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Abstract. This research aims to evaluate the economic and environ-
mental advantages of the adoption of Cleaner Production practices in
a rubber products manufacturer. The inappropriate waste disposal of
rubber was an issue to be solved, so recycle this material was the way
to mitigate environmental impact. The economic gain was evaluated by
calculating the return over investment and the environmental benefits
through the methodology of mass intensity factor. The results showed a
return over investment in 17 months, however the most expressive ad-
vantage was at the environmental perspective.
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1 Introduction

Most of the companies are oriented to generate profit, but this management style
can blind them to the sustainability trends. As a consequence those companies
can’t keep up for a long time. Their operations have to be sustainable with
initiatives such as reducing resources consumption and the reuse or recycle of
materials waste, in order to get economical and environmental benefits [1]. Ac-
tions focused on the reduction of the generation of waste and the consumption
of energy and raw material contribute to increase productivity, efficiency and
profit. Those initiatives are aligned with the Cleaner Production (CP) concept
[2].

The Brazilian government has established a Solid Waste Policy that aims to
promote the adoption of the CP practices by the companies. This policy covers
actions such as reduce, reuse and recycle, as well the solid waste treatment,
final waste disposal, environmental education and other guidelines [3]. The CP
intends to link the environmental impact reduction and the cost saving, in order
to improve human health, safety and increase the process efficiency [4].

Environmental initiatives are not adopted by most of the companies due
their old mindset, that believe that environmental practices are too complex,
few efficient and don’t return their investments [5].
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The literature review about rubber and the CP showed three alternatives
about waste: (i) mix rubber and concrete to improve durability [6]; (ii) mix rub-
ber with a compound of glass and plastic [7]; and (iii) mix rubber and asphalt [8].
The CP practices results in economical and environmental benefits and improves
the image of the company [5]. In China, half of the generated rubber waste is
forwarded to automotive industry, as an alternative to recycle this material [9].

Manufacturing rubber products requires additional substances to achieve the
optimal point in terms of manufacturability and composition. In order to miti-
gate environmental impacts, Brazilian government created laws to the companies
incorporate good practices like recycling and the correct disposal of lubricants.
Thus, companies have been acting to contribute on the environmental perfor-
mance improvement [10,11]. Despite that, many companies consider that invest-
ments on those initiatives are a barrier on the CP practices implementation
[12].

There are many papers related to the CP initiatives, however as a quantita-
tive assessment, none measured the economic and environmental benefits. This
indicates the gap to be explored in this research. Then, how to evaluate economic
and environmental advantages with the adoption of the CP practices in the rub-
ber recycling? Thus, this research aims to evaluate economic gain by calculating
the Return Over Investment (ROI) and the environmental gain through the Mass
Intensity Factor (MIF) methodology in a rubber products manufacturer.

2 Methodology

This case study was performed in a rubber products manufacturer. It has an
exploratory purpose with both qualitative and quantitative approaches, and is
a research strategy focused in comprehending the scenery to be analyzed. Ev-
idences were gathered by interview, questionnaires and observations, in order
to create the adequate conditions to understand the studied object of this re-
search [13]. The data collected were obtained through interview with experts
and through observation.

To evaluate the economic and environmental advantages with adoption of the
CP practices, four steps were realised: (i)data collect; (ii)economic assessment;
(iii)environmental assessment; (iv)comparison between economic and environ-
mental gains.

In the first step, it was possible to measure the total waste and the emissions
generated by the process, in order to estimate the mass balance. It was focused
on the recycling of the rubber waste from the internal process and external
sources through reverse logistics. In addition, it was analysed the total of saved
raw material (MTE) due to the rubber recycled.

The second step is related to the economic assessment. It was calculated the
Economic Gain (GE) and the period to Return On Investment (ROI), as seen
in the equation 1.

Investiment
Ol = 1
R Profit in the period )




Economic and Environmental Advantages 3

In the third step, environmental impact was measured in abiotic, biotic, water
and air compartments through the Mass Intensity Factor (MIF) methodology,
that considers Mass (M) and Intensity Factor (IF), as seen in the equation 2.

MIF = MxIF (2)

After that, it was calculated the Mass Intensity per Compartment (MIC), to
measure theenvironmental impactreduction per compartments: abiotic (w), bi-
otic (x), water (y), air (z) and other (n). In the equation 3is shown how calculate
MIC for (w), the same way for othercompartments.

MIC = IFWasteAww + I FWasteByy + [FWasteCwy + ... (3)

Then, it is possible to calculate the Mass Intensity Total (MIT), as seen in
the equation 4.

MITZMIC(w)+MIO(y)+MIC(Z)+MIC(n) (4)

In the fourth step, it was compared both economic and environmental gains
to get the Economic Gain Index (IGE) and the Environmental Gainlndex (IGA),
as seen in the equations 5 and 6 respectively:

MTFE
MIT
leA= g (©)

Now it’s possible to compare whichgain is more representative, economic or
environmental [14].
Values in the table 1 refers to the Material Intensity Factors (MIF) of rubber.

Table 1. Material IntensityFactors

Substance‘Speciﬁcation Abiotic Biotic Water Air
Rubber |  SBR 570 - 146.00 1.65

3 Results and Discussion

In the oldest process, all rubber waste was forwarded to the final disposal without
any treatment. After process improvements, all rubber waste are now grinded
and returns to the process where it is mixed with virgin raw material. It works in
a closed cycle to preserve the same chemical composition and physical properties.
This result is aligned with the Solid Waste Policy that aims the recycling in a
closed cycle, in according to [3].
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Further important aspect observed in this study is recycling and reuse of
rubber waste that is provided as a filler charge in the rubber products manufac-
turing system. Thus, it can be used for production of vehicles components, in
according to [9]. This finding also contributes to the literature, because cases re-
searched addressed the use of rubber waste in other applications instead of reuse
in the internal process of the company. For example, use the recycled rubber in
asphalt [8], use the recycled rubber on concrete [6] and add the recycled rubber
on the glass and plastic mixture [7].

Results showed that the adoption of the CP practices contributed to save
costs with waste disposal and at raw material acquisition. This evidence is in
according to [2] that aims to maximize the reuse of waste through recycling in
the production system.

In the first step, it was collected the production data, as shown at table 2.
The average output of this company are 580 ton per month. Recycling station
demands 4 operators, 2 on the first shift and 2 on the second shift. The recy-
cling station capacity are 55 ton per month. In addition, the company acquires
monthly 52 ton of virgin raw material. This finding indicates similar characteris-
tics with other recycling and reuse processes in a production system, in according
to [5,6,7,8,9].

Table 2. Data collection

Description ‘ Amount
Average output per month 580,000 kg
Recycling station capacity per month|55,000 kg
Employees 4 (two shifts)
Rubber consumption per month 52,000 kg

This company spent around USD 13,650 per month with virgin raw material
acquisition. In addition, there were costs in order to dispose the generated waste,
around USD 1,444 per month. So, the total costs in previous scenery were USD
15,094 per month. Recycling came up as an alternative, the operational costs
to recycle the waste were around USD 7,150 per month, meaning USD 7,944 of
saving per month.

Investments in equipments acquisition, infrastructure, and other expenses to
build the recycling station were USD 128,750, resulting in a ROI in 17 months, as
seen in table 3. This result contributes to the literature since it demonstrates by
quantitative calculations the opportunities of economic gains with the recycling
and reuse of rubber in a production system. The qualitative approach is usually
adopted in the researches without maths methods as cost saving, investment
calculation and return on investments. This evidence is reinforced when analyzed
studies of [5,10,11,12].

The process generates 52 ton of rubber waste per month. The inappropriate
disposal results in 296,400 kg in the abiotic compartment, 7,592,000 kg in the
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Table 3. Economic assessment

Description Costs (USD)‘
Monthly raw material acquisition (52 ton) 13,650.00
Monthly waste disposal 1,444.00
Monthly cost|Virgin raw material 4+ waste disposal 15,094.00
Monthly rubber recycling (52 ton) 7,150.00
‘Monthly economic gain with recycling 7,944.00‘
Cylinder 1500 x 500 mm 45,000.00
Rubber mill 1100 x 800 55,000.00
Investment |Vibration equipment for 30 mash 21,250.00
Transport and other expenses 7,500.00
Total investment 128,750.00
Return On Investment (ROI) 17 months

water compartment and 85,800 kg in the air compartment. Then, it was iden-
tified environmental benefits with the CP practices implementation, as seen at
table 4. Thus, the total reduction of environmental impact was 7,974,200 kg.
This result contributes to advance the current literature due to demonstrate
the reduction of environmental impact in the abiotic, biotic, water and air com-
partments through the adoption of environmental assessment methodology, in
according to [14]. The qualitative approach is usually employed in researches
to show the potential environmental gain or demonstrated by the percentage of
mass balance, as verified in studies of [5,10,11,12].

Table 4. Environmental assessment

Rubber‘Abiotic Biotic Water Air

IF 570 - 146.00 1.65
Mass 52 - 52 52

MIC | 2964 - 7,592,000 85,8
MIT | 7,974,200 kg

The Economic Gain Index (IGE) and the Environmental Gain Index (IGA)
were compared, as seen at table 5. It was demonstrated by calculating IGE that
corresponds to 6.54 kg/USD of goods saved.

When considered the Mass Intensity Total (MIT) by each USD, there is a
benefit of 1,003.80 kg of goods that are not modified nor taken from the ecosys-
tems. So, this case study has demonstrated that it’s possible to get economic and
environmental gains through adoption of the CP practices. Finally, the compar-
ision of the economic and environmental gains also contributes to the science.
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Table 5. Comparison between economic and environmental gains

| IGE IGA

Mass| 52,000 kg 7,974,200 kg
GE |USD 7,944.00 USD 7,944.00

|6.54 kg/USD 1,003.80 kg/USD

4 Conclusions

The present research demonstrated that the adoption of the CP practices in a
rubber products manufacturer, resulted in economic and environmental gains,
that was this research objective. The environmental gain was very expressive, 153
higher than the economic gain, justifying the adoption of the rubber recycling. In
addition, it was verified an economic gain with the return over investments in 17
months. This results contribute to increase the knowledge about this subject, as
well to encourage other companies to the preservation of the natural resources.

The environmental impact due the inappropriate waste disposal was known
by the company, however the costs saving and comply with the ISO 14000 re-
quirements were the main reasons to implement the rubber recycling.

This research limitation consists in the application of a unique case, so it’s
not possible to generalize the results. It’s suggested to perform new researches
to allow comparisons.
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