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ABSTRACT

Background: Environmental issues such as global warming and ozone depletion are one of

Article info: the most controversial concerns of scientists due to their several potential impacts on the earth

Received: 15 Apr 2020 :  as a result of long-term emission of greenhouse gases, mainly CH4 and CO2. Evidence of
Accepted: 23 Jun 2020 : greenhouse gas emissions during rubber production provides important and useful data for Life
Publish: 01 Jul 2021 ¢ Cycle Assessment (LCA). The present study aimed to reduce the emission rate of greenhouse
¢ gases in the ball bladder production process using natural rubber in combination with recycled

rubber.

Methods: In this regard, a LCA in SimaPro 8.0.1 software using CML2001 method was
conducted on data related to the resources, chemicals, raw materials and energy consumption
during ball manufacturing in Tanin Peak Sabalan Factory, Ardabil, Iran.

Keywords: . Results: Ourfindings revealed that the ball bladder with natural rubber had the largest contribution
. to the ozone layer depletion (39.2%) and global warming (41.1%), while the bladder with both

Life cycl t, . .
e cywie assessmen recycled and natural rubbers had an impact of 27.9% and 29.5%, respectively.

Natural rubber, Recycled

rubber, Ball production, Conclusion: In conclusion, the ball bladder with both recycled and natural rubbers is less eco-
SimaPro software ¢ destructive than that the bladder with only natural rubber.
1. Introduction rubber is a renewable resource and a key raw product in

the global economy, which is present in many common
odern societies need to be analyzed items. Over 90% of the global natural rubber production

environmentally for all processes, originates in tropical Asia. According to the governmen-
products or services. For example, tal and private companies, the rubber industries, as well
the rubber production has negative as the rubber product traders, rubber cultivation is cli-
consequences on the health of all mate-smart and environmentally friendly. The manufac-
living things. In fact, the environment is where all liv- turing of sports balls by relative replacement of natural
ing and non-living things have a role; thereby, everyone rubber with recycled rubber can be significant with the
need to be concerned about the environment. Natural least environmental impact. Basic polymers and ingre-
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dients used for making rubber products, either alone or
in combination with other materials, can produce some
carcinogenic gases and fumes during mixing, vulcaniza-
tion process and even during storage. Moreover, chemi-
cal dusts come into contact with air and some get con-
taminated in water; therefore, directly or indirectly affect
living things. Waste management is a major concern in
the rubber industry.

Life Cycle Asessment (LCA) is an approach relative
to a Functional Unit (FU). All subsequent analyses are
harmonized with the FU, as all inventory inputs and out-
puts of the life cycle, and the results are associated with
FU [1-7]. AFU is a reference unit by which the perfor-
mance of a product systems is measured. It is used for
quantitative assessment of the performance of production
systems [7]. For LCA, system boundary should also be
determined with high accuracy, otherwise working for
researchers will become difficult because of extensive
life cycle, inputs and outputs [8, 9]. There have been a
number of studies on the recycling of waste tires, while
some of them have focused on improved burning rate,
cost-effectiveness, and physical properties of the re-
cycled tires such as resistance to crack propagation, tear
resistance, and tensile strength [2-4]. Some studies have
focused on producing fuel from waste tires aiming to fur-
ther diminish the potential environmental contributions
to the impact categories such as energy demand, use of
iron ore, global warming, acidification, eutrophication,
smog formation, and respiratory effects [5, 7]. Since nat-
ural rubber is one of the main raw materials used in sports
ball production and its supply involves high economic
inputs as well as harsh environmental issues, this study
aims to investigate the possibility of using natural rubber
in combination with recycled rubber in manufacturing
of sports balls to reduce adverse environmental impacts
and production costs. We compare the environmental im-
pacts of two types of constituent materials of sport balls
including bladder with natural rubber and bladder with
recycled-+natural rubbers.

2. Materials and Methods

Functional unit and system boundary

In this study, a FU of 1-kg bladder was used based on
which the processes of ball manufacturing can be com-
pared. The system boundary for LCA using bladder with
natural rubber and bladder with recycled-+natural rubbers
was the main process of ball manufacturing which is
shown in Figure 1.
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Inventory

Inventory process, which is a time-consuming opera-
tion, is done in different ways and methods depending on
the purpose and scope of waste disposal. In this study, for
LCA, data collection was conducted to quantify all inputs
and outputs related to ball manufacturing according to Inter-
national Organization for Standardization (ISO). Inventory
flow of sports ball manufacturing was created based on the
available generic data, which included the energy and mate-
rial inputs and the environmental releases. After direct ob-
servation, their values were calculated for 1 Kg of bladder.
Furthermore, the data on chemical emissions and consump-
tion were collected including global data such as abiotic de-
pletion, global warming, human toxicity and photochemical
oxidation as well as local data such as acidification and lake
utrification. SimaPro software was used to modify the data
based on the characteristics of the sports ball manufacturing.
It is one of the most useful and comprehensive applications
for LCA. It is used as a professional tool for analyzing the
environmental aspects of products or services [10, 11]. The
software runs in a systematic and permanent way, such that
it can provide the best solutions for the project [3, 12]. The
CML2001 method was used to analyze the modified data
[3]. This is a novel method for the implementation of ISO
standards [11]. In this method, the results can be categorized
using the extent of their impact in different ways. The im-
pact categories in this method are abiotic depletion, fossil
fuels, global warming, ozone layer depletion, human toxic-
ity, fresh water aquatic eco-toxin, marine aquatic terrestrial,
terrestrial toxicity, photochemical oxidation, and acidifica-
tion [3, 12]. The inventory for the various processes of sports
ball manufacturing is presented in Table 1.

3. Results and Discussion
Bladder with natural rubber

As shown in Figure 2, the natural rubber had the high-
est contributions to various impact categories, where the
highest contribution was to eutrophication (96.7%). The
synthetic rubber accounted for the highest contributions
to various impact categories, including terrestrial toxicity
(28.2%). In the global warming and ozone layer deple-
tion categories, natural rubber had an impact of 41.1%
and 39.2%, respectively. Therefore, the natural rubber can
enhance greenhouse gas emissions by affecting the ozone
layer depletion and global warming Table 2.

Bladder with recycled+natural rubbers

As can be seen in Figure 3, in the ozone layer deple-
tion and global warming categories, the bladder with
recycled+natural rubbers had an impact of 29.5% and
27.9%, respectively. Furthermore, the contribution of
synthetic rubber to the impact category of resource de-
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Figure 1. System boundary for LCA of ball manufacturing using bladder with natural rubber and bladder with recycled+natural rubbers

pletion was 69.7%. The values of each impact categories
using the bladder with recycled+natural rubbers are pre-
sented in Table 3.

Comparing the environmental impacts of ball
bladders with and without recycled rubbers

The comparison of the two types of ball products re-
vealed that the ball bladders with recycled+natural rub-
bers had lower contributions to the impact categories
than those with natural rubber except in the category of
photochemical oxidation (Figure 4). More specifically,
contributions to resource depletion and fossil fuel deple-
tion using bladder with natural rubber were 100% com-
pared to bladder with recycled+natural rubbers whose
contributions were 94.6% and 82.8%, respectively. Fur-
thermore, the ball bladder with recycled rubber had the
lowest impact on the production of greenhouse gases
compared to the ball bladder without recycled rubber.

To our knowledge, this is the first LCA study that focus-
es on optimal combination of natural and recycled rub-
bers for the production of sport balls. We found no other
study that can be fully comparable to our study regarding
the recycled rubbers. Photochemical oxidation can lead
to the formation of photochemical smog, slow growth of
plants and crops by damaging their leaves, accelerating
the aging of tire and cord covers, and weakening of the
integrity of fabrics. Thus, the photochemical oxidation
can be a major drawback for the production of ball blad-
ders with recycled+natural rubbers. With 100% contri-
butions to all impact categories except in photochemical
oxidation, the ball bladder with natural rubber can more
undesirable impact on terrestrial and aquatic ecosystems,
which makes it an environmentally harmful material.
The reasons to why bladder with recycled+natural rub-
bers was superior include less power consumption in
baking process, high air retention capability, and use of
recycled waste tire to partially replace natural rubber.
There are two environmental benefits of using recycled

Table 1. Inventory for ball manufacturing using bladder with natural rubber and bladder with recycled+natural rubbers

Material Inputs and Environmental

Reclaimed Natural Rubber

Reclaimed Natural Rubber

Releases Without Recycled Rubber With Recycled Rubber e
Bladder 51240 16000 g
Natural rubber 26000 7000 g
Synthetic rubber 6500 16000 g
Carbon 16000 280 g
Stearic acid 440 560 g
Zinc oxide 1600 600 g
Paraffin 700 600 g
Recycled rubber 0 11000 g
Calcium carbonate 0 16000 g
Electricity 0.34 0.3 Kw/h
Toluene 1.1 0.99 mg/L
Heptane 1.17 1 mg/L
M-xylene 0.07 0.03 mg/L
P-xylene 0.07 0.03 mg/L
Methyl cyclohexane 1.76 1.2 mg/L
3,4-Dimethyl cyclohexane 2.6 2 mg/L
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Figure 2. Environmental flow of 1 Kg of ball bladder produced without recycled rubber

rubber in sports ball manufacturing. Firstly, it reduces
the adverse environmental impacts of waste rubbers.
Secondly, it helps optimize the exploitation of environ-
mental resources of natural rubber.

Bladder production by using recycled rubber was much
more eco-friendly than without recycled rubber. Natural
rubber had higher contributions to all impact catego-
ries either with or without recycled rubber during the
two processes of bladder forming. However, its lowest
contribution was related to the resource depletion dur-
ing both processes, mainly because its raw materials is
extracted by making a small scratch on the tree’s bark
without the need to cut the tree. Moreover, its contribu-
tion to the resource depletion is further reduced by using
it in combination with recycled rubber. However, blad-

der with both recycled and natural rubbers had a 100%
contribution to the impact category of photochemical
oxidation, due to the reaction of the primary air pollut-
ants to sunlight.

4. Conclusion

The ball bladder with natural rubber had a 100% con-
tribution to 10 out of 11 impact categories except in the
photochemical oxidation (90%). In contrast, bladder
with both recycled and natural rubbers had lower contri-
butions to all impact categories, where the lowest level
was related to the eutrophication (59.3%). The ball blad-
der with natural rubber had highest contribution to the
ozone layer depletion and global warming categories. In
contrast, bladder with both recycled and natural rubbers

Figure 3. Environmental flow of 1 Kg of ball bladder produced with recycled rubber
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Table 2. Environmental impacts per 1 Kg of ball bladder with natural rubber

. Bladder Without  Natural Synthetic Rub- s . Recycled Rub- -
Impact Category Unit Total Recycled Rubber  Rubber ber Carbon Stearic Acid Zno Paraffin ber Caco, Electricity
Resource KgSbeq  2.12E-05 * 5.88E-06 1E-05 1.8E-06 2.96-07 1.34E-07 7.8E-08 * * 3E-08
depletion
ezl ﬁMramu_m- M) 80.3 * 40.3 9.95 24.2 1.17 0.817 0.6 * * 3.24
Global warming  Kg co, eq 2.42 * 0.996 0.37 0.711 0.066 0.0529 0.00441 * 0.221
Ozone depletion tleq 3.05E-07 1.2E-07 3E-08 1.22E-07 3E-09 3.32E-09 2E-10 3E-08
iy Kg 1,4-DB . .
Human toxicity o 0.927 0.000308 0.735 0.0984 0.0491 0.0173 0.0151 0.0003 0.0091
g G _Am H_.\TUW * *
Aquatic toxicity eq 0.348 7.18E-08 0.212 0.0683 0.0343 0.0129 0.0105 0.00026 0.0074
Marine toxicity "8 Hm.M-_um 1100 7.1E-07 645 275 77.8 50 343 -4.75 * * 25.1
.. Kgl,4-DB . "
Terrestrial toxicity eq 0.000876 1.49E-08 0.000468 0.0002 7.62E-05 3E-05 1.76E-05 1.8E-06 3E-05
Photochemical  KgCHA ) 13514y 0.0012 0.000409 1E-04 6.27E-06 0.00005  1.14E-05 1.3E-06 * * 4E-05
oxidation eq
Acidification Kgco,eq  0.00799 * 0.0049 0.0019 0.000229 0.00031  0.000223 2.6E-05 * 0.0004
Eutrophication ~ Kgpo,eq  0.0377 * 0.0365 0.0004 0.000626 0.00011  3.93E-05 6.9E-06 * * 7E-05
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Table 3. Environmental impacts per 1 Kg of ball bladder with recycled+natural rubbers

Bladder
Impact . With Natural Synthetic Stearic . Recycled ..
category Unit Total Recycled Rubber Rubber Carbon Acid Zno Paraffin Rubber Caco, Electricity
Rubber
Resource Kg Sb eq 0.00002 * 3.4E-06 1E-05 174606  1.8E-07 7.97E-08 6.6E-07 * * 3E-08
depletion
Fet] ﬁw_,%n_m- M) 66.5 * 234 10.8 23.4 0.733 0.272 5.08 * * 2.86
Global warming Kg co, eq 1.96 * 0.578 0.401 0.687 0.412 0.0176 0.0373 * * 0.195
0Ozone depletion Kg CFC-11 eq 2.48E-07 * 9.3E-08 3E-08 1.186-07  1.8E-09 1.11E-09 1.7E9 * * 2E-08
Human toxicity Kg 1,4-DB eq 0.63 0.000296  0.426 0.107 0.0475  0.0108 0.00503 0.0256 * * 0.008
aquatic toxicity Kg 1,4-DB eq 0.251 9.06E-08 0.124 0.074 00331  0.00807 0.0035 0.00022 * * 0.0065
Marine toxicity Kg 1,4-DB eq 772 8.89E-07 374 298 75.2 313 11.4 -40.2 * * 22.1
Terrestrial toxicity ~ Kg 1,4-DB eq 0.000669 1.37E-08  0.000289  0.0002  7.36E-05 1.8E-05 5.87E-06 1.5E-05 * * 3E-05
Photochemical Kg C.H, eq 0.00202 0.00159  0.000237  0.0001 6.5E-06  3.1E-05 3.79E-06 1.1E-05 * * 3E-05
oxidation 24
acidification Kg co, eq 0.00597 * 0.000284  0.0021  0.000222 0.00019 7.44E-05 0.00022 * * 0.0004
Eutrophication Kg po, eq 0.0224 * 0.0211 0.0004  0.000605 7.1E-05 1.31E-05 5.8E-05 * * 6E-05
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Figure 4. Comparing the environmental impacts of 1 Kg of ball bladder with and without recycled rubbers

had an impact of 27.9% and 29.5%, respectively. There-
fore, the ball bladder with both recycled natural rubbers
is less eco-destructive and is more eco-friendly than that
the one with only natural rubber. However, it should not
make us complacent about the issue of waste rubbers.
It is recommendable to conduct more studies on how to
minimize the use of natural rubber in ball manufacturing
without any negative impact on its quality in order to
minimize its adverse environmental impacts.
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