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The purpose of this study was to investigate thtiomship of implementing
pollution prevention (P2) and ISO14001 in organmat that have been receiving
the 1SO14001 certification in Thailand and also He&vaffects the environmental
management system (EMS). The research was condogiggestionnaires and
semi-interviews, among 315 questionnaire sent 48 med and 3 enterprises with
different business background were interviewed uReshowed that the returned
guestionnaire were from 70.3%, 24.8% and 4.8%rgklamedium and small
organization respectively. All of them 94.4% haeeib continuously implementing
ISO14001. Results also found that 25% of the omgdins agree that P2 tools such
as 3Rs can be conducted well with environmentalagament system. To study the
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management and operation performance indicators &vié OPI) and
environmental condition indicators (ECI). The résuds statistically analyzed by
comparing means with one-sample t test at 95% denée interval was reported P
value = 0.000 (1-tailedy = 0.005. It was found that P2 operated togeth#ér wi
1ISO14001 could efficiently enhanced 1SO14001.
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EFFICIENTLY ENHANCED ENVIRONMENTAL
MANAGEMENT SYSTEM (1SO14001) BY POLLUTION
PREVENTION IN THAILAND

INTRODUCTION

Nowadays environmental management system in Thhitapushed to using
in small enterprises through large enterprises amely 1SO14001:2004 by
Department of Industrial Works. The similar impott@oint of all enterprises are use
system for commercial but some enterprise strictlyse the system because of they
focused on benefits that they should get by readwse, materials, energy and wastes
furthermore its enhance productions. Otherwise ttm@ysider to raw materials that
might be impact to consumers and pollute to envirent.

For this reason to save cost and reduce pollusiome enterprise considers on
available of the system so they take others tecienifipr support environmental

management such as Pollution Preventi®2) / Cleaner TechnologZT) which is a

technique will be effective and efficient enhanciofyenvironmental management
system. In the other hand Department of IndusiValrks is pushed the pollution
prevention technique to SME enterprises for envitental management by reduce
raw materials, energy and wastes as same as ISO200d therefore both systems
can push together to raise effective and efficeygtem and sustainable continual
development.



OBJECTIVES

1. To study the relation between 1ISO14001 and poltugicevention how

they reduce environmental burdens.

2. To study how pollution prevention can efficientlyh@nce environmental

Management system.

3. To study trends to use pollution prevention techaeitp efficiently

enhance environmental management (1ISO14001) impgiges in Thailand.



LITERATURE REVIEW

1.1S014001

Environmental Management Systems (EMSs) are témismanaging the
interaction between the organization and envirorir(feerottoet al., 2007).

The 1SO14000 series (The Lexington Group, 2008)arsa of

ISO14001: Environmental Management System (EMS)e Tiormal
elements of an environmental management systenudecknvironmental policy,
planning, implementation, verification and managetmeview.

ISO14004:  General Guidance for developing and implg&ing an EMS.

ISO14010-12: Environmental auditing principles gitance.

ISO14031:  Environmental performance evaluation gude.

1ISO14020-24: Environmental labeling guidance (Pobsiu

ISO14040-45:  Life-cycle  Assessment principles anduidance

(mainly products)

ISO14050:  Terms and definitions

ISO Guide64: Inclusion of environmental aspects product standards

(Guide).

In this study we focused on ISO14001 because efsyistem is emphasized
environmental management and reduce environmeuntdehs by set environmental
policy, objectives and do activities so the systaithgets successful from intention of
all staffs, especially this system must gets sujpmpand take care of activities by top

management.

Definition of Environmental Management System (EM&014001, is a
voluntary international standard that specifiesaess for controlling and improving
a company’s environmental performance, the systeed o develop and implement
its environmental policy and manage its environmenaspects. (1ISO14001



Environmental management systems-Requirements wgthidance for use.
ISO14001:2004(E)., Filtration Industry Analyst, 200 http://www.iso.org.,
http://www.tisi.go.th).

Most EMS is built on the Plan, Do, Check, Act mod&d, EMS is a continual
cycle of planning, implementing, reviewing and ilmygng the processes and actions,
an example of EMS process approach to continuakdugment can explain as
following table 1.

Table 1 Environmental Management System (EMS) processaph

Process Details

Environmental Policy Overall intentions and direati of an organization
related to its environmental performance as fornall
expressed by top management.

Planning Establish the objectives and processegssaty to
deliver results in accordance with the organizasion

environmental policy.

Implementation and Implement the processes.
operation
Checking Monitor and measure processes againstogmental

policy, objectives, targets, legal and other regments

and report the results.

Management review Take actions to continually imprperformance of the

Environmental Management System

Source: Perottoet al. (2007.)

In order to evaluate efficiently of EMS, an orgatian should assess its
environmental performance against its environmemaicy, objectives, targets,

environmental aspects and performance criteria.



The aim of EMS is to improve the overall environtamperformance of the

organization. The 1SO14001:2004 standard definesttvironmental performance as

measurable results of an organization’s managenofatd environmental aspects. To

help the organizations in the process of perforrmamzasurement, International
Standard Organization (ISO) has developed the fspestandard 1SO14031

(Environmental Performance Evaluation, EPE) tanliicators to make measurement

of the environmental performance, this indicat@asléfined to “specific expression

that provide information about an organization’ssisnmental performance” and

their scope is to make measurement of the enviratahgerformance easier for

organizations

EA
- Activities
- Products

- Services

A

!

ECI MPI EP
Condition of Efforts to Influence Results
Environment Performance EA

I v
OPI

Input Operation Output

> Perf —

Supply eriormance Product

Figure 1 Relation of ISO14001 and EPE.

Remark Abbreviations as above are mean:

EA = Environmental Aspects

ECI = Environmental Condition Indicator
MPI = Management Performance Indicator
OPI = Operation Performance Indicator

EP = Environmental Performance

Source: Thai Environmental Engineering Journal (1999.)



According to 1ISO14031, EPE is divided as follows

1. Environmental Performance Indicator (EPI)

Specific expression that provides information abant organization’s
environmental performance, which are divided into:
Management Performance Indicators (MPI) that previgformation
about the management efforts to influence an orgéion’'s
environmental performance.
Operational Performance Indicators (OPI) that piesiinformation

about the environmental performance of an orgaioizat operations.

2. Environmental Condition Indicators (ECI)

Specific expression that provides information abth# local, regional,

national or global conditions of the environment.

The ECI provide information about the conditiontloé environment. This
information can help an organization to better ws@ad the actual impact or
potential impact of its environmental aspects amastassist in the planning and

implementation of EMS.

From indicators as above, provided an example fefind the
corresponding indicators which linking activities groducts or services and their

environmental aspects as following table2. (Perettal., 2007).



Table 2 Example of a table for linking activities andithenvironmental aspects

Activity/ Environment Condition Indicators
product/ al aspect OPI MPI ECI
service

Combustion  Emission into N, A, E Emission No. of calls NOy
atmosphere NO,/ unit for concentration
product  maintenance in air

per year

Remark N = normal operating conditions.
A = abnormal conditions.

E = emergency situations and accidents.

According to the standard EPE is “a process tiit@e management decision
regarding an organization’s environmental perforoearby selecting indicators,
collecting and analysis data, assessing informatiagainst environmental
performance criteria, reporting and communicatiaggd periodically reviewing and
improving this process. For evaluate state of ERf wse questionnaire and analyze
them as follow as issues by the state of enviromahgperformance evaluation

(SEPE)-indexRamos et al., 2009) which computed following equrati

n

Mmiy =1Xxi
SEPE = Z i nJ
j=1

m

Where Xi = the environmental performance of thealde i
n = total number of i variables

m = total number of questionnaire/ population



Furthermore EPE can apply spearman’s correlationparametric test was

performed to assess the relationship between zeitasid the SEPE index.

2. Pollution Prevention (P2)/ Cleaner Technology (©

The Pollution Prevention 1997: A National ProgreReport identifies
pollution prevention initiatives as potentially theost effective for reducing risks to
human health and the environment, as well as thst maost-effective method of
environmental protection (Ligia Roviralta Moss, ZD0it being to use in industry for
support environmental policy of the ISO14001. Thalgses were performed with the
objective of assessing general aspects of ISO140Qfpgrade their environmental
performance. It emphasizes a preventive approachntaoronmental management
taking into account impacts over the whole life leyof products and services.
Pollution Prevention is achieved by upgrading tedbgy, process changes and
process modifications, substitution of input matksii good operating practices (good
house keeping), on-site reuse and recycling or ymodedesign. So the essential
characteristic of the P2 approach is the “reductibsource” principle, derived from
the idea that the generation of pollutants candaeiged or eliminated by increasing

efficiency in the use of raw materials, energy,evand other resources.

2.1 Design-for-the-environment (DFE)

From the principle of “reductiaat source” can use design-for-the-
environment (DFE) to reduce the overall environraemtnpact of products and

services through use of a life cycle perspective.

DFE has many synonyms depending on where it is.Us@@n also be
described as ecodesign (primary used in Européjeecycle design (LCD). Adding
social and economic issues expands DFE to the srstainable product design
(SPD) or design for sustainability. So LCA is oriermative tool which use DFE
program for assessment as figure2 shows a typfeatycle of a product and where
various life-cycle stages potentially affect theieonment. (Kurk and Eagan, 2007).



Raw Materials Extraction

*-—————= ~ | Transportation
A 4
, Bulk Processing
K
*—————- ~ | Transportation
A 4
’/ Engineered and specialty Materia
v
w *—————- ~ | Transportation
The Earth A Y
(air, soil, S+~ Product Manufacturing
water and T
E _ .
S - Transportation
A 4

¥ _ | Packaging for Shipping

I

|

I

I

' -~ .

[ - ————- Transportation

" A 4

,' - Use and Service

|

|

\ *—————- ~ | Transportation

\\ ¥ ) Material
N A Treatment Disposal processed for
~—_ -~ reuse in another
product system

Fuigre 2 A typical life-cycle representation

2.2 Types of DFE tools

The most fundamental tool use for guidingl amalyzing a product’s
design feature is a check list of Yes/ No questidime series of questions encompass
the entire life-cycle of the product which descrédsetable 3. (Kurk and Eagan, 2007).
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Table 3 Example of partial checklist tool for life cycdéage

ltem Related Questionnaire
|. Materials - Are there plant or biobased materials or by-pobsidrom
selection other processes that can be used as raw mateoiaithi$
product?

- Are the number and types of materials used inptiogluct

minimized?

Il. Manufacture - Is the product designed to avoid the need fomgisi
hazardous or restricted materials during the martwifi;ng
process?

- Does the design minimize waste during the martufang
process including surplus coating, cut-always, imings, by-

products?

lll. Use - Does the product design allow ease of disasserfdsly
repair, upgrade or reuse?

- Is alternative or efficient use of power designetb the

product?
IV. Transport - Are restricted or hazardous materials avoidedh& inks,
& Packaging pigments, and materials used to package the preduct

- Will the design allow for use of reusable tram$po

packaging?

V. End of life - Does the design allow for ease of disassemblyréose,
recycling or composting?
- Are the materials designated in the design lahelasy to

identify by type, and easy to separate?

The resulting score would be used for internal ganson purpose only. A
design revision can be evaluated against the @ligiesign.
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2.3 Step of P2 performance

Success of P2 must get commitment from ¢tipenhanagement and true
implementation of P2 techniques results in costatife environmental management
and brings the business close to ISO certificati@u step to make P2 program for
build a confident which gets more advantages ton@gmagement are described in

Khan, 2006 as following below.

Step-1: Top management selects an engineenamager from middle
management that is relatively well versed with¢bacept of P2 and calls him the P2

champion.

Step-2: The P2 champion will put togetheiP2 team comprised of

supervisors from each section and the most expmrteand active for staff.

Step-3: The P2 team will review past andsem¢ environmental and
economic activities and contracts of the organratind identify opportunities where
improvements can enhance environmental compliaecenomic benefits or social
stature of the organization. Smart P2 teams rewagianization’s “vision for the
future” and incorporate future plans e.g. ISO @egtion and initiate necessary
documentation of the collected data at the same.tishost common areas of P2
opportunities include: raw materials, water managgimwastewater management,
energy consumption, maintenance, technology besegl with reference to the best
available technology, consumables, packaging etc.

Step-4: From the list of P2 opportunitiesgared in step-3, P2 team will
focus on the few most promising ones and explorghat extent changes would help

reducing costs or improving environmental perforogaof the organization.

Step-5: After extensive exploration of ofdpaities, P2 plans are prepared
for implementation of the changes recommended byRh team. Achievable goals
and milestones are set and concerted efforts are woachieve the goals.
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Step-6: Monthly or bimonthly meetings of tR2 team keep track of

improvements and barriers in implementation of R2q

Step-7: Steps 4, 5 and 6 are repeatedmpost of the P2 opportunities are

extensively explored and changes implemented.

For P2 evaluation and measurement should amngifferentiate of both
before and after operational results, the P2 benefil be save cost such as reduced

operating costs, reduced regulatory burdens andeeffuture liabilities.
3. Comparing EMS and P2 Programs
Environmental Management Systems has 5 stepsptoagh for successfully

to continual improvement but P2 has 6 steps toagmbr to developing a pollution

prevention, so when compare EMS with P2 that foaomde steps is similar as below.
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Environmental Management Systems

(ISO 14001)
Six Steps for Developing a
Pollution Prevention Plan
e Commitment & Policy e Commitment & Policy
e Baseline Review
e Planning e Planning
* Implementation ¢ Implementation & Operation
e Monitoring & Reporting
e Review, Evaluation & Feedback

e Checking
Pollution Prevention

Pre|vent|0n of Pollution e Review & Feedback

Figure 3 Comparing step of EMS and P2 technique

Source: CEPA Pollution Prevention Planning Handbook (2D03.

EMS and P2 have similar step and performance parpms reduce
environmental impact so P2 should be techniquauppart and push EMS fast gets

achievement.

4. Environmental management situation in Thailand

For P2 and EMS reference in Thailand , They cafobed at Thai Industrial
Standards Institute, TISI, Ministry of Industry tfli{/www.tisi.go.th)., Thai Industrial
standards  Institute  Library., Thailand  Environmentinstitute,  TEI,
(http://www.tei.or.th)., Ministry of Natural Resa@ and Environment, PCD,
(http://www.pcd.go.th)., Cleaner Technology unitedartment of Industrial works,
DIW, http://php.diw.go.th/ctu/., The Federation oThai Industries, FTI,
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(http://www.fti.or.th)., e-report energy (http://wwoepp.go.th)., Department of
Environmental Quality Promotion, DEQP, Ministry datural Resources and
Environment (http://www.depq.go.th)., Thai plasti€®am Recycling Industries
Association,  TPFRIA, (http://www.tpfria.or.th)., Nistry of  Energy

(http://www.energy.go.th)., Ministry of science and Technology

(http://www.most.go.th)., Industrial Estate Authgri of Thailand, IEAT,

(http://www.ieat.go.th)., Monitoring net (http://mibor.onep.go.th)., EnvironNet
(http://lwww.environnet.in.th)., The Environmentalndineering Association of
Thailand, EEAT, (http://www.eeat.or.th)., Environmi& Research and Training
Center, ERTC, (http://www.ertc.depq.go.th)., NatibnMetal and Materials
Technology Center, MTEC, National Science and Teldgy Development Agency,
Ministry of Science and Technology (http://www.mtach).



MATERIALS AND METHOD

Materials
1. Note book computer 1 set
2. SPSS software 1 set
3. A questionnaire 315 sets

Remark:

- Calculated amount of a questionnaire by Taro Yamauoinique.

- Reference data from a number of 1SO14001 whichstegd with
Department of Industrial Work on $3une 2008 had 1,487 enterprises
got 1ISO14001 certification.

Methods

1. Sampling selection

According to on 18 June 2008, Thailand have 1,487 companies has been
taken 1ISO14001 certification, so should sampliniga®n for send questionnaire by

Taro Yamane Technique

n = N .
1+ N(é)

Where n =sampling size
N = population size

E = error estimation at 0.05
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2. Survey and interview

This step will be making a questionnaire and semdampling after got
guestionnaire back will make an appointment to sammpany for inquire more
details which concerns thesis.

3. Data analysis

This step will be collect data and take a questine to processing by SPSS

program for compare and summarize results by T-Test

4. Methodology chart

Objectives Methodology Indicator Result
Define sampling Taro Yamane Taro Yamane TabI4 Amount of
size Technique sampling

% of questionnaire Data
reply

Define efficiently Questionnaire

of environmental

management

Compare means EPE indicator; MPI, || Efficiently of

system after

with one-sample OPIl and ECI environmental
operated P2 program
together with
Questionnaire before|| Efficiently of
1SO14001 Mean differentiate and after operated P2| environmental

with 1ISO14001 reply || program
form interview

Figure 4 Methodology chart



RESULTS AND DISCUSSION

This research was been semi-interviews that hadh lseet questionnaire
amount of 315 sets to enterprise where got ISO14@@tlfication in Thailand. The
enterprise had been questionnaire replied to 1#5oseequal to 46.03%, however for
getting more detail this research had been inteieie3 enterprises where different
business so all answers were processing by statisthethodology with SPSS
software by calculated mean, percentage and conmpea®s with one-sample t test.
In order that analysis results can be classificafiotypes are general questionnaire

result and questionnaire for interview result d®fes as summarize.

Type 1General questionnaire result

The questionnaire of efficiently enhanced envirental management system
(1ISO14001) by pollution prevention (P2) is inclugli2d mains data;

- Partl Initial data
In this part has question to ask about generah d@aid environmental

management system performance data.

- Part 2 Efficiently environmental management sys{EMS) evaluation data
The research uses Environmental Performance El@au@EPE) according
to 1ISO14031 for evaluating efficiently environmdntaanagement system
(EMS). The questionnaire heading includes 3 is$nesvaluating 3 indexes
of EPE are
- Management Performance Indicator (MPI)

- Operation Performance Indicator (OPI)
- Environmental Condition Indicator (ECI)

In order that, questionnaire analysis method caexipéain as details below.
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Part 1 Initial data analysis
In this part, data is analyzed 2 issues;
1.1 General data analysis
The answer in this part was consisted of type aérpnise and size of
employee; it was analysis by frequency and pergentaéhe result can be

explained as table 4 and 5.

Table 4 Type of enterprise

Type of enterprise Frequency Valid PercentCumumwe
Percent
Food and beverages 17 11.8 11.8
Natural gas and petrochemical 19 13.2 25.0
Wearing apparel and textiles 12 8.3 33.3
Rubber 1 0.7 34.0
Cement and concrete 4 2.8 36.8
Paper and publishing 6 4.2 41.0
Motor vehicles and autoparts 12 8.3 49.3
Electronics and electrical machinery 39 27.1 76.4
Glass and ceramic 1 0.7 77.1
Others 33 22.9 100.0

Total 144 100.0

Remark A number of sampling loss because any enterpris@dl identify type of

enterprise so SPSS software cut missing data.
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Table 5 Amount of employee

Amount of employee Frequency Valid percent Cumwuéagiercent
1-50 people 7 4.8 4.8
51-200 people 36 24.8 29.7
> 200 people 102 70.3 100.0
Total 145 100.0

According to the questionnaire; type of enterpnses classified into 10 types
as explained in table 4. The most of enterprisesleen replied questionnaire back
were 27.1% electronics and electrical machinerg, ¢ither enterprises had been
replied the questionnaire back were agricultur@aubg chemical, consume products,

engineering service, fiber glass, produce mackmretal and tile.

From table 5 was showed the enterprise interested weeplied the
guestionnaire back 70.3% had employee more tharp26ple, 24.8% had employee
51-200 people and 4.8% had employee 1-50% whicdnged to large, medium and
small enterprise respectively according SMEs dedini

SMEs (Small and Medium Enterprises) definition hairfgovernment

On September 112002, the Ministry of Industry introduced the déion of
Thai SMEs. This definition is based on the numbesalaried workers and fixed
capitals. An enterprise is categorized an SME sih¢tes employees less than 200
and fixed capital less than 200 million baht, edahg land and properties. SMESs in
Thailand are classified in 3 sections: productssryice and trading.
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Table 6 SMEs
Small Medium
Type Capital Capital
Employees o Employees o
(million baht) (million baht)
Production 50 or less 50 or less 51-200 51-200
Service 50 or less 50 or les 51-200 51-200
Wholesale 25 or less 50 or les 26-50 51-100
Retail 15 or less 30 or les 16-30 31-60

1.2 Environmental management system performaneeatetlysis

In this part had answer was concerned continuall{®01 implementation
and P2 tools which used for operated together V8th14001 therefore all answer
were analyzed relation and trend to operated Pztheg with 1SO14001 by

percentage. The result can be explained as taduhel B.
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Table 7 Relation of ISO14001 implementation in enterpis&hailand

Type of ISO 14001 implementation

Type of enterprise  Continuous _ . No ISO Total
. ) Discontinuous )
implementation implementation
Food and beverages 10.5% 0.7% 0.7% 11.9%
Natural gas and 0%
. 12.6% 0.7% 13.3%
petrochemical
Wearing apparel and 0%
_ 7.7% 0.7% 8.4%
textiles
Rubber 0.7% 0% 0% 0.7%
Cement and 0%
2.8% 0% 2.8%
concrete
Paper and 0%
o 3.5% 0.7% 4.2%
publishing
Motor vehicles and 0%
8.4% 0% 8.4%
autoparts
Electronics and 0%
26.6% 0.7% 27.3%

electrical machinery

Others 21.7% 0.7% 0.7% 23.1%

Total 94.4% 4.2% 1.4% 100.0%
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Relation of ISO14001 implementation in enterprisen Thailand Chart

30 A

| Continuous implementation & Discontinuous ENo ISO implementation|

Figure 5 Relation of ISO14001 implementation in enterpits&hailand chart

From table as above, 94.4% continuous 1SO14001 em@htation, 4.2%
discontinuous 1SO14001 implementation and 1.4% $014001 implementation;

food and beverages and the other types were atgnieul
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Table 8 Relation of taking tools of P2 operate togeth#hws014001

Type of ISO 14001 implementation

Program/ Tools of P2 Continuous . ' No ISO
implementation piscontinuous implementation

P2/ CT/CP/ Source
Reduction/ Waste 19.0% 28.6% 0%
Minimization
Reduce raw material 21.6% 7.1% 0%
Reduce pollution 20.3% 28.6% 0%
3R 25.2% 21.4% 0%
LCA 1.8% 0% 0%
Other tools 10.5% 7.1% 0%
None 1.5% 7.1% 100.0%
Total 100.0% 100.0% 100.0%

Relation of taking tools of P2 operate together whit ISO14001 in enterprise in Thailand

30 T
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10 A
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777%
77777

777777

777

NN NN
0 T T T T T . —
P2/ CTI/CP/ Reduceraw Reduce pollution 3R LCA Other activities None
Source Reduction/ material
Waste
Minimization Program/ Tools of P2

Figure 6 A relation of taking tools of P2 operate togetivéh 1ISO14001 in
enterprise in Thailand chart
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Almost of enterprise in Thailand had been continu&014001
implementation and took tools of P2 operated togretto. The P2 had been operated
by each enterprise called in different name, aftealyzed the questionnaire found
tools of P2 had been operated together with 1ISO1400rhailand were 3R, reduce
raw material, reduce pollution, P2/CT/CP/sourcaictidn/waste minimization, Other
tools (i.e. Kaizen, TPM, Eco design, 5S, Suggestibmergy conservation, RoHSs,
Lean, etc.), LCA and none. They had been percermqgal to 25.1%, 21.5%, 20.3%,
19.0%, 10.8%, 1.8% and 1.5% respectively.

From the percentage was showed result of reduce material, reduce
pollution and P2/CT/ CP/Source Reduction/Waste Mination had been similar
percentages since P2/CT/ CP/Source Reduction/\i¥isienization was focused on
efficiently resource management by reduce raw nahtand pollution therefore the
tools which concerned reduce raw material and pouvere been subunit of P2/CT/
CP/Source Reduction/Waste Minimization that exddlre relation of program/ tools

as figure?7.

Reduce raw
material

P2/CT/CP/ Source
Reduction/ Waste
Minimization

Reduce
ollutio

Figure 7 Relation of P2/ CT/ CP/ Source Reduction/ Wasteiization and

subunit of tools.

From analysis result as above that found 1.5%ntdrprise had been continual
ISO14001 implementation but they did not used otbels for operated together with
ISO14001, because tools did used in their enteprigere identified in different

name of answer choice of questionnaire.
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After processing data found the enterprise openatedgram/ tools which
concerned resource management and reduces wastatbp by set team for
operation as well as environmental committee afety\saoccupational health and
working environment committee, moreover managerhadtbeen support operation
by set policy, taking it to been parts of key parfance indicator (KPI). The
operation was performed comply with company po#ing target achievement. For

ongoing to achievement they were operation;

- Training all employees to know and awarenessptration.
- Collecting production data for compare it betwaerstes and products.

- They were production process improvement for ceduraw material.

The benefit of program made them satisfy from weestieiction or reduce

pollution treatment, reduce production cost angeraroducts efficiency.

In order that, almost enterprises in Thailand hagen used tools of P2 for
operated together with 1SO14001 because in the 48Q1 requirement defined
pollution of prevention must do for reduce adveesgironmental impact, however,
this research must knows what P2 program drivesci@ftly environmental
management system according the P2 methodology hwiaissess technique

feasibility, economic feasibility and environmenitapact.

Part 2 Efficiently environmental management system(EMS) evaluation data

analysis

This part was data analysis for evaluating effitienenvironmental
management system with 3 indexes to identified i##ats effected to environmental
management performance by question as concerns as

- Management Performance Indicator (MPI)

- Operation Performance Indicator (OPI)

- Environmental Condition Indicator (ECI)



26

The data can analysis and classify result as below

2.1 Management Performance Indicator (MPI) analysis

This part has 10 questions and 3 answer choices;operation, partial

operation and complete operation. The question ¥esised on method of

management use for supporting to operated P2 tegeith 1ISO14001.

According to enterprise had been questionnaireiegm@mount of 145 sets.

This research had 2 steps to analysis

Stepl: Data analysis by finding mean

From data analysis found the enterprise in Thailaas$ selected answer

choice of 60% complete operation, 29% partial ogp@na 3% not operation and 8%

no selected answer choice.

The percentage of selected answer of managementfmemance question chart
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Step2: Data analysis by compare means with one{sangst
The statistical method used for efficiently enhahogenagement performance
evaluation was analyzed by compare means with ampie t test. The result can be

explained as table 9 and 10.

Table 9 Management Performance Indicator (MPI) evaluation

One-Sample Test

Test Value =0
95% Confidence Interval
Mean of the Difference
t df Sig. (2-tailed Difference Lower Upper
MPI 95.73¢ 121 .000 2.6442¢ 2.589¢ 2.6989

Remark A number of sampling loss because any enterpraseamswered question

incomplete so SPSS software cut to missing data.

Hypothesis
Ho: P2 is not efficiently enhanced management perdoice.

Hi: P2 is efficiently enhanced management performance

According to the questionnaire replied found anyegprise was not answer
some question so when processing data by SPSSaseftthe system did not read

any answer therefore df has value equal to 121.

From table 9 can interpret the result that atttae95% confidence interval
was reported P value = 0.000 (2-taield) but theoltygsis as above was 1-tailed so P
value = 0,0 =0.05 therefore acceptiHP2 is efficiently enhanced management
performance that differences exist at statistieaél of 0.05 so P2 result could

efficiently enhanced environmental management sysEMS.



28

From questionnaire replied found each enterprise seéected answer choice
more than one choice for answer about managemegnthaaenterprise used to

support to operating P2 together with ISO14001. rfEselt can summarize as tablel0.

Table 10 Support measure to operating P2 E@14001 by management

Support measure Responses
N Percent

Policy establish 129 45.9%
Persuasion 53 18.9%
Performance contest 35 12.5%
Key performance indicator (KPI) 54 19.2%
Others 10 3.6%
Total 281 100%

Support measure for operating P2 ansd 1ISO14001 byamagent chart

Policy establish Persuasion Performance contest KPI eiSth
Support measure

Figure 9 Support measure for operating P2 #@14001 by management chart.
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From table 10 and figure 9 was showed managemant off enterprise in
Thailand used for support to operated P2 togethitr O14001. The measure was
they used to support had been reported 45.9% petitablish (1ISO14001 requirement
defines it in 4.2 environmental policy), 19.2% Kegrformance indicator (KPI),
18.9% persuasion, 12.5% performance contest ar¥d 8thers i.e. suggestion, EIA

etc..

Enterprise in Thailand liked to operated P2 togethith ISO14001 thereby
set it to been part of environmental objective @aget for using P2 technique to
reduce raw material usage and practice comply fdtth environmental regulations
and another regulations which concerned their ptsdas well as RoHs, WEEE and
green label.

Furthermore the enterprise was popular used 3Rnigoed to operate in
environmental objective and target because of 3Remaily done. However, although
they had many management ways to encourage thatmpeperformance as well as
employee had important role to operation and intmnproblem for ongoing the

environmental objective and target to achievement.

2.2 Operation Performance Indicator (OPI) analysis

This part has 8 questions and 3 answers choice;opetation, partial
operation and complete operation. It used for dslutathe operation performance of
operated P2 program with 1SO14001, these questas facused on operation way
used for resource management, reduce pollutioneste and reduce environmental

impact.

According to enterprise had been questionnaireieg@mmount of 145 sets.

This research had 2 steps to analysis
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Stepl: Data analysis by finding mean

From data analysis found the enterprise in Thailara$ selected answer

choice of 64% complete operation, 23% partial og@na 3% not operation and 10%
no selected answer choice.

The percentage of selected answer of operating perfnance question chart
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Figure 10 The percentage of selected answer of operatirigrpgance question
chart

Table 11 Operation Performance Indicator (OPI) evaluation

One-Sample Test

Test Value =0

95% Confidence Interval of

Mean the Difference
t df  Sig. (2-tailed Difference

Lower

Upper
OPI 91.154

116 .000 2.6912¢ 2.632¢ 2.7497

Remark A number of sampling loss because any enterpraseamswered question
incomplete so SPSS software cutigsimg data.
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Hypothesis
Ho: P2 is not efficiently enhanced operating perfanoea

Hi: P2 is efficiently enhanced operating performance

According to the questionnaire replied found antemrise was not answer
some question so when processing data by SPSSaseftthe system did not read

any answer therefore df has value equal to 116.

From table 11 can interpret the result that astt & 95% confidence interval
was reported P value = 0.000 (2-taield) but theoltygsis as above was 1-tailed so P
value = 0,0 =0.05 therefore accept;HP2 is efficiently enhanced operating
performance that differences exist at statistieaél of 0.05 so P2 result could

efficiently enhanced environmental management sysEMS.

The popular operation way of each enterprise has beed to enhance
efficiently ISO14001 was establish specific comegtsuch as environmental

committee.

The example of operation way has been used in ptimauprocess of
enterprise in Thailand such as

- Collecting monthly production data to compare t@8s

- Machine improvement. This method they used diftey found the problem

which came from machine produced much pollutionssion or the

production had produce less products.

Therefore their gains from operated P2 togetherh w6014001 were
encouraged to reduce production cost, pollution &edtment cost. These cost
reduction were depending on program and size df eaterprise as illustration as

figure 11.
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Benefit of each enterprise can reduce pollution antteatment cost chart
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Figure 11 Benefit of each enterprise can reduce pollutiah Beatment cost chart
2.3 Environmental Condition Indicator (ECI) anadysi
This part has 2 questions and 3 answer choices;opetation, partial
operation and complete operation. The question gvaated for check result of

operated P2 program with 1ISO14001.

According to enterprise had been questionnaireiegémmount of 145 sets.

This research had 2 steps to analysis

Stepl: Data analysis by finding mean

From data analysis found the enterprise in Thailara$ selected answer
choice of 78% complete operation, 12% partial ojp@na2% not operation and 38%

no selected answer choice.
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Figure 12 The percentage of selected answer of environrheoaition question
chart

Step2: Data analysis by compare means with one{sangst

The statistical method used for efficiently enhahoenagement performance

evaluation was analyzed by compare means with ampie t test. The result can be
explained as table 12.

Table 12Environmental Condition Indicator (ECI) evaluation

One-Sample Test

Test Value=0

95% Confidence Interval of
Mean [the Difference
t df  |Sig. (2-tailed| Difference Lower Upper
ECI 100.363 130 .000 2.8396¢ 2.7831 2.8957

Remark A number of sampling loss because any enterpraseamswered question
incomplete so SPSS software cutigsimg data.
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Hypothesis
Ho: P2 can not reduce pollution as equal than standar

H;: P2 can reduce pollution less than standard.

According to the questionnaire replied found antemrise was not answer
some question so when processing data by SPSSaseftthe system did not read

any answer therefore df has value equal to 130.

From table 12 can interpret the result that astt & 95% confidence interval
was reported P value = 0.000 (2-taield) but theoltygsis as above was 1-tailed so P
value = 0,0 =0.05 therefore accept;HP2 can reduce pollution less than standard that
differences exist at statistical level of 0.05 @or€sult could efficiently enhanced

environmental management system, EMS.

From MPI, OPI and ECI analysis result as above wsfrewed result of
operated P2 together with 1SO14001 in enterpriselmailand were encouraged
efficiently enhanced environmental management lsraf to maintain the EMS
system they must provide tools for eliminate enwinental aspects throughout

continually improve an environmental managementesys

Type 2 Questionnaire for interview analysis result

For getting more detail to study the efficientiyhanced EMS, this research
had been interviewed 3 enterprises that willing garticipant to give more

information.

The questionnaire in this part is consists questm ask about operating
performance before and after operated P2 togetliter i#O14001. The format of

them was separated 2 sections;
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Sectionl: Close ended question is included 3 itéonsefficiently EMS
evaluation both before and after operated P2 tegethth 1SO14001, the
heading of question was

1. Raw material and energy usage question

2. Wastes question

3. Transportation question

Section2: Open ended question is use for ask atqmeration method which

used for ongoing process according to answer agtepreof section 1.

The answer had been replied from the enterprisgddcbe processing by
comparing mean difference before and after operB@dogether with 1SO14001.

The result can be explained as table 13.

Table 13 Comparing mean difference between before and affterated P2 together
with ISO14001.

Enterprise Mean before operated P2 Mean after operated P2 together
together with ISO14001 with 1ISO14001
Enterprise no.1 2.75 2.75
Enterprise no.2 3.00 4.42

Enterprise no.3 3.50 3.50
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Comparing mean difference between before and afteperated P2 together with ISO14001
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Figure 13 Comparing mean difference between before and eyfterated P2 together
with 1ISO14001 chart.

From table 13 and figure 13 were showed differesatilt of mean between
before and after operated P2 together with ISO140@4Ach enterprise. The result
can be explained as below;

- Operating performance of Enterprise no.1 result

This enterprise has business which concerns peodlectronic parts and
automotive parts. The enterprise had result of nmedudlifference between before and
after operated P2 together with ISO14001.

To operating P2 together with 1ISO14001, this gemtse was inserted P2
program in environment objective and target fongdi target achievement. Besides
that the enterprise was operated P2 program to lgomih 1ISO14001 requirement.
3R (reuse, reduce and recycle) was tools of P2wémterprise used for operating in
environmental objective and target. Although 3R wses in EMS system but it was
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failed in production process because of productspvaduced by reuse raw material
had low quality so any technique or tools of P@risuitable for their production

process.

- Operating performance of Enterprise no.2 result

This enterprise has business which concerns naassand petrochemical.
The enterprise had result of mean difference betvwegore and after operated P2
together with ISO14001.

To operating P2 together with 1ISO14001, this qtse was provided
environmental program such as pollution reductitogmam, 3R program, energy
conservative program, wastes bank program, VOQsctesh program, moreover the
enterprise has been taken an interested to ogaxaieam by establish team, build

awareness to employee and good encourage fromdopgement.

The P2 program was operation both office and prtidin process as explain

as an example;

In office used simply tools of P2 such as 3R prograastes bank program

and energy conservative program.

In production process used tools of P2 for operpteldition reduction
program, VOCs reduction program. In order that,dperation has been considering
process design or change machine to reduce wastgofintion emission. When the
process had occurred wastes they improved themmkiygt wastes back to process or
sell or value added them, more over they has besmtoning surrounding and
community by set environmental plan and measure@éntes/ year. After
environmental measurement found any area had wélpellution higher than

standard they investigated cause, resolved proatetrcontrol pollution at source.
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- Operating performance of Enterprise no.3 result

This enterprise has business which concerns peochator vehicle. The
enterprise had result of mean not difference beatvibetore and after operated P2
together with ISO14001.

To operating P2 together with 1ISO14001, this emitse was inserted P2
program in environment objective and target fongdbp target achievement. Besides
that the enterprise was operated P2 program to lgomigh 1ISO14001 requirement

only.

As interview results as above could not summaheeoperating performance
after operated P2 together with ISO14001 becauserot enterprise was good P2
operation so it was clarified to show the differate between before and after
operated P2 with ISO14001 but any enterprise hadatipg result not clear therefore
the P2 successful might be depends on type of éssiand commitment of top

management.

From result of general questionnaire and intervi@s any point opposite
since answer might be misunderstand in each questid answer so the information
which got from interview was made to more clarifsaer from general
guestionnaire because it made to know about P2 lledgw and some method of

enterprise representative in Thailand used foraipey together with 1ISO14001.



CONCLUSION AND RECOMMENDATION

Conclusion

According to data analysis with statistical metblody, the result can classify
2 conclusion which concerns the operating perfoeaelation of P2 and 1SO14001

as detail as

1. General questionnaire conclusion

- Large enterprise has been operated P2 program togettretS®14001
more than medium and small enterprise.

- 3R is P2 tools that enterprise has been takepeoated with ISO14001
more than other tools.

- EPE is evaluation and auditing tools uses fotuatang EMS. The result of
indicators evaluation were reported that P2 prograuld be efficiently enhanced
EMS as following summarize as below

- Management Performance Indicator (MPI)

From data analysis by compare means with one-santgde at 95%
confidence interval was reported P value = 0.08tield) that shows P2 is
efficiently enhanced management performance tlffgrences exist was the
statistical level of 0.05

- Operation Performance Indicator (OPI)

From data analysis by compare means with one-santgde at 95%
confidence interval was reported P value = 0.08tateld) that shows P2 is
efficiently enhanced operating performance thded#ces exist was the statistical
level of 0.05.

- Environmental Condition Indicator (ECI)

From data analysis by compare means with one-sangde at 95%
confidence interval was reported P value = 0.00ftafeld) that shows P2 can reduce

pollution less than standard that differences exé&s the statistical level of 0.05.
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- P2 was usually included in the policy as EMS resqaent
- The benefit of each enterprise got from oper&2dogether withSO14001

was to reduce production cost, reduce pollutionteg@tment cost.

2. Interview conclusion

- Success of P2 with 1ISO14001 depends on busingss dand operation
method.

- Any enterprise had mean not difference beforeadted operated P2 together
with 1SO14001 because the enterprise has beentefddP2 to achieve environment
objective and target according ISO14001 requirement

- 3R was popular techniques which enterprise useaperate together with
1SO14001

Recommendation

1. Recommendation from 1SO14001 auditor

This research got recommendation from Ms.Darukbangkhaket, Audit
Division Manager, System Certification Managemeobt Management System
Certification Institute (Thailand), Masci, she kindecommend the research as detall

below;

1. According requirement of ISO14001 was defin@drPrequirement; 4.2
environmental policy, (b) includes a commitmentdomtinual improvement and
prevention of pollution, therefore enterprise iralfénd always operates P2 to comply
with 1ISO14001 requirement so the questionnaireyrbpk answer to enhance EMS.

2. According to evaluation indicator which usect@luate from
guestionnaire has any enterprise do not know dffe is not popular in Thailand so
the evaluation method of EMS can do it as follow$3014001 requirement. The

requirement defined 4.5.1 monitoring and measur¢m gt 4.6 management review,
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(c) the environmental performance of the organarator evaluating EMS and can do

system towards to continual improvement.

2. Recommendation from research

1.P2 program and P2 in requirement of ISO14001 hgsrathod difference
because of prevention of pollution in ISO14001ngplasis on environmental impact
evaluation but pollution prevention (P2) prograns panciple for assess technical
feasibility, economic feasibility and environmentapact. However, for prevent
misunderstanding to answer should be insert mdieitien about difference method

between P2 in 1ISO14001 requirement and P2 program.

2. EPE is suitable tools for evaluation the eéidy of EMS therefore
ISO14001 auditor should encourage the organizatiarses EPE in Thailand.

3. Recommendation for next research

1. The mean different between before and afteratperP2 together with
ISO14001 did not clear because of amount of intev\8ampling was less so next
research should be add a number of interview saigpploth similar business and

different business.

2. Recommendation from one I1ISO14001 auditor mighebs information
because the research got an idea one side soasesrch should ask another
1ISO14001 auditor from many institutes.

3. General questionnaire has less interval anshaice, it made answer error

so next research should be add more answer intdraal3 choices.
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Questionnaire for study efficiently enhanced enviromental management system
(1ISO14001) by pollution prevention

This questionnaire is part of thesis for studyeffeeiency of environmental

management system in Thailand so please kindly tepim as detail as below.

Explanation: Please markson item as your actual operation.

Part 1 Initial data

1. General data

1.1 Type of enterprise.
L] 1. Food and beverages L1 6. Paper and publishing
[] 2. Natural gas and petrochemical 1 7. Motor vehicles and auto parts
[J 3. Wearing apparel and textiles [ 8. Electronics and electrical machinery
[ 4. Rubber []9. Glass and ceramics
L] 5. Cement and concrete []10. Others, please identify...............

1.2 Amount of employees.
(] 1- 50 people (151 — 200 people [] > 200 people

2. Environmental management system performance data

Definition
ISO14001is international standard that identify requiretrfen doing Environmental
Management System by set policy, planning, impleaten and operation, checking
and management review.
Pollution Prevention (P2)is technique to using for reduce wastes at scamde
reduce pollution emission by process improvemenefiiciently using resource.
The phrase as follows has meaning in resource maregent (raw materials and
energy) and reduce wastes or pollution i.e.
- Pollution Prevention (P2) - Cleaner Technology (€ETJeaner Production (CP)
- Source Reduction - Waste Minimization
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2.1 Does enterprise has 1SO14001 implementation?
[]Yes
L] Continuous implementation, please identify yeaar{stear to year).........
1 Discontinuous implementation, please identify .............cc..ooooevne
[ No
2.2 What is program/ tool company uses for enh@nenvironmental management
system (excluding ISO14001)? (Answer more one &)oic
L] Pollution Prevention (P2)/ Cleaner Technology (GJIlganer Production
(CP)/ Waste Minimization
] Reduce raw material
1 Reduce pollution
[ 3R (Reduce, Reuse, Recycling)
[1LCA
[] Other activities, Please identify .............cc.oeieiiiieieeeeiieee e
(] None

If you do activities as following as no. 2.2, pleagdo tables 1 — 3 continue.

If you do not have any activities as following asm2.2, please skip to do other

items.
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Part 2 Efficiently environmental management systenevaluation

Appendix Table A1 Management Performance Indicator (MPI)
Explanation: Please markson item as your actual operation and define reason

explanation blank.

Operation level
Please

Detail Not Partial Complete _
_ _ _ explanation
operation operation operation

1. Enterprise was operated
activities as follows as
no.2.2 (partl) which not
only trading but also
focuses on reduces

environmental impact.

2. Enterprise had taken
activities as follows
no.2.2 (partl) for raw
material selection since

cradle to grave.

3. All employees were
attended training about
environmental and

reduce wastes/ pollution.

4. Enterprise is doing
environmental objectives
and targets continual by
focus on reduce resource
and wastes/ pollution.

(please explanation)
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Operation level

Detall

operation

Not

Partial

operation

Complete
operation

Please

explanation

5. Enterprise had been

emphasizing to used
good quality raw
material in process for
reduce wastes and less
pollution emission at the
end. (if you can not
operation please

explanation)

. Enterprise used fewer
budgets for wastes/
pollution management
after operated activities

as follows no.2.2 (partl).

. Enterprise could reduce
production cost by

design or change process
to efficiently raw

material usage and
improved waste to take
their back in process.

(please explanation)

. Enterprise had survey
environmental impact
from community or who
to be concerned very

year.
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Operation level
Please

Detail Not Partial Complete _
) ) ) explanation
operation operation operation

9. Enterprise had
suggestion activity for
environmental
management system
improvement and
reduces wastes/
pollution. (please
explanation)

10. Top management was
careful operation
activities so the result
made the activities on

going to achievement.

Attitude question
1. What is management method uses for supportitigtaes as follows no.2.2 (partl)
or resource management and reduce wastes/ poffugfarswer one more choice)
[] Policy establish [] Persuasion
[] Performance contest L1KPI
[ ] Others, please ideNtify .............ccuuuireiiei e e e
2. How do you think activities as follows no.2.2ipl) helps to raise environmental
management system in your enterprise?
[]1 Same, please IdeNtifY ..........c.ooiuiiiie et e et e,
[ ] Better, please identify ............coouuriieiiiii e e e e e
LT Worse, please ideNtify ............oieuueiee e e e e e
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Appendix Table A2 Operation Performance Indicator (OPI)
Explanation: Please markSon item as your actual operation and define reason

explanation blank.

Operation level
Please

Detail Not Partial Complete .
_ _ _ explanation
operation operation operation

1. Enterprise set special
team for resource
management and reduces
wastes/ pollution which

effected to environment.

2. Enterprise has been
collecting production
data for compare
resource with wastes

every day.

3. Enterprise has been
evaluating
environmental impact as
follow as production

process.

4. Enterprise was problem
arrangement by
regarding score of KPI
(Key Performance
Indicator is technique
evaluation to uses for
operation improvement),
budgets and

environmental impact.
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Operation level

Detall

Not
operation

Partial

operation

Complete
operation

Please

explanation

5. Enterprise has been

taken environmental
aspects that highest
effected to environment
and human for operating
environmental objectives
and targets. Activities’
result as follows no.2.2
(partl) is push
environmental objectives

to target achievement.

. Enterprise selects way to
resolve environmental
problem by analyses
technique feasibility,
break even and decrease
environmental impact

percentage.

. Enterprise had 3R
program (Reduce, Reuse
and Recycle) for
reducing pollution which
effected to environment.
(please explain reason to

select this program)
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Operation level

_ : Please
Detail Not Partial Complete _
) ) ) explanation
operation operation operation

8. Enterprise had redesign
production process for
reducing pollution
emission which effected
to environment and
health of employee.
(please exemplify the
way to change

production process)

Attitude question
1. Do you think activities as follows no.2.2 (partit program of resource
management and reduce pollution helps to raiseieffily of ISO140017?

LI Yes, Please IdeNtIfY ......ve e e e e e e e,

LI NO, Please ideNtify ............iireiieiiee e e e e e e e e e eae s
2. How much did you reduce treatment cost in orag géter you operated activities
as follows no.2.2 (partl) or program of resourcaaggment and reduce pollution?
(please identify monetary UNit PEIr YEAI) ........iiv vt e e e et e e ae e eaaens
3. Have you ever received complaint from commuaityho to be concerned?

[1 Yes, please identify 2 main complaints and exeiyphie way to resolve

problem.
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Appendix Table A3 Environmental Condition Indicator (ECI)
Explanation: Please markSon item as your actual operation and define reason

explanation blank.

Operation level
Please

Detail Not Partial Complete .
_ _ _ explanation
operation operation operation

1. Enterprise had compared
result of environmental
measurement with

standard every year.

2. After operated activities
as follows no.2.2 (partl),
the result was less
pollution value than

standard.

Attitude question
1. Do you think activities as follows no.2.2 (partit program of resource
management and reduce pollution helps to raiseceegallution?

[1Yes, reduce .......covvvvvvieeeeiiiiee e %

Please explain reason if you Want ............ .o eieeieainin i,

[ N, please explain rEASON .............ccuuuieeiuiieee e et
2. Do you think activities as follows no.2.2 (partt program of resource
management and reduce pollution helps to encowage quality of life of
employee?

[ 1Yes, please explanation ................cooeiueiinieeeee e e e eee e

[ NO, please eXplanation ................oouereieeiie e e e e ee e e eee s
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Other items: Question of resource management (raw material aacyg which use
in production process) and reduce wastes/ pollution
Explanation: Please markson item as your actual operation and define reason
explanation blank.
1. Does enterprise has activity or program of resmmanagement and reduces
wastes/ pollution?
[]Yes, that is
] Resource management program
L] Reduce wastes/ pollution program
L] Neither resource management program nor reducesyasillution
program.

LI No, please eXplanation ................ceuuieeoee e e

If your enterprise has activity or program ofresource management and
reduce wastes/ pollution, please answer next item.
If your enterprise has not activity or program of resource management and

reduce wastes/ pollution, please stop answer.

2. Does enterprise has special team to operatetgar program of resource
management and reduce wastes/ pollution?

LI Yes, please identify ..........couiie e e et e e,

[ NO, please eXplanation ................ocuueieeieee i ee e eee
3. What is management method uses for supportitigtg®r program of resource
management and reduce wastes/ pollution? (Answenmre choice)

["1 Policy establish [1 Persuasion

[1 Performance contest [1KPI

[ ] Others, please identify .............ccueirrieeie e e e e e
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4. What is team method uses for operating actifgrogram of resource
management and reduce wastes/ pollution to taciét\eement? (Answer one more
choice)

[] Training

L] Persuasion

L1KPI

[] Collecting data for compare products with wastes

[L] Redesign or change production process

L] Use quality raw material for reducing wastes

[ ] Others, please identify .............cc.oeirrieeie e e e e e
5. Is enterprise compare production cost with veiste

[] Yes, enterprise can reduce production cost ................. Baht/ month

1 No

L] Others, please identify ..........c..ovurire oot e e e
6. What is benefit enterprise gets from activityposgram of resource management
and reduce wastes/ pollution? (Answer one morecehoi

[[] Reduce production cost [[] Reduce complaint

[] Reduce treatment cost [ Efficiently enhance production yield
[l Reduce pollution emission [l Reuse wastes

[1 Reduce contaction time [1 Good quality life

[ ] Others, please identify .............ccoeeuureie e et e
7. Do you think activity or program of resource rageament and reduce wastes/
pollution helps to raise environmental management?

[ Yes, please explanation ..................ooeuieeiieee e e eee e,

[T N0, please explanation ...............coouveuurieeoee e e ee e,

Thank you for kindly cooperation
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v
dﬂQ va A

ody o A / 9 Y ] a
ATFLII: NTUTINUATIINNY ANUBN aum%squaxizurwﬂwaqﬂiu%aaaﬁuwa

szauilalfin Tilsald
EAGCEICH) e  URDA o A1eEUIETIIN
Taladgia ' UfiiAasy y
V198U AN

1. fimsasiaSavadini
RATUIINATZUILATHAR
HAZUTIUTOUY) YUY
TndiRes Meufum

nasguiiuilszdmail

2. WAINNISNININTTHIATN
9 ' ~
19 2.2 (8UN 1) 810159
a ﬂ}ol [ 4
aauany ladni

HIATITU

HUUERUININLINUNAUAR

a 1 o A 9 ] ~ A A A 9 Y] @ [
1. AUAANMINAINTINAWTO 2.2 (@7UN 1) 150 1ATIMINNGITINUMIIANTNINEINT

= A a F [ S 1 1 9y a 9 dgl A ]
Hazanveudersouaniyu 193 mi 1S014001 Haruaeltaauans Idunvunse li
Y
(I3 anlamnaulseans. oo %
TR0 UOHANANINADINIT ..o,

C 00T TUSATEUMARND. ..o

{ Y o [

2. gauiAamsninanssuamde 2.2 (@aui 1) nselasamsiinerdesiumsianisnsweins
= A a Y 1 ' = ¥ o a [ Y aa
tazanvaudenseua i lFidIurIsannNUdsIveIMTdNRaNany M ligunmaIa
9 dd? =) v
YOINHNIIUAT U5 0 1)

L8 TUSAOTUINHIAY oo



67

AN UDFEUMNDEINIMITAMINTNENS (Ao Inguaznasnuildlumswan) uag
d d a e e 0
aAVeAHIIONANY (Addition question)
o dy o A \/ Y A (awa A 9 v Aa
Mpuas: ngaiuaiosnane v mwdenlfiaese tazszymana laluseseduie.
A v Aaa A d' d' 9 [ (% [ = A a
1. USHNUNNTTN 130 IATINITNNEIVEINUMTIANITNT NN AL AAVDUTENTONANY
%50 1y
14 1dun
I:I a A A A 9 o @ o
NINTIUHNTO 1ATINITNNIVOINUNITIANITNI NGNS
I:I a A A A 9 Y a A a
NINTTUNTO 1ATINTNNEIVEINUNITaAVRUTENTONANY
|:| = c?/‘ a A d‘ d' 9 (% (% [ =
lisinenanssy 130 1ATINSNNEIVEINUMTIANINTNEINT Lazanvoud
A a
HIouany

(1 Naidinenssy w501asams e TUSAoTUIBNMAN . ..o eeoeeeeee e

DA =) d' d' Y [ v (% = =)
NIUNNINIIN T’iiﬂiﬂiﬂﬂ1Sﬂ!ﬂﬂ’Jﬂli’)x‘lﬂﬂﬂ1i°ﬂﬂﬂ1§1’li1"lﬂ1ﬂi HasanUdNlaeise
a ¥ A
Hand NIUINUYIIUND
Y U v w 2

) 1A A d‘ d‘ =)
nsm"luunimsﬁuma Iﬂix‘lﬂ1§1ﬂ°’| NNYIVDINUNITIIANIININYINILUAS AN VUDIUAETIFD

NaNy AUGANIABLUVVADLDN

9
v A o a a

2. IMITAMINUAIUNINTTY 1T IATINTNNEITITUMITANINSNENT AL AR T

A a = 1
Nn3ouaNY 130 1y

L USRS

L 0 TS QOB U NI e,

Y a Y @ a A A A 9 @ [ %
3. QUIMI IMIaiUayunaNg sy 130 1A5IMININEIVRINUNMTIANINTNGINTUATAAVD
= A a 9 an
@M ONANYAILIT 19

o I Aa o o
1 Svvadluu Teueusey Clwenweesneiagale
L] 9ananssunuavunady L IKPpI

BN TUTATEL oo



68

= aa o ya A td' td' 9 (% [ (% =
4. UMM I1AnnTsy M50 IAsaNsNNEITOINUAITIANITNS NEINTUALAAVDUTE
A a o d'c?/‘ Y 9 1 9
nsovanydusSanunauihwineldedals @oulduinnii 1 4e)
Ll ousuldanunuminau
Ll wevvedsieagals
PN o A <3|
L1 seigumamsaniduaudluszogs
< 9 = =1 a ~ o A A a d?
Clinudeyan/seumeunamsuaameunuveudenmnayuy
(1 sonuuunsonlasunilainszuiumsnan
[(1idenl¥ingauninmunin iloanveude

COUN TUSATEU oo
=\ a 1 FI a (= = [ a a A Aa dg‘ a
5. imslszdiumlsnennwamseaanlseunsuiulsmaanugydeninaruannsng
%30 11
= 1 Y A a dg’ a A
(18 anleaennaduanaa i n@ulss . .o 1NAAOY
1 1%
COUY TUSATEU oo
v Aa A A A 9 Y] [ [ =S A a 9
6. NANTIANINTTUHIO IATINTNINIIVDINUNTIANINT NN Az anvouFderIovany 11
&Y A o 1 1
sz Teminuussnedials (@ev'lduinnii 1 o)
Cl andunumswan [ aatodousounnyurusondng
CJaaaldaelumstiniaveudensovany [ iiuwanannilszansnin
(1 aamsunsnszaevasasminsovany L aansothveudonduinleinigla
% % = =) -9 ddg’
1 aaTomamsduiaasiall L gquamaiawinauaau
C U TUSATEY oo,

a 1 o v o

7. AMAANMIMNINTIUNITe Insemsiineatoanun1ss

a A 1 9 [ Q' 9 A v AaARK A 1
vanpldmaelinmstamsdunadonluniinavunie ly
IR TUTATEUMAMO oo

CI 1008 TUSATEUMAMA ..o,

younannmuilianuiwielunmsaeunuuaounin



APPENDIX C
Questionnaire for interview translate in English

69



70

Questionnaire for study efficiently enhanced enviromental management system
(1ISO14001) by pollution prevention

This questionnaire is part of thesis for studyeffeeiency of environmental

management system in Thailand so please kindly tepim as detail as below.

Appendix Table C1 Questionnaire of operational successful beforeaipeay P2

program together with 1ISO14001.

Explanation: Please markSon item as your actual operation and define reason

explanation blank.

Operation level

Not Partial
operation operation
but non-

Detail _
continual

Partial
operation
and

continual

Operation
completely
process but
non-

continual

Operation
completely
process
and
continual
improve-

ment

Raw material and

energy usage

1.

Enterprise has
been re-circulated
raw material for

reusing in process.

. Enterprise could

reduce raw
material usage and
guantity of waste

by adjust process.

. Enterprise selected

alternative energy

to use in process.
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Operation level

Not Partial Partial Operation
operation operation operation completely
, but non- and process but
Detail

continual continual non-

continual

Operation
completely
process
and
continual
improve-

ment

4. Enterprise has
been re-circulated
water for reusing

in process.

5. Enterprise had
design products for
extend long life by
selecting raw

material usage.

Wastes

6. Enterprise had
wastes separation
for takes available
wastes reuse in

process.

7. Enterprise had loss
evaluation by
comparing
production every

month.

8. Enterprise had
program to reduce
cost (please

exemplification)
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Operation level

Not Partial
operation operation
. but non-
Detall
continual

Partial Operation
operation completely
and process but
continual non-
continual

Operation
completely
process
and
continual
improve-

ment

9. Enterprise always
environmental
measurement every
year, the result is
less impact to
environment and

living things.

Transportation

10. Enterprise
chooses another
energy to use
instead of gasoline
for transportation

in a day.

11. Enterprise
changed goods
transportation way
for reducing

gasoline usage.

12. After vehicle
improvement,
enterprise had less

pollution.
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Appendix Table C2 Questionnaire of operational successful after dpdre2
program together with 1ISO14001

Explanation: Please markson item as your actual operation and define reason

explanation blank.

Operation level

Detail

Not Partial Partial Operation

operation operation operation completely
but non- and process but
continual continual non-

continual

Operation
completely
process
and
continual
improve-

ment

Raw material and

energy usage

1.

Enterprise has
been re-circulated
raw material for

reusing in process.

. Enterprise could

reduce raw
material usage and
guantity of waste

by adjust process.

. Enterprise selected

alternative energy

to use in process.

. Enterprise has

been re-circulated
water for reusing

in process.
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Operation level

Not Partial Partial Operation

operation operation operation completely

, but non- and process but

Detail
continual continual non-

continual

Operation
completely
process
and
continual
improve-

ment

5. Enterprise had
design products for
extend long life by
selecting raw

material usage.

Wastes

6. Enterprise had
wastes separation
for takes available
wastes reuse in

process.

7. Enterprise had loss
evaluation by
comparing
production every

month.

8. Enterprise had
program to reduce
cost (please

exemplification)
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Operation level

Not Partial
operation operation
. but non-
Detall
continual

Partial Operation
operation completely
and process but
continual non-
continual

Operation
completely
process
and
continual
improve-

ment

9. Enterprise always
environmental
measurement every
year, the result is
less impact to
environment and

living things.

Transportation

10. Enterprise
chooses another
energy to use
instead of gasoline
for transportation

in a day.

11. Enterprise
changed goods
transportation way
for reducing

gasoline usage.

12. After vehicle
improvement,
enterprise had less

pollution.
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Answer code of general questionnaire of efficientlgnhanced environmental

management system (ISO14001) by pollution preventio

Answer code of part 1 initial data

No Type Size QG1 QG2 1 QG2 2 QG2 3 QG2 4 QG2 5 QG2 6 QG2 7
0

0

0

0

4

2

0

1

1

5

1

10

10
11
12
13
14
15
16
17
18
19
20
21

10

2

10

22

23
24
25
26
27

10

28
29
30
31

10

32

33
34
35

10 2
10

36
37
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No Type Size QG1 QG2_1 QG2 2 QG2 3 QG2 4 QG2.5 QG2_6 QG2_7
3

38

0

0

0

4

2

1

1

3

10

39
40

41

42

43

44
45

46

47

48

49

50
51

52

53
54
55
56
57
58
59
60
61

2

10
10

10

62
63
64
65
66
67

10

68
69
70
71
72
73
74
75
76
1
78
79
80

10

10

10
10
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No Type Size QG1 QG2_1 QG2 2 QG2 3 QG2 4 QG2.5 QG2_6 QG2_7
0

81

0

6

0

0

2

0

1

3

10

82

83
84

85

86
87

88
89
90
91

92
93
94
95
96
97

10
10

98
99

7 2

100
101

3
3
3
3

102 8

103 8

104 8

105 8
106

1

1
3

107 10

108 3

1

3
3

109 10

110 8
111
112
113

1

3
3

114 10

115 8
116
117
118

2
2
3

2

119 6
120
121

1

3
3

122 8

2

123
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No Type Size QG1 QG2 1 QG2 2 QG2 3 QG2 4 QG2 5 QG2 6 QG2 7

124 10

0

0

0

4

0

0

0

1

2
3

125 2

1
1

3
2
2

126 10

127 10

128 2

1
2
1

3
1
2
3
2

129 10

130 10

131 10

132 3

133 2

1

2
3

134 10

135 3

1

2
3

136 10

137 8

1

2
1
3

138 10

139 2

140 8

1

2
3

141 10

142 6

1

2
3
3

143 10

144 2

145 7
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Part 2 Efficiently environmental management systenevaluation

Answer code of appendix table Al:Management Performance Indicator (MPI)
No QM1 QM2 QM3 QM4 QM5 QM6 QM7 QM8 QM9 QM10

10
11
12
13

14
15
16
17
18
19
20
21

22
23

24
25
26
27
28
29

30
31

32

33

34
35

36

37
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No QM1 QM2 QM3 QM4 QM5 QM6 QM7 QM8 QM9 QM10

38

39
40

41

42

43

44
45

46

47

48

49

50
51

52

53
54
55
56
57
58
59
60
61

62
63
64
65
66
67

68
69
70
71
72
73
74
75
76
7
78
79
80
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No QM1 QM2 QM3 QM4 QM5 QM6 QM7 QM8 QM9 QM10

81

82

83
84

85

86
87

88
89
90
91

92
93
94
95
96
97

98
99

100
101

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

122
123
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No QM1 QM2 QM3 QM4 QM5 QM6 QM7 QM8 QM9 QM10

124
125
126
127
128
129
130
131
132

133
134
135
136
137

138
139
140
141
142

143
144
145
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Answer code of appendix table A2:Operation Performance Indicator (OPI)

No QO1 Q02 QO3 Q04 0OQ5 Q06 QO7 QO8

2

2

1

10
11
12
13

14
15
16
17
18
19
20
21

22
23

24
25
26
27

28
29

30
31

32

33

34

35

36

37
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No QO1 QO2 QO3 Q04 0OQ5 QO6 QO7 QO8

38

39
40

41

42

43

44
45

46

47

48

49

50
51

52

53
54
55
56
57
58
59
60
61

62
63
64
65
66
67

68
69
70
71
72
73
74
75
76
1
78
79
80
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No QO1 QO2 QO3 Q04 0OQ5 QO6 QO7 QO8

81

82

83
84

85

86
87

88
89
90
91

92
93
94
95
96
97

98
99

2

100 2
101

102
103
104
105
106
107
108
109

2

3

110 3
111
112
113
114
115
116
117
118
119

2

3

120 2
121

122
123
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No QO1 Q02 QO3 Q04 0OQ5 Q06 QO7 QO8

124 3

3
1
0

125 3

126 O
127
128

3
3
0

2

129 3

130 O
131
132

3

133 3
134

3
0

135 3

136 O
137

3
3
2

138 3

2

139
140 3
141
142

3
3
2

143 3

144 3

145 3



Answer code of appendix table A3:Environmental Condition Indicator (ECI)

No QE1 QE2
1 3 2
2 3 3
3 3 3
4 3 3
5 3 3
6 3 3
7 3 3
8 3 2
9 3 3
10 3 3
11 3 3
12 3 3
13 3 3
14 3 3
15 3 2
16 0 O
17 3 3
18 3 3
19 3 3

20 3 3

21 1 0

22 3 3

23 3 3

24 2 3

25 3 3

26 3 3

27 3 3

28 3 3

29 3 3

30 3 2

31 3 3

32 3 3

33 3 3

34 2 2

35 2 3

36 3 3

3 2

w
~
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No QE1 QE2

3

MO ONMONHOOMMANMOANMOHOOOHOHOMmMMM

MO ANMOHO OO AMmMOOMHOMOMmOMmMOHOOMHOOMmOOMOOMOONOHOOMOMmMOMMmM
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53
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59
60

38
39
40
41
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48
49
50
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52
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™

71
72
73
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78
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N
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No QE1 QE2

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123

3

WWWWWWWWWWWWWWWWWWNREPROWRWWWWWWNWWWNNWWWOWOow

3

WWWWWWWWWWWWWWWWWWWNNOWERWWNWNWWLONWWWNWWWOWON
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No QE1 QE2

124 3 3
125 3 3
126 O 0
127 O 0
128 3 3
129 3 3
130 O 0
131 3 3
132 3 3
133 3 2
134 3 3
135 3 3
136 3 2
137 3 3
138 3 3
139 3 0
140 2 3
141 3 2
142 3 3
143 3 3
144 3 3
145 3 2
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Answer code of addition questionQuestion of resource management (raw material

and energy which use in production process) and

reduce wastes/ pollution

No P1_1P1 2P1.3P14P1.5 P2 P3_1P3_2P3_3P34P35

0

0

0

0

0

0 o0

0_

O_

0_

o_

1

10
11
12
13

14
15
16
17
18
19
20
21

22
23

24
25
26
27
28
29

30
31

32

33

34

35
36

37
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_0 —

0

0

0

0

0 0

O_

O_

O_

No P1_1P1. 2P1_3P1 4P1.5 P2 P3_1P3_2P3_3P3_4P35
0

38

39

40
41

42

43

44
45

46

47

48

49

50
51

52

53

54
55
56

57

58

59

60
61

62

63
64
65
66
67
68
69
70
71

72
73
74
75
76
77
78
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_0 —

4

3

2

0

1

O_

O_

3_

2_

No P1_1P1. 2P1_3P1 4P1.5 P2 P3_1P3_2P3_3P3_4P35
1

79
80
81

82

83

84
85

86

87

88

89

90
91

92
93

94
95
96
97

98
99

0
0
0
0
0
0
0

100 O

101 O

102 O

103 O

104 O

105 O

106 O
107

0
0
0
0
0
0
0
0
0

108 O

109 O

110 O

111 O

112 O

113 O

114 O

115 O

116 O
117

0
0

118 O

119 O



103

_O _

0

0

0

0

0

0_

0_

O_

0
0
0
0
0
0
2

No P1_1P1. 2P1_3P1.4P1.5 P2 P3_1P3_2P3_3P34P35
120 O

121 O

122 0

123 O

124 0

125 0
126
127

1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

128 O

129 0

130 O

131 O

132 0

133 O

134 0

135 0

136 O

137 O

138 0

139 0

140 O

141 O

142 0

143 O

144 O

145 O



104

0

0

0O 0 O

O_

O_

0_

No P4_1 P4_2 P4_3 P4_4P4.5P4. 6 P4_7 P5
1

10
11
12
13

14
15
16
17
18
19
20
21

22
23

24
25
26
27

28
29

30
31

32

33

34
35

36

37



105

0

0

0 0

O_

O_

O_

No P4_1 P4_2 P4_3 P4_4P4.5P4. 6 P4_7 P5
0

38

39

40
41

42

43

44
45

46

47

48

49

50
51

52

53

54
55
56

57

58

59

60
61

62

63
64
65
66
67
68
69
70
71

72
73
74
75
76
77
78
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2

0

0 0

O_

O_

2_

No P4_1 P4_2 P4_3 P4_4P4.5P4. 6 P4_7 P5
0

79
80
81

82

83

84
85

86

87

88

89

90
91

92
93

94
95
96
97

98
99

0
0
0
0
0
0
0

100 O

101 O

102 O

103 O

104 O

105 O

106 O
107

0
0
0
0
0
0
0
0
0

108 O

109 O

110 O

111 O

112 O

113 O

114 O

115 O

116 O
117

0
0

118 O

119 0
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0

0

0

0_

0_

O_

0
0
0
0
0
0
0

No P4 1 P4 2 P4A_3 P4_4 P4 5P4 6P47 P5
120 0

121 O

122 0

123 O

124 0

125 0
126
127

1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

128 O

129 0

130 O

131 O

132 0

133 O

134 0

135 0

136 O

137 O

138 O

139 O

140 O

141 O

142 0

143 O

144 O

145 O
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0

0

0

0

0O 0 O

O_

O_

0_

No P6_1 P6_2 P6_3 P6_4 P6_5 P6_6 P6_7 P6_8 P6_9 P7
1

10
11
12
13

14
15
16
17
18
19
20
21

22
23

24
25
26
27

28
29

30
31

32

33

34
35

36

37



109

0

0

0

"0

0 0

O_

O_

O_

No P6_1 P6_2 P6_3 P6_4 P6_5 P6_6 P6_7 P6_8 P6_9 P7
0

38

39

40
41

42

43

44
45

46

47

48

49

50
51

52

53

54
55
56

57

58

59

60
61

62

63
64
65
66
67
68
69
70
71

72
73
74
75
76
77
78
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1

0

0

0 6 0

O_

3_

O_

No P6_1 P6_2 P6_3 P6_4 P6_5 P6_6 P6_7 P6_8 P6_9 P7
1

79
80
81

82

83

84
85

86

87

88

89

90
91

92
93

94
95
96
97

98
99

0
0
0
0
0
0
0

100 O

101 O

102 O

103 O

104 O

105 O

106 O
107

0
0
0
0
0
0
0
0
0

108 O

109 O

110 O

111 O

112 O

113 O

114 O

115 O

116 O
117

0
0

118 O

119 0
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0

0

0

0

0

0_

O_

O_

0
0
0
0
0
0
0

No P6_1 P6_2 P6_3 P6_4 P6_5 P6_6 P6_7 P6_8 P6_9 P7
120 O

121 O

122 0

123 O

124 0

125 0

126 O
127

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

128 O

129 0

130 O

131 O

132 0

133 O

134 0

135 0

136 O

137 O

138 O

139 O

140 O

141 O

142 0

143 O

144 O

145 O
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Answer code of questionnaire for interview

Answer code of appendix table C1Operational successful question before operate
P2 program/ tools together with ISO14001.

No Bef Q01 Bef Q02 Bef QO3 Bef Q04 Bef QO5 Bef Q06

1 2 2 1 3 1 3
2 5 2 2 1 5 2
3 2 3 5 5 5 3

No Bef QO7 Bef QO8 Bef QO9 Bef Q010 Bef QOl1l Bef QO12

1 4 1 5 5 5 1
2 2 1 5 5 5 1
3 5 5 5 1 2 1

Answer code of appendix table C2:0Operational successful question after operated
P2 program/ tools together with 1ISO14001.

No Aft Q01 Aft Q02 Aft QO3 Aft Q04 Aft QO5  Aft_ Q06

1 2 2 1 3 1 3
2 5 2 5 5 5 5
3 2 3 5 5 5 3

No Aft QO7 Aft Q08 Aft Q09 Aft Q010 Aft Q011 Aft Q012
1 4 1 5 5 5 1
2 5 5 5 5 5 1
3 5 5 5 1 2 1
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APPENDIX F
SPSS software result
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Result of general questionnaire of efficiently enhaced environmental

management system (ISO14001) by pollution preventio

Part 1 Initial data
1.1 General data analysis result.

Appendix Table F1 Type of enterprise

Statistics

Type of enterprise

N Valid 144
Missing 6
Type of enterprise
Cumulative
Frequency Percent Valid Percen  Percent
Valid Food and beverages 17 11.3 11.8 11.8
Natural gas and 19 12.7 13.2 25.0
petrochemical
Wearing apparel and 12 8.0 8.3 33.3
textiles
Rubber 1 v v 34.0
Cement and concrete 4 2.7 2.8 36.8
Paper and publishing 6 4.0 4.2 41.0
Motor vehicles and 12 8.0 8.3 49.3
autoparts
Electronics and 39 26.0 27.1 76.4
electrical machinery
Glass and ceramics 1 v v 77.1
Others 33 22.0 22.9 100.0
Total 144 96.0 100.C
Missing O 1 v
System 5 3.3
Total 6 4.0

Total 150 100.C




Appendix Table F2 Amount of employees

Statistics

Amount of employees
N Valid 145
Missing 5

Amount of employees

Cumulative
Frequency Percent Valid Percen  Percent
Valid  1-50 people 7 4.7 4.8 4.8
51-200 people 36 24.0 24.8 29.7
> 200 people 102 68.0 70.3 100.0
Total 145 96.7 100.C
Missing System 5 3.3

Total 150 100.C
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1.2 Environmental management system performance datanalysis result

Appendix Table F3 Relation of ISO14001limplementation in enterprise in

Thailand

Case Processing Summary

Cases
Valid Missing Total
N Percent N Percent N Percent
Type of enterprise * 143 95.3% 7 4.7% 150 100.0%

Did you do 1ISO14001°
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Type of enterprise* Did you do ISC14001? Crosstabulation

Did you do 1S(14001?

Yes, do Yes, do not

continual  continual No Total

Type of enterprise Food and beverageSoun 15 1 1 17
% within Type of enterpris 88.2% 59% 5.9% 100.0%

% within Did you do 1S(14001? 11.1% 16.7% 50.0% 11.9%

% of Tota 10.5% T% T% 11.9%

Natural gas and Coun 18 1 0 19
petrochemical % within Type of enterpris 94.7% 5.3% 0% 100.0%
% within Did you do 1S(14001? 13.3% 16.7% 0% 13.3%

% of Tota 12.6% % .0% 13.3%

Wearing apparel andCoun 11 1 0 12
textiles % within Type of enterpris 91.7% 8.3% 0% 100.0%
% within Did you do 1S(14001? 8.1% 16.7% 0% 8.4%

% of Tota 7.7% % 0% 8.4%

Rubber Coun 1 0 0 1
% within Type of enterpris 100.0% 0% 0% 100.0%

% within Did you do 1S(14001? T% 0% 0% %

% of Tota % .0% 0% T%

Cement and concret&oun 4 0 0 4
% within Type of enterpris 100.0% 0% 0% 100.0%

% within Did you do 1S(14001? 3.0% 0% 0% 2.8%

% of Tota 2.8% .0% 0% 2.8%

Paper and publishingCoun 5 1 0 6
% within Type of enterpris 83.3% 16.7% 0% 100.0%

% within Did you do 1S(14001? 3.7% 16.7% 0% 4.2%

% of Tota 3.5% % 0% 4.2%

Motor vehicles and Coun 12 0 0 12
autoparts % within Type of enterpris 100.0% 0% 0% 100.0%
% within Did you do 1S(14001? 8.9% 0% 0% 8.4%

% of Tota 8.4% .0% 0% 8.4%

Electronics and Coun 38 1 0 39
electrical machinery % within Type of enterpri 97.4% 2.6% 0% 100.0%
% within Did you do 1S(14001? 28.1% 16.7% 0% 27.3%

% of Tota 26.6% T% 0% 27.3%

Others Coun 31 1 1 33
% within Type of enterpris 93.9% 3.0% 3.0% 100.0%

% within Did you do 1S(14001? 23.0% 16.7% 50.0% 23.1%

% of Tota 21.7% % I% 23.1%

Total Coun 13t 6 2 142
% within Type of enterpris 94.4% 42% 1.4% 100.0%

% within Did you do 1S(14001? 100.0% 100.0% 100.0% 100.0%

% of Tota 94.4% 4.2%  1.4% 100.0%

Appendix Table F4 Relation of taking tools of P2 operate togethehwit

1SO14001

Case Summary

Cases
Valid Missing Total
N Percent N Percent N Percent
$P2*QG1 143  95.3% 7 4.7% 150 100.0%
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$P2*QG1 Crosstabulatior!

Did you do 1S(1400:7?

Yes, do Yes, do not

continual continual No Total

Prograni P2/CT/CP/Source Coun 74 4 0 78
Reduction/Waste % within $P2 94.9% 5.1% 0%
Minimization % within QC1 19.0% 28.6% .0%

% of Tota 18.3% 1.0% 0% 19.3%

Reduce raw Coun 84 1 0 85
material % within $P2 98.8% 1.2% 0%
% within QC1 21.6% 7.1% .0%

% of Tota 20.7% 2% 0% 21.0%

Reduce pollution Coun 79 4 0 83
% within $P2 95.2% 4.8% .0%
% within QC1 20.3% 28.6% .0%

% of Tota 19.5% 1.0% 0% 20.5%

3R Coun 98 3 0 101
% within $P2 97.0% 3.0% .0%
% within QC1 25.2% 21.4% .0%

% of Tota 24.2% JY% 0% 24.9Y%

LCA Coun 7 0 0 7
% within $P2 100.0% .0% .0%
% within QC1 1.8% 0% .0%

% of Tota 1.7% 0% 0% 1.7%

Other tools Coun 41 1 0 42
% within $P2 97.6% 2.4% .0%
% within QC1 10.5% 7.1% .0%

% of Tota 10.1% 2% 0% 10.4%

None Coun 6 1 2 9
% within $P2 66.7% 11.1% 22.2%
% within QC1 1.5% 7.1% 100.0%

% of Tota 1.5% 2% 5% 2.2%

Total Coun 38¢ 14 2 40k

% of Tota 96.0% 3.5% 5% 100.0%

Percentages and totals are based on responses.
a. Paired group
b. There are not enough (less than 2) multipleaesp groups for pairing. Percentages are based on
responses, but no pairing is perforn
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Part 2 Efficiently environmental management systenevaluation

Appendix Table F5 Management Performance Indicator (MPI)

One-Sample Statistics

Std. Std. Error
N Mean Deviation Mean
MPI 122 2.644: .30507 .02762
One-Sample Test
Test Value =0
95% Confidence Interval
Mean the Difference
t df  Sig. (2-tailed Difference Lower Upper
MPI 95.73¢ 121 .000 2.6442¢ 2.589¢ 2.6989

Appendix Table F6 Support measure to operating P2 and ISO14001 byageament

$Support Frequencies

Responses
N Percent | Percent of Casqgs

support Set to policy 129 45,99% 95.6%
measuré Prize persuade 53 18.9% 39.39

Performance contest 39 12.5% 25.99

Key Performance 54 19.2% 40.09

Indicator (KPI)

Other 10 3.6% 7.4%
Total 281 100.09 208.19

a. Group
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Appendix Table F7 Operation Performance Indicator (OPI)

One-Sample Statistics

Std. Std. Error
N Mean Deviation Mean
OPI 117 2.691Z .3193¢ .02952

One-Sample Test

Test Value =0
95% Confidence Interval «
Mean the Difference
t df  Sig. (2-tailed Difference Lower Upper
OPI 91.154 116 .000 2.6912¢ 2.632¢ 2.7497

Appendix Table F8 Environmental Condition Indicator (ECI)

One-Sample Statistics

Std. Std. Error
N Mean Deviation Mean
ECI 131 2.8397 .32384 .02829

One-Sample Test
Test Value =0

95% Confidence Interval (
Mean the Difference

t df  Sig. (2-tailed Difference Lower Upper
ECI 100.36: 130 .000 2.8396¢ 2.7837 2.8957
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