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Abstract— One of the problems associated with
natural rubber processing is the environmental
problems created by the use of large amounts of
water, together with energy and chemicals that
pollute the environment. An environmental
innovation is considered as a strategy to address
the environmental impacts better than a
conventional end-of-pipe treatment. This research
aims to explore the opportunities of pollution
prevention that have not been implemented yet in a
natural rubber processing industry. This study
used a Case Study approach on a small and
exploratory scale, with data collected from
interviews and observations. The results show that
the environmental issues that are related to
factory’s daily operation that consists of water
usage, accumulation of unprocessed material, the
use of ammonia and the use of inorganic fertilizer.
Some preventive strategies to overcome the
environmental issues namely: reuse of the
wastewater, efficiency of water usage, material
substitution, and good housekeeping. The results of
this study suggest the recommendation to overcome
some specific environmental issues of a particular
natural rubber industry that could be an
appropriate template for broader study.

I. INTRODUCTION

Indonesia is the second largest natural rubber
producer in the world after Thailand [1] with
approximately 26 % of the world's natural rubber
needs is supplied by Indonesia [2]. The main types of
natural rubber products in Indonesia are: crumb
rubber, rubber sheet (Ribbed Smoked Sheet or RSS),
concentrated latex, and crepe [3]. As one of the main
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commodities of the agricultural sector, Indonesia's
natural rubber industries create attention with respect
to the magnitude of potential wastewater, solid waste,
as well as odor emissions resulting from the
production processes chain [4].

Compliance with environmental laws in a country is
one of the factors driving innovation opportunities
within a company. It is intended to encourage the
company and all its elements to use the technology,
materials and processes that are more environmentally
friendly |5]. Therefore, it is necessary to improve the
environmental management performance through an
innovation [6], Innovation that aims to reduce
environmental impacts is called environmental
innovation [7]. The innovation could- be on the
process, product, marketing or organization: [7]. While
based on the approaches are used, the environmental
innovation can be distinguished into two types i.e.
reactive and preventive strategies [8]. Even though an
end-of pipe treatment facility is able to comply with
the effluent standards, the type of environmental
strategy is seen as an uneconomic treatment and
cannot anticipate changes in environmental issues in
the future [9]. Therefore, it is necessary for industry to
start looking for proactive strategies replacing the
conventional waste management with the pollution
prevention efforts at the sources.

Given the situation, the purpose of this study is to
explore the opportunities for pollution prevention
practices in a natural rubber company. Therefore, the
research question that posed in this study is:

“What are the pollution prevention strategies to
innovate the existing environmental practices?”

This question intends to explore the opportunities
for environmental practices improvement based on the
identified environmental impacts and company’s
situation.

I11. POLLUTION CONTROL FOR NATURAL RUBBER
INDUSTRIES

Some characteristics of the waste or pollution
associated with the processing of the intermediate
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products of natural rubber are: 1) high concentration
of biochemical oxygen demand (BOD), chemical
oxygen demand (COD) and suspended solids (SS) in
the wastewater, 2) acidic effluent, 3) high
concentration of ammonia and nitrogen compounds, 4)
high level sulphate, and 5) high level of odor [10]. The
untreated wastewater from natural rubber production
can contaminate ground water and surface water [11].
In addition to water pollution, environmental impact is
also caused by air pollution, for the example, odor and
smoke particles from the production process of the
RSS rubber [12]. In addition to air pollution from the
production process, air pollution also comes from
anacrobic wastewater treatment system due to the
release of methane as a greenhouse gas [13]. With the
strict environmental requirements and sanctions
system from the Ministry of Environment, some
medium and big business implement waste
management systems. The wastewater that is
discharged from the treatment facility must meet the
quality of Ministry of Environment’s Decree No. 31
Year 1995 [14]. Te comply with the regulation, the
company must provide a sewage treatment unit to meet
the required standard [15]. However, majority rubber
industries in Indonesia are using conventional iagoons
system to treat their wastewater, that requires long
retention times and large area [16].

I1I. POLLUTION PREVENTION

Some environmental approaches to deal with
environmental pollution in industries include: (1) the
end-of-pipe approach, (2) pollution prevention or total
quality management (TQM), (3) product stewardship,
and (4) sustainable development [17], [18]. A
company is said to be environmentally innovative if
they meet one of the several criteria such as the
integration of environmental criteria into the design
process or product, improvements in waste
management and recycling process for either internal
or external [19]. The shifting from reactive into
pollution prevention strategy show higher level of
proactivity in terms of environmental management
strategy in a company. This includes an environmental
innovation in process [20]. Pollution prevention is
reduction or elimination of pollutants creation at the
sources, not when the waste is already formed [21],
[22]. Some activities that are categorized as pollution
prevention include the substitution of raw materials,
spill and leak prevention, modification processes and
equipment, modification of products, and so forth
[23].

IV. DATA AND METHODOLOGY

A. Conceptual framework and case study

In seeking the innovative environmental strategies,
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it is necessary to conduct the identification and
prioritization of key environmental issues for the
determination of the resources and actions required
[24]. After that, a more detailed examination of the
status and performance of environmental management
are required. Thus, to determine the areas and
corrective actions, it is necessary to review the existing
environmental management system in the company.
This review may consist of the amount of natural
resources used during production processes, and the
amount of waste that is formed along with the
potential environmental impacts that may result.

Hence, research on innovative strategies and
opportunities for environmental improvement will be
done in a natural sheet rubber processing factory using
the fumigation method. A case study approach was
used to understand the findings [25], [26]. This
approach also was taken due to the specific conditions
of a company that leads to difference environmental
impacts, environmental management [27] and
relationship with the local environmental institution.
The stages in this study consist of identification the
source of pollution and practices that are not
environmentally friendly, obstacles to pollution
prevention efforts, and possible environmental
innovations in achieving environmental improvements
in the plant. This research was in a rubber processing
company in Central Java Province, Indonesia which is
called company X. The company manufactures guality
rubber products such as RSS (ribbed smoked sheet)
and cutting (pieces of rubber from the sorting process).
This company employs 1,447 cmployees. Ribbed
smoked sheet (RSS) is one of the processed products
made from rubber plantations in Indonesia that
occupies the second largest rubber products after
crumb rubber or SIR (Standard Indonesian Rubber).
The process of RSS rubber through smoking is more
complicated than the manufacturing of crumb rubber
that consist of nine stages [28].The stages in the RSS
production from field latex are: raw materials handling
before arrive at factory, reception of latex in the
factory, dilution latex, coagulation, milling, draining,
drying with fumigation, sorting, and packaging.

B. Data Collection

- Literature Study
By studying data from books, journals, research
report, publications and documents that are relevant
for this study. The documents that were studied
include environmental regulations, the company's
monthly production reports, and job training reports.
- Interview
The interview aims at generating primary data from
source persons, who were selected through purposive
method sampling [29]. The interviewees were selected
based on their expertise in the rubber industry and
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environmental management. Therefore the total

participants are 11 that consist of:

1) Two representatives from Ministry of Industry
who handle agricultural industry and green
industry policy.

2) Two representatives from environmental agency
at the provincial level

3) Two representatives from R & D Agency
pollution prevention

4) Two representatives from R & D Agency of
natural rubber

5) Three representatives from the selected factory
(includes director, technical manager, and
employee)

The interview is a semi-structured interview, in which
the main research questions were explored and
combined with derivative questions from primary
research questions, following the context of this study
and the roles of the participants. The interviews with
experts were held for thirty to sixty minutes which
then recorded and transcribed.
- Observation
This stage focused on the performance of existing
environmental management, to identify sources of
pollution and their causes. Direct observation was
performed at every stage of the production process to
identify the practices that are inefficient and
potentially cause environmental impacts in the
company. At this stage a checklist was used during the
observation process, which consists of the data about
raw material consumptions; production process,
numbers of employees, waste management system; and
additional qualitative information as needed.

C. Data analysis

To support reliability of data, this study used a
triangulation method from multiple sources that
contributes to the confirm-ability of research findings
[26], [30]. The key interviews and sections of
interviews were transcribed and categorized [31].
Then the data analysis used explanatory approach with
supporting literature and evidence [32].

V. RESULTS AND DISCUSSIONS

A. Identification of potential environmental impacts

From the processing of smoked rubber products
(RSS) and by-products (brewn crepe rubber) in the
company, the wastes that were generated are
wastewater and solid waste. The liquid wastes are
generated from water residue and washing equipment.
While the solid waste consist of solid rubber and wood
chips.

The environmental review aimed to take into the
environmental effects associated with firm’s activities
in order to identify the most significant ones [33]. Data

of the materials used for production are shown in the
Table 1.
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The potential environmental effects that can be

identified in this rubber company namely:

1) Pollution by wastewater resulting from the
production process that uses large amounts of
water. The effluent of rubber wastewaters have
negative impacts on the sediments, water body
receiver and macroinvertebrate due to the content
of pollutants such as biochemical oxygen demand
(BOD), chemical oxygen demand (COD), heavy
metals and conductivity [34].

2) Air pollution that comes from burning wood to
the rubber latex curing process. Buming the
rubber firewood can cause smoke particles
pollution if there are no proper ventilation
systems [12]. It also has effect to the local
residents. However, this concerm is not
significant because from the air monitoring
results, it shows that the air quality still meet the
regulatory standards.

3) Bad smell due to the accumulation of raw
material that has not been processed yet in the
secondary product unit. The odor is usually
caused by organic matter in the raw materials and
the amount of water that causes the decay
process. As for odor control in factory
environments can be performed by using liquid
smoke, but it is still less optimal because it has

_ not eliminated the source of the smell.

4) The use of ammonia. Ammonia is used to prevent
coagulation latex at the time of collecting the
latex, and prevent contamination of the latex
[35]). Ammonia has a pungent odor, toxic, and
corrosive to some materials [36]. With these
characteristics, ammonia will impact on the
health of the respiratory system of workers [12].

5) The use of inorganic fertilizers contributes to
greenhouse gases. This is due to two reasons: 1).
the process of making artificial fertilizers which
is energy intensive; and 2) the application of
fertilizer will release the gas N,O [13].

TABLE |
LIST OF MATERIAL USAGE
No.  Material A tion Lnit _ Voelume
1 An Plantation Liter 140
organic
fertilizer
2 Water Plant irrigation, m’ 69,546
production processes
(dilution, coagulation,
_equipment washing)
3 Ammonia  Latex preservation and Liter 475
anti-precoagulation
4 Formie Coagulation of latex Liter 700
acid
5§ Rubber Smoking process m' 3,047
firewood
6 Electricity Machines and equipment kWH 53,173

B. Pollution prevention opportunities

From the identification of the existing processes and
the interviews result, the improvements that are
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required namely on the production process, handling
of raw material and waste management systems.
Therefore some solutions that can be proposed to
prevent environmental pollution can be seen in the
table 2.

Reuse of wastewater

With the quality of treated wastewater effluent
that meets the Quality Standard according to the
Ministry of Environment's Decree No. 51/1995 [14],
there is the opportunity to use it for irrigation or
secondary purposes. The end output of the wastewater
treatment unit of processing of natural rubber in
Thailand was reused for irrigation purposes in various
rubber plantations and rice plantations through several
experiments [37]. Some of these experiments used to
test the impact on vegetables, rubber trees, as well as
rice. They also suggest the feasibility of re-using
wastewater for irrigation of cash crops plantation with
the consideration of the economic value and organic
nutrients contained in the effluent. However, in the
context of Indonesia, the output of effluent reuse for
irrigation must meet certain statutory requirements as
stipulated in Government Regulation No. §2/2001 [38]
on Water Management and Water Pollution Control.
So, prior to its implementation, it is necessary for
testing of the control plants for a year. In addition, as
the company is big enough and has implemented an
environmental management system, company X must
consider the quality of effluent that still meets with the
requirements for irrigation water quality standards
issued by the Ministry of Environment.

Efficiency in water usage

Because to the large amount of water used, the
company should conduct efficiency for water use. In
this case it does not mean reducing the amount of
water usage, but examining the efficiency of its use.
This is in line with the manager's technique which is
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for example to warn employees to turn off the wate
taps when not needed. Although the boss is still a ver
necessary role in  the supervision of it
implementation, the employees show a cooperativi
attitude to implement management directives.

Raw material substitution

According to the engineering manager that one of th
main pollutant of concem is the use of ammonia
Ammonia is used to freeze the latex. Liquid smoke i
an alternative as a latex coagulant to replace ammonia
Liquid smoke is considered more environmentall:
friendly because it is made from a biomass through :
pyrolysis process. The company has such resource
given they own the rubber plantation and can utiliz:
parts of rubber trees that have not grown to mak:
liquid smoke. In addition. to reduce the emissions du
to fertilizer, the use of organic fertilizer such as anima
manure would be to replace synthetic fertilizer [13].

Good housekeeping

According to [22], good housekeeping is considered a
a cost effective way to reduce pollution, It
implementation requires commitment and activ
participation of managers and employees. Th:
practices consist of awareness of employees to us
water, chemicals and fertilizer efficiently ang
carefully.

TABLE2
POLLUTION PREVENTION OPPORTUNITIES

Previous action and result

Change that less pollute

1 The use of chemicals such as ammonia and formic acid
for latex coagulation,

2 Uncontrolled use of water when washing the latex
freezing equipment,

Treated wastewater {lowed through the drain pipe ¢nd.

4 The accumulation of unprocessed raw material in the
unit byproducts causes bad smell.

5 Rubber sheet drying time is for 21 days in the
fumigation chamber,

6  The use of synthetic fertilizers in rubber plantations
contributes to greenhouse gas emissions.

7 The use of feriilizers in general.

Substitution of the chemicals with organic coagulant, for
example with the use of liquid smoke from biomass that is
more environmentally {riendly,

The response of employees to close the water taps when not in
use 50 as 1o prevent waler wasiage.

Study to reuse wastewater for secondary purposes.

Add more partitions in the fumigation chamber, to increase
the capacity of curing and accelerating curing time, thereby
reducing the accumulation of unprocessed material.

Addition of drying time optimization vubber partition in the
fumigation chamber, so that the drying time is faster and more
products are produced.

Cooperate with a rubber rescarch center which has been
producing organic fertilizer and fungicide.

Efliciency in the use of fertilizer by proper time and frequency
fertilization, as well as the prevention of shedding of the
fertilizer,

283 9/¢



ICAIA 2015

V1. CONCLUSION AND RECOMMENDATION

This study examines the current situation of
environmental management in a natural rubber
processing company to explore the pollution
prevention practices opportunities.

The prevention at the source consists of efficiency
in water usage, raw material substitution, good
housekeeping, and increasing production capacity.

These environmental improvement strategies cannot
be generalized beyond the company where the
conditions and characteristics differ by region.
However, this design is an appropriate template for a
broader based study. In addition, future research also
needed to evaluate the effectiveness if the application
of these strategies is implemented by the organization.
The results of this research highlight the practical
implications by optimizing employees' participation
for environmental friendly practices. As the strategic
implications, this research also assists the company's
management in environmental decision making by
conducting a feasibility study on an environmental
project towards implementation. These results also
suggest policy makers to assist industries in the
environmental management and provide the industries
with technical guide. Finally, the success of efforts to
implement the pollution prevention practices requires
active participation from all involved parties in the
company, as well as optimization of the roles of
relevant experts.
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