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1 INTRODUCTION

1.1 Background
Life Cycle Assessment has the best definition specified by the International Organization
for Standardization (ISO): ISO 14040 and ISO 14044, which assumed LCA as not only the
compiling and evaluation of the project’s inputs and outputs, but also the potential
environmental effects of a product system during its lifetime. [1]

Biodegradable materials could change their chemical and potentially physical form when it
breaks down and returns to the nature with none of the damage upon association with the
biological environment [2] [3]. Therefore, biodegradable cups could be the most appropriate
topic in order to apply for the Life Cycle Assessment via GaBi software.

To support every stage of an LCA, from data collection and organization to the
demonstration of results and stakeholder engagement, GaBi software was created [1].

1.2 Aim of The Thesis
There are 3 main targets on this thesis. First of all is making and understanding carefully a
whole process of LCA.

Secondly, GaBi has played a significant role to support LCA. It could be also seen as a new
tool, so this may be a great chance to learn and understand the software better in order to
apply it in the future work.

Last but not least, biodegradable cups are used increasingly in different business areas day
by day. Thus, it might be an advantage to analyse whether these cups were truly a friendly
environmental material when they are consumed in a massive amount.
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1.3 Scope and research strategy
The thesis process could be displayed by the diagram below.

Literature review
Software learning

Results and

Data

Discussion

collection

Analyse and

Adjustment

Evaluate

and Finalizing

using GaBi
Figure 1: The thesis process

First of all, getting to know the theory of both the LCA and the software was a must. After
the certain knowledge about the study was achieved, collecting databases of the cups was
carried on in order to applied for the processes’ inputs and outputs. Then the GaBi software
would help users analyze and evaluate the project regarding environmental impacts. Results
given by GaBi might have errors at some points. Then the first step was reviewed and adjust
until it matched the goal and scope of the project. All steps could be affected by each other.
For example, once the database for the input of a process changed, the rest stages would be
different also.
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2 LITERATURE REVIEW
All basic theories of biodegradable materials, LCA, and GaBi software would be described
in this chapter.

2.1 Biodegradable materials
It is known that saving the Earth is the most complicated task for governments,
organisations, and different industries around the world to get involved these days.
Therefore, people began developing materials which are able to return back to nature when
they broke down without any damages to the environment.

It is undeniable that the availability of online ordering and delivery services requires
establishments to provide single-use items in order to carry food or drinks handing to their
guests. As this trend keeps rising, a majority of disposable cups were created [4]. There are
various types of biodegradable materials to make take-away cups. Nevertheless, disposable
cups made from sugarcane bagasse (Figure 2) were chosen as the thesis object because of
their suitable convenience.

Figure 2: Biodegradable cups from sugarcane bagasse [5]
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It is noticeable that sugarcane has advantage of rapidly renewable resource and it was
claimed that no trees need to be cut down during the production. In addition, bagasse is
considered as a by-product in the sugar production. Hence, it is not necessary to cultivate it
in any particular area. There are several profits that biodegradable cups could bring to
consumers. For instance, they are cheap, hygienic, easily use and dispose, always available
in any shops. Plus, bagasse products’ characteristics are stable and sturdy. Moreover, PLA
linings which are derived also from sugarcane will improve water resistant and grease-proof
features. That means they can be perfectly appropriate to contain both hot and cold drinks
[4] [5].

There is a research claiming that bagasse paper and PLA coating could be fully compostable
[6]. It meets 3 demands to save the Earth, which are eco-friendly, sustainable, and trees free.
Using biodegradable cups might decrease the amount of waste sent to landfills and probably
will help people reach the goal of a zero-waste future. To be more specific, a 40-foot
standard shipping container of biodegradable cups could save 700 trees from being cut [5].
Moreover, it takes 65,000 litres less petroleum to produce 50 million sugarcane bagasse cups
than producing the same amount of conventional paper cups [5].

A table was made to compare foundations of biodegradable cups with other traditional paper
cups by Pacqueen Industrial Co., Ltd,. [5]

10

Parameter

Sugarcane Bagasse Cups

Traditional Paper Cups

Main Materials

Bagasse Paper (bagasse derived from
sugarcane)
With PLA lining

Cup Paper (made from wood pulp)
With PE lining

Coated Material
(Water & Oil Proof)

Ingeo™ PLA
Poly Lactic Acid, Sugarcane-based

PE
Polyethylene, Petroleum-based

100% Renewable
Short growth period of sugarcanes.

Nonrenewable
Long growth period of woods.

Energy
Consumption
*Producing 50 million Bagasse Paper cups takes 65,000 liters less petroleum than
the production of 50 million conventional paper cups.

1 kg Ingeo™ PLA production
generates 0.8 kg CO₂

1 kg PE production generates 2.1 kg CO₂

Plants absorb CO₂ and reduce
greenhouse effect

Petroleum production increases greenhouse
effect

Up to 100℃

Up to 100℃

Odorless

Contains odor

Lower
Less paper used
Tree saving

Higher
More paper used
Need more trees to make paper

Greenhouse Gas
Emission (CO₂)

Maximum
Temperature
Tolerance
Filled with Hot
Liquid

Paper Consumption
*Every 40'HQ container of bagasse paper cups that you order could save700 trees
from being cut.

Waste Management

100% Biodegradable
(Compostable)

Not biodegradable
(no compost ability)

Table 1: Comparison between biodegradable bagasse cups and regular disposable paper
cups [5]
Despite of numerous profits these cups might bring to business and users, this thesis will
concentrate on illuminating whether a significant amount of disposable sugar bagasse cups
consumed would deliver absolutely no harm to the environment. Thanks for the support of
GaBi software, the entire production processing from the very beginning to the end-of-life
phase will clearly be analysed throughout Life Cycle Assessment.
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2.2 Life cycle assessment (LCA)
2.2.1 Function and advantages of LCA
According to European Comission, LCA has been applied increasingly by many industries
to help scale down the overall environmental burdens through the whole life cycle of goods
and services. Since LCA was considered as the best framework for evaluating potential
environmental impacts of products, it not only improves the competitiveness of companies’
products, but also participates in communication with governmental bodies and got many
supports from the Commission [7].

Moreover, there are 3 adoption motives that could explain why LCA should be developed
day by day. These are Process-Oriented, Image-Oriented, and Compliance-Oriented.
Process-Oriented may be the most important one that LCA was used to make the process
efficiently and achieve cost-saving opportunities in energy and materials.

This motive is followed closely to the Image-Oriented drivers. Besides communicating with
available business partners, companies also notice possibilities of new market openings –
green market. Hence, image-oriented motives require external communication of LCA
results. The information in these results could certify products with eco-labels that probably
earns a good record for marketing purpose.

Lastly, Compliance-Oriented drivers which might not be much appreciated as the other
motives since there is no legislation demanding LCA. However, suppliers could be required
to comply with the environmental standards by large companies. In this situation, LCA
would be an advantage for supplier chain management [8].

2.2.2 LCA procedure
It was assumed that all the processes in a production must cause more or less environmental
damages. For instance, energy emissions were unavoidable, because factories need
electricity to run machines and means of transportation were also required to deliver goods
between factories. Therefore, as figure 3 below showed, life cycle phases, elements, and
12

inventory could create various types of environmental issues, such as global warming, ozone
depletion, and acidification, etc.

Figure 3: Overview of Life Cycle Assessment [1]
To be more specific, an LCA progress is divided into 4 steps (Figure 4) which are
described below.

Figure 4: LCA framework according to ISO 14044 [1]
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i.

Beginning with goal and scope definition, there are 3 definitions that must be clarified
in this stage.
The first one is definition of the study accomplishment. For example, locating hotspots
within the life cycle for further product development, then all fields of equipment’s
and/or process’ environmental encroachments, strategic planning, and marketing would
be informed to the customers [9].

The next definition is functional unit. It is necessary to proportion the unit that could
estimate the results [9]. This stage may define which life cycle is the most suitable for
the research [9]. However, functional unit could be difficult to define since products’
performance might not be easily described or isolated [1].

Last but not least, it is the definition of system boundaries. There are 4 main unit
processes to define the system boundaries [1]. They are called Cradle-to-Gate, Gate-toGate, Gate-to-Grave, and Cradle-to-Grave [1]. To make it easier to understand, the figure
5 below would imitate all these processes.

Figure 5: System boundaries [1]

14

As it can be seen, cradle-to-gate includes all the life cycle phases starting from the raw
material extraction to the gate of the factory [10]. This phase could be used to determine
the environmental impact throughout the production [1].
Gate-to-gate illustrates the operations inside the factory gate only. Hence, just the
environmental aspects of a single production plant or factory are clarified in this system
boundary [10].
Meanwhile, gate-to-grave could describe the environmental impacts of a product since
it left the factory until its end-of-life phases [1].
This thesis will concentrate on cradle-to-grave process, which was defined as life cycle
phases from raw material acquisition to end-of-life phase (i.e. waste treatment) [10].
ii.

Turning to Inventory Analysis, this is the most time-consuming phase because all the
inputs and outputs must be carefully studied and collected. Fortunately, GaBi software
can support some assumption databases of intermediary products, energy mixes, and
modes of transport [9]. Although it was supported to speed up dramatically, the
Inventory Analysis has to depend somehow on the collection and compilation of the data
in the Life Cycle Inventory as the figure 6 showed below [1]

Figure 6: Data collection and calculation process [1]
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iii.

Life cycle impact assessment is the next stage of the LCA. This step analyses and
estimates the possible consequence of the environment which is, for example, climate
change, acidification, or ozone depletion, affected during the entire production process
[9].

iv.

The last process of the LCA is the Interpretation. In this phase, the results are rechecked
and evaluated to make sure it is reliable to the goal and scope definition. The role and
responsibility of different parties in LCA should be displayed. In case a critical review
was transacted, those results would also be specified [1].

2.3 GaBi software
The GaBi software system could be considered as a leading tool for life cycle engineering.
It creates modelling and balances for a life cycle. GaBi also supports managing large data
set and modelling product life cycles by analysing and construing the results [11].

In LCA terms, a plan can exemplify the whole system with its boundaries. Therefore, GaBi
was created to help figure out possible environmental effects together with numerous
important quantities of a product system based on plans. Within a plan, the system is
composed of processes and flows. Processes represent the actual actions which are taking
place. Meanwhile, flows display both inputs and outputs associated with the system. The
flow information is probably one of the most crucial information of GaBi because it is
characterized by respective values of mass, energy, and costs [1].

GaBi’s function is not only about life cycle engineering, but also modelling and analysing
process chain systems, conducting materials and energy analyses. GaBi is allowed to
illustrate the product life cycle or process chain in modular manner. This means the software
and databases could be totally independent from each other. GaBi additionally can measure
soci-economic features [11].
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3 SIMULATION METHODS THROUGH GABI SOFTWARE
This chapter would describe the entire modelling of the biodegradable cups’ production
process based on the LCA framework by the GaBi software. The GaBi result calculation
should also be discussed in this section.

3.1 Goal and Scope
With the target of clarifying environmental impacts of sugarcane bagasse cups’ production,
the basic knowledge of these cups is required. According to Pacqueen Industrial (Shanghai)
Co., Ltd. - one of the pioneers in China dedicated to the development and production of
sustainable food packaging products, the cup includes 2 main materials that are sugarcane
bagasse and PLA. Since growing sugarcane needs plenty of water and heat, it could only
grow in the tropical and subtropical climates [12]. Thus, one of the world's largest sugarcane
producers is Brazil [12]. To make it easier for the thesis research, the entire production is
assumed to process in Brazil.
The functional unit was the quantified definition of the product system’s function with the
physical unit [13]. Thus, it must be the next subject to be defined before the study went
further. The environmental impacts of producing a million of biodegradable cups would be
the functional unit in this case.

This thesis would concentrate on cradle-to-grave process to figure out a full life cycle
assessment from the very beginning to the end of biodegradable cups.

3.2 Inventory Analysis
The modelling was started with creating plans and adding processes. Firstly, a project should
be created and named clearly since it was a good idea to make it well organise for the easier
search later [13].

It would be much quicker to create a process of the plan if documents were already collected
on GaBi, then only dragging was needed. However, sugarcane’s, bagasse’s, and PLA’s data,
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unfortunately, have not been updated yet. Then inserting data for a total new process was
required. This step is a real struggle for new users because of the complicated database for
both inputs and outputs. The calculation of different data units took plenty of time.
The reference quantity of a new flow is automatically set to mass which means kilogram
would be the standard measuring unit [13]. Therefore, a survey from online sources were
carried on in order to evaluate the mass of a single biodegradable cup. Step by step, the input
and output data were collected.

Sugarcane, bagasse, and PLA lining were definitely in need of calculations and conversions
into kilogram unit. According to Amazon, a single sugarcane cup weights approximately
0.0009 kg [14]. The first material to make a research was sugarcane bagasse, so 0.0005 kg
was a presumed amount based on the ratio of the cup’s materials. The second data needed
to be collected is Polylactic Acid (PLA) in order to make the PLA lining. This lining was
added to the cup for water resistant characteristic, so based on those calculated data, its mass
might equal about 0.0004 kg. Then, electricity was also applied because every process
required electricity to run the engines. This collected information could be enough to add
for a fundamental cup’s production process which would be shown in the figure 7.

Figure 7: Disposable Cup process on GaBi
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The same steps were made to create the process of bagasse. There was a record saying 100
tons of sugarcane might produce around 30-34 tons of bagasse [15]. Thus, to produce 0.0005
kg bagasse, assumed 0.0016 kg sugarcane were applied as the input (Figure 8).

Figure 8: Bagasse process on GaBi
In addition, choosing the right type of the process was also a confusing step for beginners.
Since according to the European Union ILCD system, there are five options with similar
conditions that require users to locate the object process correctly. To be more specific, the
first process called Unit Process Single Operation represents the gate-to-gate process. This
contains only one data of a process step and no LCI data needed. The next option is Unit
Process Black Box which prefers multi-functional process or process chain at the plant level.
This may prefer a group of processes to an individual one. LCI result is the third choice. It
includes the entire life cycle data of a product system, which is considered as a cradle-togate process. Meanwhile, Partly Terminated System composes all LCI data excepting any
product flows that require additional modelling. The last type is called Avoided Product
System. In this step, all the inputs and outputs are set into negative values [13].

Since both bagasse and PLA are made from sugarcane, a process of growing sugarcane was
created. It was claimed that 1 cubic metre of sugarcane could weigh approximately 272
kilograms [16]. A grown sugarcane’s height was mostly about 3 to 4 metres with about 5
cm in diameter [17]. Let presume the length of sugarcane for this process is 4 metres.
19

𝑉 = ℎ𝜋𝑟 2 = 4 𝑚 × 𝜋 × (0.025 𝑚)2 = 0.00785 m3
0.000785 𝑚3 × 272 𝑘𝑔 = 2.14 kg

Based on the assumption, some calculations are made. The input data of a single sugarcane
should be 2.14 kg (Figure 9).

Farmers usually plant sugarcane from its own stems. A stem which was needed to grow
another sugarcane had approximately 30 cm in length [18]. Thus, one mature sugarcane
could be cut into perhaps 12 stems to grow other 12 sugarcanes. According to all the data
collected, the output of sugarcane process would be multiplied for 12, so 25.7 kg was added
(Figure 9).

Figure 9: Sugarcane at farm process on GaBi

As mentioned above, GaBi helped analyse environmental impacts from cradle to grave
process of biodegradable cups. Thus, energy released in the entire production of
biodegradable cups, such as electricity or transportation could not be absent in the project.
20

To transfer raw materials between different factories in Brazil in order to form a cup, many
truck processes were added to the plan. There is a plus that GaBi has variety of transportation
databases available. Hence, a truck process with all collected data was dragged from the
object hierarchy window into the plan (Figure 10).

Figure 10: Available Truck process on GaBi
Same action was done for electricity process because its database in many different countries
was already collected clearly by GaBi. It will be displayed in the figure 11 below.

Figure 11: Electricity process available on GaBi
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To complete a life cycle, a process of used phase should be created in another plan for the
end-of-life scenario [13]. A biodegradable cup has 2 waste fractions which are bagasse and
PLA. They could return safely to the nature by different solutions.

Fortunately, landfill of biodegradable waste dataset which was shown in the figure 12 was
already collected on GaBi. This process would cover for used PLA fraction.

Figure 12: Landfill of biodegradable waste available on GaBi

Meanwhile, used bagasse fraction as a part of the disposable cup could be considered as
fully composted waste [19]. There would be a wise step to use the compost energy for
planting sugarcane purpose, so a loop was created to save energy at its most.
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Figure 13: Completed flow of biodegradable cups on GaBi
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4 ENVIRONMENTAL IMPACTS
All results of the production process’ environmental impacts would be included in this
chapter.

4.1 GaBi’s result calculation
Software, in general, always helps calculate unexpected results that people are not able to
predict, so GaBi is not an exception to give its users an astonishment. As it can be seen,
environmental damages still existed even though the product was marked as friendly
environment. Factors which caused harms to the nature were mostly energy released during
the production. GaBi software did a clear vision regarding environmental impacts by making
multi column charts clarified the influence of biodegradable cups’ production. Following
are some noticeable graphs that probably need to pay more attention.

Figure 14: Global Warming Potential
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Figure 15: Terrestrial acidification

Climate change and terrestrial acidification were the first matters to take into consideration.
As the charts showed below, PLA fraction for the end of life treatment seemed to take the
biggest role for both global warming and terrestrial acidification. It is reasonable, because
according to Elizabeth Royte writing in Smithsonian, although the PLA may well break
down into its component elements (carbon dioxide and water) within approximately three
months in a “controlled composting environment”, it will take significantly longer in a
compost bin or in a landfill with no light and little oxygen available to assist in the process.
Apparently, analysts determine that a PLA bottle could even take from 100 to 1000 years to
decompose in a landfill. [20]
The environmental impacts displayed in column charts below are smog air, water depletion,
energy emission, ozone depletion, and acidification potential. Generally, these matters were
caused by energy emissions. The energy released from factories and means of transportation
was an unavoidable issue in any production chains. The biodegradable cups’ production
required electricity to run machines and many truck processes to transfer materials.
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Figure 16: Acidification Potential

Figure 17: Ozone Depletion
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Figure 18: Smog Air

Figure 19: Water Depletion
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It is a plus that GaBi evaluated also the resource use energy carriers which might reach up
to 1800 (MJ) in total (figure 20). This was an unbelievable amount of energy wastes released
to the climate. There is no doubt about damages that the environment has suffered from the
production process. Furthermore, substantial energy amount which was applied to run
engines supporting the fertilizers and pesticides utilized in growing the crops and the
chemical processing needed to transform organic materials into plastics [6]. Hence, claiming
biodegradable materials as friendly environmental products is still a controversial issue.

Figure 20: Resource use energy carriers

GaBi has an advantage that it can estimate impacts regarding not only environment but also
human health. Climate change and different types of pollution indeed would affect human
lives. As figure 21 and 22 proclaimed, the amount of energy emission and end-of-life PLA
could be harmful directly to human health because it might cause particulate air and toxicity
in water, land, and air.
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Figure 21: Human Health Affected by Particulate Air

Figure 22: Human Health Affected by Toxicity
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4.2 Scenario modelling
Scenario modelling includes clarifying the impacts of different boundary conditions on the
balance result [11]. The best function of GaBi is that it allows users to picture other possible
scenarios for the production to be more effective and friendly to the environment.

As it can be seen, utilisations of electrical energy throughout the production process were
one of the huge influences on environmental damages. Therefore, the first scenario to
improve the environmental impacts was replacing the electricity by renewable energy
sources. GaBi collected various electricity sources in different countries based on their
actual development of the electricity industry. Following are some electricity generations
that Brazil has already developed (Figure 23).

Figure 23: Electricity sources available on GaBi
Electricity from hydro power is considered as the most impressive sources Brazil has
reached. There is a record claiming Brazil consumed up to 70% of the hydroelectric power,
whereas the world average was just around 16%. [21]
Thus, all the electricity grid mix processes were replaced by the electricity from hydro
power.
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Figure 24: Production flow with hydroelectric power replacement

The results given in following figures has met the expectation.

Figure 25: Global Warming Potential with Hydroelectric Power Replacement
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The global warming issue was saved up to 25 kg CO2e in total compared with 435.2 kg CO2e
released in the production using electric grid mix (figure 25). The highest bar of electricity
from hydro power represents 16.6 kg CO2e. Meanwhile, the electric grid mix showed in
figure 14 displays 29 kg of CO2. Thus, replacing the hydroelectric power helped reduce
nearly half of the CO2 emission in the electricity phase.
The terrestrial acidification also decreased by 35 kg CO2e in total, from approximately 514
kg to about 479 kg. The electricity column generally cut down to half by replacing electricity
from hydro power.

Figure 26: Terrestrial acidification with hydroelectric power replacement

It is noticeable that after applying the hydroelectric power, the acidification potential, ozone
depletion, smog air, and water depletion charts had no column of electricity energy. It was
unpredictable since the electricity process were always in the top highest bars that could
negatively affect the environment.
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The acidification potential previously affected mostly by the electricity energy emission
(Figure 16). Thus, the utilisation of renewable energy sources played a significant role of
protecting the environment from being acidification. For instance, the electricity from hydro
power helped reduce the total amount of acidification into half compared to using the
electricity grid mix. (Figure 27)

Figure 27: Acidification Potential with hydroelectric power replacement

Figure 28: Ozone Depletion with hydroelectric power replacement
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Figure 29: Smog Air with hydroelectric power replacement

Figure 30: Water Depletion with hydroelectric power
34

Figure 31: Resource use energy carriers with hydroelectric power replacement

After applying electricity from hydro power, the human health particulate air chart changed
substantially. In figure 21, three processes of the electric grid mix are the biggest factors that
caused particulate air which affected directly to human health. The result of hydroelectric
power seemed to be more optimistic since the column of the emitted electrical energy
disappeared.

Figure 32: Human Health affected by Particulate Air with hydroelectric power replacement
35

Figure 33: Human Health affected by toxicity with hydroelectric power replacement
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5 ANALYSIS
After the life cycle’s experiment of biodegradable cups via GaBi software, the results given
might not be as entirely friendly environment as previous thought. It is a fact that to create
a product, materials are always the basic essential requirement. Harvesting and processing
these materials, ironically, cost a great amount of energy [22].

Besides, the environment was also harmed by PLA fraction of the cups. Although PLA was
proved that it will eventually break down to nature, this assumption only works under certain
conditions which PLA must be in compost at about 60 degree Celsius with 90% humidity in
10 consecutive days [22].

There is a proof that biodegradable materials truly produce substantial less greenhouse gas
emissions compared to traditional plastics. In addition, a research made in 2017 assumed
that replacing traditional plastics by sugarcane-based PLA would decrease greenhouse gas
emissions by 25 percent [6]. Nevertheless, to turn sugarcane to PLA, the municipal facility
should be in the proper climate and temperature. Meanwhile, some countries have different
settings about biodegrading facilities that are not allowing the cups to be decomposed. [22]

Therefore, the amount of energy applied to create biodegradable cups, together with the
incredibly take-away drinks consumed, have challenged sugarcane bagasse cups producers
to put a valiant effort in order to rehabilitate the environment. [22]
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6 DISCUSSION
GaBi software has done an incredibly great job to help users analyse and calculate all
possible results of the biodegradable cups project. However, there are still different pros and
cons available. It is reasonable since this software has kept continuously improving from its
first stage of development.

6.1 Advantages of GaBi Software
GaBi has offered a full suite of software including many careful guiding manuals. A playlist
of videos can be searched easily on Youtube teaching how to start with GaBi via an
understandable example of paperclip project. The software allows users to sketch their ideas
in its interface. With GaBi’s process recording feature, users are able to collect data at every
points of the design process and determine precisely where efficiencies take place.

GaBi also assists users in designing products with specially updated environmentally
friendly components. For example, GaBi reached the trend of reducing emissions of wastes,
greenhouse gases, and water use, so its datasets are more realistic for users to analyse a
project as accurate as possible. GaBi could be a good support for companies to keep up with
environmental regulations. Moreover, users can create value chains from research and
development through designs, productions, and distribution networks via GaBi. This life
cycle assessment software also allows sharing reports and analysation of projects internally.

6.2 Disadvantages of GaBi Software
Since the student version of GaBi software was used during this thesis, difficulties are
unavoidable, especially for beginners. First of all, PLA is considered as a leading plastic
material that has been used and developing significantly day by day, but GaBi did not update
any dataset regarding PLA. Secondly, the unit of both input and output is not flexible since
all databases must be converted into kilogram. It might cause some inconveniences for users
to calculate specifically complicated materials. For example, there is no record showing how
many kilograms of sugarcane needed to produce a particular mass of PLA.
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Therefore, all the processes created on GaBi are done as logically as possible. The results
might be affected more or less because of several missing data. For instance, means of
transportation used to deliver the biodegradable cups to numerous consumers represented
simply by only one truck process in this plan (figure 13). Meanwhile, the realistic scenario
could be used much more than that. In addition, a single output of one process can only
connect to individual input of the other process, so one process of biodegradable cups cannot
link to plenty of transportations in order to deliver products to massive consumers. Thus, the
energy released from the production in the real life could be substantially greater than the
result GaBi estimated.
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7 CONCLUSION
In spite of many proofs against the biodegradable cups claiming that they are saving
environment, it is noticeable that both PLA plastic and sugarcane bagasse cups are in its
initial stage of innovation. Thus, there will hopefully be various improvements in production
process, efficiency, and comprehensive design in the near future. PLA plastic, especially,
will perhaps be more classified to be biodegradable at a municipal compost level. Although
it might not be an ideal solution, this study could be a critical discovery and assist somehow
with diminishing the size of landfills throughout the world. [22]

Although biodegradable materials are able to bring negative effects to the environment, the
bagasse paper production is believed to waste less energy than other traditional paper
production. Hence, to compare with using normal plastic or typical paper cups,
biodegradable cups should be preferable because it was proved as sustainable and ecofriendly alternatives.

Thanks for the innovation of technology, these issues could be solved by utilizing renewable
energy such as wind, solar, geothermal, biomass, and hydropower. Alternative solutions are
discovered day by day, it may lead to a certain extent in the near future.
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