10/27/23, 4:19 PM .. Industrial Engineering & Management Systems ::
a

e

Industrial Engineering
- & Management Systems

Search

On-line Submission Journal Information

I.-.r' dus

4 issues per year

Industrial Engineering and Management Systems (IEMS) is abstracted/indexed in:
Journal Information

) o SCOPUS (Elsevier)
Introduction

o ESCI (Clarivate Analytics; former Thomson Reuters)
Aims and Scope « Google Scholar

« We will charge US$250 for an accepted paper.

Editor-in-Chief
Area Editors

Advisory Board

Board Members of APIEMS

Instruction For Authors
Ethical Guideline

Crossmark Policy

Most read Article

Most Read Articles in the
Recent 5 Years

Current Issue

Archive

>
Crossref

>
g8 Crossref
Similarity Check

Powered by iThenticate

® CrossMark

www.iemsjl.org/AboutUs/01.php

Industrial Engineering
& Management Systems

ISSN :
TSSN -

1598-7248 (Prin)
2234-6473 (Online)

=,

HOME Contact Us

12



10/27/23, 4:19 PM .. Industrial Engineering & Management Systems ::

e KOFST

Copyright © The Korean Institute of Industrial Engineers. All rights reserved.
# 2006, Jungang Royal,13 Seoun-ro, Seocho-gu, Seoul, Republic of Korea (06732)
Tel: +82-2-523-3095, Fax: +82-2-523-3090, Email: admin@kiie.org

www.iemsjl.org/AboutUs/01.php 2/2



10/27/23, 4:09 PM .. Industrial Engineering & Management Systems ::

%J ﬁ ; 3 =% ’

\ & -

Industrial Engineering
Management Systems

Industrial Engineering
& Management Systems

- it i

g

B HOME Contact Us
On-line Submissiot Board Members of APIEMS
Irid Engineeri = .
nent 3y 3 (E): Elected Board Member, (F): Founding Board Member January 20, 2003

Australia:

Prof. E. Shayan (F) Prof. E. Krishnamurthy Ramanathan (F)

Journal Information

Post Graduate Studies in Industrial Engineering Industrial Research  Visiting Professor School of Quantitative Business Methods &
Institute of Swinburne (IRIS) Swinburne University of Technology
Hawthorn 3122, Australia

Tel: +61(3)9214-8452

FAX : +61(3)9214-5050

Operations, University of Western Sydney Nepean, P.O. Box 10
Kingswood, NSW 2747, Australia

Email: k.ramanathan@uws.edu.au

Introduction

Aims and Scope

Email: eshayan@swin.edu.au

Editor-in-Chief
Area Editors Prof. Erhan Kozan (F)

Senior Lecturer, School of Management Science, Queensland Univ. of
Technology GPO Box 2434 Brisbane, Q 4001, Australia

Tel: +61(7)3864-1029

FAX : +61(7)3864-2310

Email: e.kozan@qut.edu.au

Advisory Board

Board Members of APIEMS

Instruction For Authors
China:

Dr. Weixuan Xu (F) Prof. Jifa Gu (F)

Inst. of Policy & Management, Chinese Academy of Sciences P.O.Box Inst. of Systems Science Chinese Academy of Sciences, Now: Japan

Ethical Guideline

Crossmark Policy

Most read Article

Most Read Articles in the
Recent 5 Years

Current Issue

Archive

>
Crossref

8712 Beijing 100080, China
Tel:+86(10)62542620

Advanced Inst. of Science & Tech. Kanazawa, Japan

Email: jfgu@jaist.ac.jp

ORCI

>
g8 Crossref
Similarity Check

Powered by iThenticate

www.iemsjl.org/Editorial/04.php

FAX :+86(10)62542619

Email: wxu@mail.casipm.ac.cn

Dr. Yimming Wei (E)
Deputy Director, Inst. of Policy & Management, Chinese Academy of
Sciences P.O.Box 8712 Beijing 100080, China

Email: ymwei@mail.casipm.ac.cn

Hong Kong:

Prof. Kin Keung Lai (F) Prof. Edvin T. C. Cheng (F)
Dept. of Management Science City Univ. of Hong Kong Kowloon, Hong Kong Polytechnic University Hunghom, Keowloon, Hong Kong
Hong Kong Email: mscheng@inet.polyu.edu.hk
Tel: +852-2788-8563

FAX : +852-2788-8560

Email: mskklai@cityu.edu.hk

Prof. Kai Ling Mak (F)

Dept of Industrial Engineering Hong Kong University Pokfulam, Hong
Kong

E-mail : makkl@hkucc.hku.hk

13



10/27/23, 4:09 PM

e KOFST

www.iemsjl.org/Editorial/04.php

.. Industrial Engineering & Management Systems ::

India:

Prof. Arun P. Shnha (F)

Dept. of Mechanical Engineering India Institute of Technology Kanpur
208016, India Phone: +91 (512) 597782, 597376

FAX : +91 (512) 590260, 590007

Email: asinha@iitk.ac.in

Prof. Tapan Bagchi (F)

Dept. of Industrial & Management Engineering India Institute of
Technology Kanpur 208016, India Phone: +91 (512) 597782, 597376
FAX : +91 (512) 590260, 590007

Email: bagchi@iitk.ac.in

Prof. Rajendran Chandrasekharan (F)

Department of Humanities Indian Institute of Technology, Chennai,
600 036, India.

Tel: +91 (44)445-8431

FAX : +91(44)235-0509

Email: craj@iitm.ac.in

Japan:

Prof. Mitsuo Gen (F)

Graduete School of Information, Production and Systems Waseda
University, Kitakyushu 808-0135 Japan

Email: gen@waseda.jp Phone: +81(93)692-5273

FAX : +81(93)692-5021

Prof. Kazuyoshi Ishii (F)

Dept. of Industrial & Information Sys. Engineering Kanazawa Inst. of
Tech. Kanazawa, Japan

Tel: +81(76)294-6710

FAX : +81(76)294-6711

Email: ishilkk@neptune.kanazawa-it.ac.jp

Prof. Hirokazu Kono (F)

Graduate School of Business Administration Keio University Hiyoshi-
honcho, Kohoku-ku, Yokohama 223-8523, Japan

Tel: +81-45-564-2019

FAX : +81-45-562-3502

Email: kono@kbs.keio.ac.jp

Prof. Takashi Oyabu (E)

Graduate School of Regional Economic Systems Kanazawa Seiryo
University Ushi 10, Gosho-machi, Kanazawa, 920-8620 Japan

Tel +81(76)253-3962,

FAX +81(76)253-3995 E-mail: oyabu@seiryo-u.ac.jp

Prof. Yasuhiro Hirakawa (E)
Department of Industrial Administration Tokyo University of Science
2641 Yamazaki, Noda, Chiba 278-8510, Japan

E- mail: hirakawa@ia.noda.sut.ac.jp

Prof. Toyokazu Nose (E)
Department of Industrial Management Osaka Institute of Technology
5-16-1 Omiya Asahi Osaka 535-8585 Japan

E- mail: nose@dim.oit.ac.jp

Korea:

Prof. Hark Hwang (F)

Dept. of Industrial Engineering Korea Advanced Inst. of Science &
Tech. Taejon, Korea

Email: harkhwang@kaist.ac.kr

Tel : +82(42)869-3113

FAX : +82(42)869-3110

Prof. Mooyoung Jung (F)

School of Technology Management UNIST, Ulsan, Korea
Email: myjung@unist.ac.kr

Tel: +82-52-217-1011

FAX : +82(54)279-5998

Prof. Jin-Woo Park (F)

Dept. of Industrial Engineering Seoul National Univ. Seoul, Korea
Email: autofact@snu.ac.kr

Tel: +82(2)880-7179

Prof. Kwang-Jae Kim (E)

Department of Industrial Engineering Pohang University of Science
and Technology Pohang, Kyungbuk, 790-784, Korea

Tel: +82-54-279-2208

Email:kjk@postech.ac.kr

Prof. Chi-Hyuck Jun (E)

Department of Industrial Engineering Pohang University of Science
and Technology Pohang, Kyungbuk, 790-784, Korea

Tel: +82-54-279-2197

Email:chjun@postech.ac.kr

Phillipines:
Prof. Anthony SF Chiu (F)

Operations and Environment Management Graduate Schools of

Prof. Anna Bella Siriban-Manalang (E)

2/3



10/27/23, 4:09 PM

www.iemsjl.org/Editorial/04.php

.. Industrial Engineering & Management Systems ::

Business and Engineering, De La Salle University Manila, Phillipines

Email: anthonyfschiu@pldtmydsl.com ac@tri-isys.com

Industrial Engineering De la Salled University Manila, Phillippines

Email: manalanga@dIsu.edu.ph beng_manalang@yahoo.com

Taiwan:

Prof. Kuo-Ming Wang (F)

Technology Management College National Tsing Hua University
Taiwan Phone: +886(3)571-9134

Email: kmwang@mx.nthu.edu.tw

Prof. Bernard Jiang (F)

Department of Ind. Eng. and Mgt. Yuan Ze University 135 Yuan-Tung
Road, Chung-Li, Taiwan 320

Tel. +886-3-4638800 ext. 522

FAX +886-3-4638822 or +886-3-4638907

Email: iebjiang@saturn.yzu.edu.tw

Prof. David M.-C. Wu (F)

Dept. of Industrial Engineering National Chiao Tung University Taiwan
Phone: +886(3)5731-913

FAX : +886(3)5720-610

Email: mecwu@cc.nctu.edu.tw

Prof. Mao-Jiun J. Wang (E)

Department of Industrial Engineering and Engineering, Management,
National Tsing Hua University 101, Sec. 2, Kuang Fu Rd., Hsinchu,
Taiwan 300

Tel.: +886-3-5715131 ext 3956

FAX : +886-3-5722685 E-mail: mjwang@ie.nthu.edu.tw

Prof. Yon-Chun Chou (E)

Institute of Industrial Engineering National Taiwan University 1,
Roosevelt Rd. Section 4 Taipei, Taiwan Phone: 886(2)2365-3100
Email: ychou@ntu.edu.tw

Thailand:

Prof. Suebsak Nanthavanij (F)

Department of Industrial Engineering, Sirinthorn International Institute
of Technology Thammasat University Pathumthani, Thailand 1211
Phone:+66 (2)986-9009 Ext.2108

FAX : +66 (2 )986-9112

Email: suebsak@siit.tu.ac.th

Dr. Nagen Nagarur (F)

Ex-Officio Board Members:

Prof. Heung-Suk Hwang

Editor-in-Chief of IEMS Department of Industrial Engineering Dongeui
University Busanjin-gu, San 24 Gaya-dong, Busan 614-714, Korea

Email: hshwang@hyomin.dongeui.ac.kr

Prof. Tae-Eog Lee
Managing Editor of IEMS Department of Industrial engineering KAIST
373-1 gusung-dong Yusung-gu, Taejon 305-701, Korea

Email: Telee@mail.kaist.ac.kr

Copyright © The Korean Institute of Industrial Engineers. All rights reserved.
# 2006, Jungang Royal,13 Seoun-ro, Seocho-gu, Seoul, Republic of Korea (06732)
Tel: +82-2-523-3095, Fax: +82-2-523-3090, Email: admin@kiie.org

3/3



10/27/23, 4:15 PM

oSy

Search

Most read Article

Most Read Articles in the

Recent 5 Years
Current Issue

Archive
2023
2022
2021
2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
Vol.10 No.4
Vol.10 No.3
Vol.10 No.2
Vol.10 No.1
2010
2009
2008
2007
2006
2005
2004
2003
2002

>

Crossref

J

Industrial Engineering :
- Q- Management Systems

.. Industrial Engineering & Management Systems ::
a

e

Industrial Engineering
tems

& Management Sys

Contact Us

Journal Search Engine

Volumel/lssue : | ::: Volume ::: v | i lssue ;i v

Year(s) : 2002 v to present v

Search :

Advanced Search

B8 Adobe Reader(link)

Volume.10 No.2 2011

Quantifying the Technology Level of Production System for Technology Transfer 3185

Katsuhiko Takahashi, 1Yasuo Yamane, 2Kunihiro Hamada, and 3Katsumi Morikawa,4Senator Nur Bahagia, 5Lucia
Diawati, and 6Andi Cakravastia

Industrial Engineering & Management Systems :: Vol.10 No.2 pp.97-103

Download pdf

Export Citation

Open abstract

Analysing the Influence of Technology on the Business Performance of Rattan Processing SME’s in

South Kalimantan 3355

Iwan Inrawan Wiratmadja, 1Rajesri Govindaraju, 2Evy Setiawati

Industrial Engineering & Management Systems :: Vol.10 No.2 pp.104-108
Open abstract

Download pdf

Export Citation

The Effectiveness of Virtual R&D Teams in SMEs: Experiences of Malaysian SMEs

Nader Ale Ebrahim, 1Salwa Hanim Abdul Rashid, 2Shamsuddin Ahmed, 3Zahari Taha

Industrial Engineering & Management Systems :: Vol.10 No.2 pp.109-114
Open abstract

4438

Download pdf | Export Citation

Waste Disposal Models for Manufacturing Firm and Disposal Firm 3811
Chi-Yang Tsai, Sugarla Edwin Nagaraj

Industrial Engineering & Management Systems :: Vol.10 No.2 pp.115-122

Download pdf

Open abstract Export Citation

Selection of Environmentally Conscious Manufacturing’s Program Using Multi-Criteria Decision
Making: A Case Study in Electronic Company 3267

I Nyoman Sutapa, Togar W. S. Panjaitan

Industrial Engineering & Management Systems :: Vol.10 No.2 pp.123-127

Download pdf

Export Citation

Open abstract

Optimization of Product Design to Reduce Environmental Impact of Machining
Julirose Gonzales, 1Zahari Taha, 2Novita Sakundarini, 3Raja Ariffin Raja Ghazila, 4Salwa Abdul Rashid
Industrial Engineering & Management Systems :: Vol.10 No.2 pp.128-133

3199

Download pdf

Open abstract

www.iemsjl.org/journal/list.php?vol=10&no=2

12


BAU
Rectangle


IEMS Vol. 10, No.2, pp.123-127, June 2011.

Sdlection of Environmentally Conscious Manufacturing's
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Abstract. Nowadays, green purchasing, stop global warming, love the mother earth, and others that related to
environment become hot issues. Manufactures industries tend to more active and responsive to those issues by
adopting green strategies or program like Environmentally Conscious Manufacturing (ECM). In this article, an
electronic company had applied 12 ECM Program and tries to choose one of those programs using 6 criteria,
such as tota cost involved, quality, recyclable material, process waste reduction, packaging waste reduction,
and regulation compliance. By using multi-criteria decision making model, i.e. Analytical Hierarchy Process
(AHP), Technique for Order Preference by Similarity to Ideal Solution (TOPSIS), and Modified TOPSIS

methods, the ECM Program 9 (Open pit) isthe best option.

Keywords: Environmentally Conscious Manufacturing (ECM), Electronic Company, AHP, Technique for
Order Preference by Similarity to Ideal Solution (TOPSIS), Modified TOPSIS

1. INTRODUCTION

Climate change is a problem with unique cha
aterisics. It is global, long-term (up to severa centuries),
and involves complex interactions between climatic,
environmental, economic, political, institutional, social and
technological processes (IPCC, 2001).

It is now widely accepted that failing to act to
mitigate the impacts of climate change will cost morein
the long-term. An integrated assessment of technologies
must if possible take into consideration the changes in
production patterns that will result from innovation and
climate policy.

Industries in al around the world must put strong
consideration to use appropriate technologies and sys-
ematic approaches that can reduce wastes. Environ-
mental Conscious Manufacturing (ECM) is one of the
tools that can be used for integrated assessment of tech-
nologies to improve capability to reduce waste.

An €dectronics company has implemented the 12
ECM Programs. Currently, the company wants to choose
one among the twelve program uses six criteria, namely

T : Corresponding Author

cost, quality, material can be recycled, waste reduction
processes, reducing waste packaging, and regulatory
compliance.

In this case study, none of the ECM program that
al criteria have the highest value compared with other
ECM programs. If only using cost criteria, ECM pro-
gram 1 has the highest value is an ECM program. While
in the process of waste reduction criteria, ECM program
8 has the highest value.

By those problems, needs the existence of a study
that can evaluate and analyze the best alternative ECM
program based on all criteria from the results of all
model calculations, and criteria that have the largest
weighting among the six criteria that used to select the
12 alternative ECM programs.

2. BASIC THEORY

In this chapter, we will discuss about the image of
Environmentally Conscious Manufacturing (ECM) and
counting steps with Analytical Hierarchy Process (AHP),
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Technique for Order Preference by Similarity to Idea
Solution (TOPSIS), and modified TOPSIS as tools to
choose which option is more suitable to implement.

2.1 Environmentally Conscious Manufacturing

ECM is a systematic approach to products and
process designs, in which environmental criteria are
treated as a primary goal or an opportunity and not as a
limitation (Billatos, 2004).

There are four main objectives the implementation
of ECM, namely waste reduction, material management,
pollution prevention, and product enhancement (Gupta,
2008).

Application of ECM in the industrialized world is
expected to reduce industrial wastes. Industries have to
do preventing environmental pollutions by implement-
ing cleaner technologies, installing the pollution pre-
vention equipment, do the recycling process, and con-
duct processing of industrial waste materials to mini-
mize pollution until achieve the limit.

Application of ECM in the industrialized world is
expected to reduce the amount of hazardous materials
which is the source of environmental pollution. Manage-
ment of materias by the industrialized world can follow
the procedure Environmental Management System (EMYS)
that exist in 1SO 14001, such as reduced use of materias
containing lead and mercury com-pounds.

Benefits of pollution prevention are a healthy
environment and free from pollution, reduce or elimi-
nate the potential to be harmful to the environment,
reduce the risk of worker safety and hedlth, a stable
pollution compliance costs, and enhance the company
image in the eyes of customers and society.

Indirectly, the aim of implementation the ECM is for
products enchancement. In this case, product enchance-
ment is a product that associate with the re-duction in the
number of sections or parts, prioritization features that
easly disassembled, and the use of components that are
modular.

According to Kutz (2007) and Gupta (2008) there
are six main criteria that can be used to assess the per-
formance of ECM programs implementation, i.e. tota
cost, product quality, energy consumption, consumption
of raw materials, waste treatment, and government
regulations.

Total costs are the costs incurred when implement-ing
ECM programs. Mgjor criteria and the total cost of which
varies depending on the cost factor is used. In generd, the
total cost can be viewed from the large investment cost to
implement the ECM program that usually includes the
purchase of equipments, purchase of materials, consulting,
and business license fees. Besides that, the investment
costs which included in the total cost are the cost of care,
labor costs, documentation costs, and inspection fees.

ECM is expected to improve product quality
directly, and product quality is also associated with the
use of materials. The better the quality of materials used,

it can aso directly improve the quality of products, and
the ECM program criteria that related to product quality
can be evaluated from the numbers of defect ratio in the
production process.

The energy consumption associated with the pro-
duction process. More effective production process will
make more effective of using energy, which can im-
prove environmental sustainability.

Consumption of effective and not harmful raw
materials are very influential on product qualities and
waste treatment processes.

Sewage treatment is closely related to the materials
used and toxic emissions. The higher the content of
harmful substances in the product material, more difficult
to process and the higher emissons of noxious gases
contained.

In this case, compliance with government regul-
ations entirdly will depend on individua company
policy. The Indonesian government regulations relating
to the environment set out in Government Regulation
No.74 year 2001 on Management of Hazardous and
Toxic Materials. While internationa regulations adopted
by the world's many related industries with 1SO 14001.

2.2 Analytical Hierarchy Process (AHP)

AHP is part of a multi-criteria decision making
techniques which can be used to make decisions
involving more than one criteria (Saaty, 2001).

The first step in AHP model is determine the
objectives, decision alternatives, and criteria, and then
making pair-wise comparison matrix to determine the
relative importance among the alternatives and the
existing criteria to each others. In this approach, deci-
sion makers must be able to give their opinion about the
value of such comparisons. The next steps are calcula
tion of the normalized relative weight of each criteria
by calculating the geometric mean. Finaly, the nor-
malized weights are calculated by comparing pair-wise
values obtained with a total value of the pair-wise
(Saaty, 2001).

2.3 Technique for Order Preference by Similarity
to Ideal Solution (TOPSIS)

The TOPSIS method used to define an ideal solu-
tion from the negative ideal solution. In this case, the
ideal solution is a solution that maximizes the attributes
useful (beneficial attribute) and to minimize non-
beneficia attributes (non-beneficia attribute). There-fore,
the negative ideal solution is a solution that maximizes
the attributes of non benefits and minimize the bene-
ficial attributes.

As for the steps in TOPSIS (Willis, 2000) are:
determination of objectives and identifies the evaluation
criteria in questions. Making the matrix based on al
available information on these criteria. Each row of the
matrix is destined to one aternative and each column to
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one critera. Therefore, the element M;; of decision tables
provide the value of dternative i for criteriaj. Calcula-
tion of normalized decision matrix R using the formula:

Rj =% "
2..
5|

The relative importance of different criteria is
accordance with the target. W;  series of weights (for j
=1, 2, M) such 2, = 1 can be decided. The
elements of the normalization of the weight matrix V is
expressed as follows:

Vij =W xR; 2

Calculation the positive ideal solution (V) and
negative ideal solution (V). Positive ideal solution and
negative ideal solution can be expressed as follows:

{[Zv /je.]] {mz:n:vij/je J}/i:l 2, e , N}

={Vl+1 V2+, V3+, ...... , V'\;} (3)
min max
V_={[Z\/ij/je\]'} [z /je.]]/l 1 2, e , N}
={V1, Vy, Vg, oo , VM} (O]
Note: J=(j =1, 2, 3,:-, M)/j = beneficial
attributes
=(=1,2,3, -, M)/j = non beneficial

attributes

Moreover, Euclidean distance can be calculated by:

s -\ Sbvi

J=1

v -v
{Z(V )ZTS, i=1,2,3 - ’

The relative closeness of a particular aternative to
theideal solution can be calculated using the formula:

R=—— )

S +3
Finally, ordering a set of alternatives based on the
value of P; is the largest to smallest. Ordering-mod P;

value indicates possible solutions to the most preferred
and least preferred.

2.4 The Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS) Modifi—
cation

In this method, the calculation is not different with
TOPSIS method but only in the Euclidean distance
calculation step, namely (Willis, 2000):

Calculating the value of a positive ideal solution
(R") and negative ideal solution (R") with the formula:

={[§XZRJ/]€J} [mzi”iRj/jeJ']/i=l 2 N}

{Rl R}, Rf, - , Rl\jl} (8)

=R R,

R {%RJ/IeJ ZRj/jeJ'j/izl 200, N}

Ry, - ,RM} 9

:J =( =12 3,..., M)/j = beneficial attributes
J =(=1,23,.., M)/j=nonbeneficial attributes
Euclidean distance weighting cal culations using:

=[iwj(RJ—R?)Z], i=1,23 N (10)
J'\:l y
:{ZWJ(RJ-R,-)Z} ,1=1,2,3 N (11
J=1

Calculating the relative closeness of a particular
aternative to the ideal solution can be calculated using
the formula:

R_mod = & (12)
D+ D/

Finally, ordering a set of alternatives based on the
vaue of Pi-mod is from the largest to smallest. Ordering-
mod Pi value indicates possible solutions to the most
preferred and least preferred.

3. RESEARCH METHOD

The data collected from interviews with the com-
pany (Research and Development Manager). The inter-
view was conducted on the detail of each alternative
ECM programs and their advantages and drawbacks,
the influential criteria in choosing alternative ECM
program, a relationship or interaction among the criteria,
the total cost needed to realize the ECM program,
product quality, energy consumption, consumption of
rawv materials, number of wastes or toxic emissions,
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waste treatment, waste packaging, recycling, government
regulations, the flow of production processes, techno-
logies used, and consumer demands. All the information
collected to be input to conduct the research. Research
carried out according to the conditions and requirements so
that companies can be applied and utilized with maximum.

4. DATA ANALYSIS

12 ECM Alternative Programs have been imple-
mented by company, showed on Table 2 (Theresia,
2009).

Table 2. ECM Alternatives Program.

In Table 3, we can see the implementation of 12
ECM Program along with the results of the six criteria
(total cost involved, quality, recyclable materials, pro-
cess waste reduction, packaging waste reduction, and
regulation compliance).

Criteria C (cost) and Q (quality) in Table 3 are
included in non-beneficia attributes, which lower the
value the more desirable. Meanwhile, the remaining
criteria such as R (recyclable materials), PWR (process
wagte reduction), PGR (packaging waste reduction), and
RC (regulatory compliance) are the beneficial attribute,
which is the higher the value the more desireble. At Table
3 can be seen that no single ECM program that dl criteria
have the highest value compared with other ECM
programs. Therefore, to determine the best dternative
ECM program based on al criteria were counted with the

Environmental Factors method of AHP, TOPSIS, and modified TOPSIS
ECM | Number | 1YPeOf materid Wastewater Table 4. Pairwise Comparisons between Criteria.
Program | of part | Polycar- | Magnetic | treatment tech-
wit | bonat tapes nigues C Q R | PWR | PGR | RC
type type Cc 1 3 2 1 2 3
1 17 8905 508 Rotary kiln Q 0.33 1 033 | 025 | 033 1
2 21 8907 508 Multiple hearth R 05 3 1 0,5 05 2
3 18 8905 506 Fluidized bed PWR | 1 2 | 2 1 2
4 21 8906 507 Multiple hearth
5 19 8907 507 Multiple chamber PGR 0.5 3 2 0.5 ! 2
6 19 8905 507 Rotary kiln RC 1033 | 1 |05]02 | 05 1
7 21 8905 508 Single chamber
8 17 8905 507 Single chamber Tabel 5. The Weight of ECM Program based on AHP,
9 18 8907 507 Open pit TOPSIS, and Modified TOPSIS.
10 21 8905 506 Open pit ECM c 0 TR [PWR|PGR| RC
11 18 8906 508 Fluidized bed Program &) (%) | (%) | (%) (%) | (%)
12 17 8907 506 Fluidized bed 1 28,546.45 | 202 | 5 054 | 033 | 12
Table3. 12 ECM Imol tation Pr d Results of 2 45956.87 | 226 | 5 0.38 | 0.30 | 15
€. " ELM Tmplementation Frogram and ResUs o 3 | 3647594 | 273] 11 | 053 | 071 | 47
Six criteria.
5 4 40,706.87 | 294 | 15 | 0,32 | 064 | 8
ECM | ECMP-AHP Pi M odified 5 6354645 | 268 | 8 | 041 | 053 | 35
Program | (AHP) (TOPSIS) | Topgig) 6 | 4634645283 23 | 025 | 033 | 32
1 0.695 0.510 0.424 7 50,956.87 | 1.47 | 19 | 053 | 0.71 | 24
2 0.513 0.309 0.266 8 51,22594 | 264 | 6 058 | 0.70 | 40
3 0.802 0.653 0.623 9 48,075.94 | 198 | 28 | 054 | 051 | 21
4 0.614 0.476 0.452 10 32,056.87 | 250 | 23 | 053 | 0.37 | 19
5 0.578 0.363 0.386 11 38,62594 |1 1,92 | 3 040 | 021 | 34
6 0.558 0.442 0.499 12 5754645 | 239 | 5 0.29 | 0.72 7
7 0.775 0.638 0.630 . .
Based on the results of the calculation of weight
8 0.732 0.548 0.520 with all three methods, AHP, TOPSIS, and modified
9 0.762 0.682 0.671 TOPSIS, the waste reduction process is the highest
10 0.764 0.678 0.624 weight, i.e. 0.288. While the sequence of the remaining
five criteria from the greatest to the smallest are total
H 0.558 0.376 0.360 cost involved (0.261), packaging waste reduction
12 0.522 0.332 0.327 (0.173), recyclable material (0.137), regulatory com-
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pliance (0.075) and quality (0.066).

If policy makers find it difficult to decide where is
the best ECM program, it can be done to final selection.
The final selection is done by combining the results
from methods that produce consistent ratings.

In Table 6. column M is the average yield ranking
of the three existing methods, ie AHP, TOPSIS, and
modified TOPSIS. The average results of those methods
are considered to provide an intuitive understanding.
However, since rank M represents the average results
from different methods which lead to the similarity to
the ECM program selection, we need a processing
technique that can provide an aternative picture of the
sequence significantly. One technique is to conduct an
alternative sequence of adjustment results in column M.
Results third adjustment method is shown in column
M*.

Table 6. Comparison of Weight of ECM Program based
onAHP, TOPSIS, and Modified TOPSIS.

ECM Modified

Program AHP | TOPSIS TOPSIS M M*
1 6 6 8 6.667 6
2 12 12 12 12 12
3 1 3 4 2.667 4
4 7 7 7 7 7
5 8 10 9 9 9
6 9 8 6 7.667 8
7 2 4 2 2.667 2
8 5 5 5 5 5
9 4 1 1 2 1
10 3 2 3 2.667 3
1 10 9 10 9.667 10
12 1 11 11 1 1

In column M, ECM Program 3, 7, and 10 are both
located at the 2.667 level. After the adjustment, then the
ECM Program 3, 7, and 10 respectively ranked fourth,
second, and third. However, based on math, actually
ECM Program 3, 7, and 10 have the same rank (ranksin
numbers). Meanwhile, on 11 and 12 rank the three
methods provide an absolute ranking of the ECM
Program 12 and ECM Program 2.

By using the result of the three methods above, the
sequence of aternative ECM program is ECM program
9, ECM Program 7, Program ECM 10, ECM Program 3,
ECM program 8, ECM Program 1, Program 4 ECM,
ECM Programme 6, ECM Program 5, Program ECM 11,
ECM Program 12, and ECM Programme 2. So, we can
conclude that the ECM program 9 is the option most
suitable to be applied further in the company.

5. CONCLUCION

There are six criteria that used to select the 12 al-

ternative ECM program, and found that the weight of
the process waste reduction criteria is the highest
weight, i.e. 0.288. While the sequence of the remaining
five criteria weights from the greatest to the smallest are
total cost involved (0.261), packaging waste reduction
(0.173), recyclable material (0.137), regulatory com-
pliance (0.075) and quality (0.066).

Based on the combination of three methods,
namely AHP, TOPSIS, and modified TOPSIS, we can
conclude that ECM program 9 more suitable than others.

This case study has limitation because the criteria
really depend on the characteristic of the products. Fur-
ther research should be done to find sustainable indica-
tors to quantify the sustainability of various measures,
processes, products and various types of materials. It
will support to establish a specific list of indicators that
can be applied for measurement of sustainability in the
various stages of the life cycle of a specific manufac-
tures.

REFERENCES

Billatos, S. (2004), Green Technology and Design for
the Environment, Oregon: Taylor and Francis, Ltd.

Gupta, S. (2008), Environment Conscious Manufactur-
ing, Oregon: Taylor and Francis, Ltd.

IPCC, Climate change (2001), synthesis report, A
Contribution of Working Groups|, 11, and Il to the
Third Assessment Report of the Intergovernmental
Panel on Climate Change, Cambridge, UK: ambridge
University.

Kutz, M. (2007), Environmentally Conscious Manufac-
turing, New Jersey: John Wiley and Sons, Inc.
Perry, C. (2003), Perry's Chemical Engineers hand-

book. Singapura: McGraw Hill.

Rao, R. V. (2008), Evaluation of environmentally con-
scious manufacturing programs using multiple
attribute decision-making methods, Proc. IMechE
222 Part B: J. Engineering Manufacture.

Saaty, T. (2001), How to Make and Justify Decision:
The Analytic Hierarchy Process (AHP), Pittsburgh:
RWS Publication.

Saaty, T. and Vargas, L. G (2001), Models, Methods,
Concepts and Applications of the Analytical Hier-
archy Process, Springer Publishing.

Suryadi, K. (2002), Sstem Pendukung Keputusan, Ban-
dung: PT Remaja Rosdakarya.

Theresia, A. M. (2009), Penentuan Program ECM
Terbaik dengan Pendekatan AHP, TOPSS dan
Mofifikas Topsis di sebuah Perusahaan Elektro-
nik, Final Project, Industrial Engineering Dept.,
Petra Christian University, Surabaya.

Willis, R. (2000), Inter Company Comparison using
TOPSIS with Objective Weight, Berlin: Spinger.



