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Title

Proposal of Zero Packaging Prioritization Indicator Based on Life Cycle Assessment to
Incorporate Zero Packaging Practices into Japanese Department Stores

Abstract

The purpose of this research is to aid department store managers in Japan to incorporate zero
packaging practices into their current operations by proposing a zero packaging prioritization
(ZPP) indicator that takes in the environmental perspective as well as the missing economic
and social perspectives and testing it using case studies.

For the qualitative part, a case study was done by interviewing Tokyu department store,
Hiyoshi to understand what they think about zero-packaging. It was found out that cost
reduction (economic perspective) and customer acceptance (social perspective) were important
factors that they consider when incorporating zero-packaging practices into their current
operations. With conventional indicators showing only environment perspective, there is a
need for a new indicator incorporating both economic and social perspectives.

Life Cycle Assessment (LCA) was first conducted to model the carbon emissions of four
products: bottled coffee, bananas, soybeans and daikon radish. LCA was done to ensure that
this study is comparable with existing studies which were all based on LCA. Primary data in
were collected from Tokyu department store, Hiyoshi and secondary data were mainly from
Japanese sources in order to maintain geographical integrity of the data. Next, a cost analysis
was done to find out the cost of packaging to provide the missing economic perspective. In
this study, not only the primary packaging (i.e. the packaging visible to end consumer) but the
secondary packaging used for transportation were considered as well. Next, the ZPP indicator
incorporating all three perspectives: Environmental, Economic and Social, was proposed to
help department stores prioritize the products to implement zero-packaging practices. The
Weighted Sum Method was used in deriving the ZPP indicator with the weights from Tokyu
Department store, Hiyoshi. The ZPP indicator shows that Tokyu department store should
prioritize the implementation of zero-packaging practices in the following order: daikon
radish, soybeans, bananas followed by bottled coffee.

Comparison of the ZPP indicator with conventional indicators was done as a form of V&V
by applying the same dataset used for the ZPP indicator to conventional indicators. Results
show that after taking into consideration the social and economic perspectives, bottled coffee
which is highly favorable for packaging removal when only viewed from the environmental
perspective, turns out to be not.

This study provides Japanese department stores with a quantitative method that acts as the
first step required to start reducing packaging usage. Japanese department stores would go
down the prioritization list derived from the ZPP indicator starting from the food product with
the highest score to start looking at ways to reduce packaging.

Key Word(5 words)
Life Cycle Assessment, Plastic Packaging, Zero-Packaging, Food, Department Stores




Contents

LiST Of ACKONYIMIS ...ttt 5
1. INtrOdUCTION ...t 6
1.1 Background of plastics waste management in Japan...........cccccevveeiiieeeveieecene e 6
1.2 Environmental impact of marine plastic Waste.........ccoveveiiieeciccee 6
1.3 Plastic packaging with the largest proportion............ccovererereneieeeeeeeeeeeee e 7
1.4 Existing strategies to reduce plastic CONSUMPLION..........cccooiririreiieiineeeeeeeee e 8
1.4.7 POLICY SIALEQIES ..ottt ettt et st st e b e s te et e b e et e tesbe et e steesaensesreensesseeneas 9
1.4.2 Technological @QVANCEMENLS............cccvecieeeeisiecese sttt te e sa e s e rae b sreeaesreeaeas 9
1.4.3 S0CIal-SCIENLITIC SIrAEGIES.........c.eeuerieriiriisiesieeee ettt 10
1.4.4 ZEIO-WASEE CONCEPL ...ttt ettt sttt st s b s s e s e sseesesteessensesseensesseenseseennsans 10
2. Materials and Methods .................c..ooiii s 11
2.1 OVEIVIEW ..ottt sttt et e e st et et e e st e te st e e st e s teeseessesse e st esseeseessesseenseseeeseensesseensenseassentesseansessenneans 11
2.2 Literature Review of Zero-waste Concept Implementation...........cccoceevevireiiniecenenece e 12
2.3 Life Cycle ASSESSMENT (LCA) ..ottt sttt 13
2.4 Literature review of existing LCA studies in the food and packaging context...........c..ccc......... 15
2.5 Qualitative Study: Tokyu Department Store, HiyoShi..........cccooeveeiinniieeeeeen 15
2.6 Purpose and objectives Of this StUAY ......ccooieciii e 17
2.7 Proposed indicator for this StUAY .........c.coiiieireec e 18
2.8 Goal and scope definition fOr LCA ...ttt ettt ettt eb e e sbe e be e saaesaneens 19
2.9 CASE SHUAY ..ottt ettt ettt R e aeebe et e be et et et e e eneeseebentetn 21
2.9.1 Selection Of FOOU PrOAUCES .........ccecveeeiieeeciece ettt ettt ste s be e be s beeraebesrnenes 21
2.9.2 PrOCESS FIOW.........ccooooiiiiiiiiiiiiiiiiciietsetteee ettt ettt 22
2.9.2.1 Process flow for case study of botted COMfEE ... 22
2.9.2.2 Process flow for case Study Of BANANAS .............ccecuieeereiieieeieisesesesesiesieseeneeeeessessesaennas 23
2.9.2.3 Process flow for case study Of SOYDEANS ..........ccvcuvereieiieiieeieesese e 24
2.9.2.4 Process flow for case study of Daikon RadiSh ...............ccccueirenninncninineineeneeseeneens 24
2.9.3 Life CYCIE INVENLOIY ..ottt sttt ste sttt sttt st e b e e sae st e s saentesreensansesneenes 25
2.9.4 Life Cycle IMPact ASSESSIMENL ..........cocieeeieieeeesieseece s etes s ete st tesseeaestesreesesreessensesreenes 28
2.9.4.1 Life Cycle Impact Assessment for the case of Bottled COffee...........ccoouueenvvenecenenncncns 29
2.9.4.2 Life Cycle Impact Assessment for the case of Bananas..............ccccecceveeeoeneieneceneneneens 31
2.9.4.3 Life Cycle Impact Assessment for the case of SOybeans..........c.cceevvvveeceviesceeiesieeceseeeens 33

2.9.4.4 Life Cycle Impact Assessment for the Case of Daikon radiSh..............cccccceevecnvencencenenn. 35



3. RESUILS ...ttt et e e e e et e e s et e e s s ettt e e sasaateesaaaeeesassateesassaeeesasnsaeesas 37

3.1 Results of Carbon EMISSIONS.......cc.coiiiiiiirirescieeee ettt 37
3.2 Packaging Cost COMPATISONS .......ccocuieieiiiiieiesie ettt ste e et e s e s te e essesbessaetesressaesreennens 42
3.3 Zero Packaging Prioritization (ZPP) INAIiCAtOr.........c.ccoveiiiieieecececeeeeeeeeere e e 43
3.3.7 POLENLAI SCOIE (PS) ..ottt sttt sttt sttt e st e sraenbesreessaneesreenes 44
3.3.2 PLIOITHZAEION [IST.........ceeeeieiieieeieeteetet ettt sttt et b b e nes 47
3.4 SENSILIVILY ANAIYSIS ..ottt ettt b e sttt be e nen 49
4. DESCUSSION ...ttt ettt 52
4.1 Comparing ZPP indicator with and Without PS ... 52
4.2 Comparing ZPP indicator with other quantitative measures..........cccoceeevvrecencecencecceeee, 53
4.3 Comparing with other qualitative MeasUreS ... 55
4.4 Limitations Of this STUAY .....cc.ocveiiiiiceeeec ettt st et b eanas 57
4.5 FULUIE RESEAICH ...ttt ee 58
5. CONCIUSION ...ttt b et ettt ae bbb e 58
REFEIrENCES. ...ttt 59

F Ve T o 1= T ) G SRS 64



List of Acronyms

CCp, — Climate Change Impact Factor of Packaging
CCp, - Climate Change Impact Factor of Product

CFP — Carbon Footprint

FTP — Food to Packaging

GHG — Green house gases

GWP — Global Warming Potential

IPCC — Inter-govvernmnetal Panel on Climate Change
LCA — Life Cycle Assessment

LDPE — Low-density polyethylene

PET — Polyethylene terephthalate

PHA — Polyhydroxyalkanoate

PLA — Polylactic Acid

PP — Polypropylene

PS — Potential Score

PtP.. — Package to Product Indicator based on Climate Change impact category
UNEP — United Nations Environment Programme

ZPP — Zero Packaging Prioritization



1. Introduction

1.1 Background of plastics waste management in Japan

The excessive generation of plastic waste has been an ongoing problem for many
countries, in part due to the heavy consumption of plastic. About 9030 thousand tons of
plastic waste was generated in Japan, in 2017 alone [1]. Only 23% of this was
mechanically recycled (9% was done in-house while 14% was exported overseas), while
58% of the plastic waste was incinerated with energy recovery as shown in Figure 1 below
[1]. Even with strict municipal waste segregation rules, the amount of plastic waste that
actually gets reused as recycled plastic still does not measure up to the amount of plastic

waste that was burned for energy.

Energy recovery

58 Feedstock recycling

B In-house recycling

9

Mechanical
recycling
23%

Export of plastic
waste

Non-utilized plastic
waste 14%
15%
Figure 1: The plastic situation in Japan [1]

1.2 Environmental impact of marine plastic waste

Plastic might not seem like much of a problem in terms of carbon emission if we were

to compare it directly with other resources like electricity. However, if we were to look at



plastic waste from a wider scope, the environmental impact of plastic waste could be
comparable, if not higher than traditionally high impact resources. In a study published in
Science Magazine in which an estimation was done to determine the amount of plastic
waste flowing into the ocean from each country, China came up as the top generator of
marine plastic waste followed by Indonesia, Philippines and Vietham which can be seen
in Table 1 [2]. China, Indonesia and Vietnam are all major importers of plastic waste from
G7 countries and are known to have inadequate waste management systems [3]. Till this
day, nobody has a complete picture of the amount of marine plastic waste existing in our
oceans, which leaves much of the environmental impact of marine plastic waste to be
unknown. One thing we do know is that there is an urgent need to limit the amount of

plastic waste even being generated in the first place.

1 China 1,320,000 ~ 3,530,000 tons/year
2 Indonesia 480,000~1,290,000 tons/year
3 Philippines 280,000~ 750,000 tons/year

4 Vietnam 280,000~ 730,000 tons/year

5 Sri Lanka 240,000 ~ 640,000 tons/year
20 America 40,000 ~ 110,000 tons/year

30 Japan 20,000~ 60,000 tonsfyear

Table 1:Estimation of marine plastic waste inflow from land for each country [2]

1.3 Plastic packaging with the largest proportion

The main culprit of plastic waste generation is unsurprisingly, plastic packaging. In a
study published by United Nations Environment Programme (UNEP), it was found that
36% of the global plastic production went to single-use plastic packaging, which was the
largest sector as can be seen in Figure 2 below [4]. Furthermore, Japan is second in the

world for plastic packaging waste generated per capital as shown in Figure 3 below [4].
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Figure 2:Overview of global plastic production

Figure 1.5. Plastic packaging waste generation, 2014 (million Mt)"

million Mt

0 USA China EU 28 Japan India

| | |
Total plastic packaging waste (million Mt) Total plastic packaging waste (Kg per capita)
Source: Adapted from Geyer, Jambeck, and Law, 2017

Figure 3:Japan is second in the world in terms of plastic packaging waste generated per person [4]

1.4 Existing strategies to reduce plastic consumption

From a life cycle perspective, reduction would always be better than recycling. This
is due to the fact that recycling actually consumes a lot of resources and can have high

carbon emissions. The transporting, sorting, cleaning, crushing and drying of waste



plastics during the recycling process requires fuel, water, electricity and heat. There is a

need to explore methods other than recycling to reduce plastic packaging waste in Japan.

1.4.1 Policy strategies

Prata et al. [5] did a review of integrated strategies that looks at reducing the amount
of plastic even entering the environment in the first place. One of the strategies mentioned
was policies which is probably the most straightforward strategy in terms of waste
management. However, policies might cause disruptions in supply chain and shifting of
problem (e.g. increase in trash bag sale after plastic bag levy implemented in Irelend)
[5,6]. Moreover, as mentioned by Prata et al [5,7], constant monitoring for certain types
of policies might actually cost more in terms of aggregate environmental impact. In
addition, policies might have an immediate and significant impact when first applied but
its impact is known to dwindle as time passes. As such, there is a general lack of long-
term studies of the impact of policies [8]. Top down approaches like policies are known to
be more limiting and not all countries and governments have the capability and freedom

to implement such strategies. Hence, there is a need to look at other strategies.

1.4.2 Technological advancements

Another strategy to look at is technological advancements in the form of material
science technology and redesign. Bio-based/biodegradable plastics like Polylactic acid
(PLA) [9,10] and polyhydroxyalkanoate (PHA) [11] has been around for awhile now and
has even been manufactured and sold on a large scale [12]. Research has also been
done to replace the plastic in circuit boards with biodegradable fibres [13]. In terms of

redesign, major companies like Unilever, Michelin, GM and Cargil to name a few, have



been spearheading efforts to redesign their packaging and products which resulted in
direct reduction of plastic waste. However, research projects like this usually requires
generous amount of investment and is subject to failure. Hence, big corporations are
usually the only ones who can afford to take the initiative to research on alternative
materials. Not to mention, the introduction of alternative materials into existing waste
streams would cause disruptions that requires careful planning [5]. In addition, materials
or products that are marketed to be kinder for the environment could bring about a
‘rebound effect’ which is the increase in consumption of said products due to
psychological effects [14]. Technical solutions are not able to work by itself without first

understanding human behavior [8].

1.4.3 Social-scientific strategies

On the same note, shifting human behavior just through education and awareness is
insufficient to bring about a sustainable change. As mentioned by Heidbreder et al. [8]
who did a review of social-scientific work on reducing plastic consumption, that even
though awareness of global warming/climate change is high, humans being habitual
creatures, are still not changing their behavior for the good of the environment. The paper
identified that to initiate behavior change, there must be some kind of trigger in the form
of changes in external environment, for example relocation. Provision of alternatives was

found to be a potential candidate to initiate behavior changes as well.

1.4.4 Zero-waste concept

The zero-waste concept is a great example of a hybrid of all the strategies mentioned

above. A well-known example is the zero-waste city of Kamikatsu as well as the zero



waste academy which is active in education and the spreading of the awareness of the
zero-waste concept. Despite zero-waste initiatives like kamikatsu being well-known, it
remains difficult to see zero-waste initiatives actually happening in other parts of Japan.
Zero-waste grocery stores for example, serves a very niche consumer market. A study
[19] mentions that a more transformative pathway to make zero-waste more mainstream
is for existing conventional supermarkets to adopt zero-waste practices.

As such, this study looks at integrating zero-waste concept in Japanese department
stores to reduce plastic packaging consumption. The case study is chosen to be in
Japanese department stores since they have a well-known problem of over-packaging.
Furthermore, the price range of department store goods attracts a more affluent group of
customers. The rich having more freedom to change their consumption patterns is

expected to be a leverage point for this study.

2. Materials and Methods

2.1 Overview

In the following chapters, we will first be doing a literature review to find out what
the academia world is doing to implement zero-waste concept in the food product sector
in chapter 2.2. This would be followed by an introduction of Life Cycle Assessment
(LCA) in chapter 2.3 and a literature review of existing LCA studies in the food product
sector in chapter 2.4. Next, the quantitative component of this study would be shown in
chapter 2.5 in the form of an interview with Tokyu department store, Hiyoshi. The
purpose and objectives of this study would then be established in chapter 2.6 followed

by an explanation of the uniqueness of this study in the form of a proposed Zero



Packaging Prioritization (ZPP) indicator in chapter 2.7. The goal and scope of the LCA
would be fixed in chapter 2.8 following which we will round off the section with a detailed

explanation of the four case studies in chapter 2.9.

2.2 Literature Review of Zero-waste Concept Implementation

Literature review was done to find out what the academia world is doing to implement
the zero-waste concept in the food product sector. Two existing studies [27,30] proposed
indicators looking at the comparison between carbon emissions from the packaging used
and carbon emissions from the food component for specific food products. These
indicators are helpful in giving perspective to which particular packaging system for
specific food products should the focus be on to yield the largest impact in terms of overall
carbon emission reduction. They take into account both the packaging and food
component of a food product which gives a more holistic view.

For the first study [30], the following indicator shown in Equation (1) was proposed to
assess the environmental impacts of the packaging together with the corresponding
product in an attempt to achieve a universal methodology that would enable this complex

assessment [30].

PtPec(%) = X CCpa /% CCpy * 100, (1)

PtP.-(%) represents the ratio of the environmental impacts of the packaging (3 CCp,)
when compared to the packaged product (3, CCp,).
For the second study [27], the following indicator shown in Equation (2) was

proposed to illustrate both the importance of considering food waste when comparing



packaging alternatives, and the potential for using packaging to reduce overall system

impacts by reducing food waste [27].

agricultural (farm gate)production food processing
[£( )+E( )
kg food kg food 2
E(packaging materials) 4 ( )
kg food

FTP; =

FTP represents the food to packaging environmental impact relationship with E being the
environmental impact indicator of interest. At very low FTP ratios, it is likely preferable to
focus attention on reducing the impact of the packaging through light weighting,
alternative material selection, etc. as food waste reduction will not have significant
influence on the total system environmental performance.

Although the two indicators have slightly different purposes their end goal
remains the same, and that is to look at the food products, inclusive of both the food
and packaging component, from the environmental perspective in an attempt to rethink
packaging. In both studies, environmental impact was their only form of measure with
the economic and social perspectives missing. Additionally, both studies were based on

the Life Cycle Assessment (LCA) methodology.

2.3 Life Cycle Assessment (LCA)

LCA is used to evaluate environmental impacts by assessing the carbon footprint
across the entire life cycle of products and services [16,17]. To ensure that this study
remains coherent and comparable with the two existing studies that were both based on
LCA, there is a need to do LCA for our study. The methodology applied for this

assessment is based on the International Organizational Standard for life cycle



assessment ISO 14040/44, 1SO 14067 [20,21,22]. An approach of life cycle assessment
is employed to quantify the emissions of six key GHGs including carbon dioxide (CO2),
methane (CH4), nitrous oxide (N20), sulphur hexafluoride (SF6), hydrofluorocarbons
(HFCs) and perfluorocarbons (PFCs). The impacts of these GHGs are converted into the
weight measurement of CO2 equivalent (CO2e) on a 100-year time scale, using global
warming potential (GWP) recommended by the Inter-governmental Panel on Climate
Change (IPCC).

The reason why we are focusing on global warming potential as an indicator is
because climate change and carbon emission are the more well-known keywords among
the general public, we deem it as a good place to start for our study in order to bring their
attention to the carbon footprint in their daily lives. In addition, both of the conventional
indicators used global warming potential as their measure. The paper will be structured
according to the life cycle assessment framework presented in ISO14040:2006 as shown

in Figure 4 below [21].
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Figure 4:Life cycle assessment framework from 1SO14040 [21]

2.4 Literature review of existing LCA studies in the food and packaging context

LCA studies have been conducted for supermarkets [24,25] and across the food
supply chain [29]. LCA has also been conducted for plastic carrier bags made from
different combinations of plastics and comparative studies between conventional plastic
bags and bioplastic bags [23]. The general consensus in the LCA community is that there
is a lack of perspective with regards to the food waste and loss generated during
distribution and retail due to the reduction of packaging across the food chain [26,27].
There is a need for more LCA studies that pay equal attention to both the food component

and the packaging component [28].

2.5 Qualitative Study: Tokyu Department Store, Hiyoshi



Currently, Japanese department stores have started charging for their paper and
plastic bags in the hopes of reducing customer consumption of packaging. Prices for plastic
bags range from 2 to 8 yen while paper bags go for 20 yen per piece. According to the
Japan Department Stores Association, they are going to push for something called ‘smart
wrapping’ which promotes the use of eco-bags and packing of things together in the same
bag to reduce packaging used [15].

An interview was conducted with the waste manager of Tokyu department store,
Hiyoshi in order to find out what they think about zero packaging and what do they prioritize

if they were to implement it in their stores. The findings are summarized in Table 2 below.

Topic of concern Findings from interview with Tokyu department store, Hiyoshi
e Paying recycling companies to collect their packaging
waste which is mainly tertiary packaging with
cardboard boxes being the main waste stream

e Does in-house recycling of tertiary plastic packaging
waste (i.e. processing into bars)

e Pays a third-party recycling company to collect their
recycled plastics which is their current pain point
because the recycling companies are increasing the
prices

Current operations

e Leave amount of primary and tertiary packaging used
to their suppliers

e No plans or actions to reduce plastic packaging

Largest plastic waste

; e Food section (plastic bags and food containers)
stream in shop front

e They will like to consider zero waste concept

e If customers are able to accept they would love to reduce
even more because this translates to cost reduction for
them

Zero-waste concept




e Another factor of consideration is how much resource
usage are they reducing

Table 2:Summary of interview with Tokyu department store Hiyoshi

From the interview, we can gather that the department store would like to
incorporate zero-waste concept into their operations if it translates to cost reduction and
their customers are able to accept the new business operations. At the same time, they

currently do not have plans for a zero-waste food section.

Contrary to what the academia world thinks, environmental impact is not the only
thing that matters. Department stores consider the social (customer acceptance) and

economic (cost reduction) perspectives to be important as well.

2.6 Purpose and objectives of this study

The purpose of this study is to aid department store managers in Japan to
incorporate zero-waste concept into their current operations by proposing a zero
packaging prioritization indicator takes in the environmental perspective as well as the
missing economic and social perspectives and testing it using case studies.

The objectives of this study are: 1) Life Cycle Assessment (LCA) to model and
benchmark the carbon emissions from both the food and packaging components. LCA
will be done to ensure that this study is comparable with existing studies which were all
based on LCA. 2) Cost analysis to find out the cost of packaging to provide the missing
economic perspective. 3) Propose a new indicator to help department stores prioritize the
products to implement zero-packaging practices. Conventional indicators lack the

perspectives desired by Japanese department stores, namely economic and social



perspectives. The indicator proposed in this study takes into account the environmental

perspective, the economic perspective and the social perspective.

2.7 Proposed indicator for this study

This study builds on the two indicators proposed by the two studies [27,30] by
incorporating the emissions from food production and processing into a single factor (i.e.
CFP — FOOD ) in order to simplify the sub-function since we have no need for such details
for the scope of our study. The ratio of emissions from packaging to CFP — FOOD; then
makes up the first sub-function which gives us an environmental perspective. Sub-
functions for the economic and social perspectives were added in order to ensure better
applicability in the context of Japanese department store food sections. The proposed
indicator as shown in Equation (3) that would be studied using four case studies would

be as follows:

CFP—-PACKAGING Cost—PACKAGING;

ZPP; = wy W,
CFP—FOOD; Cost—UNIT PRODUCT;

+ w;PS; (3)
i : food product ; Coffee = 1, Banana = 2, Soybean = 3, Daikon = 4

i refers to the food product selected for each case study with i = 1 referring to the case of
coffee, i = 2 referring to the case of bananas, i = 3 referring to the case of soybeans and i
= 4 referring to the case of daikon radish. ZPP; refers to the Zero Packaging Prioritization
indicator for food product i; CFP — PACKAGING ; refers to the carbon footprint of packaging
per kg food product i sold; CFP — FOOD; refers to the carbon footprint of food production
and processing per kg food product i sold; Cost — PACKAGING; refers to the cost of

packaging used across the life cycle per unit product for food product i;



Cost — UNIT PRODUCT; refers to the selling price of the unit product for food product i; PS;

refers to the Potential Score which is the potential for food product i to adopt zero-

packaging practices. This score was given by stakeholders across the supply chain,
including the consumers and provides us with the social perspective with regards to
packaging removal. w;, w, and w; are the weightages for each of the sub-functions and
they were obtained from a separate interview with Tokyu department store, Hiyoshi.

In addition to carbon emission found in conventional indicators, ZPP is the new
indicator proposed in this study which includes both the economic and social
perspectives. Both cost reduction and customer acceptance were identified as desirable
factors of consideration by Tokyu department store, Hiyoshi during our interview. ZPP will

help department stores prioritize the products to implement zero-packaging practices.

2.8 Goal and scope definition for LCA

The goal of this LCA study would be to assess the environmental impact of
packaging (mostly plastic) across the food chain together with the environmental impact of
food production. The functional unit chosen is 1kg of product sold at the department store.

The packaging included in the scope of this study includes the primary and
secondary packaging. SereSova and Ko“ci [30] gave a great definition for the three different
groups of packaging:

Primary packaging is the packaging that comes into direct contact with the food and

serves multiple functions such as protection and labelling. All of the primary packaging used



for the four case studies are made from plastic and the cradle to grave emissions from all
the primary packaging would be included in the scope of this study.

Secondary packaging facilitates the transport of multiple primary packages during the
distribution stages within the food chain. It essentially functions as a means for group
packaging. The secondary packaging included in the scope of this study would be the
cardboard boxes and plastic lining being used for group packaging when transporting
products in bulk across the supply chain.

Tertiary packaging is to facilitate transportation of the grouped products. Resources
being used for tertiary packaging are usually reused multiple times before disposal or
recycling (e.g. pallets). Hence, they are not included in the scope of this study since the
focus of this study is on single use plastic packaging.

A generic process flow used for all four case studies is shown in Figure 5 below. The
study will include four life cycle stages, namely: Raw material extraction, Processing,
Distribution and End-of-Life. The scope of the study does not include usage by the
consumers because that would be out of the control of the department store management.
Emissions from transportation and incineration of waste packaging after usage by the
department store as well as consumers are taken into account. The department store at
Hiyoshi does in-house processing of the plastic film they receive along with the logistical
transportation of the goods before sending the resulting plastic pellets to a third-party
recycler. Emissions from this in-house processing is taken into account in the scope of this
study and placed under the process “Recycling”. However, the actual recycling done by the
third-party company as well as the avoided emissions from using recycled plastic pellets in

the production of plastic packaging is not taken into account in the scope of this study



mainly because the plastic packaging used in this study was not made from recycled
plastic. On the other hand, the avoided emissions of electricity production from the
incineration process of plastic packaging and other waste were included in this study as

energy recovery from biomass.

L B B BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B BN BN B BN BN BN BN ---------1
Raw
material
extraction

Processing

Agricultural production Storage

Packaging production Food Processing Transportation

Electricity production Recycling

=== Scope of study

Figure 5:Generic process flow and scope used for case studies

2.9 Case Study

2.9.1 Selection of food products

The four case studies in this study were chosen based on a previous study done
by Heller et al. [27]. In the previous study, it was concluded that it is likely preferable to
reduce impacts of packaging for food types like beverages, fruit, legumes/nuts and
vegetables as food waste reduction would not have significant influence on total system
environmental performance. A table of the food products chosen for each food type for

our context of Japanese department store can be found in Table 3 below.

Food type Food product Reason

70.66% of respondents of Japan stated they drink

Beverage Coffee (bottled) coffee regularly [31]




6kg of bananas (out of 25.5kg of fresh fruits) were
purchased by a Japanese person for the whole of

Fruit B
o ananas 2016, making bananas the most purchased fresh
fruit that can be singularly identified [32]
Soybean is the most planted legume in Japan
Legumes/nuts Soybeans with annual productions going up to 231,700tons
[33].
Vegetables Daikon radish Daikon radish is the top consumed vegetable in

Japan as found by this study [34].

Table 3:Food products chosen for the case study

2.9.2 Process Flow

Building upon the generic process flow and keeping within the scope defined in
Figure 5 above, a process flow is created for each of the case study and presented in

the following sections.

2.9.2.1 Process flow for case study of bottled coffee

Processing facility @ &4 il Department store 1
1
Carrier bag foh i : Waste Plastic rods
roduction Carrier bags p-howserecycling |
Secondary packaging Cardboard

|

cardboard) production :
Secondary packaging Plastic film Used Secondary padkaging

plastic film) production (plastic film) I
Bottled coffee

I
. Sold products
Coftee production Reetail F pr¢

|
Pri k I
rlmar)(ri packaging : - M Waste management
production Primary packaging Used Secondary packagingl company
|

End-of-life :

. .
Energy recovery |} Used primany packaging
Used PET bottles ncineration |

|
1
Delivered product |
1
|

|
Used Carrier bags

Figure 6:Process flow for bottled coffee



The process flow for bottled coffee is presented in Figure 6 above. Primary
packaging production is taken to be at the bottle manufacturing plant of Suntory in
Gunma prefecture [36]. Coffee production is taken to be at their processing plant in
Ebina, Kanagawa prefecture [37]. The emission from the recycling of PET bottles and
incineration of waste plastic from the primary and secondary packaging are taken into

account in this study.

2.9.2.2 Process flow for case study of Bananas

Banana farm (@ Philippines Banana processing plant Banana ripening plant Department store

1
1
1
1
1
i e Carrier bags |
1
1
1
1
1
1

|’7W| Cardboard box

— _ X Processed Bananas . y
t | Plastic film Unripen bananas |

Raw Bananas [ J] Bananas
1

1
1 Sold products

Primary packaging 1
1

1
Used Secondary ppekaging

"""""""" ! lastic fil
(e of i 7E Used Secondary packagingy(cardboard box) gl fil) 1

1
1

—————— I -
‘ ‘ Ide Primary packaging | Waste Plastic jods ‘ :
1 1 ‘ 1

Used Carrier bags

Waste

Figure 7:Process flow for bananas produced in the Philippines

The process flow for bananas for our case study is shown in Figure 7 above. The
bananas were assumed to be grown in the island of Mindanao in the Philippines
according to Dole’s website for this particular type of bananas [38], which is assumed to
be the Cavendish type. The bananas are then processed and packed before being
shipped to Tokyo where it will go through a ripening process and finally distributed to
the stores for retail. Due to bananas being relatively fragile, it is deemed necessary to
transport them in a refrigerated setting. Hence, emissions from the refrigeration during

transport during freight shipping and ground transport were all taken into account for



this case study. Furthermore, due to the fact that bananas are deemed even more
fragile after the ripening process, ripening facilities are built within a 200km distance
away from central Tokyo [43]. This process flow of bananas was formed by the help of

other published studies on the supply chain of bananas [39, 40].

2.9.2.3 Process flow for case study of Soybeans

Soybean farm @, AtiffiE Processing facility @ #Z3)I| Department store

Carrier bags

L 1 IDelivered product

T Delivered soybeans

Raw Soybeans [ |

1
1
1
1
|
1
1
1
1
1
_ Packed Soybeans 1
|

[ ‘ ’ | Sol:d products

|

|

‘ Primary packaging

I Secondary packaging
End-of-life

TR

Figure 8:Process flow for soybeans
8 . .

The process flow of soybeans for our case study is presented in Figure 8 above.
The soybeans are indicated to be produced in the Hokkaido prefecture and processed
in a facility in Kanagawa prefecture on its primary packaging. In this study, it was
assumed that the soybeans were produced in a farm in Naganuma because this city
has the largest soybean production in Hokkaido [51]. The soybeans are then assumed
to be transported to Sagamihara, Kanagawa as indicated in the primary packaging of
the soybeans. Soybeans are assumed to be bulk transported [41,42], hence packaging

is only introduced into the flow at the processing facility.

2.9.2.4 Process flow for case study of Daikon Radish
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Figure 9:Process flow for daikon radish

The process flow for Daikon radish is presented in Figure 9 above. The daikon
radish is indicated to be produced in the Kanagawa prefecture and further processed at
Tokyu department store, Hiyoshi on its primary packaging. In this study, it was assumed

that the daikon radish are produced in Miura island in Kanagawa prefecture.

2.9.3 Life Cycle Inventory

The primary data collected for this study includes the primary packaging used for
the four food items chosen for the case study that are being sold in the food section of
Tokyu department store, Hiyoshi. The primary data collected can be found in Table 4 below.

Primary data was collected by weight measurement of the packaging.

Material of Weight of Price (¥)
.. Amount of primary primary
Food product Origin food (kg) packaging packaging
(kg)
Bottled coffee Japan 0.5 PET (bottle) 0.016 178

PP (cap) 0.002




LDPE (label) 0.001
Bananas Philippines 0.523 PP 0.003 290
Soybeans Hokkaido 0.204 LDPE 0.005 220
Daikon radish Kanagawa 0.418 LDPE film 0.001 91

Table 4:Primary data collected for primary packaging used for chosen products sold in Tokyu department store, Hiyoshi

The secondary data collected are mainly from Japanese sources in order to

preserve the geographical accuracy of this study. The emission factors collected and

used for the four case studies and their sources are recorded in Table 5 below.

Output Emission Factor Source
Electricity 0.464 kgCO2e/kWh Agency for Nature Res[(;151]rces and Energy, Japan
1 PET bottle with label The Insti f Lif le A
500?1 bottle with label and 3.99 kgCO2e/kg e Institute of Life Cycle Assessment, Japan
cap [44]
Brewed coffec? 0.053 kgCO2e/200m] The Institute of Life ([24};c]le Assessment, Japan
The Japan Corrugated Case Association
3
Cardboard box 0.554 kgCO2e/kg AEER— L T EAAEAS (45
LDPE film5 2.06 kgCO2e/kg Ministry of Environment, Japan [46]
Carrier bags* 4.85 kgCO2e/kg Ministry of Environment, Japan [46]
Ground transportation (4t truck, . .
50% filled) 0.325 kgCO2e/t.km Ministry of Environment, Japan [46]
PP 4.63 kgCO2e/kg Ministry of Environment, Japan [46]
LDPE liner® 1.53 kgCO2e/kg Ministry of Environment, Japan [46]
I ional 1 of Lifl le A
Bananas 0.22 kgCO2e/kg nternational Journa E;fO] ife Cycle Assessment
Processed bananas 0.017 kgCO2e/kg International Journal [(:folilfe Cycle Assessment
Ripened bananas 0.286 kgCO2e/kg Ajinomoto [47]
Large container ship 1.12E-05 International Journal of Life Cycle Assessment
transportation kgCO2e/kg.km [40]
Refrigerant for ship 0.08E-03 kgCO2e/kg International Journal [(:folilfe Cycle Assessment

Refrigerated cargo truck
transportation

Recycled plastic pellets, in-house
LDPE packaging*

Soybeans

LDPE film*

Daikon

9.83E-05
kgCO2e/kg.km

1.21 KWh/kg
4.67 kgCO2e/kg
0.371 kgCO2e/kg
5.2 kgCO2e/kg
0.18 kgCO2e/kg

Ministry of land, infrastructure, transport and
tourism, Japan
T2 HA[48]

Nihon Yuki Co. Ltd. H AL [49]
Ministry of Environment, Japan [46]
Ajinomoto [47]

Ministry of Environment, Japan [46]

City of Nagoya [50]

Table 5:Emission factors sourced for this study
Unclusive of carbon emissions from production of PET bottle with label and cap and disposal and recycling



’Inclusive of production of coffee beans and brewing of coffee which was taken to be in Japan
3Assumed recycled since cardboard boxes are made mostly from recycled paper pulp
*Inclusive of production, transportation at End-of-Life stage and Incineration

SExcluding End-of-Life stage transportation and incineration

The secondary data were all calculated in the context of Japan with the coffee
production being converted to being produced in Japan in the published study. The only
exception being the production, processing and harbor handling of bananas. The data
was taken from a published study that did data collection from a banana production site
in Costa Rica. As details of the published data for the Costa Rican banana case study
were not intricate enough for me to modify the study to better suit the context of our
case study i.e. the Philippines, the uncertainty due to the secondary data used would be

further analyzed in a sensitivity analysis in the later part of this study.

Secondary data was also collected for the cost of the resource flows for each of
the case studies. They were mainly collected from Japanese sources as well in order to
maintain the geographical integrity of the data. The recycling costs of the packaging
were calculated using equation (4) published by The Japan Containers and Packaging

Recycling Association [53].

Recycling fee = amount of output X Calculation cof feicient X Recycling unit cost,(4)

In addition, the cost of cardboard box production and recycling is calculated
based on the flow depicted by Corrugated Packaging Recycling Council, Japan [57].

The cost data for all the case studies can be found in Table 6 below.

Resource Cost Source

Electricity, 1lkWh 21.87 ¥ GlobalPetrolPrices [52]




Recycling fee, PET bottle
Production cost, PET bottle

Production cost, cardboard box

Recycling cost, cardboard box

Production cost, plastic film
Recycling cost, plastic film
Production cost, carrier bags
Recycling cost, carrier bags
Production cost, PP packaging
Recycling cost, PP packaging
Production cost, LDPE liner

Recycling cost, LDPE liner

(4.5¥ x 0.38352)/kg
4374¥/kg

10¥/kg

(5+2+10) ¥/kg

33¥/kg
(51¥ x 0.38352)/kg
593¥/kg
(51¥ x 0.62711)/kg
2163¥/kg
(51¥ x 0.60437)/kg
19¥/kg

(51¥ x 0.60437)/kg

The Japan Containers and Packaging Recycling
[54]

Rakuten [55]

The Japan Corrugated Case Association
REERR— /L LA HEAS [56]
T oAz [58]
Ministry of Economy, Trade and Industry,
Japan [59]

HEEHI[60]

The Japan Containers and Packaging Recycling
[54]

Adpoly [61]

The Japan Containers and Packaging Recycling
[54]

Monotaro [62]

The Japan Containers and Packaging Recycling
[54]

Rakuten [63]

The Japan Containers and Packaging Recycling
[54]

Table 6: Cost data for resource flows

2.9.4 Life Cycle Impact Assessment

In this study, the matrix-based method would be used to evaluate the

environmental impact [18] due to the fact that the matrix-based method is a more efficient

modeling method as compared to the conventional process-based model. A matrix-based

method streamlines the calculation by removing the need to normalize [18]. The

fundamental Equation (5) governing this method is:

s = AL,

()

in which fis the functional unit, A1 is the inverse of the technology matrix A which depicts

the flows going in and out of each process and s is the scaling vector. The purpose of the



scaling vector is to proportionate the technology matrix according to the functional unit
defined.

The carbon emission and packaging cost, also known as g, from each case study
is then calculated using Equation (6) below:

g = Bs, (6)

Where B refers to the intervention matrix which represents all the flows which comes
from or g to the environment. s is the scaling vector derived from equation (iv). g in this
study represents all the environmental flows in the system associated with the reference
flow under consideration. In our case, g consists of both greenhouse gas emissions in
terms of carbon dioxide equivalent and packaging costs for our cradle-to-grave system
of 1kg of food sold. The technology matrix A, functional unit f, scaling vector s,
intervention matrix B, and resulting inventory vector g for each case study would be
presented in the subsequent sections. For a more detailed look at the process flows and

calculations, please refer to the attached appendix for the excel sheets.

2.9.4.1 Life Cycle Impact Assessment for the case of Bottled Coffee

For the case study of bottled coffee, the flows going in and out of each process is
presented in Apottied coffee @S Shown in Equation (7) below. The matrix is built according
to the processes mapped out in Figure 6. Equation (8) represents the functional unit

which is 1kg of bottled coffee sold in Tokyu department store Hiyoshi.



1 0 0 0 0 O 0 0
0 1 -0.019 0 0 O 0 0
0 0 0519 0 0 O -1 0
Abottledcoffee= 00 0 100 —0.0044 0 ) (7)
0 0 0 0 1 0 -0.0029 0
0 0 0 0 0 0 1.0073 -0.519
0 0 0 0 0 1 0 —0.068
0 0 0 0 0 O 0 0.587
0
(0
0
_ 10
fbottled coffee — oVl (8)
| o |
Y
1
Using Equation (5), we have:
Spottled coffee = Al;;ttled coffeefbottled coffee
1 0 0 0 0 0 0 0 0
0 1 0.0366 0 0 0.036 0 0.032 0
0 0 192 0 0 1913 0 1.69 0
10 O 0 1 0 0.0044 0 0.004 0
10 0 0 0 1 0.0029 0 0.0025 0
0 0 0 0 0 0 1 0.1158 0
00 0 0 0 0993 0 08777/ \0
00 0 00 0 0 170 1
0
0.032
1.7
0.00386
| 0.0025 | ©)
0.116
0.88

1.7



With spottied copree D€ING the scaling vector, which is needed to proportionate the
technology matrix, Apottiea corfree @ccording to our defined functional unit, f,o¢tied coffee-

The inventory matrix representing all the flows which comes from or goes to the
environment is defined in Equation (10) below:

0.464 399 0.13 0554 206 4.85 0.013 0.00163)

B = 1
bottled coffee (21.87 4375 0 271 638 6251 0  0.0768 (19)

Applying both inventory matrix B, stieq cor ree @l0ONg With the scaling vector derived

in Equation (9), Spottied cofree t0 Equation (6), we have:

0.932
8bottled coffee = Byottiea cof fee Shottled cof fee = (213 4)’

(11)
With the top row being the greenhouse gas emissions in terms of carbon dioxide
equivalent and the bottom row being the packaging costs for our cradle-to-grave system

of 1kg of bottled coffee sold in Tokyu Department store, Hiyoshi.

2.9.4.2 Life Cycle Impact Assessment for the case of Bananas

For the case study of bananas, the flows going in and out of each process is
presented in A, nanas @S Shown in Equation (12) below. The matrix is built according to
the processes mapped out in Figure 7. Equation (13) represents the functional unit

which is 1kg of bananas sold in Tokyu department store Hiyoshi.



1 0 00 0 O 0 0 0
01 00 0 O 0 —0.0057 0
0 0 01 0 0 —-0.0014 0 0
0 010 0 0 —0.0709 0 0
0 000 0 1 -1 0 0
Apananas =10 0 0 0 0 0 1.0013 0 -1
0 000 O O 0 -1 1
0 0 00 0 O 0 1.006 0
0 000 0 O 0 0 0
0 000 10 0 0 0
0 0 00 0 O 0 0 0
0
0
0
0
0
foananas = 0
0
0
0
0
1
Using Equation (5), we have:
Sbananas = Agénanas bananas
1 0 00 O 0 0 0 0
0 1 00 O 0 0 0.057 0.0057
0 0 01 0 0.0708 0.0708 0.0704 0.07
0 0 10 O 0.0014 0.00139 0.0014 0.0014
0 0 00 O 0 0 0 0
=10 0 00 1 09987 09987 0.993 0.993
0 0 00 O 0.9987 0.9987 0993 0.993
0 0 00 O 0 0 0994 0.994
0 0 00 O 0 1 0.994 0.994
0 0 00 O 0 0 0 1
0 0 00 O 0 0 0 0

SO OO OO RrRrROOOOo

SO O OO OO
SO O OO OO

-1 0

S O

0.594

0.005
0.06
0.001
0.114
0.88
0.88
0.88
0.88
0.88
1.68

—0.526
—0.068

R OO OO OO OO O

(12)

(13)



0

0.005
0.06

0.001
0.114

~| o.88 (14)
0.88
0.88
0.88
0.88
1.68

With s,.nanas P€ING the scaling vector, which is needed to proportionate the technology

matrix, Apananas @ccording to our defined functional unit, f; nanas-

The inventory matrix representing all the flows which comes from or goes to the

environment is defined in Equation (15) below:

Bpananas =

(0.464 463 0554 153 485 0.22 0.017 0.286 0.0966 0.01625 0.0015)

21.87 2194 27.13 49.54 625.1 0 0 0 0 0 0.0705
, (15)
Applying both inventory matrix B ,,.qnas @long with the scaling vector derived in
Equation (14), spananas 10 Equation (6), we have:
1.18
8bananas = Bbananas Sbananas = (84.5)’ (16)

With the top row being the greenhouse gas emissions in terms of carbon dioxide
equivalent and the bottom row being the packaging costs for our cradle-to-grave system

of 1kg of bananas sold in Tokyu Department store, Hiyoshi.

2.9.4.3 Life Cycle Impact Assessment for the case of Soybeans



For the case study of soybeans, the flows going in and out of each process is
presented in A,y peans @S shown in Equation (17) below. The matrix was built according
to the processed mapped out in Figure 8. Equation (18) represents the functional unit

which is 1kg of soybeans sold in Tokyu department store Hiyoshi.

1 0 00 O 0 0 0 0
0 1 00 0 -—-0.0245 0 0 0
0 0 10 O 0 -1 0 0
0 0 01 0 -0.0273 O 0 0
Asoybeans =10 0 00 O -1 1 0 0 ) (17)
0 0 00 O 1.052 0 -1 0
0 0 00 O 0 0 1 -0.209
0 0 00 1 0 0 0 -—0.068
0 0 00 O 0 0 0 0.277
0
0
0
0
fsoybeans = 01, (18)
0
0
0
1
Using Equation (5), we have:
Ssoybeans = As_olybeansfsoybeans
1 0 00 O 0 0 0 0 0
0 1 00 0 0.0233 0.0233 0 0.0176 0
0 010 1 095 095 0 0.717 0
0 0 01 0 0.026 0.026 0 0.02 0
=10 0 00 O 0 0 1 0.2455 0
0 0 00 O 095 095 0 0.717 0
0 0 00 1 095 095 0 0.717 0
0 0 00 O 0 1 0 0.75 0
0 0 00 O 0 0 0 3.61 1



0
0.0176

0.717
0.02

=| 0.25 | (19)
0.717

0.717
0.755
3.61

With ss,ypeans D€ING the scaling vector, which is needed to proportionate the technology
matrix, Asoypeans according to our defined functional unit, fs,ypeans-
The inventory matrix representing all the flows which comes from or goes to the

environment is defined in equation (20) below:

(0.464 467 0371 0554 4853 0 039 0.012 0) (20)

B =
sovbeans = \21.87 4954 0 271 625 0 0 0 O

Applying both inventory matrix Bg,,cqans along with the scaling vector derived in

Equation (19), ssoybeans to Equation (6), we have:

1.84
gsoybeans = Bsoybeans Ssoybeans = (154.9)1 (21)

With the top row being the greenhouse gas emissions in terms of carbon dioxide
equivalent and the bottom row being the packaging costs for our cradle-to-grave system

of 1kg of soybeans sold in Tokyu Department store, Hiyoshi.

2.9.4.4 Life Cycle Impact Assessment for the Case of Daikon radish

For the case study of daikon radish, the flows going in and out of each process is
presented in A,4ik0n @S Shown in Equation (22) below. The matrix is built according to
the processes mapped out in Figure 9. Equation (23) represents the functional unit

which is 1kg of daikon radish sold in Tokyu department store Hiyoshi.



Aggikon =

SO OO OO

frottied coffee =

OO OO0 OO0

—

Using Equation (5), we have:

Sdaikon = Ac_l;ikonfdaikon
1 0 00 0 0 0
01 00 0 0 0.002
0 0 10 0912 0 0.782
=10 0 01 0.088 0 0.0759
0O 0 0O 0 1 0.14
0O 0 00 0.091 0 0.08
0O 0 0O 0 0 2.0534
0
0.002
0.78
=| 0.0759 |,
0.14
0.078
2.05

(=N el oloNoll o)

O O OoOOoO0O O

SO OO, OO

SO O RrOOoOOo

ORr OO0 O OO

0 0

0 —0.001
—-10 0
—-097 0 , (22)
10.97 —0.418
0 —0.068
0 0.487
(23)
(24)

With s,4ik0n Deing the scaling vector, which is needed to proportionate the technology

matrix, Agqikon @ccording to our defined functional unit, f;4ikon-

The inventory matrix representing all the flows which comes from or goes to the

environment is defined in Equation (25) below:



B :(0.464 5.2 0.18 0554 4.85 0.214 o)
datkon 21.87 638 0 27.1 625.1 0 0/’

(25)
Applying both inventory matrix B ;,ix0n @long with the scaling vector derived in Equation
(24), s4qikon to Equation (6), we have:

0.888), (26)

8daikon daikon 2daikon 89.5

With the top row being the greenhouse gas emissions in terms of carbon dioxide
equivalent and the bottom row being the packaging costs for our cradle-to-grave system

of 1kg of daikon radish sold in Tokyu Department store, Hiyoshi.

3. Results

With the completion of life cycle impact assessment according to the goal and scope
defined for the study and using the life cycle inventory collected, we have a set of
results for the four case studies which were defined and elaborated in the previous

chapter.

In the following sections, the results of carbon emissions, the cost of packaging as
well as the Zero Packaging Prioritization (ZPP) indicators for the four case studies

would be presented.

Following which a sensitivity analysis would be conducted to account for the
uncertainties introduced from our use of secondary data.
3.1 Results of Carbon Emissions

The carbon emissions from each of the four case studies are presented in a

graph as shown in Figure 10 below. The carbon emissions from each of the four case



studies shown in Figure 10 are broken down into the four life cycle stages, namely: raw
material extraction, processing, distribution and End-of-Life (EoL). As can be seen in
Figure 10, the carbon emissions per kg of soybeans sold at Tokyu department store,
Hiyoshi is the highest among the four case studies. This is followed by bananas, bottled

coffee and lastly, daikon radish.

The proportions of carbon emission from each of the life cycle stages are
compared between the four case studies and displayed in Figure 11 as shown below.
As can be seen in Figure 11, the carbon emissions from the EoL stage is generally the
largest in proportion for the four case studies, followed by raw material extraction,

processing and lastly, distribution.

Some exceptions worth pointing out are the carbon emissions from the
processing of bananas and the carbon emissions from the distribution of soybeans.

These two categories are comparatively larger than for the other case studies.

For the processing of bananas, one possible reason could be the fact that
bananas go through a chemical ripening process upon arriving at the port of the country
which they will go on sale. This chemical ripening process takes place in a warehouse
in a controlled environment whereby the bananas are exposed to ethylene gas for 3 to 4
days. The carbon emissions for the chemical usage of ethylene and for the resources
required to maintain the controlled environment is taken into account in the processing
stage for the banana case study, which could explain why the proportion of carbon
emissions for the processing stage for the banana case study is comparatively larger

than for the other case studies.



As for the soybean case whereby the carbon emission from distribution is
proportionately larger than its counterparts from the other case studies, a possible
explanation could be the fact that the distance travelled by ground transport for the
soybeans from its production site (i.e. Hokkaido) to the processing site (i.e. Kanagawa)
is exceptionally large (i.e. 1200km) as compared to the distances travelled by ground

transport for the other products (50 to 200km).

One might argue that the distance travelled for bananas is way higher than for
soybeans or the other products since bananas are the only food product that is being
imported from outside of Japan (i.e. the Philippines). However, as can be seen in Figure
11, the proportion of carbon emissions from distribution of bananas is not as large as
the proportion of carbon emissions from distribution of soybeans. One possible
explanation could be the fact that the data used for the banana case study was for bulk
cargo shipment on sea. The high density of products for a single shipment naturally
makes this process highly carbon efficient which is why when compared to ground truck
transport of soybeans, the transport of bananas is comparatively less in term of carbon

emission.
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Figure 10: Carbon emission breakdown for the four case studies
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Figure 11:Carbon emission proportions for the four case studies
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The carbon footprint of packaging used throughout the entire food chain is
compared with the carbon footprint of the food component for each of the four products
studied in our case studies. The results of which are presented in Figure 12 below. As
can be seen, the carbon footprint of packaging per kg of soybean is the highest out of
the four case studies. This could be due to the fact that the data collected for the
soybean case study was based on a unit product of 200g of soybeans, which was then

scaled to the functional unit of 1kg of soybeans.

In general, the carbon footprint of the packaging component was higher than the

food component for all of the four case studies.
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Figure 12:Carbon emissions from packaging VS food production

The carbon footprint of the different types of packaging used for each of the four

case studies were compared and shown in Figure 13 below. As can be seen, the



carbon footprint from the carrier bag was proportionately larger than for the other types

of packaging, namely: primary packaging and secondary packaging.

This could be due to the fact that the data collected for the case studies was

based on using a single carrier bag to hold one unit of product. The carbon footprint

from carrier bags could be relatively lower when consumers pack as many products as

possible into one single carrier bag, which would then result in the carbon footprint of

the carrier bag being shared across the different products. However, despite this

possible explanation, the fact remains that the carbon footprint of carrier bags are

multiple folds more than the other types of packaging. This provides some form of

support for the carrier bag levy being imposed on major retail stores here in Japan.
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Figure 13:Carbon emissions from the different types of packaging

3.2 Packaging Cost Comparisons



Following the carbon footprint analysis for the four case studies as presented
above, we will now take a look at the packaging costs for the four case studies in the

following section.

The costs for the primary packaging, secondary packaging and carrier bags for
each of the four case studies are shown in Figure 14, along with the total cost of
packaging per kg of product sold. Echoing the carbon footprint analysis for the different
types of packaging for each of the case studies as presented in the above section, the

cost for the carrier bags takes up the largest proportion for all four case studies.

In general, the cost of packaging was the highest for the case of bottled coffee.
This was largely due to the comparatively higher cost of the primary packaging for bottle

coffee, namely PET bottles, labels and caps.
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Figure 14:Costs of the different types of packaging

3.3 Zero Packaging Perioritization (ZPP) Indicator



As was mentioned in Chapter 2.7, a ZPP indicator was proposed for this study
with the said indicator being derived from two other indicators that were published in
separate studies [27,30]. ZPP is expected to help department stores prioritize the
products to implement zero-packaging practices. The ZPP indicator is proposed to be

as follows:

CFP-PACKAGING w Cost—PACKAGING;
CFP-FOOD; 2 Cost—UNIT PRODUCT;

ZPPl = W1 + W3PSi y (3)

i : food product ; Coffee = 1, Banana = 2, Soybean = 3, Daikon = 4

3.3.1 Potential Score (PS)

Most of the components in the ZPP indicator were already worked out for all four
case studies in the prior sections with the exception of PS, or Potential Score. PS is a
measure of the potential of the particular product to adopt zero-packaging practices

from the perspective of stakeholders across the supply chain, including the consumers.

For this study, the PS values were obtained from a study that was published by
the National Zero Waste Council, an initiative of Metro Vancouver, Canada [64]. A
survey was conducted in the study and one of the derivatives of the survey was the
potential of certain food products to be sold loose (bulk) versus prepackaged. The
survey was conducted with respondents hailing from different industries with the list of

industries being listed in Figure 15 below.



Industry Classification

Packaging Industry 17
Food Industry 46
Retail/Consumer 31
Foodservice (HRI) 7
Waste Management/Recycler 22
Government 45
NGO/Non-Profit 10
Other 22
Total 200

Figure 15:List of industries where respondents of online survey came from [64]

Respondents were asked for their opinion on each of the 12 foods’ potential to be
sold loose (bulk) versus prepackaged and their responses can be found in figure 16
below. Respondents were told to rate using a Likert scale of 1 to 5 with 1 = None, 3 =

Moderate and 5 = Significant.
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Figure 16:Potential to increase bulk/not packaged sales [64]

As shown in Figure 16 above, the specific food products studied in the research
report published by the National Zero Waste Council are not a direct match with the food
products chosen for the four case studies presented in this study. However, similarities can
be found in the food categories that the specific food products belong to. For our case study
of bottled coffee, liquid milk, which was the only liquid beverage found in the study published
by National Zero Waste Council, is chosen to be its counterpart. Similarly, the potential
score of apples were chosen for our case study of bananas. Even though berries are also
part of the fruit category, apples were chosen instead for their similarity in size and ease of
bruising with bananas. For our case study of soybeans, the potential score of dried pastas
was used for their shared food category of dried foods. Lastly, for the case study of daikon

radish, leafy greens were chosen for they both belong to the food category of vegetables.



3.3.2 Prioritization list

The median of the potential scores were taken and the data input for the ZPP

indicators for each of the case studies can be found in the following Table 7:

i EFII;ACKAGINGi CEP = FOOD, EolitACKAGING,i “ONIT PRODUCT, '
Cffc;tetéej . 0.7 0.22 5 178 2
Bananas = 2 0.6 0.46 46 290 5
Soybeans = 3 1.3 0.27 3.7 220 5
r;?isl;lof A 0.7 0.14 44 91 4

Table 7: Data input for the different components of ZPP indicators

The maximum values for each sub-function were identified for each of the case
study and displayed in table 8 below. The weightage for each sub-function is shown in
Table 8 below as well. These weightages were obtained from a separate email
exchange with Tokyu department store, Hiyoshi and they were based on Tokyu

department store’s perspective on carrier bags.

i CFP — PACKAGING; Cost — PACKAGING; PS
CFP — FOOD; Cost — UNIT PRODUCT; i
Weights wy = 0.2 w, = 0.3 w; = 0.5
Bottledlcoffee = 317 0.028 ’
Bananas =2 1.33 0.016 5 (max)
Soybeans =3 4.80 0.017 5 (max)
Daikonfdmh - 5.15 (max) 0.048 (max) 4

Table 8: Simplified table with the maximum value and weightage of each sub-function identified



The values of the sub-functions for each of the case study are then normalized to
the maximum value identified. This is in accordance with the weighted sum method. The
weighted sum method was chosen over more complex multi-objective optimization
methods even though it might be biased is because it is one of the most widely used
and easy to understand method. Since the purpose of the ZPP indicator here is just to
prioritize, the weighted sum method is sufficient in our case. At the same time, it would
be easier for other department store managers who has no scientific training to use this

indicator. The normalized values are shown in Table 9 below:

i CFP — PACKAGING; Cost — PACKAGING; PS
CFP — FOOD; Cost — UNIT PRODUCT; i
Weights wy = 0.2 w, = 0.3 ws = 0.5
Bottledlcoffee = 0.62 0.58 04
Bananas =2 0.26 0.33 1
Soybeans =3 0.93 0.35 1
Daikon Z:adish = 1 1 0.8

Table 9: Normalized values of the sub-functions for each case study

The sub-functions for each case study are then multiplied by the weightages
identified for each sub-function and added together to derive the final ZPP indicator
score for each of our case study according to Equation (3) shown above. The ZPP
indicator scores shows us the food products that should be prioritized for zero-
packaging and according to the ZPP indicator scores, daikon radish and soybeans
should be prioritized for zero-packaging over coffee and bananas as can be seen in

Table 10 below.



i CFP — PACKAGING; Cost — PACKAGING;

CFP — FOOD, Cost — UNIT PRODUCT, PSi ZPPy

Weights wy = 0.2 w, = 0.3 ws = 0.5
BOtﬂezd 1C°ffee 0.62 X 0.2 0.58 x 0.3 0.4 x 0.5 0.50
Bananas = 2 0.26 X 0.2 0.33 x 0.3 1% 0.5 0.65
Soybeans =3 0.93x0.2 0.35x0.3 1x0.5 0.79
rzﬁil;":‘l 1x0.2 1x0.3 0.8x0.5 0.90

Table 10: ZPP indicator scores for each case study
3.4 Sensitivity Analysis

Since assumptions were made when using secondary data collected, there is a
need to see how sensitive the end result is due to the uncertainties introduced from the
assumptions for the secondary data collected. Hence, sensitivity analysis is commonly
performed at the end of most published LCA studies and this study shall be no

exception.

For the four case studies presented above, 3 types of uncertainties have been

selected for further study and they are: emission factor of banana production (

+/-10% from base case of 0.22 kgCO2e/kg), emission factor of container transportation
of bananas (+/- 20% from base case of 1.12E-05 kgCO2e/kg.km) and PS of bananas

(+/- 1 from base case of 5).

For the emission factor of banana production, +/-10% was chosen as the range
because there is an approximate 20% difference between the productivity yield of
Cavendish banana production in Costa Rica (45.78 tons/ha) [40] as compared to the

productivity yield in the Philippines (55 tons/ha) [65].



For the emission factor of container transportation of bananas, +/- 20% was
estimated to be the range as it was mentioned in the study published by Svanes et. al.
[40] that if a larger sized container ship was assumed to be used for transportation of

the bananas, it would make the carbon footprint differ by 45%.

For the potential scores of banana, +/- 1 was estimated to be the range after
taking into consideration the difference in public outlook of plastic packaging between
the two countries. For Canada, where the potential score data was collected from, a
published study regarding consumer behavior and perceptions of single-use plastic
packaging showed that the vast majority of Canadians (93.7%) were personally
motivated to reduce consumption of single-use plastic food packaging [66]. Whereas for
Japan, a published report indicates that the packaging industry of Japan is expected to
grow and cited the cause to be an increase in demand for on-the-go packaging format

for easy consumption fueled by the prevalent busy lifestyle [67].

As seen in the tornado plot shown in figure 17 below, the values shown on the
blue side of the plot depict the difference between the actual ZPP from the assumed
ZPP (also known as the baseline ZPP) when the actual values for the PS of banana (4
instead of 5), emission of container transport of bananas (9E-6 kgCO2e/kg.km instead
of 1.12E-05 kgCO2e/kg.km) and emission of banana production (0.20 kgCO2e/kg
instead of 0.22 kgCO2e/kg) vary from the assumed values. The values shown on the
orange side of the plot depicts the difference in ZPP values when the actual values for
emission of container transport of bananas (1.345E-5 kgCO2e/kg.km instead of 1.12E-

05 kgCO2e/kg.km) and emission of banana production (0.24 kgCO2e/kg instead of 0.22



kgCO2e/kg) vary from the assumed values. The maximum for PS is 5, which is why

actual value for the PS of banana in this situation remains the same at 5.

Poafbananas(+f 1) | 05502 _ 002

Emission of container transportation of bananas (+/- 20%) 0.6502

Emission of banana production (+/- 10%) 0.6481 II 0.6525

0.54 0.56 0.58 0.6 0.62 0.64 0.66
ZPP of bananas

Figure 17:Tornado plot showing the difference in ZPP indicator for bananas for each of the three types of uncertainties and
ranges

With the help of the tornado plot as shown in Figure 17 above, we can see that the
ZPP is the most sensitive to changes in the potential score with a swing range of 0.1. This
is followed by the changes in the emission of banana production which has a swing range
of 0.01. For the changes in emission of container transportation of bananas, we see no
actual changes in the ZPP value.

From this, we note that the potential score is a crucial component of the ZPP
indicator as the swing range is the widest.

However, one good point to note is that although PS is indeed an important factor,
the swing is not so wide that it upsets the prioritization list completely. If the ZPP of banana

is taken to be 0.5502, it maintains its position of second last on the prioritization list.



4. Discussion

4.1 Comparing ZPP indicator with and without PS

Since PS was determined to be the data introducing the most uncertainty in our
results, we will proceed to compare the ZPP indicator using the same dataset with and
without the PS sub-function in order to gather some more insights as to how this might

affect our end results.

The following Table 11 shows the results of ZPP indicator with the PS sub-
function removed by setting w; = 0. w; and w, are changed according to ensure that

the total proportion is equal to 1.

- CFP — PACKAGING; Cost — PACKAGING;

CFP — FOOD, Cost — UNIT PRODUCT, PSi ZPPy
Weights wy = 0.4 wy, = 0.6 ws= 0
BOtﬂeflCOffee 0.62 % 0.4 0.58 X 0.6 04x0 0.60
Bananas =2 0.26 x 0.4 0.33x 0.6 1x0 0.30
Soybeans =3 093 x0.4 0.35x 0.6 1x0 0.58
DaikofiadiSh 1% 0.4 1% 0.6 0.8x0 1

Table 11: ZPP indicator without PS

1 ZPP;
1 i .
(WitHps) ZPPi(WITHOUT PS)
Bottled
coffee = 1 0.50 0.60
Bananas =2 0.65 0.30
Soybeans =3 0.79 0.58
Daikon
radish =4 0-90 1

Table 12: Comparison of ZPP results with and without PS



ZPP, ZPP,(WITHOUT PS)

(WITH PS)
Highest
,g . Daikon Daikon
priority
Soybeans Bottled Coffee
Bananas Soybeans
Lowest Bottled
L Bananas
Priority Coffee
Table 13: Comparison of prioritization list derived from ZPP with and without PS

The results from the ZPP indicator without PS looks slightly different from the
results from the ZPP indicator with PS as shown in Tables 12 and 13. For the case of
bottled coffee, since it received the lowest PS score out of the four case studies,
removing the PS score significantly altered its ranking as shown in Table 13 where
bottled coffee is seen to shift from being the last in the priority list to be the second. In

this case, the uncertainty introduced by the PS data is significant.

Fortunately, it remains coherent in the fact that there is no change to the highest
priority (i.e. Daikon remains at the top of the list despite the removal of PS). This shows
that for food products that environmentally and economically made sense to have their
packaging removed, they will still be given highest priority despite not including the
social perspective. In this case, the uncertainty introduced by the PS data is negligible
because what needs to be prioritized is still properly prioritized. However, it remains a
fact that the PS data used in this study does indeed introduce uncertainty. Hence, it
would be extremely helpful if future studies would be able to collect more accurate data

to represent the social perspective of Japan.

4.2 Comparing ZPP indicator with other quantitative measures



There exist numerous studies published with indicators looking at packaging
alternatives for food products. One example is the study published by Sere$ova and Ko'ci
where they created an indicator, as shown in Equation (1), assessing the environmental
impacts of all the packaging involved (primary, secondary and tertiary) together with the
corresponding product [30]. Their study looked at case studies where they consider
alternative packaging systems for each of the food products as well as different EoL
scenarios. Another example is a study by Heller and Selke where they created an
indicator, as shown in Equation (2), that illustrates both the importance of considering
food waste when comparing packaging alternatives, and the potential for using packaging
to reduce overall system impacts by reducing food waste [27]. However, they mainly focus
on the perspective of carbon emission for the different potential packaging systems and
EoL scenarios and do not provide the perspectives needed for our context, namely

Japanese department stores.

For the sake of comparison, the same dataset used in this study for the ZPP
indicator are used for both indicators shown in Equations (1) and (2) and the results are

compared with the results derived from the ZPP indicator as shown in Table 14 below:

l ZPP; PTPc_; FTPy_;
Bottled coffee =
o 0.50 75% 0.32
Bananas = 2 0.65 52% 0.75
Soybeans =3 0.79 70% 0.21
Daik dish
Tn e 0.90 82% 0.19
Table 14: Comparison of the different indicators using the same dataset

ZPP; PTP;c_; FTP;_;




Highest

priority Daikon Daikon Daikon
Soybeans i(ggz: Soybeans

Bananas Soybeans BC(;[;ZS

Lowest Priority Eé(z:ftisj Bananas Bananas

Table 15:Difference in the priority lists derived from the indicators

Interestingly, daikon radish remains at the top of the priority list for the
implementation of zero-packaging measures despite the use of different indicators as can
be seen in Table 15 above. This could be due to the fact that the CFP sub-function and
cost sub-function were both the highest for daikon radish out of the four case studies for
the ZPP indicator. Hence, despite the fact that the potential score was not the highest for
daikon radish, daikon was still the top priority. As for the other two indicators, since CFP is
the only consideration for both, it made sense for daikon to come out as top priority for both

indicators. This shows the coherence of the ZPP indicator with the two existing indicators.

The rest of the priority list for the three indicators turn out different. Bottled coffee
appeared as the last in the priority list for ZPP indicator, however it is second and third for
the PTP and FTP indicators respectively. This is interesting since it shows that after taking
into consideration the economic and social perspectives, something that was previously
considered to be highly favorable for packaging removal turns out to be not. It remains a
fact that the social perspective is indeed significant and should definitely be included in

future indicators.

4.3 Comparing with other qualitative measures



A global standard for packaging known as the Global Protocol on Packaging
Sustainability 2.0 was published by the Consumer Goods Forum where all the possible
lifecycle indicators like Cumulative energy demand, freshwater consumption, land
occupation, global warming potential etc., as well as attributes of the products like
packaging to product weight ratio, recycled content, chain of custody, packaging reuse rate,
etc., that can be used to study packaging systems are listed [68]. It is a protocol that gives
a detail list and description of the different indicators, heavily referencing on the LCA
methodology in order to help users assess packaging sustainability. In this case, it could
be intimidating for businesses like Japanese department stores to take up especially if they
lack the sustainability expertise.

There are also more business oriented publications focusing on best practices and
environmental impact that food business can pick up if they want to study the packaging
systems used in their current business. For example, there is Walmart’'s Sustainable
packaging playbook where it uses a sustainability index and preset questionnaire to
optimize the design of the packaging, source for packaging materials sustainably and
support recycling [69]. There is also a study published in the context of Italian supermarkets
where it analysed supermarket waste management systems to identify more sustainable
and circular processes using the Lean Six Sigma methodology [70]. However, both studies
are qualitative and not in the Japanese context, which makes it difficult to be applied in our
context of Japanese department stores. There is a publication in the Japanese context
where the carbon footprint of the different types of packaging for different products being

sold currently in Japanese supermarkets were studied [46]. This document provided a very



detailed outlook of the environmental performance of the different packaging that can be

found in Japanese supermarkets, however, only the carbon footprints were studied.

4.4 Limitations of this study

For our study this time round, due to the situation of COVID-19, we were unable to
gather data from the Japanese people with respect to their perspective on zero-packaging.
Instead, we used data from a published study done in Vancouver, Canada. For future
studies, primary data collected from the Japanese consumer market would add valuable
inputs into this study especially since PS was found to introduce a significant amount of
uncertainty.

As mentioned in the study published by Molina-Besch [28], there is a general lack
in current food LCA when it comes to indirect environmental impact of packaging. Namely,
there is a general lack in perspective to what happens to FLW rates when we reduce
packaging. For future studies, it will be valuable to add in the perspective of FLW into
consideration. Erik Pauer’s study is a great example of food packaging LCA practice where
he not only looked at the environmental impact but also packaging related FLW as well as
circularity [26].

Furthermore, since this indicator was created for Japanese department store
managers to help Japanese department stores cut down on plastic packaging usage, it
would be extremely helpful for future studies to gather feedback from the managers to find
out the possibility of implementing this indicator in real life and what sort of problems they
might face during implementation. Similarly, since we could only gather information from

Tokyu department store, Hiyoshi for this study, future studies would need to approach other



department stores in Japan in order to determine the effectiveness of this indicator in other

department stores.

4 .5 Future Research

For future research directions, it would be efficient to have the government on board
to introduce some form of guidelines or regulations incorporating this indicator for
department stores, or even supermarkets in Japan to reduce their plastic packaging usage.
From the example of the recent carrier bag levy imposed on most shops here in Japan, it
is evident that having the government push for policies would be the fastest and have the
widest reach.

In addition, since this study was mainly focused in the context of Japan, it would be
interesting and helpful for future research to see if this indicator can be applied in an
overseas context. If it cannot be completely duplicated and applied in an overseas setting,
it would be interesting to see which points are impossible to duplicate, why is that so, and

how should we tweak the indicator so it can fit the overseas context.

5. Conclusion

With marine plastic waste wreaking havoc on our marine biodiversity and
environment, plastic packaging usage reduction has emerged as the forefront of our
concerns in recent year. In particular, single-use plastic packaging has been increasingly
banned around the world, which shows the urgency of the issue for governments to take

such extreme measures.



Plastic waste is being shipped to less developed countries that simply do not have
sufficient waste management capacity to properly dispose of the waste. Thus, it is critical
to look at the reduction of the consumption of plastic packaging to attempt to kill off the
source.

In recent years, the zero-waste concept has garnered attention as a means to solve
our waste problem, particularly in the European countries where it is easier to come across
zero-waster supermarkets. In Japan, zero-waste markets are less common and serves only
a niche consumer market, hence not achieving the desired wide-spread effect of reducing
packaging in the Japanese consumer market. This study takes into account the
perspectives that are lacking from previous studies, namely economic and social
perspectives, and combine them together with the environmental perspective into an
indicator that would aid department stores in Japan to incorporate zero-waste concept into
their current operations, which would ultimately lead to zero-waste being more wide-spread
in the daily lives of the Japanese people since department stores are more common in
Japan.

This study provides Japanese department store with the first step required to start
reducing packaging in their operations by providing a list of food products derived from the
indicator proposed in this study. Japanese department stores would ultimately go down this
list of food products starting from the food product with the highest score to start looking at

ways to reduce packaging.
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Appendix 1: Matrix calculation for bottled coffee
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Appendix 2: Matrix calculation for bananas
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Appendix 3: Matrix calculation for soybeans
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Appendix 4: Matrix calculation for daikon radish



