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Abstract. The environmentally friendly manufacturing influences the worldwide community both private
and public to run the concept of green productivity. The concept of green productivity drives the
organisation to seek integration of sustainable environmental management and environmentally friendly
production system design. The lack of green and sustainable concept have reduced the competitiveness of
the organisation due to the low capability to meet the international standard of ISO 14000. One of the
important thing of being ‘green’ is our capability to deal with the pollution. Continuous improvement
approach to achieve green productivity is an effort to increase sustainable competitiveness by maintaining
green product and reducing the pollution. The continuous improvement to achieve the capability to
overcome the pollution problem will lead into tangible and intangible benefit. It is therefore the green
productivity is crucial. In this research, the concept of green produtivity and continuous improvement
approah are utilised to overcome the problems of pollution in manufacturing industries.
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1 Introduction

Numerous organisations worldwide have been involved in green environment programs. Regulation and ratification of
environmentally friendly product have been constructed by both develop and developing countries [1]. The growing
awareness of international communities about environmentally friendly product and also ‘save our earth’ jargon has
been elevating the imperative of the pollution free environment programs [2, 3], since our environment has suffered
from un-controlled and massive exploitation of natural resources; indecomposable waste; and environmental pollution,
resulting significant damage such as environmental degradation, global warming and ozone hole [4, 5].

In response, the government, businesses and universities began to campaign for environmentally friendly and energy
saving products approach [2, 4, 6-10]. This approach is imperative since the capability of the organisation to deal with
the environmental issues have been considered as a mean to improve organisation’s competitiveness in both regional
and international business environment. Furthermore, the current international policies have been maintaining the issues
of the environment friendly product through the international standard series of ISO 14000 certification and other eco-
labelling programs [11-15]. The Indonesian government has also initiated programs of green environment in the form
of cleaner production programs [14], but this program has not been well delivered to business owners in Indonesia. To
response for this issue, this study is needed to discover the implementation of green productivity in Indonesia. This
study was conducted to find the way of implementation green industrial system in manufacturing industries.
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2 Green productivity

The application of Green Productivity through non-product output (NPO) is the appropriate technique, technology, and
management system to produce environmentally friendly products and services [16]. Green Productivity (GP) uses the
concept of environmentally friendly production yet minimum energy without disturbing productivity or also known as
green industry. This environmentally friendly and energy efficient approach influences the worldwide community both
private and public. GP is a concept that involves management decision, environmental programs and technologies that
lead to environmentally friendly product [1, 15-18]. The concept of green productivity drives the organisation to seek
integration of sustainable environmental management and environmentally friendly production system design.
Continuous improvement to achieve GP is an effort to increase sustainable competitiveness by maintaining green
product and reducing the pollution [16].

2.1 GP as a competitive strategy

Organisations worldwide are under regulatory pressure to be eco-efficient [19]. Therefore, the competitive strategy
trough continuous improvement is a must. GP approach should be applied to achieve the competitiveness goal.
Validation regarding tools and techniques application of GP is a part of organisation’s continuous improvement efforts
to get green product. The responsibility of the GP taskforce is to provide tools and technologies for implementing
‘green’ programs, including reduce, reuse and recycle (3R)[18]; and also internal audit for green, and implementing
continuous improvement program (Plan, Do, Check and Action) GP to achieve sustainable competitiveness, from
product design up-to final product stage [8, 20].

3 Methodology

This study identified the factors that could interfere the GP, and provide suggestions for improvement based on the
external and internal regulations such as ISO 14000 and government regulation. Cause and effect approach were applied
to seek the gap between available process and the regulation, followed by Quality Function Deployment (QFD)
approach to determine the improvement needed. However, in conducting the research, it was necessary to resolve
several issues that potentially disturb the result of the research. These included: determine the research domain, level of
analysis and selecting suitable respondents.

3.1 Research domain

The subject of the research was a chemical company in East Java, Indonesia. This domain was chosen based on its
potential role in GP practices, especially in reducing pollution. This company significantly applied GP approach. As this
organisation has a strong commitment in GP approach and also developed knowledge regarding environmentally
friendly product, the organisation was deemed as appropriate subject of this study.

3.2 Level of analysis

The issue related to the level of analysis was the persons in the organisation who were directly selected as a respondent.
Ideally, the questionnaires should be completed by number of people in each part of an organisation. This approach was
applied to obtain the sufficient information from the organisations, and to minimise the response bias of the respondents
[21-26]. In this survey, people who were selected to be respondents were the employees whom are responsible (in-
charge) for the GP program of the organisation.

3.3 Sample selection

For data sampling, more than 30 respondents were selected. The respondents were checked to ensure that respondents
only belong to departments, which were responsible for GP program.

3.4 Research sequences

The research consists of four phases. The details are presented as follows:
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Phase I: Assessment of instrument for green approach. This phase involved the preliminary studies; literature and
regulations review. Reviewing includes the review on the Green Standard of ISO 14001, Decree No. 3 Year 2006 about
‘Green Indonesia’ and regulation of the Minister of Environment no. 18 year 2010 about program of companies rating
performance (PROPER). The purpose of this phase was to collect information and data to construct the instruments that
will be applied to assess GP based on the selected criteria of ISO 14000 clauses and government regulation. The
instruments then were distributed to 33 respondents.

Table 1. ISO 14001 clauses.

Clause Audit Clause

4.2 Environmental policy
4.3.1 Identification of environmental aspects and impacts
432 Identification of legal regulations and other requirements
433 Objectives, targets and programs
44.1 Resources, roles, responsibility and authority
442 Training, awareness, competence
443 Communication
444 Documentation
445 Control of documents
Operational control; Purchasing; Handling, Storage, Packaging,
4.4.6 Delivery; Environmental control
4.4.7 Preparing and emergency response
4.5.1 Monitoring and measurement
4.5.2 Evaluation of conformity
Nonconformity, corrective action, and preventive
453 Corrective Action
Precautions
454 Control of records
455 Internal environmental audits
4.6 Overview of management

Sources: ISO 14000 Clauses

Phase II: Assessment. At this phase, the activity of the business process of the organisation and the information
process associated with the activities of the GP were recorded. The area of production process control was selected to
be a subject of this research. The area was chosen because this department has a significant role in controlling the
pollutant. The assessment of the level of adoption of GP in that area was conducted based on the instruments of ISO
14001 clauses that have been constructed in the previous stage. Assessment phase aims to determine the remaining
gap/problem between the application of GP and the ISO 14000 clauses. Based on the assessment result, the current
position of the GP application was analysed to find the main factors that produce the gap/problem.

Phase III: Identification of gap/problem. This third phase was to review the main causes of the gap/problem between
the implementation of GP and ISO 14000 clauses. The findings of the gap/problems were tabulated. The cause and
effect diagram then was applied to identify the root of the problems. The brainstorming technique was utilise to analyse
the problem based on 4M (Man Machine, Method dan material) approach. The main causes of the problem and then
transformed into GP standard.

Phase IV: Strategy development. The fourth phase aimed to provide alternative solutions regarding the causes of the
problems of the gap. Brainstorming and Quality Function Deployment (QFD) were applied to obtain the proposed
solution for the company improvement of GP. QFD is a tool to design and develop methods.

QFD is capable in diffusing the quality into a design. In this study, new policies to improve GP were translated into
a technical response. By QFD, The assessment results form previous phase were summarised into a house of quality
matrix, containing the matrix relationship, technical correlation, and technical matrix. Prior to the strategy development,
QFD approach was applied to produce questionnaires for respondents. The 33 respondents were selected.
Questionnaires distribution was conducted carefully to meet the adequacy of the data, validity and reliability. The
results of the questionnaires were utilised as attributes to assess whether GP standard in the organisation meets the ISO
14000 clauses or not. The results were also employed to determine the particular part of the GP application in
production process that needs improvement. So the organisation could develop the future strategy of GP.
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Fig. 1. House of quality (HoQ).

4 Results and discussion

Reliability and validity tests were conducted to verify the reliability and validity of the instruments.
4.1 Reliability and validity test

Before validity test, the test of the adequacy of the data was performed based on the formula [26]. If the specified
confidence interval (CI) of 95 % the value of Z = 1.645. While the error of 5 %, 62 = 0.891 then the minimum number
of samples needed are 32 respondents. The numbers of questionnaires distributed were 40, and the responses are up to
33 respondents. Nevertheless, the number of respondents meets the minimum requirement (33 respondents > 32
respondents). Statistical measurement was conducted to test the reliability and validity of the measurement instrument.
Pearson correlation and Cronbach’s alpha coefficient were applied to measure the validity and reliability of the
instrument. This approach was taken to ensure that the measurement instrument was capable of measuring what was
intended to be measured. For all items, Cronbach’s alpha coefficient values were greater than the acceptable value of
0.6 [24-26], indicating that the items assigned to the constructs were reliable.

4.2 Assessment result based on the ISO 14000 clauses requirement

The target score of the assessment is between 155 and 165 that indicates a good score. The assessment results of the GP
application based on the ISO 14000 requirement, the lowest score was 151 (Clause 4.4.6 (ISO 14000) operation
control). The result indicates that the application of GP is still unacceptable.

The descriptions of operation control clauses are as follows:

Operational Control clause ISO 14000, question no. 45. ‘Does the company have a method to ensure the activities,
services, or products that may have an impact on the environment has been adequately controlled?’ (Score: 149).
Question 45: Whether the procedure has been covering all the activities of the company, since the beginning of the raw
material or other additional material up to the utilised of those raw material delivered from the company? (Score: 153).
Based on the data evaluation using the assessment instruments it was discovered that the green productivity deficiencies
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control is associated with ISO 14000 clause 4.4.6 about operation control question no. 45, especially in the treatment
process.

Based on the assessment results, ‘the lack of method regarding to ISO 14000 clause 4.4.6 about operation control
question no. 45°, particularly regarding to waste treatment method/procedure, the evaluation to find the gap was
conducted using cause and effect (Fishbone) diagram. The results of the identification of causes variables the failure of
waste treatment using fishbone diagrams and brainstorming are presented as follows:

(i) No suitable method

(i) No measurement standard

(iii) No method improvement

(iv) Inappropriate waste treatment unit (WTU)
(v)  Hazardous chemical for bacteria in WTU

Using fishbone diagrams and brainstorming technique, the causes variables were analysed to obtain the attribute of
production operation control. The attributes were the representative of customer needs. There were 19 attributes. The
attributes and then were translated into 19 technical responses (TRs) scheme and seek the problem solving to achieve
GP strategies by using QFD.

The 19 attributes TRs were put into the planning matrix of HoQ. The matrix of HoQ transformed the attributes into
survey instruments that were distributed to get the respond from the respondents. The respondents were asked to
determine the priority for the future improvement from the available list of the attributes, based on Improvement ratio,
interest level (Improvement ratio and interest level were obtained to determine the raw weight). The result shows that
the highest weighted of technical response from the attributes are instrument 16 (Equipment to reduce odor), 17
(methods to prevent odor) and 18 (monitoring for water pollution).

Based on that result, the solution was implemented with PDCA method by simultaneously installing the new
equipment and arranging the particular method to overcome the odor pollution. Further, the monitoring was conducted
to guarantee that the problem solving is consistently conducted. The waste-processing unit to eliminate the cause of
odor originating from ammonia by building the Stripping Ammonia unit PDCA is presented in Table 2.

Table 2. PDCA implementation.

Plan Check Action
Reduce Nitrogen with new equipment Nitrogen content reduction < 50 % Optimisation
Do Task force
i.Splitting the waste with high loading WWT and refinery

ammonia
i. Installation of ammonia Stripping

Equipment Engineering and Refinery
ii. Splitting between Low ammonia and High

ammonia in waste treatment installation Refinery and WWT

The principle of ammonia stripping is to drive the ammonia into the evaporated effluent and then be condensed. The
result of the condensation can be utilised as elusion washing at the ionic separation stage of ammonia (using NH3
0.8 N). The (before and after) tests of the impact of Ammonia Stripping Installation were conducted. The result is
presented below.

Table 3. Before and after tests result

Parameter Unit Before After
BOD (Biochemical Oxygen Demand) uLL' |77 75
COD (Chemical Oxygen Demand) uL L' 134 121
NH3 (ammonia) uL L' 298 105

The installation of the ammonia stripping has impacted significantly on the GP improvement. By Two samples t-test the
P-value = 0.000 indicates significant (P < 0.05 significant).

Table 4. Two-Sample t-test and CI.

Two-sample t-test for data AN
Subject N Mean SD SE Mean
1 19 299.7 48.6 11
2 28 104.9 17.4 33
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Difference = mu (1) - mu (2), Estimate for difference: 194.797
95 % CI for difference: (174.705; 214.889)

t-test of difference = 0

t-value = 19.53; P-Value = 0.000; DF =45

Both use Pooled StDev = 33.5624

Table 5. Investment cost and benefit.

Name Unit Need Price (USD) (USD)/yr
Steam/h t 6.1 15.94 851 769.84
Electricity Kwh |22 0.062 11 948.64
Cooling water/h | kKL 80 0.02 14016
Investment/ USD | 400.000 | 400.000 452 000
fixed cost

Total investment 1329 734.48
Ammonia

recovery t 4.984 686 3419024
benefit/d

Table 5 shows that the ammonia recovery also gives a significant financial benefit. The Break Event Point (BEP) of the
investment is about 5 mo.

4.3 Continuous improvement

The learning process will sharp the capability to solve the problem [27-29]. The capability improvement will ease the
process of continuous improvement. Based on the direction of the QFD solution, the management, monitoring and
treatment plant improvement to eliminate the problem were upgraded. The recommendation, as a result of the QFD to
overcome the problems, was implemented. After the implementation of treatment plant, the analysis to find the effect of
before and after was conducted. The result was applied as a standard for upcoming improvements. The result shows a
significant improvement, especially the decrease of up to 65 % of the pollutant.

5 Conclusion

This research was conducted through theoretical and empirical studies to review the variables and attributes that can be
developed as a strategy to deal with the waste in department of production. The application of continuous improvement
is capable of locating, measuring, and overcoming the gaps/problems regarding green productivity application. This
method delivers a comprehensive improvement in green-based production process application. The finding shows that
even the respondents’ organisation has recognised the green-based production process particularly in production
division, but there are still some gaps/problems that could be found. These deficiencies regarding the GP can be
overcome with the improvement of a strategy, tool, checking, monitoring and supervision to prevent pollution based on
the recommendation that involve the employees that involve in that area. The application of the continuous
improvement leads the decrease of environment pollutants up to 65 % pollutant. The ammonia recovery also gives a
significant financial benefit. The Break Event Point (BEP) of the investment is about 5 months.
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