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ABSTRACT

The concepts pertaining to greening the operation or supply chain are usually understood by industry as
screening suppliersfor their environmental performance and then doing business with only those that meet
the regulatory standards. The driving forces for implementing the green concept into the company
operations are many and comprise a range of reactive regulatory reasons to proactive strategic and
competitive advantages reasons. However, if green practices are to be adopted by organizations in
Malaysia, a demonstrate link between such measures and improving manufacturing performance is
necessary. This paper identifies potential linkages between manufacturing performancesthat lead to green
practices amongst a sample of companiesin Malaysia. For this purpose a conceptual model was devel oped
from literature sources and data collected using a structured questionnaire mailed to a sample of MS1S0O
14001 certified manufacturing companies in Malaysia followed by structural egquation modeling. The
analysisidentified that manufacturing performance leads to green supply chain practices.
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1.0 Introduction

Green supply chain (GSC) strategies refer to efftotminimize the negative impact of firms and thei
supply chains on the natural environment. In thkengt concerns regarding climate change, pollutiom
non-renewal resource constraints, organizationshaezling stakeholder demands regarding corporate
citizenship behavior and performan&arkis, 2001).A green supply chain focus requires working with
suppliers and customers, analysis of internal dpgr®and processes, environmental consideratiotisei
product development process, and extended stewpmastoss products’ life cyclé€orbett and Klassen,
2006).Besides, many researchers believe that the emegotal sustainability and ecological performance
of an organization may depend on these aspectdem®nstrated by the supplief@odfrey, 1998).
Organizations in many industries have begun toze#hat conflicts of interest among the variougipa in

a supply chain can engender operationally inefficeehavior. Moreover, many researchers have become
interested in identifying and evaluating methods@drdinating supply chains in which multiple démis
makers pursue individual agendas.

GSC is generally to be considered as the modernagesment model giving consideration of the
environmental impact and resource efficiency in tiwkole supply chain. It involves suppliers,
manufacturers, sales and users based on green antumirfg theory and supply chain management
technology Gao and Song, 2000 Its purpose is to enable products’ negative ichpa the environment to
the smallest, use efficient of resources to theimmam in the entire process, then achieve sustagnabl
development of the enterprises and the supply chain

GSC feature three issues that are important ttheery of ecological modernization and thus imputrta
environmental management and sustainability in ggnérst, the inclusion of environmental aspeicts
integrated chain management of industrial chaingi#® manufacturing of goods; second, the integmnabif
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technological innovations for environmentally becief outcomes throughout the industrial supplyicha
and, last, the participation of a broader rangéndfistrial actors for the environmental managenudnt
industrial production to strengthen the capacitijeling on environmental governandggrger et al., 2001
In addition, a review of the literature has showattthe existence of an important link between G8&
supply chain decisions is recogniz&arkis, 2001; 2006).

There are some reasons for grdeérst, the limits of the natural world could corastr business operations,
realign markets, and threaten the planet's welidpeSecond, companies face a growing spectrum of
stakeholders who are concerned about the enviran(isty and Winston, 2009. Global warming,
resource constraints, water scarcity, extinctiospacies, growing signs of toxic chemicals in husnamd
animals-these issues and many others increasiffgist diow companies and society function. Those who
best meet and find solutions to these challengkk$eat the competitive pack. For some enterpriaggw
green perspective will be transformative, leadiodrésh thinking, new markets, profitability gairs)d
increased value. For others, the environmental ihegag emerge more gradually and modestly, as another
critical element of corporate strategy. With tirttegse companies may find long-term, sustained ddgean

but not dramatic immediate gains, from being gréem.the big, heavy industries, the gains are close
being assured. But smaller and “cleaner” orgaronativill find surprising benefits as well.

The thought of GSC comes from the increasing pressuithe enterprises to protect the environmeith W
the development of researches on the product'siifde, it is gradually recognized that the actiofig
single enterprise of the technologies for certéages of a product’s life cycle cannot effectivedgluce the
environmental impacts during the entire produce lfycle. The GSC integrates the supply chain
management in order to reduce the environmentahétspduring the entire product life cycle by the
harmony and the common actions of the partnersipply chain$huwang et al., 200b The aims of GSC

is to make the material flow value-added by harmiagi and controlling of the material flow, the dapi
flow, the information flow and the work flow of tf@SC, and to provide high quality products andisess

to customers with fastest time-to-market, lowest @md environmental impacts.

This paper is then to explore the manufacturindgoerance that lead to GSC practices in Malaysian
certified MS ISO 14001 companies. The following-sitle will describe the research methodology, fgsu
discussion, and conclusion which can be referredtbgr companies to define their green initiatiaes
other academician to explore what can be improvedgreen supply chain management and the
sustainability.

2.0 Research methodology

This study focused on sampling the perceptionsapérience of MS ISO 14000 certified companietién t
Malaysia manufacturing industry. The questionndiesigned in this study mainly comprised three parts
company profile, GSC practices, GSC benefits andufeaturing system performance. The first part was
designed to provide fundamental and backgroundrmdtion, including industry type, employee (sizes)
and EMS experience years; meanwhile, the nextfpamsed on analysis of the GSC practices and durren
manufacturing system performances. Respondents aghked to rate each item under a four-point
Likert-type scale (e.g. 1 = strongly disagree, @isagree, 3 = agree, 4 = strongly agree), to ineitze
extent to which each items was practiced in thespective organization.

Data collection covered distributing questionnaiesarious manufacturing companies that certifésl

ISO 14000 in Malaysia. All target respondents wslected from SIRIM QAS (a Malaysian certification
body) database which have more than 2 years experien implementing certified environmental
management system (EMS). Only single plant is predeif the certified companies have more than one
plant. In other words, from a total of 522 certifieompanies only 241 companies are consideredeas th
population. The questionnaire, comprising 29 itemss addressed to the managing director and
environment management representative.

A total of 241 questionnaires were mailed out ahavére returned, of which 50 were valid, represeng
response rate of 20.74 percent. Regarding to sthdres related to green supply chain utilizedsponse
rate of similar proportion to this study; Bowerae{2001) used a sample of 24 firms to indentify spply
management capabilities into corporate environnhampiaroach. In addition, Rao (2002), and Rao and Ho
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(2005) produced significant finding of green supghwin with a sample only 52 firms. Simpson eRal7)
used a sample of 55 firms to explore green suppdyncpractices in Australian automotive industryoris!
recently, Holt and Ghobadian (2009) used a sampBOausable surveys without specific population to
perform an empirical study of green supply chaicfices amongst UK manufacturers.

This implies that the sample proportion of respaiase of this study is acceptable, and it refléutsvirtue
of novel issue of green supply chain practice indyisia manufacturing MS ISO 14000 certified compani

3.0 Result & Discussion

3.1 Demography of Respondents

Table 1 lists the distribution of respondents in termgtair manufacturing sectors, ownership, company
size and EMS experience years. The highest pegerthrespondents is from electric and electronic
industries (42.0 percent), followed by chemical darcts and engineering (38.0 percent), automotive
industry (12.0 percent), and mechanical enginedBripercent). Regarding the size of respondemntgad
from under 250 to over 750 employees which fourad taspondent’s companies are mainly from less than
250 to more than 750 as shown in Table. |. Mearaybit.0 percent of respondents have more thanr8 yea
EMS experience.

Table 1: Demography of Respondents

ltems %

Types of industry

Mechanical engineering 8.0
Automotive engineering 12.0
Electric & electronics engineering 42.0
Chemical products & engineering 38.0
Size (employees)

> 750 30.4
501 - 750 10.9
250 - 500 23.9
<250 34.8

EMS experience (certified years)

>15 10.0

8-12 54.0

4-7 240

<3 12.0
N=50

3.2 GSC Practice

GSC practices are determined by factor analysisle 2 show the factor analysis result. Factor analyass
performed to extract factors based upon the prat@pmponents analysis with varimax rotation. Besjd
Barlett’'s test of sphericity and the Kaiser-Meydki® (KMO) measure of sampling adequacy were
employed to test appropriateness of the data tofanalysis (Bagozzi & Yi 1988The results of KMO
show that the compared value is 0.627, signifigaelceeding the suggested minimum standard of 0.5
required for conducting factor analysis (Lattirae2003).

Based on the tests, it is evident that all fact@ltssuitable for applying factor analysis. The auth
performed factor analysis to extract factors inoadance with the eigenvalues of discontinuity ggettian

1 and factor loading exceeding 0.5 was principlehaosing factors. The seven variables were eliatha
because their factor loadings were less than (hB.rémaining 14 items, therefore, were re-analyzatl
extracted into three dimensions, which represemtietbast 60.862 percent of variances that can be
denominated product recycling, environmental coamaée and optimization.
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Reliability concerns the extent to which an expsse& test or any measuring procedure yields thee sam
results on repeated trials. The reliability of faetors needs to be determined to support any mesast
validity that may be employed. Both reliability teand item analysis were recalculated withoutdtseven
items. Table. Il lists the new Cronbach’s alphaugal ranging 0.867 to 0.912, after the seven itgers
dropped. Generally, Cronbach’s alpha values inghidy are greater than 0.6, revealing the higérivat
consistency.

Table 2: Factor Analysis Result: Green Practices

Dimension GSC practices Item Eigenvalues Cumulative  Cronbach’s
loading percentage alpha
range
Product 1. Helping suppliers to establish their own EMS (PR1)  0.829 8.507 40.510 0.891
recycling (PR) 2. Use of alternative sources of energy (PR2) 0.810
3. Recovery of the company's end-of-life products (PR3 0.806
4. Use of waste of other companies (PR4) 0.737
5. Taking back packaging (PR5) 0.723
6. Eco-labeling (PR6) 0.667
Environmental 1. Taking environmental criteria into consideratiotCE 0.761 2.465 52.247 0.867
compliance 2. Choice of suppliers by environmental criteria (EC2)  0.727
(EC) 3. Substitution of environmental questionable matsrial
(EC3) 0.723
4. Environment-friendly raw materials (EC4) 0.704
5. Use of cleaner technology processes to make savings 0676
(energy, water, wastes) (EC5) )
6. Urging/pressuring supplier(s) to take environmental 0.602
actions (EC6) '
Optimization 1. Optimization of processes to reduce water use (pPT1 0.891 1.809 60.862 0.912
(OPT) 2.Optimization of processes to reduce air emissions 0.856

(OPT2)

3.3 Performance of the Manufacturing System (MP)

A measure of success in implementing any manufiacfisystems or supply chain management can be
defined along a few performance parameters. Thepaaias were requested to indicate the performahce o
their manufacturing system. The measures used Wer@ery poor, and 4 = very good. The results are
summarized iTable 3. It can be deduced from the table that, in gentralrespondents were satisfied with
the achievement of most of the objectives of thaufecturing systems implementation. On average @bov
half of the respondents considered the performahtheir systems to be good or very good. Produatity
improvement is the performance measures that vaersiadered to be most satisfactory, whereas flafibil
improvement was considered poor. Cronbach’s alphsesg (0.843) of the manufacturing performances are
greater than 0.7, revealing the high internal csiesaicy.

Table 3: Performance of manufacturing system

Relative Performance (%)

1 2 3 4 Mean sd
1. Product quality improvement - 10 58 32 3.22 0.616
2. Work-in-progress reduction - 6 80 14 3.08 0.444
3. Throughput time reduction - 8 80 12 3.04 0.450
4. Lead time reduction 2 10 70 18 3.04 0.605
5. Machine utilization improvement - 14 70 16 3.02 0.553
6. Manufacturing cost reduction - 12 76 12 3.00 0.495
7. Flexibility improvement - 16 74 10 2.94 0.512

N= 50, Cronbach’s Alpha = 0.843

Table 4 show the factor analysis result for manufactupegiormance. The results of KMO show that the
compared value is 0.774, significantly exceeding slaggested minimum standard of 0.5 required for
conducting factor analysis. The three variablesvediminated because their factor loadings were thesn

0.5. The remaining 4 items, therefore, were reyaeal which represented at least 66.935 percent of
variances that can be denominated into two diffefaiors. However, the correlation value (0.5Anaen
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the two groups is considered strong relationshiptha 4 items were just extracted into one factith the
new Cronbach’s alpha values (0.747), it was remgdlie high internal consistency.

Table 4: Factor Analysis result: Manufacturing Barfance

. . . 'te'.“ . Cumulative Cronbach’
Dimension GSC practices loading Eigenvalues
range percentage s alpha
Manufacturing 1. Work-in-progress reduction (MP1) 0.883 3.676 52.518 0.747
Performance 2. Throughput time reduction (MP2) 0.789
(MP) 3. Product quality improvement (MP3) 0.754
4. Flexibility improvement (MP4) 0.910 1.009 66.935

4.0 Structural Equation Modeling (SEM)

The model was run using AMOS graphics for Windovessibn 5.0, estimating the regression weight of
each link and the associated significanegure 1 shows the regression weights between the latent
constructs. As indicated by the statistics detditethble 5, the overall convergence of the SEM model was
significant after the some items were dropped stcRR6, EC5, and EC6 which factor loadings were les
than 0.7. The convergence of the model was givethé&{hi square value, the degrees of freedomland t
associated probability level, thevalue. The model was considered acceptable at &epetevel of
significance if thep-value > 0.05. The Chi square values and assocfatedue are highly acceptable
indicating a good fit for the model. However, tlevariance between latent constructs in GSC praciiees
not significant, hence the model supported thateth@as a significant link between manufacturing
performance and GSC practices. This was expectedadexcellent result in manufacturing performance
was to encourage the GSC practices.

Table 5: Regression weights

Regression weights Estimate Critical ratio
The maximum likelihood estimates

MP - PR 0.202 1.229
MP - EC 0.414 3.409
MP - OPT 0.221 1.243

Notes: Chi-square =117.059; Degrees of freedom = 87; &hitity level =0.17; NFI = 0.743; RFI = 0.645;
IFI =0.918; TLI = 0.876; CFl = 0.910; RMSEA = 048

On the other hands, baseline comparisons such §sR¥F, IFI, TLI and CFI, ranging 0.645 to 0.918
represent overall degree of fit (squared residfral® prediction compared to the actual data) ar¢hen
moderate side. In general, models with overalliffilices of less than 0.9 can usually be improved
substantially. These indices, and the general ihukieal comparisons described previously, are best
understood by examples (Bentler & Bonett, 1980F Bypical range for TLI and CFlI lies between zand a
one, but it is not limited to that range. TLI anBI@alues close to 1 indicate a very good fit. $mio this
condition, the RMSEA value of about 0.05 or lessildandicate a close fit of the model in relatianthe
degrees of freedom. This figure is based on subggidgment. It cannot be regarded as infallibte o
correct, but it is more reasonable than the remqere of exact fit with the RMSEA = 0.0. Browne and
Cudeck (1993) suggested that a value of aboutd).@s for the RMSEA would indicate a reasonahiere

of approximation and would not want to employ a elogith a RMSEA greater than 0.1.

0, 0, 0, 0,
a @ a o 0 o e
‘mP1] [MP2] [MP3]| [MP4] %2 @

PR1| |PR2| PR3] |[PR4| |PR5

CR =3.409
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Figure 1: The Structural equation modeling of thlationship
between manufacturing and GSC Practices

5.0 Conclusion

In the nutshell, the authors concludes that manwifiag performances such as work-in-progress réafuct
throughput time reduction, product quality improwsrtand flexibility improvement, in general have
potential to lead to greening the supply chain rgan@nt. Some items that were considered in therfact
analysis were dropped in SEM model due to signifiealevel. In other words, the factors loading aov
than 0.7 are able to enhance the relationshimériti the developed model. The authors believe ttiat
research results may prove useful in helping mantuifang firms to identify an effective approach tnads
the successful of green supply chain practices.
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