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Abstract

This thesis reviewed the production system of fruit leather in the Netherlands, which is a leather-like material
made from fruit waste. The study aimed to 1) indicate the environmental impacts of the fruit leather 2)
compare the environmental impacts of the tanning phase between fruit leather and conventional hide leather
and 3) suggest how to improve fruit leather production system. I applied a literature study and a life cycle
assessment. The considered environmental impacts of the comparison study between fruit leather and hide
leather includes global warming potential, acidification, human toxicity, abiotic depletion, photochemical
oxidation, fresh water aquatic ecotoxicity and terrestrial ecotoxicity. In the main production system (i.e., when
the waste management phase is ignored, electricity use during drying process contributes most the
environmental burden. Fruit leather has less environmental impacts than conventional leather in general.
However, environmental impacts on fresh water aquatic ecotoxicity and terrestrial ecotoxicity are large in fruit
leather production system. I developed three scenarios to study the impacts of transportation type to collect
the fruit waste. Other production inputs are fixed. The results show that an electric car has the least
environmental impacts among these three scenarios. Using the green electricity, shortening the operation time
of drying process, collecting the fruit waste nearby the company and etcetera suggestion address in the end of
the report.
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Chapter 1 Introduction

1.1 Background
Leather is a widely-used material worldwide. It is made from the rawhide and skin of an animal through a
tanning process. A variety of leather goods, such as clothing, bags and furniture, are produced to meet various
needs of people (Ozgunay et al., 2007). The expected increase demand for leather products requires more
leather production which has been becoming a crucial economic activity in some countries (Zengin et al., 2012).
The tanning industry can be considered as two different streams based on the kinds of raw materials. Hides
production adopts large animal skin, such as cattle, and skins production uses small animals such as goat and
sheep (Seeram & Ramasami, 2003).
Italy is the main hide leather producer in Europe. It dominates about two-third of the EU hide leather
production (Italian National Statistics Institute, 2004). At the same time, Italy is a major leather producer
internationally, accounting for over one-tenth of the worldwide leather production.
In the EU, hide leather mainly domains the market shares. Three main processes are taking place in the
conventional hide leather production. The main processes include beam house operation, tanning and finishing
three operations (Thanikaivelan et al., 2004). Beam house aims to cure hides with a concentrated salt (sodium
chloride) solution to prevent putrefaction. A lot of chemicals utilized in this operation (Saran et al., 2013).
Tanning is the key process to against microbial degradation, heat, sweat and etcetera. Chromium has been
applied widely in this stage because it helps leather become applicable and simplified for further operation
(Sreeram & Ramasami, 2003). According to the properties of hides, splitting, deliming and drying and so on
steps operate in the tanning stage. The finishing phase depends on the products requirements, such as
conditioning, colouring and coating. These aspects are usually added during this stage. Figure1 below shows the
conventional hide tanning process (Notarnicola et al., 2011).

Raw hides

•Raising
cattle

Beam house
operation
•Soaking
•Liming
•Fleshing

Tanning
operation
•Spiltting
•Deliming
degreasing
•Picklling
•Pressing
•Shaving
•Dyeing
•Drying

Finishing
operation
•Conditioni
ng
•Roller
coating

Figure 1: Production process of hide leather
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Since a decade, a shift has been taken place within the allocation of the leather factories. The growth of the
export market and non-tariff barriers policy appeals more and more manufactories have been relocated in
developing countries. India has become the main exporter of leather products since the past decades. Due to
the relatively low labour cost and utilization of raw materials, global brands such as Nike and Clark etc.
emphasized their production in India in order to maximize profit and turnover (Joseph & Nithya, 2009).
The environmental impact of the leather production system cannot be neglected. The environmental outcomes
of a leather production system may different from place to place, because the environmental impacts depend
on production processes and the treatment of the waste. In general, due to the production inputs of energy,
chemicals and water, the higher inputs may increase the potential of environmental risks or arouses the
environmental issues (Joseph & Nithya, 2009). Thereby, water, chemicals and energy inputs cause the different
environmental impacts.
Firstly, the issue of wastewater relies on the wastewater treatment, the water consumption gives a burden to
the wastewater release so that it leads to a bigger potential of water pollution problem (Knoppers, 1994).
Wastewater from tannery process is often drained off to the surface water directly in developing countries
(Knoppers, 1994). In the best situation, the wastewater is treated with lime to prevent odour emissions.
Secondly, during the production process many chemicals are used, mainly during the tanning phase. Involving a
complex sequence of chemical reactions and mechanical processes. These processes make the final leather
production obtain some certain properties such as stability, appearance, water and abrasion resistance,
temperature resistance, elasticity and permeability for perspiration and air (Joseph & Nithya, 2009).
Chromium is considered as the main pollutant which leads to high pollution to the ecosystem if it cannot
receive a proper disposal (FAO, 2013). Nearly 90% of all leather produced is tanned using chromium (Stein &
Schwedt 1994). The is worth to be mentioned that chemicals usage is the key contributor to the environmental
burden during the hide leather production, not only it poses environmental risks on Climate change,
acidification, human toxicity etc., but also it demands a huge of water and energy consumption associated with
chemical inputs (Notarnicola et al., 2011).
Last but not least, energy use is highly contributing to the gaseous emission which has a huge impact on air
environment. Since energy is a main input in almost every single step, energy use increase greenhouse gas
emission.
Introduction to Fruit leather
The environmental burden of leather production has been a major societal concern. With the increasing
environmental awareness and better environmental standards, some leather industries have been transformed
into sustainable industries with less environmental impact (Mwinyihija et al., 2006). In the year of 2015, one
concept was developed by Dutch designers, leather-like material made by waste fruits.
This project was established by six multi-disciplinary designers, graduated at the Willem de Kooning Academie
in Rotterdam. The initial incentive is to alleviate of the food waste which is a quite serious issue in Rotterdam.
Composting the food waste is a valuable management approach to deal with it, and feeding livestock is another
way. Normally, in The Netherlands, vendors have to pay a fee for the disposal of the unsellable fruit. In addition,
1
according to the project’s website , it was reported that some illegal management approaches that have
appeared such as dumping to get rid of the paying food waste disposal fee, this may lead to additional
environmental and social issues. “By reducing the food waste with the unsellable fruits, a new kind of material
is created” (Fruiteleather, Rotterdam).
1

Website of Fruitleather Rotterdam: http://fruitleather.nl
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The established fruit leather project considers as a new type of circular economy which aims to achieve a
balance between economy, environment and society (Ghisellini et al., 2016). Circular economy is mainly focus
on urban and industrial waste, through technical regeneration to get the highest utility and value of one
product. It gives the extent of one product which is fruit waste in this case. Fruit wastes are served to produce
another product rather than go to waste management phase, it brings a new production line of the fruit wastes.
Fruitleather Rotterdam is the company, taking the responsibilities of the production and marketing. The
company is located in Rotterdam, the Netherlands. The first exposure product of fruit leather to public is a bag
(Figure 2), which was produced in 2015.

Figure 2: A Fruit-leather bag
The Fruitleather Company was staged during the Dutch Design Week 2016. They presented, a chair and some
book covers as shows in Figure 3 and Figure 4.

Figure 3: Chair made by Fruit leather

Figure 4: Platform in 2016 Dutch design week

Two owners of the company also gave a lecture during this Dutch Design Week. They got positive feedback from
the audience. An attractive concept and a new revolution of the leather production are the commended of the
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visitors. To be frank, other possible leather-like products still are in the testing phase now to see if the function
and the characteristics of the fruit leather are comparable to the hide leather.

1.2 Problem statement
With the initial of the Fruit leather design, it supposed to be able to produce the leather products with less
impact on the environment. Fruit leather as a new product has not been analysed by environmental impact
assessment so far. The key innovation in leather production is that the application of the waste fruit, a series
processes proceeded until the fruit turn into leather-liked material. The different production process between
fruit leather and conventional hide leather may lead to the different environment impacts.
The problem of this study is to comprehend whether fruit leather is an environmentally friendly alternative for
conventional hide leather products. The production system of fruit leather is still in the starting phase which
may have its own risks to the environment depending on the production process. The fruit leather as a new
product it is also expected to be environmental friendly and contribute to the sustainable development. This
study is going to provide the information associated with production inputs and the environmental output of
the fruit leather production system to solve this problem.

1.3 Research objective and research questions
2

The objective of this study is to assess the environmental sustainability of fruit leather. One square meter (m )
uses as the functional unit of analysis. A typical production process of fruit leather is considered, including the
different phases: pre-tanning, tanning and finishing. A Life cycle assessment (LCA) study will be used to
determine the environmental performance of the fruit leather production system. Not only the environmental
impacts for each step during the fruit leather production will be analysed and compared, but also the impacts
of hide leather production and fruit leather will be compared. A literature review will provide the data about
the hide leather production. According the analysis of the data, this study also aims to give recommendations
to fruit leather production in order to improve the environmental sustainability in the future. These aims are
summarise in the following research question (RQ) and sub-questions:
RQ1: Is fruit leather production in Rotterdam, more environmentally friendly than the conventional hide leather
production?
RQ1a. What is the production process of fruit leather production in Rotterdam, The Netherlands?
RQ1b. What are the environmental impacts of the fruit leather production processes?
RQ1c. What are the environmental advantages and shortcomings of fruit leather production system
compared to the conventional hide leather production?
RQ1d. How could the environmental performance of fruit leather production system be improved?

1.4 Outline of thesis report
This thesis report consists of seven chapters. The Introduction and methodology are presented as the separate
chapters. Since this study was conducted by an LCA method. The structure of this report follows the phases of
the life cycle assessment. Chapter 3 addresses the RQ1a, showing the results of data collection and the
overview of fruit leather production. Chapter 4 associates with RQ1b, and it demonstrates the outcomes of
environmental impact of the fruit-leather production system. In chapter 5 addresses a comparison study with
hide leather production in Italian and Spanish system and fruit leather production system, which refers to RQ1c.
Chapter 6 discusses the strengths and weakness of this study. Chapter 7 gives an answer of RQ1d and an
overview of the main research question, and includes a summary of the findings of this study and as well as the
recommendations for the future development of Fruitleather Company.
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Chapter 2 Methodology

In this project, the Life Cycle Assessment (LCA) was applied for translating the resources use to emissions and
potential environmental impacts. All the research questions were answered and accomplished during applying
the LCA. Paragraph 2.1 gives the general definition and explanation of LCA, Paragraph 2.2 to Paragraph 2.5
demonstrates deeply for each stages of LCA in this study.

2.1 Introduction to LCA
LCA is one of main analysis tools in environmental system analysis. In the technological production phase of a
product or service, the resources are extracted from nature in order to produce and transform into another
product. Those resources which need to be used are considered as the production inputs, and it will have a
certain impact on the environment during every single phase. For example, in the conventional hide
production, an animal will be transported to the beam-house stage. This consumes the fuel during the
transportation. The emissions are released and it will influence the air, the road, and the water system
(Baumann & Tillman, 2004).
The more important thing is that LCA is a systematic approach to evaluating the environmental impact of a
product, depending on the system boundary it could throughout the entire life cycle of a product system (ISO
14010/14044). An LCA is able to assess the environmental impact of a product with linking the whole system, at
the same time, it also generates the environmental impacts associated with the selected production processes.
For this reason, LCA is a suitable and applicable tool for conducting this project within a certain system
boundary.
In this study, LCA is applied for the fruit-leather production system. The structure of this study is also accordant
to the application of LCA. Figure 5 indicates the four steps of the LCA process, including: the goal and scope
definition, the Inventory analysis, impact assessment and interpretation.

Goal and scope
definition

Inventory
analysis

Interpretation

Impact
assessment
Figure 5: The steps of the LCA
The order of four steps is showing as the figure above. Every step is interactive and linked, and the result of one
phase is directly determined by the previous phase. If the results is not sufficient or need to be changed, it has
5

to be sourced from the first phase of the LCA, because as a corollary of the chosen specification of the goal and
scope definition which bonds every steps in the entire process. In addition, the phase of interpretation is
interactive with every step, it explains that the decisions have been made in every phase and the give the
details and overview for the whole processing (Baumann & Tillman, 2004).

2.2 Goal and scope definition
The goal and scope definition gives an overview and direction of the LCA assessment. During this step, a clear
system boundary was established. A life cycle assessment assessed the fruit leather product system. But waste
management of the fruit leather production was not involved, it mainly due to the fact that waste from the
production system is mainly organic waste and will go to municipal treatment. Due to the approach of the
waste management and the limited time of data collection, it was not possible to get the proper data for the
waste management so far. The specific information of these three production phases will be demonstrated in
the inventory analysis and Chapter 3 demonstrated the results with a clear system boundary.
Furthermore, in terms of coating steps during finishing operation, it was not possible to assess the
environmental impact of coating material production by Simapro model. Thereby, the environmental impact of
coating material based on a literature study which addressed in Chapter 5.
In order to assess the environmental sustainability of fruit leather, a comparison study between fruit leather
and conventional hides leather was conducted. In terms of hide leather production, raw hides, beam house
preparation, tanning operation and waste management four phases consist of the whole production system. In
order to make the two systems comparable, the same system boundary was set up. Figure 6 shows the system
boundary for two production systems.

Pre-tanning

Raw hides

Tanning
operation

Beam house
operation

Finishing
operation

Tanning
operation

Waste
management

Waste
management

Figure 6: System boundary of fruit-leather production (left) and hide leather production (right)
The processes within the frame were analysed in this study. For both production systems, waste management
was not considered as mentioned earlier. Table 6 in Chapter 5 gave the specific steps in system boundaries for
two production systems. In terms of fruit leather, the environmental impact of the materials inputs such as fruit
waste and importing materials from aboard were taken into account as transportation section only. Fruit waste
is the raw materials for fruit leather production thereby it does not make sense to take the growing fruit phase
into account. Two imported materials as single products which have their own life cycle processes, but in this
study they are the input for fruit leather, and transported from Asia. Hence, the best way to assess
environmental impact is consideration of impact of transportation. Also, these results were calculated by
Simapro model which was used for environmental assessment of fruit-leather production system.
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Another important part is the scope definition that addressed the functional unit of the research and the
system boundaries. The functional unit as the reference unit, which link to the environmental impacts which
should be measurable and consistent with the analysed system (Guinee, 2002)
The function unit provided a mathematical and systemically perspectives of the input and output data, because
all the data in the production system were quantified as the same function unit, all the comparisons will keep
2
consistent as well (Guinee, 2002). In this project, 1 m of fruit leather was the functional unit of analysis to be
2
quantified the production inputs and environmental output of fruit leather. Also 1 m of hide leather had been
converted to the comparison study with fruit-leather production system.

2.3 Inventory analysis
Life cycle inventory is a methodology for quantifying the material flows and the consumption of resources.
There is a causal relationship between the production inputs and the environmental output (Rebitzer et, al.
2004). In this study, data collection for fruit leather production system was needed. Table 1 gives the data set of
inventory analysis of this project.
In order to get the input data of fruit leather production system. Three methods were applied in this project. All
the data were primary data that based on the actual production situation. Since the production of the fruit
leather is business secret, it required a confidential contract was singed at the beginning of the project to
protect the safety of the production data.
First of all, Interviewing with the owners of the Fruitleather Company to get a full picture of the fruit leather
production system. The specific inputs of fruit leather production, specifically the electricity usages of the
machinery were provided by the Fruitleather Company according to the current situation of production.
Furthermore, the data of the transportation is depending on the transportation type and the distance.
After two interviews, data needed for calculating the environmental performance is illustrated as table 1 below.
The purpose of the data collection was to figure out the specific energy and materials usage in every step. All
steps during the production were categorized into three main stages, they were pre-tanning, tanning and
finishing operation. The specific data results showed in Chapter 3.
Table1: Inventory table for fruit leather production
Production stage

Step

Input

Pre-Tanning

Collecting the unsellable fruits (from
Den Hoorn)
Shipping Natural substance from
Philippines
Shipping Natural additive from
Thailand
Coating material from Stahl Company
Taking out the seed

Transport (A private car)

Mashing

Electricity use

Cooking

Electricity use

Drying
Coating
Transport the pre-finished leather to
Pressing
Pressing

Electricity use
Chemical use
Transport (16t-32t National Truck)

Tanning operation

Finishing operation

Transport (Sea transportation)
Transport (Sea transportation)
Transport (16t-32t National Truck)
None

Electricity use

7

Table 1 demonstrates that two materials are imported from aboard. One from Philippines and one from
Thailand. The choice of those two materials are based on the discipline of environmental friendly, and both of
materials are made by the natural substance. The environmental impacts of the production of those two
materials are not able to involved in this study, because the limited time and resources. Herein, environmental
output are taken as the transport from Asia to the Netherlands.
Secondly, field research helped to understand the production system. Two field researches were conducted.
Visiting the Fruitleather Company to understand how the production processing in manufactory. After that, a
field research took place in Stahl which allows fruit-leather process the final step (pressing). In the meantime,
Stahl Company is the provider of the coating material for fruit-leather production.
Last but not least, due to the electricity usage of pressing in Stahl was not possible to quantify and isolate in the
mass of the manufactory electricity use. Contacting the pressing machine provider for machines’ specification
was the way to get the data for electric usage of pressing machine.
In summary, interview, field research and contacting related organizations are main three methods to fulfill the
data collection phase. These data were also used for the environmental impact assessment.

2.4 Impact assessment
The purpose of impact assessment was to translate the production input data into environmental performance,
the results of the inventory analysis, interpreted in terms of environmental impacts. Those potential
environmental impacts of fruit leather production were calculated by Simapro model (Goedkoop et, al, 2008).
Simapro is a professional tool which is used to measure the goals and it works as a decision making tool for
finding optimal solution via normalized and actionable targets. It is developed by Dutch PRe Sustainability
2
Group, it (Pre, official website ). Simapro as a computer model links the database which has been chosen for
the environmental impacts calculation. The different environmental loads associate with certain production
process has been addressed in this project. A variety of calculation methods and library database are available
for evaluation the potential environmental burden, CML-IA methods, and the database of Netherlands-1997 is
applied for this study.
CML-IA is a database that contains characterisation factors for life cycle impact assessment, it developed by the
3
Center of Environmental Science (CML) of Leiden University in The Netherlands (Universiteit Leiden, website ).
The choice of the database and calculating methodology decides the environmental indicator for different
categories. The different environmental categories help to visualize the environmental impacts, the results
addressed in Chapter4. The next subsection explains those environmental categories which applied in this
study.

2.5 Interpretation
Interpretation interacts to other three phases of LCA, as the explanation give a clear picture and support other
steps processing. Interpretation plays a significant role in the presentation of the results. In the quantitative
LCA, it is not easy to make sense of all the numbers, to extract the meaningful data and the number it is
necessary to define the proper way to make the explanation which should keep consistent to the other three
phases of LCA. The process of refinement of the raw data and the output of the model is called interpretation.
It assesses the results and uses the different diagrams to explain and make the conclusion is helpful in the LCA
process (Gaudeeault et al., 2009).
2

https://www.pre-sustainability.com/simapro

3

https://www.universiteitleiden.nl/en/research/research-output/science/cml-ia-characterisation-factors
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Firstly, In order to interpret the results of this study, an LCA model Simapro 8 was applied for the environmental
impact assessment of fruit leather production system. The environmental impacts were defined as 11
categories by Simparo model. Table 2 below gives the brief description for those environmental categories.
Table 2: Environmental impact categories (generated by Simapro).
Environmental impact category
Abiotic depletion (elements, ultimate reserves) and
abiotic depletion (fossil fuels)

Climate change

Ozone layer depletion

Human toxicity, Freshwater aquatic ecotoxicity,
Marine aquatic ,and Terrestrial ecotoxicity

Photochemical oxidation (high NOx)

Acidification

Eutrophication

Explanation
Abiotic depletion (elements, ultimate reserves) is related to
extraction of minerals due to inputs in the system. Abiotic
depletion of fossil fuels is related to the Lower Heating
Value (LHV) expressed in MJ per kg of m3 fossil fuel. The
reason for taking the LHV is that fossil fuels are considered
to be fully substitutable.
The characterisation model as developed by the
Intergovernmental Panel on Climate Change (IPCC) is
selected for development of characterisation factors.
Factors are expressed as Global Warming Potential for time
horizon 100 years (GWP100), in kg carbon dioxide
equivalent/kg emission(kg CO2 eq).
The characterisation model is developed by the World
Meteorological Organisation (WMO) and defines ozone
depletion potential of different gases (kg CFC-11 eq).
Characterisation factors, expressed as Human Toxicity
Potentials (HTP), are calculated with USES-LCA, describing
fate, exposure and effects of toxic substances for an infinite
time horizon
In terms of ecotoxicity, it refers to the impacts of toxic
substances on freshwater aquatic, marine aquatic, and
terrestrial ecosystem.
For each toxic substance expressed as 1,4-dichlorobenzene
equivalents/ kg emissions (kg 1,4-DB eq).
It is the formation of reactive chemical compounds such as
ozone by the action of sunlight on certain primary air
pollution. It defines photochemical oxidation expressed in
kg ethylene equivalents per kg emission (kg C2H4 eq).
The main acidifying pollutants are SO2, NOx and NHx.
Acifidication potential expressed in kg SO2 equivalents per
kg emission (kg SO2 eq)
Eutrophication covers all potential impacts of excessively
high environmental level of macronutrients, the most
important substance are nitrogen (N) and phosphorus (P).
Eutrophication potential expressed in kg PO4 equivalents
per kg emission (kg PO4 eq).

Source from: Handbook on LCA (An operational guide to the ISO standard)

4

Furthermore, based on the new strategic plan of Fruitleather Company. A variable exists in the fruit leather
production, which could influence the environmental performance of the production system. Based on the plan
of the Fruitleather Company, they intend to change the private car to the electric car for the collecting the fruit
waste process in the year of 2017. To assess whether this strategy benefits to the environment or not, three
scenarios were established based on the three transport type. Thereby, the baseline scenario assumed that a
4

https://www.universiteitleiden.nl/onderzoek/onderzoeksprojecten/wiskunde-en-natuurwetenschappen/cmlnew-dutch-lca-guide
9

private car was used to collect the fruit waste. The alternative scenario used an electric car. Finally, a 3-5 tons
van was used to transport the fruit waste. Theses three scenarios are compared to see which option is most
environmentally friendly. The specific results addressed in the Discussion chapter (Chapter 5).
Chemical is the main inputs in conventional hide production rather than fruit leather production system. Within
the system boundary, coating material is the only chemical input in fruit leather production system. However,
coating material was not available in the existing database of Simapro. A literature study conducted to address
the environmental impacts of coating material using as well as compared to hide leather production systems in
Chapter 5.
In the end, to answer the main research of this study, a literature study conducted to compare the fruit leather
production system and the conventional hide leather. The same system boundary was set up for both
production systems without consideration of the waste management phase.

10

Chapter 3 Inventory analysis

This chapter addresses the processes of data collection and the results of the inventory analysis. Paragraph 3.1
gives the introduction for fruit leather production and 3.2 addresses the results of data collection.

3.1 Fruit-leather production system
The production process can be recognized as a production routine from raw materials to end product
(Schramm, 1997). The fruit-leather production process can be basically divided into three phases. Pre-tanning,
tanning and finishing operation. 8 steps are proceed till fruits transform to leather-like material. The first step of
the entire production phase is getting raw materials. In this case, raw materials are unsellable fruits which are
normally considered as food waste is treated as municipal waste disposal. The unsellable fruits are collected
from Den Hoorn by a private car to the Fruitleather Company. Mango, Apple, Banana and etcetera fruits are
applicable for fruit-leather production.
After the fruits arrive at the company’s workplace, in Rotterdam. A series of steps take place until the fruits turn
into leather-like materials. Although the end products aims to transform and apply as leather-related domains,
the production processes have a huge differences between the traditional hides leather production and fruitleather production.
First of all, taking out the seed, the peel and the left fruits stay for further processes. So far, this single step is
manual work which means no energy consumption and extra input needed. The fruit seed is considered as a
waste which goes to the municipal disposal. After that, a machine allows the fruits mashing and no chemical is
needed in this process.
The mashed fruit needs to be cooked and a cooking machine is used. Up to first three step of tanning phase,
taking out the seed, mashing and cooking. The only production input is electricity. The results of the production
usage will be given in the next section. After cooking process, chemicals are contributing to the following steps.
Two chemical materials are applying in transforming fruits to leather-like material. Only one chemical is used in
tanning phase, after cooking and before the drying phase. A natural additive will be added to the fruit. The aim
is to give an adhesive texture of the leather-like materials. This natural additive is imported from Thailand, and
it transported by ship.
The next step is adding natural fibres before drying. This is a natural material made by Banana peel without any
chemical inputs. The combination with the natural fibres and fruit helps the fruit stick together, become a
smooth and flat surface, turn them into a leather-like substance. The Fruitleather Company does it manually
and put the layers in to a mechanical dryer. The natural fibres are imported from Philippines, The emissions
from the transportation of natural additive and fibres take into account for the further environmental impact
assessment.
After 8 to 10 hours, the drying phase is done. This is also the end of the tanning phase and the fruit leather is
going to enter finishing process.
During in the finishing phase, a second chemical is going to be applied. This is the coating material, the first step
of finishing phase, the coating is a common chemical materials put into conventional leather production. It aims
to give materials a leather-like looking. The Fruitleather Company receives those chemical materials from Stahl,
a company aims to provide the optimal chemical solutions for leather products and performance coatings to
their customers. In order to reduce the environmental impact, the Fruitleather company makes the dilution of
the original coating with 1:1 ratio of water to coating material.
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After coating, depending on the character of the end products, the pre-finished leather needs to be pressed.
Pressing step takes place in Stahl Company thereby the pre-finished leather need to be shipped. A machine is
going to be operated. In order to give a more flat and smooth appearance for the leather, pressing machine is
giving a proper pressure and temperature to the products. In addition, pressing also makes the leather stiff,
tough and water resistant (Leather Processing & Tanning Technology Handbook, Niir Board Of Consultants &
Engineers). Many types of the print cover can be chosen for pressing, like crocodile style, snake style and so on.
Pressing is the last step of fruit-leather production, a variety of prints of leather are available by pressing. This
will depend on the customers’ requirements. Figure 7 gives an overview of fruit-leather production process.
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Figure 7: Production process of Fruit-leather
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3.2 The results of the Inventory analysis
2

The inventory is considered of the production inputs for 1 m of fruit leather during its life cycle, pre-tanning,
tanning and finishing. The inventory aims to quantify the production inputs (energy and chemicals), the output
will be translated into the environmental impact categories which will explain in Chapter 4.
The data of inventory is based on the primary data of actual production situation in Rotterdam Fruitleather
Company. The energy use in fruit leather production system are only two stream, they are transportation and
electricity. Hence the results of data collection will be divided into transportation and electricity two categories
that covers three phases of fruit-leather production.

3.2.1 Transportation
Five materials are taken into account in the transportation process. Three types of transportation are operated
during the entire production process. The impact indicator is ton per kilometre, because the environmental
impact of transportation is related to the capacity and the distance, and Simapro will address the specific
environmental impact according to those transportation. The energy use and the emission by different types of
transports are taken into account in the Simapro. Table 3 gives the inventory results of the transportation use in
fruit-leather production.
Table 3. Inventory results of transportation in Fruit-leather production system
Category

Input

Methods

Result(For I FU)

Transportation

Unsellable fruit from Den Hoorn

Ford Car

0.33t km

Natural fabric layer from Philippines

Sea Freight

1.3 t km

Chemical substance from Thailand

Sea Freight

48.8 t km

Coating material from Stahl company

National truck

0.00032 t km

Transport the pre-finished leather to Pressing

National truck

0.063 t km

Firstly, a Ford Esmark Car is used for collecting the raw materials (unsellable fruit) at Lostweg 12 in Den Hoorn.
A 21.7km trip is needed by car to the Fruitleather Company in Rotterdam. 500kg is the normal capacity for one
2
trip. Based on current production situation, 15 kg is needed for generating 1 m of fruit leather. Hence, the
result for 1 function unit is 15kg*21.7km=0.33 t km.
Secondly, the natural fibres and additives transport by ship. Fruitleather Company import natural fibres from
the Philippines, and the starting point is Manila port. The distance from the port of Manila to Rotterdam is
17,812km. One square meter of fibre is need for one square meter of fruit leather, and the weight of one
square meter of natural fibre is 73g. The results in t km is 73g*17,812km=1.3 t km.
Natural additive imported from Thailand. The company located in Songkhla, the goods could be shipped from
Songkhla port. The distance is about 16,275km. The ratio of using the natural additives to fruits is 1:5.
Therefore, 15kg fruit need 3 kg of natural additives for one square meter of leather. Thereby, the results is
calculated by 3kg*16,275km=48.8t km.
Lastly, a truck becomes the means of transporting the coating materials to Fruitleather Company. The size truck
based on the normal EU4 Standard, and the capacity is 16tons to 32tons. Coating material is provided by Stahl
Europe, in Waalwijk, the Netherlands. A distance of 63km need to be transported by truck. 10 gram of coating
2
is used for 1 m sustainable leather coating process. Furthermore, in order to decrease the chemicals using, the
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Fruitleather Company dilute water to the original coating material with the ratio of 1:1. Hence, only 5 gram is
needed for fruit-leather coating process, hence the result is 5g*63km=0.00032t km. In terms of coating
material, the chemical compound is polyurethane resin. The ID of product is RU-43-989, it is aromatic type and
the main feature is adhesion promoter and natural look. The PH of this product is 7.5, and the chemical solid is
17.5%. The environmental impact of this coating material addresses in discussion chapter (Chapter 5).
Furthermore, after coating, the pre-finished leather transport to Stahl Company for the pressing process. A 63
km trip by truck needs to transport from the Fruitleather Company to Stahl Company, and the weight of one
square meter of fruit leather could be assumes as 1kg in average. The results indicating as 1kg*63km=0.063t
km.

3.2.2 Electricity
Four steps mainly consume electricity. They are mashing, cooking, drying and pressing. The Table 4 below
indicates the inventory results of electricity usage. The impacts production of the electricity are also taken into
account in the environmental impact assessment phase.
Table 4: Inventory results of electricity
Stage

Input

Methods

Result(For I FU)

Electricity

Mashing

Machinery

0.036 kwh

Cooking

Machinery

0.676 kwh

Drying

Machinery

3.2 kwh

Pressing

Machinery

0.042 kwh

Firstly, a machine (woodchooper) is used for mashing the fruit. The woodchoopper uses 1200 watts of
electricity per hour. The mashing of 500 kg of fruit takes approximately 60 minutes. Hence, the electricity usage
is 1.2 kwh for 500 kg mashing. The electricity usage for 15kg fruit is 36 watt per hour (0.036 kwh).
A machine operates cooking process. For cooking 500 kg fruit, one and a half hour is needed, and 333 kg fruits
could be cooked within one hour. The cooking machine has a 380-volt output, and the temperature of cooking
2
is 100 ℃. The maximum electricity usage is 15 Kwh. 1 m of fruit leather needs 15 kg fruits, thereby, the
electricity usage for cooking is 0.676k watt per hour (0.0676 kwh).
Drying as the last step of tanning process, a drying machine is required. It takes 8-10 hours, and the maximum
2
capacity of machine is 5 m of fruit leather. The oven has a 380-volt output and costs 1600 watt per hour. One
2
assumption of electricity use will take into account as 10 hours usage. Hence the usage for pressing 5 m is 1600
2
watt *10 hr=16000 w=16kwh. The electricity usage for drying 1 m is 3.2k watt per hour (3.2 kwh).
The pressing machine is offered by Company Gozzini, the ID number of the pressing number is L-021. According
to the data offered from the Gozzini Group, the electricity power is 50 kW. Three seconds needs to hold fpor
each press. The electricity is calculated as: 3*50=150kws/3600s=42wh.
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Chapter 4 Results of Impact assessment

This chapter indicates the environmental impact of fruit-leather production. The method applied for translating
the production inputs into environmental impact was CML-IA baseline with the specific The Netherlands, 1997.
2
Paragraph 4.1 shows the impact of the production 1 m of fruit leather without consideration of waste
management, and the environmental impact of coating will be discussed separately in the next chapter.
Paragraph 4.2 addresses on the comparison among three different scenarios based on the strategic plan of
changing electric car in the Fruitleather Company.

4.1 Environmental impact of Fruit-leather production system
2

Figure 8 shows the environmental impacts of 1 m of fruit-leather production of the current scenario using a
private car to transport the fruit waste to produce fruit leather.
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Figure 8 Environmental impact of the fruit-leather production system
As shown the figure above, generally speaking, process drying, collecting the unsellable fruits, cooking and
transporting the natural additives from Thailand are the main contributors to the environmental impacts.
Drying is the largest environmental burden amongst 9 steps in the production system. Referring to the
environmental impact of abiotic depletion, abiotic depletion of fossil fuels, climate change, fresh water aquatic
ecotoxicity, marine aquatic ecotoxicity, terrestrial ecotoxicity and eutrophication, drying process contributes
more than 50% of the environmental impacts. In terms of Ozone layer depletion and Human toxicity, Drying is
less 50% influence but still it is the biggest contributor for these two environmental categories. However, drying
is not the biggest contributor in every environmental impact category.
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Heading to Photochemical oxidation and acidification. Transporting the natural additives from Thailand takes
the main responsibilities, accounting 45% and 65% respectively. The process of collecting the unsellable fruits
is a big contributor to the environmental impacts of abiotic depletion, abiotic depletion of fossil fuel, climate
change, ozone layer depletion, human toxicity and photochemical oxidation.

4.2 Comparison within three different scenarios
To know if the new strategy plan of change the electric car could make the fruit leather production more
environmentally friendly. Three scenarios are established. The only difference among three scenarios was the
transportation type of collecting fruit waste. To make three scenarios comparable, scenario 1 was developed by
a van with the capacity of 3-5 tons. Scenario 2 is based on the electric car and Scenario 3 is baseline Scenario
that based on the current private car transportation. The environmental impact of baseline Scenario illustrated
as the figure 8 above.
Figure 9 shows the environmental impacts of three scenarios. When production inputs are fixed for other steps
except collecting fruit waste, the environmental outcomes shows differences. An obvious decline in the abiotic
depletion of fossil fuels, climate change, ozone layer depletion and photochemical oxidation take place in
electric car Scenario. The baseline Scenario has the biggest environmental impact among three scenarios, and
Scenario1 has not much difference between the baseline Scenario. Only slightly decline in the Abiotic depletion,
Global warming, and Ozone layer depletion.
Baseline Scenario
Van Scenario

Electric car Scenario

Figure 9: Environmental impact of three scenarios
As shown the figure above, electric car has a poor result in Terrestrial ecotoxicity. Based on the results by
Simapro, chromium releasing from electric car is the only compound more than other two scenarios, electric
car release three times more chromium than a private car and it is the main reason increase the environmental
impact of Terrestrial ecotoxicity. In general, the amount of terrestrial ecotoxicity became to 0.0178 kg 1,4-DBeq in electric car scenario instead of 0.017 kg 1,4-DB-eq. in baseline scenario.
16

In terms of the environmental impact contribution of each process, Figure 10 and 11 shows the results of
Scenario 1 and Scenario 2. Compare to the three scenarios from Figure 8, 10 and 11, the contribution of the
collecting the fruit waste process to the total environmental impact of the whole system is slightly changed,
especially in Scenario 2 which uses the electric car instead of the current private car.

Figure 10: Environmental impact of the fruit-leather Scenario 1(Van)
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Figure 11. Environmental impact of the fruit-leather Scenario 2(Electric Car)
Figure 10 is the environmental impact of fruit leather production in Scenario1. Compared it to Figure 8
collecting the fruit waste still contributes much to the total environmental impact. It means that using the van
instead of private car for transport fruit waste is not beneficial to environmental impact. However, after
changing the transportation type to electric car, the proportion of the environmental impact of collecting fruit
waste step decreases in the total environmental impacts. Combining this with Figure 9, the total environmental
impact of the fruit leather production system is less. This means that an electric car could alleviate the
environmental impacts of fruit leather production, and help the fruit leather production system become more
environmental friendly.

4.3 Interpretation the results
During the fruit leather production process, the tanning process produces the largest environmental burden. To
be specific, the drying process is the largest contributor. Electricity usage has a dramatic influence in the
environmental impact of fresh water aquatic ecotoxicity, marine aquatic ecotoxicity, terrestrial ecotoxicity and
eutrophication.
Referring to the electricity usage, the results of inventory analysis of fruit leather have a positive casual
relationship with the environmental impacts. Drying phase consumes the majority of electricity, because it
operates about ten hours. The electricity usage of drying phases equals about ten times of mashing and
pressing process. The second biggest consumption is cooking process.
From the data of the inventory analysis, the energy consumption of importing natural substance from
Philippines is more than collecting the raw materials from Den Hoorn, the Netherlands. On the contrary,
collecting fruits waste process has a bigger environmental impact than the shipping substance from the
Philippines. It makes sense because the environmental impacts are related to the transport load, the transport
type as well as the distance of shipping. Shipping form Philippines is much longer distance than domestic
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shipping in The Netherlands, but a few amount (73g for 1FU) of this material is needed as the input for fruit
leather production. Environmental impacts from sea transportation shares with other good in the same ship,
this is the reason why sea transportation has a relative lower environmental impacts.
In the current fruit-leather production system, the transport type of collecting of fruits is a private car, which
lead to a big environmental burden. From the comparison among three scenarios, electric car is the most
environmental friendly option with less environmental impacts, especially in the environmental category of
Abiotic depletion of fossil fuels, Global warming, Ozone layer depletion and Photochemical oxidation. A better
environmental outcomes of electric car is mainly due to the energy source which is generated from the wind,
solar energy without fossil fuel extraction.
Furthermore, the biggest consumer in transportation phase is importing natural additives from Thailand, and it
has a biggest environmental impact, especially in photochemical oxidation and acidification.
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Chapter 5 Comparing different leather production system

This chapter shows some outcomes from the literature study. Not only the environmental impact of coating
process is addressed, but also the differences of environmental impacts between fruit leather production and
hide leather is described.

5.1 Chemical usage comparison
Chemicals play an important role in conventional hide production and less in fruit leather production. The
amount of the chemicals is not the only factor to decide the environmental effect, because it depends on the
toxicant character of the chemicals and the disposal of the released waste. Hence the comparison addresses
the chemical impact of the same chemical usage.
According to fruit leather, the environmental impact of the production of natural additives, which are shipped
from Thailand , is beyond the system boundary. Coating material is another chemical used in the production
system. The chemical associate with coating is resin. Table 5 gives the comparison of resins usage in threeproduction system.
Table 5: The resins inputs in three product systems
Production system
Hide leather production in Italy
Hide leather production in Spain
Fruit leather production in The Netherlands

2

Total resins usage (kg/ m )
5
0.176
6
0.040
0.005

2

In fruit leather production system, only 5 gram of coating material is need for 1 m fruit leather production,
because the dilution with 1:1 ratio of coating material to water. The usage of resins in Spain equals 8 times of
fruit leather, and Italian hide leather production uses 35 times more resins than fruit leather.
The environmental impact of coating for leather is mainly focus on Atmospheric emissions, especially in NOx
and SOx (Papasavva et al., 2001). Polyurethane resins as one of the inputs in the coating of fruit-leather
production system, used in the waterborne coating process. Normally it divides into two types, including white
and pewter color. In the fruit-leather production system, the white resins are applied. Thereby, the
environmental impact of waterborne white polyurethane resins is taken into account. In terms of the 1kg of
coating material, about 0.01kg of NOx and 0.015kg of SO2 were released. In addition, about 7% of white
waterborne coating is polyurethane resins in 1kg coating (Papasavva et al., 2001). Hence, 5gram Polyurethane
resins material will release 0.0035g of NOx and 0.00525g of SOx, it has a minor influence in the total
acidification and eutrophication.
NOx and SOx as the chemical toxicity compounds，the emissions lead to the environmental risks like
eutrophication and acidification (Brentrup et al., 2004). Sulphur dioxide (SO2) contributed 36% and nitrogen
oxides (NO3) occupied about 33% for the acidification problem in EU 15 (EEA, 2001). In addition, deposition of
nitrogen compounds from NOx could result to eutrophication, which will affect the natural ecosystem
negatively, such as disappearance of plant species but algal blooms and increasing the concentration of Nitrate
in groundwater (EEA, 2001).
5

Reference from (Notarnicola et al., 2011; Ullmann, 2000)

6

Reference from (Notarnicola et al., 2011; Ullmann, 2000)
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In summary, comparing to the hide leather in Spain and Italy, fruit-leather production system consumes less
resins during coating process. It means that the less emissions by coating process in fruit-leather, and it also
decrease the environmental risks compared to Spain and Italy relatively.

5.2 Comparison with conventional Hide leather production
In order to make hide leather and Fruit leather comparable, a consistent system boundary set up. In terms of
fruit-leather, the tanning and finishing process taken into account. The materials of fruit waste, two natural
importing substances and coating material were taken into account as the impact of transportation section. And
it is related to the tannery phase of conventional hide leather production. Table 6 of those steps are showing
below:
Table 6: System boundary of comparison study
Fruit leather
Tanning and
finishing











Taking out the seed
Mashing
(15kg
Fruit
by
transportation)
Cooking
(Two imported materials
by transportation)
Drying
Transport to pressing
Coating (transport)
Pressing

Hide leather
Tanning














Soaking
Liming
Fleshing
Splitting
Deliming degreasing
Pickling/tanning
Pressing
Shaving
Dyeing-retanning
Draining drying
Trimming
Finishing

Environmental impact comparison
Due to the different choice of method for environmental calculation, the division of the environmental
categories impact was different among three production systems. Seven environmental categories including
climate change (GWP 100a), acidification, human toxicity, abiotic depletion, fresh water aquatic ecotoxicity,
terrestrial ecotoxicity and photochemical oxidation were taken into account. Table 7 shows the specific value of
those 7 environmental impacts among three systems.
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Table 7: The environmental performance of tannery process within three production systems
Environmental
impact category

Unit

Hide leather in
7
Italy
2
(1 m )

Hide leather
8
Spain
2
(1 m )

in

Fruit leather
2
(1 m )

Climate
change
(GWP 100a)
Acidification
Human toxicity
Abiotic depletion
Fresh water aquatic
ecotoxicity
Terrestrial
ecotoxicity
Photochemical
oxidation

Kg CO2 eq

8.93

7.71

3.92

Kg SO2 eq
Kg 1,4-DB eq
Kg Sb eq
Kg 1,4-DB eq

0.08
2.73
0.064
0.24

0.11
0.87
0.037
0.095

0.017
0.86
5.25E-06
1.3

Kg 1,4-DB eq

0.05

0.0132

0.017

Kg C2H4 eq

0.027

0.009

8.05E-04

The environmental impacts of fruit leather were dramatically less than conventional hide leather production in
2
Italy and Spain excluding water aquatic and terrestrial ecotoxicity. For producing 1 m leather, during the
tanning phase, GWP of fruit leather was a half of hide leather In Italian and Spanish system. Conventional hide
leather had about 5 times and 3 times than fruit-leather in acidification and Human toxicity respectively in Italy.
In the Spanish hide leather production system, the acidification equals 6 times of the fruit leather system, with
the similar results shows for human toxicity. Fruit leather was one-third of environmental impact of terrestrial
ecotoxicity compare to the hide leather in Italy but it has a bit more emission than Spanish system. In order to
understands three systems contributes to the total proportion of environmental impacts, Figure 12 was made
to compare three production system.
100%
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Fruitleather
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Figure 12: Proportion of environmental impact in three systems
7

Reference from: Notarnicola et al., 2011

8

Reference from: Notarnicola et al., 2011

22

In terms of the total proportion of the environmental impacts, fruit leather has a better environmental
performance than other two hide leather systems. A big gap in the abiotic depletion and photochemical
oxidation is mainly due to fewer chemical inputs in fruit leather production and less resource extracted in the
fruit leather production system.
However, an exception happens in the fresh water aquatic ecotoxicity, fruit leather has more environmental
impacts than hide leather. According to the inventory results, drying process contributes about 70% to the total
amount of fresh water aquatic ecotoxicity. This means that the main reason of fresh water aquatic ecotoxity is
electricity use, and the life cycle of electricity production was considered in Simapro. The emissions from
electricity generation have a non-neglected impact on fresh water system.
Overall, although a bigger impact on the Fresh water aquatic ecotoxicity, the total environmental impacts of
fruit leather is less than conventional hide leather in terms of tannery phase. To answer the research question,
fruit leather is the environmental sufficient alternative to conventional hide leather. Although not a full
production system get involved in this study, it starts at the fruit collection rather than growing phase of the
fruits because the raw material are fruit waste, the production of fruit leather could deal with the food waste
problem, which alleviate the environmental impact of food waste treatment in this perspective. In addition,
during fruit leather production processes are organic which disposal by the municipality, it would not contain
the toxicity that threatens to the environment.

23

Chapter 6 Discussion

This chapter aims to discuss the results of this study, including the data quality have been met and some
information has not been covered in this study discussed in the following session.
Data quality determines the accuracy of the results of this study. The production input data was based on the
current production situation. The data of the fruit leather production was primary data which offered by
Fruitleather Company. Transportation and electricity inputs were considered in the environmental assessment
by Simapro model. The environmental impacts of chemical use during coating process based on the literature
study which addressed in above chapter.
Data validity and accuracy was checked during data collection. The transportation data is based on based on the
transport type and the distance need to transport the materials, and the data of the electricity has been
checked by the electricity usage specification of the machine, also they were calculated with the time
demanding for the machine operations. The choice for transportation type was based on EU4 standard which is
the average standard in The Netherlands. The choice for electricity was also based on the current market
2
situation in The Netherlands. In fact, all the data was calculated be the actual usage for one function unit(1m ).
The life cycle of transport including production, maintenance, waste management and etcetera were taken into
account, as well as the life cycle of electricity.
The data collection is processed within the limited time and resource. Not a full fruit-leather production system
was involved in the environmental assessment phase. Waste management of fruit leather production is out of
the system boundary. The only waste generates from the production process is organic waste such as fruit’s
seed that goes to municipal disposal. Two imported materials from Asia is only account the environmental
impact by the transportation section. According to the set up of system boundary, those two natural materials
are the raw material for the fruit leather production, but the environmental impact of the production of those
two materials are not taken into account. Thereby, the environmental impact of two imported products
considered as transporting two items from Asia to The Netherlands.
However, the environmental impacts assessment of fruit-leather in this study was not been underestimated. In
terms of all the machines that operated in the fruit leather production, the maximum usage of the electricity
was been counted. This means that the environmental outcomes been considered as the maximum value, the
actual environmental impact of the fruit leather production would be lower than the results from this study.
Furthermore, it is necessary to interpret conclusion of this study with caution, especially these data are derived
from literature. The outcomes of the comparison study between hide leather and fruit leather shows that the
environmental impacts of fruit leather is far away less than hide leather within the same system boundary.
Last but not least, the environmental impact by coating process was not involved during the Simapro model,
because it is not available in the current database. This is the reason why the environmental impact of the
coating process is based on the literature study was discussed in the above section. According the outcomes,
the big gap between the hide leather and fruit leather means that the fruit-leather production contributes to
the environment, and it approves the possibilities of chemical friendly production for leather products.

24

Chapter 7 Conclusion

This study was conducted to assess the environmental sustainability of fruit leather production in the
Netherlands. Fruit leather is expected to be beneficial to the sustainable management of fruit waste as part of
circular economy. A LCA method guided the structure of full project. This study particularly focussed on tannery
phase of fruit leather production. Simapro model calculated the environmental impact including the
transportation and electricity sector. Waste management of fruit leather was not been taken into account.
Three different scenarios were developed by the different transport type for collecting fruit waste process.
Environmental impact of chemicals use in coating process of fruit-leather production system was based on
literature. A literature study was also conducted for comparison study between conventional hide leather and
fruit leather.
A highlight of fruit leather production can be seen as the drying process. Drying is a process which contributed
to the majority of environmental impact in the entire production system. It had a significant contribution in the
environmental risks of Abiotic depletion, Abiotic depletion of fossil fuels, Global warming, Ozone layer
depletion, Human toxicity, Fresh water aquatic ecotoxicity, Marine aquatic ecotoxicity, Terrestrial ecotoxicity
and Eutrophication. Drying has been the biggest contributor to these 9 environmental categories. Importing the
natural additives from Thailand takes the main responsibilities of environmental impacts of photochemical
oxidation and acidification. In baseline Scenario, collecting fruit waste was leading to the most environmental
impacts among the whole transportation section. Private car as the current transport type for the collecting
fruit waste process is the main reason for the environmental impacts. It was found that electric car could
benefit to the total environmental impact, especially in Abiotic depletion of fossil fuels, Global warming, Ozone
layer depletion and Photochemical oxidation environmental risk.
Comparing to the conventional hide production in Italy and Spain. Without consideration of waste
management, fruit-leather production system showed a better environmental performances than conventional
hide leather production.
Fruit leather as the alternative of the conventional hide leather has a better environmental performance. For
the future sustainable development of fruit-leather production, four recommendations will be given.
Firstly, to deal with the environmental burden generated from the drying process. Trying to decrease the
operation time for drying phase. Ten hours were been calculated for the environmental impact, although this
was the maximum operation time for drying. If the time could be shorter, it definitely alleviates the
environmental impact. Also, changing towards a drying machine with less electricity usage or bigger capacity
could benefit the environmental impact as well. Another possibility is that using the green electricity to reduce
the environmental impacts if the market allows.
Secondly, the new strategic plan of changing the electric car instead of the private car for collecting fruit waste
is valuable. According to the analysis of three scenarios, electric car was the environmental winner amongst
private car and a van. It mainly because electric car uses the green energy which has a less environmental
impact. Another suggestion could also be provided is that collecting the waste fruit from nearby place, it could
definitely short the transport distance and thereby decrease the environmental impact of collecting fruit waste
process.
Thirdly, trying to make a full load during the delivery. For instance, when the coating materials are shipped from
Stahl Company, the pre-finished fruit leather could be transport back to Stahl for the pressing step, it could save
the emission of one way transport.
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Lastly, investigating the feasibility of the fruit leather. Finding more possibilities and field to use fruit leather
instead of conventional hide leather. As a young company set up 2015, the future business possibilities are still
in the investigation and developing phase. According to the tendency of the feedback from the public and the
development of the environmental awareness, it shows a big potential for Fruitleather Company to develop
their business. Many companies and organizations also show a lot of interest of this product. Such as luxury
companies Louis Vuitton and Chanel, they are seeking for the possibilities of cooperation.
In conclusion, fruit leather, as part of the circular economy, it is environmentally sustainable as expected. This
study approved that fruit leather is more environmental sustainable than conventional hide leather. The
possible improvements for fruit leather production system are suggested based on the outcomes of this study.
Fruitleather Company could use those findings from this study to improve the further production system.
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