scale of 10 represents ‘the most influence on
decreasing wastes and increasing recycle’.

The survey participants are in charge of managing
wastes, working for general contractors in construction
sites which are involved in high-rise residential projects.
One hundred forty two questionnaires were distributed to
construction sites located in the nearby capital area in
Korea and 45(31.7%) responses were returned. Out of 45, 3
were eliminated because of either missing data or improper
answer. The reason for this low returning rate seems that
awareness and interest in waste management of a
construction site in Korea haven’t been widespread yet.
Only 42 questionnaires were considered to be valid for
further analysis. Respondents reported had an average
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Table 1 Waste M anagement Performance Factors

Category Factor

1.1 | Commitment of contractor’s representative of asite
1.2 | Appointment of laborers only for wastes disposd
1.3 | Organization breskdown structureinvolved in waste management
. Cooperation of suboontractors

15 | Education of the contractor’s staff (enginears)

16 | Education of the subcontractor’s staff (laborers)

1.7 | Preventing weste of maeids by lahorers

Manpower
—
=

2.1 | Minimizing rework on aconstruction phase

2.2 | Design and construction using standardized materials
2.3 | Colledting packed materials back by suppliers

24 | Prefabricaion of mateias

, Use of recydled magrids

26 | FPreventing essily fragile mateids from being used

2.7_| Minimizing loss of mateials during carying and storing
2.8 | Preventing from excess-ordered maeids

2.9 | Recyding of tamporary mateias used oncein generd

Material

3.1 | Seting up separated bins by waste type

3.2 | Providing hins for collecting wastes for each subcontractor

3.3 | Sorting out individua waste by type from mixed wastes

3.4 | Seting up temporary hins a each building zone

3.5 | Notice recyclble maerids to laborers

36 | Storing wastes & an essily acoessible areas

3.7 | Designate aplace for storing wastes in an early stage of construction
NQIVEQI] Waste tVDE, [ﬂﬂﬂﬂ.b eﬂd‘[ dc.to )ﬂmﬁ b'nc

3.9 | Instaling equipments for recyding in asite

3.10 | Informing methods to deal with rest wastes after recydling

311 | Instdling an information board to notice categories for separding wastes

Method

3.12 | Preventing mixing wastes with soil
3.13 | Prohibiting use of pipes for dumping down mixed wastes

4.1 | Ruleson deding with wastes by waste-generators
4.2 | Contractua dauses for asubcontractor in dedling with wastes

4.3 | Positiveincentive for decressing or recyding by subcontractors

4.4 | Keeping arecord about waste management(amounts, kinds, tc)

45 Contratud dauses about the lastest method for a waste disposd agency to

tredt wastes
4.6 | Shortening aperiod of collecting wastes in asite

47 | Establishing an waste management plan in an early stage of construction

Checklist on executing detailed waste management plan

4.9 | Shortening aperiod of teking wastes out of asite

4.10 | Chedklist for documents to writing out and submit

4.11 | Dediding an objective rate for recyding wastes

4.12 | Confirming capability of afirm which treets westes

4.13 | Kesping arecord about recyding wastes

4.14 | Informing recyding methods and uses in asite

4.15 | Checking aroute periodicaly for awaste agency to cary wastes
4.16 | Checking the last stetus for awaste agency to treat wastes

Management
=
[e=]

5.1 | Obligatory cost estimating cost for weste tregtment in abill of quantity

59 Incentivein bidding for acontractor having a plan about decreasing weste and

incressing recvde

53 | Tax freefor equipments tredting westes

5.4 | Supavising waste management by aresidentia officer

5.5 | Enhandng punishment for illegal trestment of westes

56 | Establishing citerie for quality and sdfety of recyded maeids

) Simplifying lega procedures to install equipments tregting wastes

58 | Constructing maketing structure for recyded materials

5.9 | Adivating development of techniqueto treat and recyde wastes

5.10 | Raising charge for mixed wastes

511 Changing the subject of a legd report from an owner to a contractor who
Mmanaies Wases in Dratice

5.12 | Redudng chagefor separated wastes

513 | Daabase management system for construction wastes

5.14 | Managing daafor wastes by ahead office

Policy




experience of 8.76 years in construction field and had an
average of 2.07 years in waste management work.

3.2 Data Analysis

The statistical analysis of the collected data was
conducted using the Statistical Package for Socia
Sciences. Although the authors to abstract representative
factors from the 59 factors using the factor analysis as
planned, it seemed meaningless in practice because the
number of respondents was less than the number of
variables. Due to this limitation, authors analyzed weight
and priority of the factors using means of scores that
respondents had provided. Analysis process includes that
means of scores are calculated first, priority of the factors is
arranged by the order of means, and then factors gaining
means less than 6.5 are excluded from the items of the tool
which evaluates the effectiveness of waste management
performance, because in authors’ opinion, these factors
have relatively little influence on decreasing wastes and
increasing recycle.

3.3 Findings

Based on the data analysis, it was discovered that all 7
factors in “manpower” category, 8 out of 9 factors in
“material” category, 9 out of 13 factors in “method”
category, 6 out of 16 factors in “management” category,
and 9 out of 14 factors in “policy” category were revealed
to be relatively more important in decreasing wastes and
increasing recycle. Figures 1 through 5 show the factor’s
value and level of influence by category. (Appendix I
includes mean, mode, priority of the factors.)

In the “manpower” category, ‘the commitment of the
leader of a site (8.07 out of 10)’ and ‘appointment of the
laborer working only for disposal wastes (7.69 out of 10)’
were identified as the more important factors than factors
(<7.00 out of 10) on education for a staff or organization for
a waste management. (See tablel and fig.1) In addition,
recognizing that all factors in this category are selected as
the finalized items for the evaluation tool, it can be
interpreted that human factors are most important in waste
management performance.

Fig 1 Importance of the Factorsin M anpower Category

In the “material” category, factors (>7.85 out of 10) such
as ‘minimizing rework’, ‘construction using standardized
materials’, and ‘supplier’s collecting packed material” were
recognized to relatively have more influence in waste
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management performance. (Seetablel and fig.2) That is, a
failure or missing a material plan in the preconstruction
phase or quality management in the construction phase
might possibly increase more wastes in the construction
phase. Therefore, this result implies that the planning of
waste management in the preconstruction phase is
effective for decreasing the waste and increasing the
recycling as well as an effort during the construction
phase.

Fig. 2 Importance of the Factorsin M aeria Category

In the “method” category, the ways to separately collect
wastes by kinds, such as ‘setting separated bins (7.26 out
of 10)’, ‘providing bins for each subcontractor (7.00 out of
10)’, and ‘sorting out mixed wastes (6.90 out of 10)’, were
chosen as effective factors. (See tablel and fig.3) While,
factors such as ‘installing equipments’ or ‘methods to treat
wastes directly inside of the site’ appeared to be less
effective for waste management. This result could be
caused by the environmental reasons either that existing
equipments in a site do not have enough effectiveness to
treat wastes or that conditions of the site does not allow
wastes to be treated directly inside of the site.

Fig. 3 Importance of the Factors in M ethod Category

In the “management” category, ‘the rule on dealing with
the wastes by the waste-generators’ was discovered as the
most effective factor (7.26 out of 10), and ‘the contractual
clauses and the incentives about treating wastes’ were the
other effective factors (>6.60 out of 10). While the
effectiveness of the factors related to ‘waste management
plan’ and ‘managing waste agencies’ were found to be less
effective. (See tablel and fig.4) This result can be caused
by the delivery system of Korea. Legally, construction
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wastes must be managed by an owner himself or by a
separated deliverer (a waste disposal agency). However, a
contractor is the practical subject which manages wastes
on the site. In this context, it is for granted that a contractor
either wants to flow down the responsibility to
subcontractor through contractual clauses or contract with
awaste agency in the lump.
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Fig. 4 Importance of the Factors in M anagement Category

In the “policy” category, it was found out that factors
(>7.07 out of 10) related to ‘obligatory cost estimating(5.1)’,
‘incentive and punishment for waste management’ were
more effective rather than factors related to ‘activating
development of the technique’, ‘changing cost of treating
wastes’, and ‘data management for the construction
wastes’. (Seetablel and fig.5) Judging by this result, it is
noteworthy that the effectiveness of waste management is
highly dependent on the legal obligations.

Fig. 5 Importance of the Factors in Policy Category

358
335
319 —

Rank Ordel

manpower  management material method pdicy

Fig 6 Rank Order Average
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Figure 6 shows the result of rank orders. This priority
means the order with which those categories influence on
decreasing wastes and increasing recycle. As can be seen
in fig. 6, “manpower” ranks highest with a large gap from
the other categories. It is noteworthy that “policy” has the
least priority in influencing the waste management. It may
imply that the people in charge of the waste practice must
have greater commitment and interest in order to raise the
effectiveness of the waste management performance.

3.4 Bias of Findings

As the findings shown above are the results of the
questionnaire survey, of which the respondents are
construction managers working for a general contractor in a
construction site, this result maybe biased depending on
increasing profit or convenience from the perspective of
contractors. In order to overcome this bias, additional
investigation needs to be conducted to gather objective
opinions from the perspective of the other stakeholders
such as the subcontractors and the waste disposal
agencies.

4. DEVELOPMENT OF WASTE MANAGEMENT
PERFORMANCE EVALUATION TOOL (WMPET)

4.1 Design of the Tool

Authors decided to use the format of the Design
Effectiveness Evaluation Matrix [2], which was developed
by ClI design task force in 1986. This evaluation matrix was
verified as an effective tool in quantitatively measuring the
effectiveness of the qualitative performance by computing
ascore of each factor related with the design performance.
Based on these advantages, it is proper to apply to the tool
of evaluating the effectiveness of waste management
performance in a construction site. Figure 7 shows the
evaluation matrix for the performances in the manpower
category. The format is simlar with the CIlI Design
Effectiveness Evaluation Matrix except the contents of
performance factors and weight of each factor.

4.2 Performance Factor and Category weights

All 59 factors are not equally important in decreasing
wastes and increasing recycle. As mentioned in section 3.2,
the factors with mean value of less than 6.5 were excluded
from the items included in the tool. The factors in the
“policy” category were also excluded because these factors
would be uncontrollable in an individual construction site.
Through this process, 30 factors were finally selected in
consisting of the items for the evaluation tool. In order to
precisely evaluate the influence of each factor and each
category on the effectiveness of the waste management
performance, weights of (B) and (E) shown in table 2 were
endowed based on the priority which was the result of the
questionnaire survey. However, values of weights were
given based on the authors’ opinion. This values need to
be validated for further research.

4.3 Scoring Process
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The evaluation of the effectiveness of the waste 1) Choose the score of each factor in the evaluation
management performance in a site is progressed in the matrix.
following order. (See fig.7 and table 2) 2) Compute theindividual value of factors by multiplying
the score by aweight of each factor.

PEFORVANCE EACTORS 3) Sumup the value by each category.

(MANPOWER CATEGORY) 4) Compute the total index by multiplying sum of the
vt value of each category by aweight of each category.
i5| 8 5 |a

5 |EE|E | |2 |E The total score, which is denoted to be total index, is
g g§ EE|§ X g | defined as the level of the effectiveness of the waste
sc|e8 g § 2 |s |2 5 management performance in a particular site. This index can
So|88|2c]|s g s |8 be interpreted as one of the four ratings as described in
gE g g 28| 2 [22|2q|28 table 3. The index range provided in table 3 needs more in-
£3 %‘E R §§ ge g;? depth analysis. In this paper, the ranges are based on pilot
SRR EE EEIES case studies.
— 10 Table 3 Rating of Index
- Index Range| Rating Description
— 8
o — 7 Waste manaje?feme_nt perggéman_ce in this
StEISVETy ectivein reasngwastes
° ©clo — 6 801-1000 |Excellent| g increasing recycling. Please keep
—s5  [Score ] attention to waste management.
(o) -
| N Waste management performance in this
- — 3 ste is a little effective in decreasing
— 2 wastes and increasing recycling. If you
" 601-800 | Good | concern about weak part such as (OO0
5 weak categories and factors), the
effectivenesswill be maximized.
| Waste management performance in this
210 1415 15 12 LT SeoRE site is ineffective in decreasing wastes
25 | 20 | 20 | 156 | 10 | 5 | 5 |~ WEIGHT(100%) 401-600 P and increasing recycling. Please perform
50 | 120 | 80 | 90 | 60 | 10 | 35 |— VALUE - 00" | factors effective suich as (QOO
categories and factors having strong
| SUM OF VALLE : 445 | influence)
Waste management performance in this
Fig. 7 Sample M atrix for Evaluating Effectiveness of ste is very ineffective in decreasing
wastes and increasing recycling. Please
Waste M anagement Performance 0-400 Bad establish or correct waste management
plan of your site with referring to this
Table 2 Sample Case of Computing Waste M anagement Index tool.
fator soore : agory | caeory e}
ey | faor | |G L“{”DTJSUJ vt | i | 5. DISCUSSION AND CONCLUSION
(exanpl) - € | g | (LR
%% g gg 152% This research is aimed at developing atool for evaluating
2 3 4 0 30 the effectiveness of the waste management performance in
5 = 2 —— M5 03 | 1% a particular site for the purpose of identifying the factors
= 16 2 05 10 which influence on the waste management performance.
%I ; gg gg Through extensive literature survey and questionnaire
59 2 20 A0 survey, 59 performance factors for the construction waste
= %[31 g 18 gg management were identified and significance (priority and
s [ 7 T | 0| weight) of the factors were analyzed. Furthermore, the
%g g 50 gg concept of the tool to evaluate the effectiveness of the
78 1 5 2 15 construction waste management performance was
31 1 25 175 Suggested .
32 5 15 175 . . . . .
23 3 15 5 Because this research is still on going and in the
s [34 0 0 0 imi imitati
EN : 1 5 | 0w o prelimnary phase, the_re are I_|mtat|ons Qnd further
= 26 9 0 ) researches to be considered. First of all, in order to
gg g g thg quantitatively measure the precise effectiveness of the
29 0 5 0 management performance factors, sub-factors of each
. 3% g %g 27050 factor need to be identified. Value of weight for the factors
5 43 0 20 0 a5 | o0 109 and the categories also needs to be identified through
2 - . . .
o |44 9 15 113 additional expert interviews or workshops. Furthermore, the
= [45 0 10 0 : L i
16 3 5 % evaluation tool suggested in this paper should be verified

by the use of the construction site.
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Although there are some limitations on this study, the
proposed evaluation tool can be used as a waste
management tool focusing on the scoring process, rather
than just a scoring and judging mechanism. It is also
important to make appropriate actions to expedite the
effectiveness of waste management to better improve
sustainable construction environment.

APPENDIX I. Summary of Descriptive Statistical Analysis

Appendix Table Satistica Vaues of the Influential factors

Factor
Number d. .
Category 2 Mean Mode Deviation Variance

Priority

11 8.07 9 1.79 319

o) 19 7.6 9 240 578

= 13 7.26 9 205 420

< 14 710 9 249 6.19

= 15 6.98 [} 240 578

s 16 6.69 6 221 515

17 6.64 8 257 6.63

21 812 9 1.76 308

29 795 9 19 310

219 7.88 9 1.80 323

T 24 7.29 8 2.18 475

g g 729 8 221 489

= 08 714 7 209 437

27 7.07 9 2.2 495

g 6.67 ) 232 540

29 6.14 8 273 744

21 7.26 8 1.50 2.54

29 7.00 9 224 502

23 6.90 7 99 394

24 6.74 6 90 361

5 5 6.74 8 200 400

<] 24 671 7 203 411

g 17 6.68 1 1.94 311

s T 6.60 [} 210 439

20 6.55 i 217 469

210 6.48 5 2.22 494

211 6.21 5 212 451

219 6.14 6 2.24 500

313 5.86 5 231 534

41 744 9 244 595

12 731 7 1.76 310

42 7.4 8 216 467

14 6.93 1 217 470

45 6.60 7 2.26 512

e AR 6.57 5 2.26 513

2 47 6.45 1 207 430

& m 613 6 184 337

& 40 6.36 5 263 6.92

8 410 6.36 i 210 443

s 411 6.3 8 231 560

412 6.3 1 2.38 568

413 6.3 7 216 4,66

414 6.19 8 2.40 511

415 6.14 7 251 6.32

416 6.07 8 2.68 719

51 157 9 1.86 347

59 1.24 1 1.95 380

59 121 8 191 364

£4 707 8 200 402

5 7.00 9 223 498

- th 6.81 9 223 499

i3 57 6.79 8 245 6.03

5 g 6.74 6 211 444

g 6.69 6 207 421

510 6.48 ) 247 6.11

511 6.38 8 231 5.61

519 6.38 8 2.10 131

513 6.14 6 207 421

5.14 5.64 4 230 531
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