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1 | INTRODUCTION

| Athanasios Papakonstantinou® | Lori Tavasszy® | Udo Pesch? |

This paper presents a multi-criteria decision-making approach for the selection of a
sustainable product-package design, accounting for the different actors within a food
supply chain. The study extends the focus of sustainable packaging design to the col-
lective of all supply chain actors. Decision criteria are identified via a literature review,
and current product-package alternatives are collected via interviews. With the inputs
of these criteria and the alternative designs, a multi-criteria decision-making problem
is formulated and solved using Best Worst Method (BWM). BWM finds the weights
of the criteria. Using these weights, the ranking of the alternatives is found. The
implementation of the analysis took place for three selected products of the Kraft
Heinz Company. Data on the preferences of the supply chain members of these
selected products were collected, and the optimal package designs were selected. It
is shown through sensitivity analysis that modifying the weights that decision makers
assign to the preferences of the supply chain members and the importance of the

dimensions of sustainability have an effect on the selection of the optimal design.

KEYWORDS
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supply chain of a company in the food-packaging industry and aims

to develop and apply a method for deciding about improving the

The rising environmental concerns of consumers have brought the
value of sustainability to the forefront of the corporate agenda. In
recent years, the focus of research in sustainability has shifted from
the corporate level to that of the whole supply chain.! Considering
sustainability in a supply chain implies making all the decisions more
sustainable. The focus of this study is packaging design, an essential
decision in a supply chain of a product. Azzi et al?® identified five
specific aspects in packaging design that are of high importance,
one of which being “packaging design for sustainability.” Consider-
ing sustainability in food-related products has been found a very

important topic by several researchers.>* This paper analyses the

sustainability of the package design. This objective is achieved by
creating a decision-making tool that improves the choice between
alternative package designs, from a sustainability perspective. Addi-
tionally, the focus on the supply chain implies that the assessment
of a product's design should not be according to product or
company-specific sustainability criteria but rather according to
criteria that ensure the sustainability of the whole supply chain. To
ensure this comprehensive scope of sustainability, the preferences
of all members in the supply chain have to be accounted for, even
if the specific sustainability objectives of each individual supply

chain actor may differ.
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The packaging level under study is the primary or consumer packag-
ing. This level of packaging is the last piece of packaging between the
product and the consumer. As, in this study, we would like to take into
account the perspective of the consumer in consort with the perspective
of all the other supply chain actors, we chose this level of packaging. Even
though the main task of packaging is to protect and distribute the right
product to the right end user in a safe, cost-efficient and user-friendly
way, it is often regarded as a burden for the environment. However, sev-
eral assessments of this kind have indicated that the environmental
impacts of packaging are relatively small compared with the environmental
impacts of the packed food products that they contain. The most severe
environmental consequences of packed foods can be attributed to food
losses that are mainly caused by overproduction and excess portion quan-
tities.> The challenge in selecting the optimal package design is finding the
perfect balance between the product and the packaging. As a result, in this
paper, the product-package perspective is adopted, or in other words,
product-package combinations are studied instead of solely the packages.

This paper has several contributions. Firstly, research in the field of
sustainable packaging in the food packaging industry is enhanced with
the creation of a sustainable packaging criteria list, which incorporates a
triple bottom line (TBL, see further in the text) perspective on sustain-
ability, adopts the product-package perspective, and takes into account
the complete life cycle of the product-package combination, which has
been neglected in existing literature.® Secondly, a decision-making tool
is created that can be used by product-package manufacturers in the
food-packaging industry when selecting an optimal package design
among alternatives. This tool can be used in various stages of new prod-
uct development, either in the beginning when selecting the minimum
requirements of the product to be packed or in the end when validating
the selected package alternative before the actual design process can
be initiated. Apart from assigning the relative scores of the packages
towards the criteria, the decision-maker should also strategically select
the weights that will be assigned to the three dimensions of sustainabil-
ity and to the preferences of the supply chain members.

The rest of the paper is organized as follows. In the next section, a
review of literature is provided to feed into a conceptual framework
for sustainable package design selection in supply chains. Section 3
describes the methodology used in this study for applying the frame-
work. Analysis and results are presented in Section 4. The paper con-

cludes in Section 5 with some future research directions.

2 | LITERATURE REVIEW

First, some basic definitions are given. The existing literature is sepa-
rated in the four main pillars of this paper, starting from the most gen-
eral towards the most specific as follows: the value of sustainability,
sustainable supply chain management (SSCM), sustainable packaging,

and sustainability in the food-packaging industry.

2.1 | Basic definitions

2.1.1 | TBL of sustainability

The TBL is a term that was first used by Elkington. The perspective of

TBL claims that sustainable development has three dimensions, an

economic, an environmental, and a social one. The TBL suggests that
at the intersection of the dimensions are activities that positively
affect the natural environment and society and also result in long-term
economic benefits and competitive advantages for the firm.

2.1.2 | Sustainable supply chain management

In the 1980s, the concept of SSCM was born. Seuring and Miiller”
refer to SSCM as “the management of material, information and capi-
tal flows as well as cooperation among companies along the supply
chain while taking goals from all three dimensions of sustainable
development such as economic, environmental and social, into
accounts which derive from customer and stakeholder requirements.”
This definition serves as a milestone for the enhanced version of the
definition of SSCM that was given by Carter and Rogers® later in
2008, and refer to SSCM as “the strategic, transparent integration
and achievement of an organization's social, environmental and eco-
nomic goals in the systemic coordination of key inter-organizational
business process for improving the long-term economic performance
of the individual company and the supply chain.” The selection of
the package design, in this paper, will take place according to these
three dimensions of sustainable development.

2.1.3 | Packaging

Packaging should be considered as a system comprising three levels’:
the first level is referred to as the primary one, or consumer packaging,
and has the aim of protecting the product. The next level is the sec-
ondary one, known as transport packaging, and is designed to contain
and group together several primary packages. The third level is the ter-
tiary packaging, which involves several primary or secondary packages
grouped together on a pallet or a road unit. In this paper, when refer-
ring to the package or the packaging, the first level is implied. Apart
from three hierarchical levels, packaging also serves three different
functions®: the marketing function that is designed to select alterna-
tives in graphic design and formats for adapting to the current legisla-
tion and customer requirements, the logistics or flow function designed
to facilitate purchases, production, or packing and distribution, and
lastly, the environmental function, which is related to reverse logistics.
In order for these functions to be put together, the separation of pack-
aging into the three aforementioned levels is essential.

2.1.4 | Sustainability in the food-packaging industry

The history of modern food packaging is believed to have begun in the
19th century with the invention of canning. Since then, the industry
has seen great advances, which have led to improved food quality
and safety. These advances were mostly driven by changing consumer
preferences, which, in turn, have led to rising attention towards sus-
tainable packaging, an increase in the use of the packaging value chain
relationships for competitive advantage, and the introduction of the
evolving role of food service packaging. The most commonly used
approach that has been followed in estimating sustainability in the
food packaging industry is the complete Life Cycle Assessment

(LCA). It is an analytical method that is used to evaluate the resource
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consumption and environmental burdens associated with a product,
process, or activity.*! In their paper, Heller and Keoleian'! assess the
sustainability of the US food system and suggest ways of how this
complex system can be improved. They suggest that a product life
cycle approach provides a framework for studying the links between
satisfying societal needs, the natural and economic processes that are
used for this reason, and lastly, their corresponding environmental con-
sequences. They separate the life cycle of a product in the food indus-
try in five stages, from the beginning to the end of the supply chain.
For each stage, they incorporate the stakeholders that take part in
the supply, the manufacturing, and the distribution process of the prod-
uct and also those who are affected by its commercialization and own-
ership. Furthermore, for each life cycle stage, a number of key
performance indicators are presented, separated among the TBL of sus-
tainability. These indicators describe how sustainability can be assessed
according to the economic, social, and environmental effects of the
food product under study. This approach to sustainability aims at
reforming current practices of supply chain management, instead of
transforming them. A distinction that is framed in terms of “weak” ver-
sus “strong” sustainability,? of which the latter form of sustainability
can be recognized in ideas about the so-called “circular economy.”*®
However, such radical transformational ideas do not inform how to
improve existing practices of supply chain management, as they sug-
gest discarding such practices altogether. As such, the TBL approach

is considered to be more appropriate route towards developing SSCM.

2.2 | Integration of the four pillars

In this section, the four main pillars discussed in Section 2.1 are inte-
grated. By expanding sustainability to all the operations of a firm in

the food-packaging industry, it can be implied that sustainability

TABLE 1 Three schools of sustainable packaging criteria

Existing sustainable packaging criteria

AViVA i B )\ %4 P 2ckaging Technology and Science

stretches the concept of SSCM to look at optimizing operations from
a broader perspective.**

The criteria according to which a product is characterized as sus-
tainable have already been documented. There are different approaches
to these criteria. Three major ones are published by the European Orga-
nization for Packaging and the Environment (EUROPEN) in Europe, the
Sustainable Packaging Coalition (SPC) in the United States,'® and the
Sustainable Packaging Alliance (SPA) in Australia.*® The package design
could be chosen according to these criteria that are depicted in Table 1.
The problem statement can be underlined by the fact that these criteria
are partly product-specific and do not incorporate or ensure the sustain-
ability of the whole supply chain. After the criteria have been formu-
lated, they will be compared with the ones published by the
EUROPEN (www.europen-packaging.eu), the SPC, and the SPA.

In this paper, the supply chain sustainability criteria are found
based on a comprehensive literature review and the ones published
by EUROPEN, SPC, and SPA.

The definition of TBL, as presented in the beginning of Section 2.1,
is judged as incomplete by many authors.2” They suggest that the terms
of risk management, transparency, strategy, and culture should be added
in the graph of TBL as it is depicted in Figure 1. Risk management
includes all the risk factors that a firm should strive to minimize as part
of its sustainable development. Transparency relates to the opening of
a company's operations to greater-public scrutiny. Strategy and organi-
zational culture should comply, coexist, and coevolve with the sustain-
able practices of the firm. The intersection with a question mark
symbolizes the fact that solely environmental and social activities are
costly undertakings, and competitive firms do not engage in them unless
it fits their strategic and financial objectives.'” This framework of SSCM
is used in this paper, since it is a more complete version of TBL.

The unit of analysis of this study is the product package. As a

result, the company under study is not only the package converter

According to European Organization
for Packaging and the environment

(EUROPEN) coalition (SPC)

1. Packaging should be designed

According to sustainable packaging

1. Packaging should be beneficial, safe, and healthy

According to sustainable packaging
Alliance (SPA)

1. Effective: packaging should have social
and economic benefit

holistically with the product in
order to optimize overall
environmental performance

. Packaging should be made from

responsibly sourced materials

. Packaging should be designed to

be effective and safe throughout
its life cycle, to protect the product

Packaging should meet market
criteria for performance and cost

. Packaging should meet consumer

choice and expectations

Packaging should be recycled or
recovered efficiently after use.

for individuals and communities throughout its
life cycle

. Packaging should meet market criteria for

performance and cost

. Packaging should be sourced, manufactured,

transported, and recycled using renewable
energy

. Packaging should optimize the use of renewable

or recycled source materials

. Packaging should be manufactured using clean

production technologies and best practices

. Packaging should be made from materials

healthy throughout the life cycle

. Packaging should be physically designed

to optimize materials and energy

. Packaging should be effectively recovered

and utilized in biological and/or industrial
closed loop cycles

2. Efficient: packaging should be based on
“doing more with less”

3. Cyclic: packaging should optimize recovery

4. Clean/safe: packaging should contain
nonpolluting and nontoxic materials
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Strategy

-Sustainability as part of an
integrated strategy

Risk Management
-Contingency Planning
-Supply Disruptions
-Outbound Supply Chains

Environmental
Performance

Social

Economic

Performance Performance

Transparency
-Stakeholder Engagement
-Supplier Operations

but also the one who produces the contained product. This actor is
also the decision-maker who has to incorporate in the product design,
those characteristics that satisfy to the maximum degree possible the
needs of the rest of the supply chain members. After considering the
specific needs of the food-packaging industry and the five stages pro-
posed by Heller and Keoleian,'® it was decided to separate the supply
chain into six main members. These can be seen in Figure 2 and are,
namely, the raw-material suppliers, the packaging-material suppliers,
the product-package manufacturers, the retailers, the consumers,
and the end-of-life companies. It has to be mentioned that even
though the raw-material suppliers and the packaging-material sup-
pliers often have parallel roles in the supply chain, they have been
placed in the respective sequence since in certain cases, the latter

serve the role of the copacker for the company under study.

2.3 | Sustainable packaging criteria selection

The content analysis that follows is based on the idea that from a meth-
odological point of view, literature reviews can be comprehended as con-
tent analysis, where quantitative and qualitative aspects are mixed to
assess structural and content criteria.” The process contains four main
steps, namely, the material collection step, the descriptive analysis step,
the category selection step, and lastly, the material evaluation step. For
the last two steps of the process, where material analysis takes place,
Seuring and Miiller” designed a framework that contains a feedback loop

for the revision of the structural dimensions and analytic categories.

Product raw

Organizational

Culture

-Deeply Ingrained
-Organizational Citizenship
-Values and Ethics

FIGURE 1 Sustainable supply chain
management framework®’

This content analysis was modified and used as a development pro-
cess for a conceptual framework more recently by Wan Ahmad et al*?
elaborating on the contextual factors of SSCM practises in the oil and
gas (O&G) industry. Even though the relation with the food-packaging
industry is scarce, the approach taken in this paper is highly correlated
to the perspective of Wan Ahmad et al,'? since it takes into account all
three dimensions of sustainability. Furthermore, the contextual factors
described therein derive strictly from literature regarding O&G industry
because of lack of related sources but rather from literature dedicated
to sustainable development in the supply chain of various industries.

Regarding the material collection step, studies and scientific arti-
cles related to the integration of the four pillars of literature review
were collected. The identification of the relevant studies was more
detailed than in the general literature review, since in this part, the
context from which the criteria would be derived was investigated.

The studies were identified through a structured keyword search (ie,

» o« »

“sustainable,” “supply chain,” “package,” “food,” “criteria,”"and “factors”)
in four electronic databases, namely, Emerald, Elsevier, Springer, and
Wiley. Furthermore, the Google Scholar was used as complementary
search engine in this part of the process, and publications related to
sustainable packaging were also used. Next, a selection procedure
was followed for the literature that was searched. Each individual
study had to belong to at least two of the four pillars of the main lit-

» o«

erature review, namely, “the value of sustainability,” “sustainable sup-
ply chain management,” “sustainable packaging,” and “food packaging
industry.” In other words, each study should individually contribute

to the integration of the four pillars of literature review. The sources

material suppliers

Product-package
manufacturer

Packaging material

Retailers >

End of life
Consumers
companies

suppliers

FIGURE 2 The supply chain members in the food packaging industry
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used for the creation of the criteria list and the conceptual framework
were 30 in total number, composed of 26 scientific papers regarding
the four pillars of literature review and 4 publications of sustainable
packaging organizations.

The next step in the development process of the conceptual
framework is dedicated to the separation of the identified criteria
along the TBL. Certain criteria could belong to more than one dimen-
sion; however, assumptions were made some criteria were placed in
their intersections. The complete list of criteria is presented in
Tables 2A-2C, while in Figure 3, the criteria are depicted in their
respective dimensions and their intersections.

After having listed the respective criteria, the framework with the
contextual factors of the food-packaging industry could be mapped.
The framework that is created is then revised by experts at the case
company, Kraft Heinz Company, and academics taking into account
three criteria: everyone agrees that the contextual factors have all
been mapped, the criteria are relevant to selecting a product-package
combination, and there are no studies that would add any more sus-
tainable packaging criteria to the list. A feedback loop is added to
the conceptual framework development process so as to ensure that
the process is done in a correct way until the targets are met.

Here, we explain the reasons of putting some of the criteria on
the intersections of the sustainability dimensions.

Starting with the intersection between the environmental and
economic performance, the criteria “manages environmental risk”
and “physically designed to optimize materials and energy” are
located. The first one was placed there because it is related to corpo-
rate risk management, since minimizing the ecological impact contrib-
utes in reducing variation of unexpected outcomes. The second one
was placed in the intersection because while a firm may reap the
financial benefits of optimization in the use of materials and energy,
it also contributes in enhancing its environmental performance.

In the intersection between the economic and social performance,
four criteria are placed. Starting with the criterion “cooperation with
supply chain members,” it is evident that fairness in the distribution

TABLE 2A  Environmental criteria for packaging
References

Other studies**1>19-21

Environmental criteria

Sourced in an environmentally
friendly way

Manufactured in an Other studies®>1%:151%:22.23

environmentally friendly way

Transported in an environmentally ~ Other studies>!%1%19:22.24

friendly way

Recycled, reused, and disposed in  Other studies®*>2%2°

an environmentally friendly way

Uses recycled, renewable, and Other studies>1:1>19-24.26.27

reused sourced materials

Recovered and utilized in industrial ~ Other studies”:81>21:2427-30

closed loop cycles
Other studiesl57:17:19.21.28-32

Other studies1%:26:28:33.34

Manages environmental risk

Integration with the environmental
management system

Other studies®?2834

Other studies®1%:2021:24.27

Other StudiesS,11,19,21—24,27,29,33,35

Product stewardship
Uses healthy sourced materials

Avoids packaging and raw material
waste

Wl LEY Packaging Technology and Science

TABLE 2B Economic criteria for packaging

Economic criteria References

Performance meets Other studies®>7:1%:16:19-21.25.29-34.36.37

market needs

Sourcing, manufacturing Other studies®7:1>2021,22,33,35,38.39

and distribution, and
recycling costs

Physically designed to Other studies®>1%:16:19.21-24.26.27.35

optimize materials and
energy

Gain employee's and top Other studies??:26:31:37:4041
management
commitment

Aligned with company's Other studies®”+17:19:31.34,38:40.42

characteristics
Other studies®->7+19:28:3436

Other studies®”?*%7:%?
Other Studies1.7,11,1‘?,23,26.28.34,39—4:1.43

Continuity
Boosts competitiveness

Cooperation with supply
chain members
Profitability Other studies™”71%-1:28:30:31
Other StudiesS.21.24,29,35,36,43
Other StudiesS,21,24,25,27,36,43

Other StudiesS,11,21,24,29,35,36,43

Product protection
Package functionality

Product integrity

TABLE 2C Social criteria for packaging

Social criteria References

Beneficial for individuals and the  Other studies®>¢2
community

Healthy and safe for individuals Other studies™11:16:19.20.23.24,26,35,36

and the community

Aligned with the organization's Other studies®21

corporate social responsibilities
Other studies®”:17+19:30-32

Other studiesl,5,7,11.21,24,36739

Manages reputational risk

In accordance with governmental
policies and regulations

Transparency Gliher siupfzs /P2

Other studies”"**

Other studies'!21:2°

Other Studies7,11,19,22.23,26,28,30,34,39

Employee's quality of life
Maximize consumer value

Suppliers and carriers are certified
and pass the environmental
and social criteria

of profits among the members is closely related with the social prac-
tices of the firm. This criterion is also closely related to “transparency,”
since by operating with clarity, a firm strengthens the relationship with
its partners in the supply chain, which can, in turn, lead to higher suc-
cess in the introduction of the product package in the market. More-
over, “maximizing consumer value” not only shows respect regarding
the consumer's income but also encourages the end consumers to
select the firm's products in the competitive market. Similarly, the cri-
terion “manages reputational risk” was also placed in this intersection
since effective mitigation of risk also boosts the selling capability of
the product package. Finally, in the intersection between the environ-
mental and social performance, the criteria of “product integrity” and
“suppliers and carriers are certified” are placed even though in the
framework of Carter and Rogers®’ that space was left empty. The rea-
son that the first criterion was placed there is due to the fact that



REZAEI €T AL.

G_I_Wl LEY Packaging Technology and Science

Environmental
Performance

Uses healthy
sourced materials

Sourcedinan

gaat macycied, Manufacturedin an
‘Avoids packaging
R

Physically designed to
optimize materials and

Sourcing,

distribution and

Product
S

Healthy and safe for
individuaks andthe

In accordance with
‘community

policiesand

G
e

Aligned with
company’s
«characteristics

Economic
Performance

FIGURE 3 Criteria categorization along the triple bottom line

having a traceable product package whose sustainability can easily be
assessed is beneficial for individuals and the community and also con-
tributes in building an accurate green image of the firm that will pro-
hibit non-governmental organizations from raising any opposition.
Regarding the certification of the suppliers and carriers, together with
the social certifications that they should hold, they should also pass
certain environmental criteria. However, Carter and Rogers,17 in their
article, claimed that no firm is involved in sustainability practises
strictly because of environmental and social concerns. If those two
criteria were totally neglected by a firm, then, it would probably face
indirect financial consequences because of the heavy competition in
the food industry.

3 | METHODOLOGY

The research investigates the way that the sustainable packaging fac-
tors of the whole supply chain affect the design of the package in the
food-packaging industry. As explained above in the process of the cre-
ation of the criteria list, these factors need to be translated to certain
quantifiable criteria. According to these criteria, various package
design alternatives are evaluated, and the optimal one is selected. As
a process of taking a decision is involved and various criteria have an
impact on the decision, we conclude that it can be formulated as a
(MCDM)

because of the existence of six members in the supply chain, it is also

multi-criteria  decision-making problem. Furthermore,
a multi-actor problem. This implies that the best package design is
selected taking into account the preferences of the whole supply
chain members.

Three lists of criteria for the three dimensions of sustainability

criteria were presented in Tables 2A-2C. The process followed from

Manages
reputational risk

Maximize
consumer value

regulations

Aligned with the
organization's CSR

Employee’s
quality of life

Social
Performance

here included a number of steps. Expert opinions were used to rank
these criteria and reduce their number by selecting the most impor-
tant from them. Next, structured interviews were conducted to select
a number of product-package combinations and their alternative pack-
age designs. Then, relative scores were assigned to each design alter-
native according to the decision-maker through a structured interview
once again. Finally, the members of the supply chain were asked to
complete a survey to identify weights of the criteria. An explanation
of the aim of the study and the evaluation criteria are provided for
all the respondents. The data obtained from the survey were used to
calculate the weights of the criteria.

We explain the operationalization of the MCDM approach in the
next subsections.

3.1 | Multi-criteria decision-making

MCDM is a subdiscipline of operations research. In an MCDM problem,
a number of alternatives are evaluated with respect to a number of
There exist several
MCDM methods, such as the weighted sum model (WSM), weighted
product model (WPM), and the analytic hierarchy process (AHP).**
The method used in this paper is the Best Worst Method (BWM), which
was recently developed by Rezaei.*® The primary advantages of BWM,

criteria in order to select the best alternatives.**

and thus, the reasons behind selecting it are that in comparison with
other existing MCDM methods the BWM requires less comparison
data and leads to more consistent comparisons. Furthermore, this
paper aims to expand the spectrum of applications of this particular
method by applying it in a multi-actor setting of the food-packaging
industry. The implementation of BWM has been the topic of several
scientific papers with objectives of supplier selection,***® the evalua-

tion of power grid enterprise,*’ evaluating the quality of scientific
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outputs,®® evaluating R&D performance of firms,>! evaluating the

social sustainability of supply chains,®? evaluating airports and airline

56,57

services,>3"5° technology battles, and measuring quality of transit

nodes>® and logistics performance index indicators®” among others.

3.2 | Best worst method

The steps of the BWM that are used in deriving the weights of the

criteria are presented below*>¢°:

1. Determine a set of decision criteria. In this step, the decision-
maker identifies n criteria {c4, ¢o, ***, ¢} that are used to make a

decision.

2. Determine the best and the worst criteria. The best criterion is the
most important (or the most desirable or the most contributing)
criterion, while the worst criterion is the least important (or the

least desirable, or the least contributing) one.

3. Determine the preference of the best over all the other criteria,
using a number between 1 and 9, with 1 indicating equal impor-
tance between two criteria, 2 indicating that one criterion is
slightly more important than the other,..., and 9 indicating that
one criterion is extremely more important than the other. The
resulting best-to-others (BO) vector would be: Ag = (ag1,dga, ",
agn), Where agjindicates the preference of the best criterion B

over criterion j.

4. Implement a similar approach for the worst. The resulting
others-to-worst (OW) vector would be: Ay = (aiw, dow, ",
a.w), where ajy indicates the preference of the criterion j

over the worst criterion W.

5. Find the optimal weights (wy,w,, -, w,,). The aim is to determine
the optimal weights of the criteria such that the maximum abso-
lute difference |wg - agw;| and |w; - apwyy| for all j is minimized.

This can be translated to the following model:

min max;{|wg - agw;|, |w; - @, W\, }
subject to
Swi=1 W
j

w; = 0, forall j.

Model (1) is equivalent to the following linear programming
model:

min&t
subject to
L
[wp —ag xwj| <&
|w,~—ajw><wwl <iL
ZW] =1
j

w; = 0, forallj.

By solving model (2), the optimal weights (w}, w,, ..., w,) and the opti-
mal value of & called € are obtained. The € is an indicator of the con-
sistency ratio of the comparison system. The consistency ratio means
that the closer € is to zero, the more consistent the comparison sys-

tem provided by the decision-maker is. With these weights and the
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normalized scores of the alternatives on the different criteria x;°™;

the final score per alternative, Vj; can be calculated using the

following:
Vi =L W™, )
where
L, if x is positive (such as quality)
yom — max{x; } @
ij ” .
1- L7 if x is negative (such as price)
max{x; }

4 | ANALYSIS AND RESULTS

In this section, the various steps described in the BWM implementa-
tion framework are undertaken. First, the number of criteria
(Tables 2A-2C) is reduced, then, the selection of the product packages
and their alternative package designs takes place, then, the supply
chain members are identified, and the criteria weights are calculated,
and finally, relative scores are assigned to the package alternatives.
After selecting the optimal package design, two what-if scenarios are
evaluated in order to discuss the results.

41 | Reducing the number of criteria

In the initial list, there were 32 sustainable packaging criteria in total,
11 for the environmental performance (Table 2A), 12 for the economic
(Table 2B), and nine for the social (Table 2C). In order to create a user-
friendly BWM survey, increase the discrimination power of the
criteria, and increase the response rate, the number of criteria in each
dimension had to be reduced. By requesting the opinion of the experts
in the field of packaging and the environment, the most important
criteria in each dimension were selected for the application of the
method.

The sample of experts was formed by people in academia and the
food packaging industry. Firstly, members of the academic community
of the Delft University of Technology were approached that were
either teaching courses related to sustainability and the environment
or had previously conducted research in the field of sustainable pack-
aging. Secondly, structured interviews were conducted with packaging
developers and strategic material-planning managers in the case com-
pany, Kraft Heinz Company. In both cases, the respondents were
asked to fill in a survey by selecting the five most important packaging
criteria in each of the three dimensions of sustainability. Furthermore,
they had to rank these five most important criteria by assigning a
grade from 1 to 5. A grade of 5 was used for the most important cri-
terion of the selected five and a grade of 1 for the least important cri-
terion. In the end, the summation of the respective criteria grades of
all respondents was calculated for each of the three dimensions of
sustainability. Regarding the respondents of the academia, five were
completed. Regarding the experts from the Kraft Heinz Company,
two 1-hour meetings were scheduled with the head of Packaging
Europe and the Strategic Material Planner Manager. Since the final

total number of respondents was seven, the selection rule that was
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applied stated that if a criterion had a summation of grades equal or
greater than seven, then, it would be included in the implementation
of the BWM. By applying the aforementioned rule, the criteria were
reduced to the list presented in Table 3.

As the ultimate job of the criteria, here, is to make a ranking
among the alternative designs, we think that there should not be that
much value in the discarded criteria. In other words, even if we con-
sider some value for the discarded criteria, we expect little or no
change in the final scores of the alternatives and almost certainly no
change in the ranking. This is a common practice in MCDM field as,
by reducing the criteria, we increase the discrimination power of the
method.

4.2 | Selection of product packages and alternative
package designs

During the structured interviews with the head of Packaging Europe
and the Strategic Material Planner Manager of Kraft Heinz Company,
a discussion was made regarding the products that would be selected.
In the end, the three products that were chosen are the Heinz Tomato
Ketchup, the Heinz Seriously Good Mayonnaise, and the Heinz Beans.
These products and their corresponding alternative package designs
are depicted in Figure 4.

The criteria according to which these products were selected are
elaborated in this section. First of all, the products had to be produced
in one of the factories in Europe because the responsible managers
that would be interviewed had to be located in the Netherlands, either
in the European Supply Chain Hub in Zeist, Utrecht area, or the Euro-
pean Innovation Centre 57 in Nijmegen. Another reason for selecting
the products from the European factories was the fact that the mem-
bers of their supply chain would most likely also be located in the
same continent. Furthermore, a criterion was also set for the nature
of the product-package combinations. Two of the three products,
namely, the ketchup and the mayonnaise, were intentionally chosen
to be of the same food type of sauces, sharing the same form and
qualities, and thus, sharing the same alternative package designs and
having the same packaging material suppliers in their chains. The third

product, the beans, was selected for having little in common with the

TABLE 3 Reduced criteria list

Selected sustainable packaging criteria

other two. A third criterion that was established and led to the selec-
tion of these three products was the number of distinct alternative
package designs. The ketchup and the mayonnaise have six different
packages, while the beans have three. Each package alternative is
designed for a specific use and for serving specific needs. It has to
be underlined that in these package alternatives, the different varia-
tions in the amount of the contained product are not taken into
account. The last criterion that was taken into account was the selec-
tion of products that are globally known and are the “cash cows” of
the Kraft Heinz Company. These products prevail in the competition
in their respective markets; in this way, the real-world impact of the
new approach would be relatively large, while a generalization of the

findings for other similar products would be feasible.

4.3 | Calculation of criteria weights

In this section, the results for each dimension of sustainability are
shown.

For the BWM, data has been collected from all six members of the
supply chain (the raw material suppliers [seven suppliers], the packag-
ing material suppliers [seven suppliers], the product-package manufac-
turer [Kraft Heinz Company: the main decision-maker], the retailers
[two retailers], the consumers [35 consumers], and the end-of-life
companies [two companies] (to see an example of the BWM question-
naire, one might visit www.bestworstmethod.com). The weights for all
members of each level of the supply chain was calculated, and the
mean value presented. For our data collection, depending on their
accessibility, both online surveys (for the raw material suppliers, the
packaging material suppliers, and the retailers) and structured inter-
views (for the other supply chain members) have been used, in which
the same list of questions has been presented to our respondents. As
the respondents should provide pairwise comparisons using a struc-
tured approach (BWM), the two data collection methods are the same
in terms of reliability.

To begin with the environmental dimension, the respective
criteria weights are shown in Figure 5. In the end, the most dominant
criterion in this dimension was proved to be ecoefficient production

with a weight of 23%. Ecoefficiency strategies seek to reduce

Environmental performance

1

. Transported in an environmentally

friendly way

. Manufactured in an environmentally

friendly way

. Recycled, reused, and disposed in an

environmentally friendly way

Uses recycled, renewable, reused sourced
materials

. Recovered and utilized in industrial closed

loop cycles

Avoids packaging and raw material waste

Economic performance

1. Performance meets market needs

2. Sourcing, manufacturing, distribution,
and recycling costs

3. Physically designed to optimize
materials and energy

4. Continuity

5. Cooperation with supply chain members

6. Profitability

7. Package functionality

Social performance

1

. Beneficial for individuals and the community

. Healthy and safe for individuals and the

community

. Manages reputational risk

. In accordance with governmental policies

and regulations

. Employee's quality of life

. Suppliers and carriers are certified
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PET Glass

SOM

Sachet SqueezMe!

Dip Pot

(A) Heinz Ketchup alternative package designs

Sachet SqueezMe!

Dip Pot

(B)Heinz Mayonnaise alternative package designs

FRIDGE PACK.

Can Snap Pots

Fridge Pack

(C) Heinz Beans alternative package designs

FIGURE 4 A, Heinz ketchup alternative package designs B, Heinz mayonnaise alternative package designs C, Heinz beans alternative package

designs

emissions, energy use, and waste during the manufacturing of the
product package. The second most important criterion was the elimi-
nation of raw and packaging material waste with a weight of 20%. It
refers to the conservation of packaging and raw materials during the
complete life cycle. A criterion that should not be neglected by the
decision-maker is regarding the final stage of the product life cycle
and more specifically of how the product package is recycled, reused,
or disposed, since it acquired a final weight of 17%.

Moving on to the economic dimension of Figure 5B, the criterion

that acquired the highest grade was “performance meets market

needs.” Having a weight of 24%, it is clear that all members in the sup-
ply chain highly value the degree to which the end consumers are sat-
isfied. With the second criterion being “profitability,” it is evident that
the supply chain members believe that having a sustainable business
means maintaining a high-profitability ratio and not focusing solely
on short-term profits. The rest of the criteria in this dimension are
fluctuating at around 10%.

Ending with the social dimension of sustainability in Figure 5C,
the two criteria that prevailed with 22% and 21% were those related

to the consumer's well-being and safety. The first refers to the



and Science

REZAEI €T AL.

Environmental Dimension

50% -+
40% ¢
- 0,
£ 30% -
5 o P s 17% s
] o * N 20%
o/ | 0, *
3 20% 113% 3 ¢ uaw% , 1% N
*
10% 3 . ¢ $ .
*
*
0% T T T T
Transported inan Manufactured in  Recycled, reused,  Uses recycled, Recovered and  Avoids packaging
environmentally an environmentally dinan r ble, reused utilized industrial and raw material
friendly way friendly way environmentally sourced materials closed loop cycles waste
friendly way
(A) Total environmental dimension criteria weights
Economic Dimension
40% -
.
30% - . *
()
= $24% 22%
B 20% $ .
S : $
¢ . : :
0,
10% 13% o # $ TORR
. 4 10% 10% .
0% .
Performance Sourcing, Physically Continuity Cooperation Profitability Package
meets market manufacturing  designed to with supply Functionality
needs and distribution optimize chain members
costs materials and
energy
(B) Total economic dimension criteria weights
Social Dimension
40% -
*
[ -
30% 22% *
2 : 21% .
= . 20%
 20% - ‘ ¢ 0 16%
; : 3 : 9% .
10% 12% % . $
*
0% T T T T T .
Beneficial for Healthy and safe Manages In accordance with Employee's quality ~ Suppliers and

individuals and the for individuals and
community the community

reputational risk

of life carriers are

certified

governmental
policies and
regulations

(C) Total social dimension criteria weights

FIGURE 5 A, Total environmental dimension criteria weights B, Total economic dimension criteria weights C, Total social dimension criteria

weights

benefits of packaging to individuals and communities that can vary
from the creation of meaningful, stable employment, to the protection,
preservation, safety, and transport of food products. The second crite-
rion not only ensures that no harmful substances are released to the
environment during its production phase but also that no toxic sub-
stances are present through its use and end-of-life phases.t” Only
1% behind is the criterion regarding regulatory and compliance-related
risks that are caused by changes in laws and regulations. Another cri-
terion that is highly valued by the supply chain members with a weight

of 16% is regarding the respect of the working rights and conditions of

all the employees involved in the various stages along the complete
life cycle of the product.

4.4 | Scores of alternative package designs

In the previous section, the final sustainable criteria weights were esti-
mated for the environmental, economic, and social performances. In
this section, the various alternative package designs are ranked accord-

ing to the identified sustainable criteria. The person that was chosen to
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evaluate the packages was the head of Packaging Europe. Through a 1-
hour structured interview that took place in the European Innovation
Centre 57 of the Kraft Heinz Company in Nijmegen, he was asked to fill
in the matrix with the relative scores of the package designs.

The scaling that was used for the relative scores of the packages
and the criteria was from 1 to 9. However, the use of the scale is dif-
ferent from the one that was used in the BWM survey. The highest
score of 9 represents the maximum performance that a package
design can have in regard to the respective criterion. Similarly, a score
of 1 indicates the worst possible performance. The decision-maker
evaluated the performance of each package alternative of each one

of the three products. Since the decision-maker holds one of the top
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positions in the hierarchy of the packaging technology department
of the Kraft Heinz Company in Europe, he can be regarded as ade-
quate for the implementation of BWM in order to select the optimal
package design.

4.5 | Selection of optimal package designs

After having collected both the final weights of the sustainable pack-
aging criteria and the relative scores of the package alternatives, the
calculation of the final scores that are used for the comparisons is
feasible. These final scores are calculated for each package alterna-

tive and for each of the three dimensions of sustainability by simply

Heinz Tomato Ketchup

8
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6 .92
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4+ Social
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0
PET Top  Glass Bottle SOM Sachet SqueezMe! Dip Pot
Down

(A) Final scores for the alternative package designs of Heinz Tomato Ketchup

Heinz Mayonnaise
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(B) Final scores for the alternative package designs of Heinz Mayonnaise

Heinz Beans
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(C) Final scores for the alternative package designs of Heinz Beans

FIGURE 6 A, Final scores for the alternative package designs of the Heinz Tomato Ketchup B, Final scores for the alternative package designs of
the Heinz Mayonnaise C, Final scores for the alternative package designs of the Heinz Beans.
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multiplying the scores with the respective criteria weights. In
Figure 6A-C, these results are depicted for each of the three prod-
ucts separately. In each figure, the respective scores of each dimen-
sion of sustainability are depicted with a marker of different shape.
Along the line, the perceived total sustainability scores are shown
for each package alternative as the average of the relative scores in
each dimension.

In Figure 6A, the perceived total sustainability scores for the most
valued brand of the Kraft Heinz Company, the Heinz Tomato Ketchup,
are presented. The package design with the highest total score is the
Sauce-O-Mat (SOM), which achieved a score of 6.71. The SOM is a
high-quality branded sauce dispensing solution for front-of-house
use, and its main advantages are the easiness in cleaning, its durability
and its great visual impact that acts as a marketing tool in restau-
rants.® The high-perceived total sustainability score lies in its unique
qualities regarding avoiding raw and packaging material waste and
package functionality, because of its refilling capability with the use
of 2.5 or 5-kg plastic bags of ketchup. Furthermore, another quality
of the SOM is its conformity to the environmental regulations. Closely
behind the SOM is the package with the largest sales volume, the PET
Top Down bottle with a score of 6.64. The advantages of the PET bot-
tle lie in the high-profitability score, the ecoefficient transportation
process, and the low-operational costs that it entails. It lags behind
the SOM for the low score that was assigned to it regarding the most
important economic criterion, that of performance meeting the needs
of the market.

The second product under study is the Heinz Seriously Good
Mayonnaise and the respective perceived total sustainability scores
are presented in Figure 6B. The reason that this product was selected
for the implementation of BWM was that it also belongs in the same
food category as the Ketchup and the fact that they share the same
alternative package designs. The package design with the highest
score was, in this case, also the SOM with a score of 6.83. This result
can be used as a premise in proving that for two products of the same
food type, the optimal package design does not differ. However, the
second highest score was achieved by the Sachet and not the PET
bottle for the case of the Mayonnaise. The sachet shares similar ben-
efits as the SOM, but scores lower because of its inability to contain
large quantities and optimize materials and energy. However, the
Sachet scores higher than the PET bottle in the case of the Mayon-
naise since due to the nature of the product, the scores changed rela-
tive to the Ketchup regarding its market performance, package
functionality, and the management of the reputational risk.

In Figure 6C, the perceived total sustainability scores for the alter-
native package designs of the Heinz Beans are presented. The superi-
ority of the Can over the Snap Pot and the Fridge Pack is underlined in
the linear trend that is present in the graph. The reason behind its
superiority regarding the environmental performance lies in the envi-
ronmentally friendly way that the tin can is manufactured and
recycled, in the use of recycled sourced materials and its recovery in
industrial closed loop cycles. Regarding the economic and social per-
formance, the tin can has significant benefits in terms of low sourcing,
manufacturing and distribution costs, in terms of maintaining a sus-
tainable profitable business, and in being beneficial and healthy for

individuals and the community.

4.6 | Sensitivity analysis: Effects of dimension
weights on selection process

In the previous section, the optimal package designs were selected for
each of the three product packages that were studied. Equal impor-
tance is given to the three dimensions of sustainability. Thus, the per-
ceived total sustainability score was calculated from the average of
the three sustainability scores as it is depicted in Figure 6A-C. In this
section, it is investigated whether a change in the weight of each
dimension affects the selection process of the optimal package design.
The effect of the varying weights of the three dimensions on the
selection process are presented with the creation of a what-if sce-
nario. A pyramid chart is used in order to highlight which two package
alternatives compete for being optimal for each product. A sensitivity
analysis is then performed that shows the limits that the weights could
reach without having a change in the selection process.

For the case of the Heinz Tomato Ketchup, the pyramid chart can
be seen in Figure 7. Even though the SOM had the highest perceived
total sustainability score, it is the Glass Bottle that prevails regarding
the environmental performance. Having an easily recycled packaging
material boosts the relative criteria scores in comparison to the plastic
ones. However, because of its poor performance relative to the rest of
the criteria, the weight of environmental performance has to be at
96% so as the Glass bottle to be chosen over the SOM. Regarding
the economic and social performance of sustainability, the Ketchup
package alternative that prevails is the PET Bottle, Because of its
operational effectiveness. However, in order for the PET Bottle to
be chosen as the optimal package design, the weight of environmental
performance would have to be lower than 20%, while maintaining
equal weights in the economic and social dimensions at over 40%. It
can be observed from Figure 7 that the prevailing package alternatives
are the SOM and the PET Bottle.

In order to investigate even further the effect that varying the
weight of the dimensions has in the selection between the SOM and
PET Bottle for the Ketchup, sensitivity analysis was conducted. The
dimensions were analysed in pairs, while keeping each time the third

Environme ntal

Heinz Tomato Ketchup

Social Economic

—A—PET Top Down Glass Bottle —8—SOM

—— Sachet ——SqueezMe! —— Dip pot

FIGURE 7 Pyramid chart for the prevailing alternatives of ketchup
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Tomato Ketchup Sensitivity Analysis: Environmental - Economic
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dimension stable at 33.33%. The results of the sensitivity analysis are
presented in Figure 8A-C. From Figure 8A, it can be observed that
while the weight of environmental performance is between 0% and
20%, then, the PET Bottle prevails over the SOM. It is supposed that
in this case economic performance, weight varies from 0% to
66.67%, while social performance weight is stable at 33.33%. Next, in
Figure 8B, by keeping at constant levels the weight of economic per-
formance, environmental performance weight would have to be lower
than 16% in order for the PET Bottle to be selected. In this second
case, social performance weight varies from 0% to 66.67%. Lastly, in
Figure 8C, by investigating the relationship between the weights of

economic and the social dimensions, it can be observed that no matter

how much the weight of economic performance is reduced, the PET
Bottle never scores higher than the SOM. In this last case, social
dimension weight varies from 0% to 66.67%, while the environmental
weight remains stable.

Regarding the package designs of the Heinz Seriously Good May-
onnaise, the one that achieved the highest perceived total sustainabil-
ity score was the SOM. However, also in this case regarding the
environmental sustainability, the package material that is made out
of glass was the one that prevailed. Even though the Jar of Mayon-
naise achieved the same score as the Glass Bottle of Ketchup in the
environmental performance, the weight of the other two dimensions

for the Mayonnaise had to be less than 0.5% in order to prevail. In

Heinz Tomato Ketchup
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FIGURE 9 A, Scenario scores for the alternative package designs of the Heinz Tomato Ketchup B, Scenario scores for the alternative package
designs of the Heinz Mayonnaise C, Scenario scores for the alternative package designs of the Heinz Beans
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other words, in order for the Jar to be chosen as the optimal package
design, the weight of environmental performance had to be over 99%.
In contrast with the Ketchup, no matter how low the weight of envi-
ronmental performance would fall or how high the other two weights
would be modified at, the SOM of Mayonnaise would be the optimal
package design since it is superior to any other alternative the last
two dimensions.

Lastly, regarding the Heinz Beans, from Figure 8C, it is evident
that the Can always prevails no matter what the relative weights of
the dimensions are. Thus, sensitivity analysis was not conducted.

Although this study neglects the different needs that the con-
sumer has for each type of package alternative, the optimal package
designs that are selected in this paper could be modified regarding
the volume of the contained product and the different kinds of con-

sumers' needs that they serve.

4.7 | Sensitivity analysis: Effects of preference
weights on selection process

In Section 4.5, the optimal package designs were selected by assigning
equal weights to the preferences of the six supply chain members.
This way, all six members reap the benefits of the introduction of
the selected package design. In practice, however, this would not be
the case always since the manufacturing firm that actually selects
the design strives to satisfy its own needs first. Thus, since the created
tool is targeted for the decision-maker, the Product-package Manufac-
turer, in order to assist them with selecting a package design, their
preferences should have the highest weight. For this reason, a what-
if scenario was created that assigns a 50% weight to the preferences
of the Product-package Manufacturer and another 50% to the prefer-
ences of the remaining five members of the supply chain.

In Figure 9A-C, the final scores for the package alternatives for
the scenario, which are depicted with the black frame, are compared
with the final scores of Section 4.6, which are depicted with a solid
rectangle. The labels correspond to the final scores of the scenario.
As it can be observed from Figure 9A, the optimal package design
for the Heinz Tomato Ketchup is now the PET Bottle, which scored
6.74 and overpassed the SOM. The reason behind the change of the
optimal solution lays in the superiority of the PET Bottle over the
SOM in the economic dimension of sustainability. In turn, this superi-
ority is due to the high-relative score of the PET Bottle over the SOM
regarding the low sourcing, manufacturing, and distribution costs. In
the scenario where the weight of decision-maker was 50%, the weight
of this criterion increased from 13% to 15%. The 2% difference in the
weight is responsible for the change in the optimal solution, since the
PET Bottle had a relative score of 8 while the SOM only had a score of
6 relative to the operational costs.

It is remarkable that the optimal package designs for the Mayon-
naise (Figure 9B) and the Beans (Figures 9C) did not change. However,
in the conclusion of Section 4.6, it was implied that the difference of
the nature of the product had no effect in the selection of the package
designs and that only the scores of the alternative package designs
mattered. As a result, it is expected that the PET Bottle would also

prevail in the case of the Mayonnaise for the what-if scenario.
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Nevertheless, this was not the case since the superiority of the SOM
was maintained due to the fact that the PET Bottle for the Mayon-
naise in comparison with that of Ketchup scores 1 point less regarding
profitability and 4 points less regarding functionality. On the contrary,
the relative scores for the SOM do not change between the Mayon-
naise and the Ketchup. For the case of the Beans, the changes in
the criteria weights were not sufficient so as to provoke a change in

the package design.

5 | CONCLUSION, MANAGERIAL
IMPLICATIONS, AND FUTURE RESEARCH

In this study, a comprehensive literature review was conducted to find
the relevant sustainable criteria for food package design. A novel
MCDM method, BWM, was used to find the importance of a short-
ened list of criteria considering all the supply chain members of a food
company. The optimal package designs were selected according to the
identified criteria and to the respective weights that the supply chain
members assigned to them according to their preferences. What-if
scenarios were created that measure the effect that variable weights

have on selecting the optimal package design.

51 |

The first point that differentiates this paper with other sustainable

Contribution

research projects conducted in the food-packaging industry is the
incorporation of three unique perspectives in the selection process.
Firstly, not only is the social dimension incorporated in the product
design but it is also assigned an equal weight to the environmental
and economic dimensions. In this, it needs to be acknowledged that
sustainability remains a contentious concept that may be substanti-
ated in different ways, leaving room for some degree of subjectivity
—not only regarding meaning but also scope and ambition. Having said
that, our framework covers the elements that are key to sustainability
and allows for an uptake that is practical from a managerial perspec-
tive, and as such can figure as a productive vehicle towards increased
levels of sustainability. Another point that differentiates this study is
the adoption of a supply chain perspective in product design. The
preferences of all members in the supply chain of products in the
food-packaging industry along the total life cycle are incorporated in
product design. Referring to the product-package perspective, in this
paper, the package and the contained product are not regarded sepa-
rately but rather as one entity, as a product-package combination
sharing mutual qualities. Although, considering all the members in
designing sustainable packaging might not be new, incorporating these
three perspectives together in the selection process of the optimal
package design in the food-packaging industry is a novel idea.

The inclusion of the three perspectives in the analysis made feasi-
ble the introduction of a second point in the contribution of the paper.
This is the creation of a supply chain level sustainable criteria list. The
full list contains 32 criteria, while through expert opinions, the number
of criteria along the TBL was reduced, and a more practical version
was created with 19 criteria.

The final contributing point is regarding the creation of a decision-

making tool that can be used by package manufacturers when
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evaluating the sustainability of alternative package designs in the

food-packaging industry.

5.2 | Managerial recommendations

In this study, a decision-making tool is created that can be used by
package manufacturers when evaluating the sustainability of alterna-
tive package designs in the food-packaging industry. This tool can be
used by R&D managers who are responsible for evaluating alternative
food package designs.

Modifying the weights that the decision-maker assigns to the
three dimensions of sustainability and the preferences of the six sup-
ply chain members, the selection process of the optimal package
design is altered. As a result, apart from assigning the relative scores
of the packages towards the criteria, the decision-maker should also
strategically select the weights that will be assigned. The product-
package manufacturer first attempts to incorporate their own inter-
ests in the design in order to keep up to the expectations of the
stakeholders and then tries to satisfy to the maximum degree possible
the preferences of the rest of the supply chain members.

The decision-making tool that was developed in this study is pre-
sented to the head of Packaging Europe of the Kraft Heinz Company,
with the aim of using it when evaluating alternative food package
designs. The managers of the company are very happy with the results
and recommendations. This company is the actual decision-maker
with knowledge and experience in designing the package. The com-
pany is concerned about the sustainability of different designs, which
is why they are willing to incorporate the opinion of all the other
actors in measuring the sustainability level of each alternative. But,
this function (designing the packaging) is out of the authority, knowl-

edge, and experience of the other actors.

5.3 | Future research directions

Future research could use the proposed framework of the sustainable
package design criteria in other food companies. In this study, we used
the three dimensions of sustainability, namely, economic, environmen-
tal, and social. Future research could use this approach and compare
the traditional approach of considering merely the economic criteria.
Furthermore, we think this study can be considered as an example
of considering the whole supply chain in an important decision-making
problem. Most supply chain studies focus on bilateral relationships,
which cannot capture the view of the other partners that have an
impact on the decisions made by each and every member of a supply
chain. Also, from a technical perspective, the sensitivity study proved
to be a valuable contribution and is worthy of further elaboration from
both a case study perspective and from a methodological BWM per-
spective. Finally, it would be interesting to consider the role of power
structure in making such decisions. In that regard, it would be interest-
ing to see how a partner with an important power source could influ-
ence the final decision made.

ORCID

Jafar Rezaei (® http://orcid.org/0000-0002-7407-9255

REFERENCES

1. Tay MY, Rahman AA, Aziz YA, Sidek S. A review on drivers and barriers
towards sustainable supply chain practices. Int J Soc Sci Humanit.
2015;5(10):892-897.

2. Azzi A, Battini D, Persona A, Sgarbossa F. Packaging design: general
framework and research agenda. Packag. Technol. Sci. 2012;25(8):
435-456.

3. Duizer L, Robertson T, Han J. Requirements for packaging from an age-
ing consumer's perspective. Packag. Technol. Sci. 2009;22(4):187-197.

4. Lange J, Wyser Y. Recent innovations in barrier technologies for plastic
packaging—a review. Packag. Technol. Sci. 2003;16(4):149-158.

5. Gronman K, Soukka R, Jarvi-Kaaridinen T, et al. Framework for sustain-
able food packaging design. Packag. Technol. Sci. 2013;26(4):187-200.

6. Lutters D, ten Klooster R. Functional requirement specification in the
packaging development chain. CIRP Ann Manuf Technol. 2008;
57(1):145-148.

7. Seuring S, Muller M. From a literature review to a conceptual frame-
work for sustainable supply chain management. J Clean Prod.
2008;16(15):1699-1710.

8. Carter C, Rogers D. A framework of sustainable supply chain manage-
ment: moving toward new theory. Int J Phys Distr Log. 2008;38(5):
360-387.

9. Garcia-Arca J, Prado PJC. Packaging design model from a supply chain
approach. Supply Chain Manag. 2008;13(5):375-380.

10. Johansson K. Packaging Logistics: Packforsk, 1997.

11. Heller MC, Keoleian GA. Assessing the sustainability of the US food
system: a life cycle perspective. Agr Syst. 2003;76(3):1007-1041.

12. Loiseau E, Saikku L, Antikainen R, et al. Green economy and related
concepts: an overview. J Clean Prod. 2016;139:361-371.

13. Pesch U. Publicness, privateness, and the management of pollution.
Ethics Policy Environ. 2015;18(1):79-95.

14. Linton JD, Klassen R, Jayaraman V. Sustainable supply chains: an intro-
duction. J Oper Manag. 2007;25(6):1075-1082.

15. GreenBlue. Definition of Sustainable Packaging. Secondary Definition
of Sustainable Packaging 2016.

16. Lewis H, Fitzpatrick LV, Sonneveld K, Jordon R. Sustainable Packaging
Redefined. Secondary Sustainable Packaging Redefined 2007.

17. Carter CR, Rogers DS. A framework of sustainable supply chain man-
agement: moving toward new theory. Int. J. Phys. Distr. Log. 2008;
38(5):360-387.

18. Heller MC, Keoleian GA. Assessing the sustainability of the US food
system: a life cycle perspective. Agr Syst. 2003;76(3):1007-1041.

19. Ahmad NKW, de Brito MP, Rezaei J, Tavasszy LA. An integrative
framework for sustainable supply chain management practices in the
oil and gas industry. J Environ Planning Manage. 2017;60(4):577-601.

20. EUROPEN. www.europen-packaging.eu. Secondary www.europen-
packaging.eu 2018.

21. Coles R. Paper and paperboard innovations and developments for the
packaging of food, beverages and other fast-moving consumer goods.
In: Trends in Packaging of Food, Beverages and Other Fast-Moving Con-
sumer Goods (FMCG). Elsevier; 2013:187-220.

22. Colicchia C, Melacini M, Perotti S. Benchmarking supply chain sustain-
ability: insights from a field study. Benchmarking. Int J.
2011;18(5):705-732.

23. Halldérsson A, Kotzab H, Skjgtt-Larsen T. Supply chain management
on the crossroad to sustainability: a blessing or a curse? Log Res.
2009;1(2):83-94.

24. FDF, Incpen. Packaging for People, Planet and Profit—A Sustainability
Checklist: Food & Drink Federation, London, UK, 2017.

25. Olander-Roese M, Nilsson F. Competitive advantage through packag-
ing design? Propositions for supply chain effectiveness and
efficiency. DS 58-1: Proceedings of ICED 09, the 17th International


http://orcid.org/0000-0002-7407-9255
http://www.europen-packaging.eu
http://www.europen-packaging.eu
http://www.europen-packaging.eu

REZAEI T AL

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44,

Conference on Engineering Design, Vol. 1, Design Processes, Palo Alto,
CA, USA, 24-27.08.2009; 2009.

Zhu Q, Sarkis J, Lai K-h. Confirmation of a measurement model for
green supply chain management practices implementation. Int J Prod-
uct Econ. 2008;111(2):261-273.

Envirowise, Incpen. Packguide: A guide to sustainable eco-design.
Harwell: Envirowise; 2008.

Seuring S, Miiller M. Core issues in sustainable supply chain manage-
ment—a Delphi study. Bus. Strategy. Environ. 2008;17(8):455-466.

Svanes E, Vold M, Mgller H, Pettersen MK, Larsen H, Hanssen OJ. Sus-
tainable packaging design: a holistic methodology for packaging design.
Packag. Technol. Sci. 2010;23(3):161-175.

Wolf J. Sustainable supply chain management integration: a qualitative
analysis of the German manufacturing industry. J Bus Ethics.
2011;102(2):221-235.

Walker H, Jones N. Sustainable supply chain management across the
UK private sector. Supply Chain Manag. 2012;17(1):15-28.

Hall J. Environmental supply chain innovation. In: Sarkis J, ed. Greening
the Supply Chain. London: Springer London; 2006:233-249.

Handfield R, Sroufe R, Walton S. Integrating environmental manage-
ment and supply chain strategies. Bus Strategy Environ. 2005;
14(1):1-19.

Pagell M, Wu Z. Building a more complete theory of sustainable supply
chain management using case studies of 10 exemplars. J Supply Chain
Manag. 2009;45(2):37-56.

Olsmats C, Dominic C. Packaging scorecard—a packaging performance
evaluation method. Packag Technol Sci. 2003;16(1):9-14.

Paine FA. The Packaging User's Handbook. Springer, Boston, MA; 2012.

Evangelista P, Sweeney E, Ferruzzi G, Carrasco JC. Green supply chains
initiatives in transport and logistics service industry: An exploratory
case study analysis. 14th annual conference of the logistics research
Network; 2010 September 2010; Leeds, UK.

Min H, Galle WP. Green purchasing practices of US firms. Int J Oper
Prod Man. 2001;21(9):1222-1238.

Zhu Q, Sarkis J, Geng Y. Green supply chain management in China:
pressures, practices and performance. Int J Oper Prod Man.
2005;25(5):449-468.

Nishat Faisal M. Sustainable supply chains: a study of interaction
among the enablers. Bus Process Manag J. 2010;16(3):508-529.

Wittstruck D, Teuteberg F. Understanding the success factors of sustain-
able supply chain management: empirical evidence from the electrics and
electronics industry. Corp Soc Resp Env Ma. 2012;19(3):141-158.

Day M, Lichtenstein S. Strategic supply management: the relationship
between supply management practices, strategic orientation and their
impact on organisational performance. J Pur & Sup Man.
2006;12(6):313-321.

Lockamy A lll. A conceptual framework for assessing strategic packag-
ing decisions. Int J Log Man. 1995;6(1):51-60.

Triantaphyllou E. Multi-criteria decision making methods. In: Multi-
Criteria Decision Making Methods: A comparative Study. Boston, MA:
Springer; 2000.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Wl LEY Packaging Technology and Science 17

Rezaei J. Best-worst multi-criteria decision-making method. Omega.
2015;53:49-57.

Gupta H, Barua MK. Supplier selection among SMEs on the basis of
their green innovation ability using BWM and fuzzy TOPSIS. J Clean
Prod. 2017;152:242-258.

Rezaei J, Nispeling T, Sarkis J, Tavasszy L. A supplier selection life cycle
approach integrating traditional and environmental criteria using the
best worst method. J Clean Prod. 2016;135:577-588.

Vahidi F, Torabi SA, Ramezankhani MJ. Sustainable supplier selection
and order allocation under operational and disruption risks. J Clean
Prod. 2018;174:1351-1365.

You P, Guo S, Zhao H, Zhao H. Operation performance evaluation of
power grid Enterprise using a hybrid BWM-TOPSIS method. Sustain-
ability. 2017;9(12):2329.

Salimi N. Quality assessment of scientific outputs using the BWM.
Scim. 2017;112(1):195-213.

Salimi N, Rezaei J. Evaluating firms' R&D performance using best worst
method. Eval Program Plann. 2018;66:147-155.

Ahmadi HB, Kusi-Sarpong S, Rezaei J. Assessing the social sustainabil-
ity of supply chains using best worst method. Resour Conserv Recycl.
2017;126:99-106.

Gupta H. Evaluating service quality of airline industry using hybrid best
worst method and VIKOR. J Air Transp Manag. 2018;68:35-47.

Rezaei J, Kothadiya O, Tavasszy L, Kroesen M. Quality assessment of
airline baggage handling systems using SERVQUAL and BWM. Tour
Manag. 2018;66:85-93.

Shojaei P, Haeri SAS, Mohammadi S. Airports evaluation and ranking
model using Taguchi loss function, best-worst method and VIKOR
technique. J Air Transp Manag. In press.

van de Kaa G, FensT, Rezaei J. Residential grid storage technology battles:
a multi-criteria analysis using BWM. Tech Anal & Strat Man. 2018;1-13.
van de Kaa G, Janssen M, Rezaei J. Standards battles for business-to-
government data exchange: identifying success factors for standard dom-
inance using the best worst method. Technol Forecast Soc Change. 2018.
Groenendijk L, Rezaei J, Correia G. Incorporating the travellers' experi-
ence value in assessing the quality of transit nodes: a Rotterdam case
study. Case Studies on Transp Policy. 2018.

Rezaei J, van Roekel WS, Tavasszy L. Measuring the relative impor-
tance of the logistics performance index indicators using best worst
method. Transp Policy. 2018;68:158-169.

Rezaei J. Best-worst multi-criteria decision-making method: some
properties and a linear model. Omega. 2016;64:126-130.

KHC. The Collection. Kraft Heinz Food Service Web site. Published
2017. Accessed 23 April, 2017.

How to cite this article: Rezaei J, Papakonstantinou A,
Tavasszy L, Pesch U, Kana A. Sustainable product-package
design in a food supply chain: A multi-criteria life cycle
approach. Packag Technol Sci. 2018;1-17. https://doi.org/
10.1002/pts.2418


https://doi.org/10.1002/pts.2418
https://doi.org/10.1002/pts.2418

