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The subject for this Thesis is to find out actions or process steps to implement generic Design
for Packaging and Transportability principles into part of product development process. The
key driver for considering Design for Packaging and Transportability principles is to
increase sustainability values by decreasing the amount of required packaging material and
to increase transportation loading fill rate to reduce CO2 emissions from transport. Both
these sustainability advantages thrive to reduce costs of packaging and transport. Methods
used in thesis are literature review of the scientific publications, Delphi interviews consisting
of case company experts and prioritization of the actions with weighting factors.

In this Thesis, seven different actions are proposed based on literature review and Delphi
interviews. The top priority action is selected based on three weighted parameter factors:
suitability to current product development process, overall workload, and visibility of the
action within the company. The top priority action selected was setting the Design for
Packaging and Transportability generic requirements to product development.

Requirements for Design for Packaging and Transportability were set based on literature
review findings, previous case company instructions and discussions with packaging
experts. The requirements were related to the applicable R-imperatives of circular economy
and to the key performance indicators which are affected by those requirements.
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Taman opinndytetyon aiheena on selvittdd toimenpiteitd tai prosessivaiheita geneeristen
Design  for  Packaging ja  Transportability -periaatteiden  integroimiseksi
tuotekehitysprosessiin. Keskeinen tekija pakkausten ja kuljetettavuuden suunnittelussa
tuotekehityksessé on nostaa kestdvan kehityksen mukaisia arvoja vahentamalld tarvittavan
pakkausmateriaalin ~ maardd ja lisadmalla  kuljetusten  tdyttOastetta  niiden
hiilidioksidipaastdjen vdhentdmiseksi. Molemmat kestdvan kehityksen mukaiset
parannukset auttavat vahentdmadn pakkaus- ja kuljetuskustannuksia. Opinndytetydssa
kaytetddn metodeina tieteellisten julkaisujen kirjallisuuskatsausta, yrityksen asiantuntijoista
koostuvia Delfoi-haastatteluja seka toimenpiteiden priorisointia painotuskertoimin.

Diplomitydsséd ehdotetaan seitsemaa eri toimenpidettd Kirjallisuuskatsauksen ja Delfoi-
haastattelujen perusteella. Ylimmaén prioriteetin toimenpide valitaan kolmella painotetulla
parametrilla:  soveltuvuus nykyiseen tuotekehitysprosessiin, kokonaistybmaard ja
toimenpiteen nakyvyys yrityksen sisalla. Ensisijaiseksi toimeksi arvioitiin pakkausten
suunnittelun ja kuljetettavuuden yleisten vaatimusten asettaminen tuotekehitykselle.

Vaatimukset Design for Packaging and Transportability periaatteille asetettiin
kirjallisuuskatsauksen tulosten, aiempien yrityksen sisdisten  ohjeistuksien ja
pakkausasiantuntijoiden kanssa kaytyjen keskustelujen perusteella. Vaatimukset liitettiin
soveltuviin kiertotalouden 5R-metodeihin seka nithin keskeisiin
suorituskykyindikaattoreihin, joihin kyseisilla vaatimuksilla vaikutetaan.
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1 Introduction

The purpose of this thesis is to find actions to implement "Design for Packaging” (DfP)
principles to product development process and study the benefits it brings in the supply
chain. Best practices are proposed to implement this as part of the product development
process. In product development process “Design for Manufacture and Assembly” (DFMA)
is traditionally more executed by design engineers. Due highlighting sustainable values as
part of case company strategies and increased cost of transportation and packaging materials

DfP principles to be promoted.

1.1 Motivation

The case company ships product components from different factories to a distribution center
where packages are consolidated to one specific site delivery consisting of several packages.
Packaging is required for all the components which are shipped to the construction site.
Packaging and transportation are a significant cost element for one delivery. Packaging does
not create added value for end customer directly. These are the reasons why packaging
material should be minimized, and efficiency of transportation is crucial to enhance. Using
single-used plastic in packaging is getting more regulated and some countries in EU are set
increased taxes for packaging waste (Agencia Tributaria 2022; European Commission
Proposal 2022).

1.2 Framework

Framework for this research is to implement Design for Packaging considerations as part of
the Product Development process. Implementation has a viewpoint for sustainability. As a
target for this implementation is to reduce required packaging material usage and to increase
the transportation efficiency by taking packaging and transportability into consideration

within the product development process.
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1.3 Scope

In this research scope is to create process steps for implementation of DfP in product
development process. Viewpoints considered are transportation effectiveness such as
stacking and dimensioning, packaging minimization to achieve cost and waste reduction.

Designing the packages, and installation or component order in package are out of scope.

1.4 Research Problem

Currently, there is no packaging and transportation consideration included into the product
development process steps for early engagement. Product development project commitment
for packaging consideration should be improved by increasing the knowledge of the Design
for Packaging principles. The problem in this research is to find out ways to implement these
process steps without interfering the current process, but also benefit the final product early

engagement of DfP.

1.5 Research Questions

Research questions for this thesis are: How to implement DfP principles to Product
Development Process? How to implement Design Failure Mode and Effects Analysis
(DFMEA) principles with DfP as part of product development process? What tools are

required for implementation of DfP to product development process?

1.6 Research Methods

Research qualitative methods are performed in three parts to increase research validity with
triangulation: literature review, Delphi interviews, and evaluating different actions to

increase level of packaging considerations.

The literature review is performed as guiding research to create new ideas and remove

grievance from existing research. This way, in addition to facts, also new future solutions
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are found. The main purpose of literature review is to find relevant information on what

could be applied to the actual research. (Eskelinen et al. 2014, 87-90.)

Delphi interviews are performed in at least three sessions with suitable review candidates.
First review round is performed with free conversation which all the findings are collected
for others to review. This is continued with next rounds and findings are getting more and
more accurate. This is continued until professionals doesn’t make corrections to findings.

(Eskelinen et al. 2014, 87-90.)

In the qualitative research, only saturation is possible to evaluate literature coherence when
new information regarding the research problem is no longer found (Eskelinen et al. 2014,
87-90).

Delphi review questions must be defined to correspond with research subject. In review,
persons must be selected from different departments to make sure that all interviewers are
not already agreeing all the questions and all the viewpoints are considered. Rounds for

Delphi interviews are increased if professionals are not getting common understanding.

Literature review sources can be evaluated with source criticisms for example with “SNIP”,
“SNR” and “CITE” points. Source quantity and publication year are good indicators of

research topicality.

1.7 Research Description

Research is started with literature review which helps to develop questions and subjects for
Delphi interviews. Delphi interviews are performed in three rounds and statements are
compiled from first round answers, statements are varied in every round as per comments
from reviewers. Persons who are taking part in the reviews are selected from different
product development areas within the case company. As a result, proposal for
implementation of DfP is created based on all these three research methods to increase the

validity of the research.
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2 Theoretical Background

Literature review was carried out by searching scientific articles and books from SCOPUS
database and LUT Primo library. Search was divided into three theme groups: Product
Development Process, Design for Excellence and Failure Mode and Effect analysis. In this
chapter, literature review data was analysed, and different themes were introduced. Themes
are used to find applicable sustainable development tools and reasons to enhance the
importance of the sustainability considerations in product development and how it is linked
to packaging and transportability considerations. Design Failure Mode and Effect Analysis
theme was to find out interface to product development requirement validation as part of the
study and can it be used to validate Design for Excellence considerations. Literature review
references are used to find ideas how these three groups can be combined.

Products, physical or virtual ones are the result of Product Development Process (PDP).
Product Development Process aims for product design which fulfils all requirements of the
stakeholders without excess work during the life cycle of the product. (Ullman 2010, 33.)
This means that quality is built into product, which is efficient to manufacture, assemble,

transport, install, maintenance and dispose (Ullman 2010, 92-95).

There are many sources available which estimate the cost of the product defined in product
developments stage. Approximately 80 % of the cost is defined by the solutions made during
the development process. The lack of knowledge during these considerations could cause
excessive cost in production, transportation, installation, or maintenance. (Suh et al. 2021,
276.) Product development is 5 % of the product cost, but it defines the approximately 75 %
of the manufacturing and 80% of products quality cost (Huthwaite 1988, 34).

Design for Excellence (DfX) is tool which aims to omit product failures and faults during
life cycle and decrease the total time from design to market. This makes engineering process
more complex and might increase the time of the product design itself, but decreases the
quantity of iterations in design, prototyping and test phases which decreases the time from
design to product launch for sales. (Suh et al. 2021, 277.)
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2.1 Literature Review Data

Literature review search was done from SCOPUS database with search phrases and subject
area to “Engineering”. Years of the studies were not limited. LUT Primo was used for
searching books regarding subjects and accessing articles which were not accessible from
SCOPUS. All the used references have been cited at least one time in other publications. All
references used are either scientific publications or official European Union and country

government sources.

2.1.1 Product Development Process

Product Development Process were searched with phrases: “Product Development Process”
OR “Integrated Product Development” AND “Mechanical”. Research documents which
were found impressive 5491 documents and rising steadily past years, but now stabilized to

level of 300 documents yearly. See figure 1.

Documents by year
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Figure 1. Product Development Process documents yearly published

Most of the yearly study sources were from ASME Design Engineering Technical
Conference and The International Academy for Production Engineering. See figure 2 for

details.
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Documents per year by source

Compare the document counts for up to 10 sources. Compare sources and view CiteScore, SJR, and SNIP data
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Figure 2. Product Development Process publication documents per source

50 % of the documents were articles and around 40 % of the documents conference papers.

See documents percentage details in below figure 3.

Documents by type

Retracted (0.1%) |
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Conference Revi... (0.8%)
Book (1.3%)

Book Chapter (2.4%)
Review (3.1%) ~

Avrticle (50.1%)

Conference Pape... (421%) — |

Figure 3. Product Development Process publication source percentage

2.1.2 Design for Excellence

Product Development Process were searched with phrases: “Design for Excellence” OR
“Design for Packaging” OR “Design for Logistics”. Research documents which were found
393 documents in total and approximately 20 documents yearly. Last year was highest peak

with 37 documents. See figure 4.
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Documents by year
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Figure 4. Design for Excellence documents yearly published

There is not any source which have many publications yearly. Most of the publications were
from ASME Design Engineering Technical Conference and The International Academy for
Production Engineering. See figure 5 for details.

Documents per year by source
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4
3

2

Documents

1 ¥

0

9 O DAL O H A DO
S T PO PO SN
FFEFFTE TS FT S

-o- Procedia CIRP -+ Proceedings Of The ASME Design Engineering Technical Conference
-= |[EEE Sensors Journal = International Journal Of Production Research
= International Journal Of Advanced Manufacturing Technology

Figure 5. Design for Excellence publication documents per sources

50 % of the documents were articles and around one third of the documents conference

papers. See documents percentage details in below figure 6.
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Documents by type
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Figure 6. Design for Excellence publication source percentage

2.1.3 Failure Mode and Effect Analysis

Product Development Process were searched with phrases: “Failure Mode and Effects
Analysis” AND (“Product” OR “Logistics”). Research documents which were found 1935
documents in total and approximately 150 documents yearly during last three years. Number
of documents yearly has duplicated during 2010s. See figure 7.

Documents by year
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Figure 7. Failure Mode and Effect Analysis documents yearly published

Remarkable number of documents was published in 2018-2020 by I0P Conference Series:

Materials Science and Engineering. Otherwise, publications are divided equally between
other publications. See figure 8 for details.
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50 % of the documents were articles and around 40 % of the documents conference papers.

See documents percentage details in below figure 9.

Documents by type

Note (0.1%)

Editorial (0.1%) B
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Review (1.8%)
Conference Revi... (19%) ~ 4

Book (2.6%)
Book Chapter (3.2%)

— Article (49.1%)

Conference Pape... (41.1%) —

Figure 9. Failure Mode and Effect Analysis publication source percentage

2.1.4 Keywords between the theme groups

Relationship between subjects were analysed by comparing the result keywords between

each other. There were clear connections between all the subjects and targets of this Thesis

and these keywords are listed in below figure 10. In the figure quantity of documents is

proportional to area of the circle.
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Product development

/ Risk Assesment

Design problem Decision makings

Design method

Design approach /

Decision Making

Sustainability

Product Development Process

Product design

Supply Chain

Sustainable

Failure Mode and Design for Development

Effect Analysis Excellence
DFMEA
Product design
Multicriteria decision-making /

Figure 10. Keywords Venn Chart

2.2 Sustainable Packaging

This chapter explains viewpoints for sustainable packaging. Legislation regulations are
getting more demanding. Circular Economy principles appear in case company strategies

and are increasingly required by the customers.

2.2.1 Legislation

European Union Waste Framework Directive 2008/98/EC sets basics for waste
management, which includes definition of waste, recycling, and recovery. The hierarchy is
defined in the form of pyramid chart (see figure 11) where preference is to prevent waste
generation or transforming waste into a new product. Second preferred is to re-use, then

recycle, recover and least preferred option to be avoided is disposal to landfill. Primarily all
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the produced waste which cannot be avoided should be transferred to product which is not a

waste. (European Commission, 2022.)

PREPARING FOR RE-USE

RECYCLING

RECOVERY

DISPOSAL

Figure 11. EU Waste hierarchy (European Commission, 2022)

European Union has set targets for reducing packaging waste for consumer and industrial
applications. The rules regulate what kind of packaging should be used on EU market. All
packaging must comply with requirements for manufacturing, composition, and reusability
or recoverable. By the end of 2025 at least 65% by total weight packaging must be recycled
and end of 2030 70%. (European Commission, 2022.)

According to Directive 94/62/EC, packaging shall meet essential requirements of weight and
volume to still meet safety, hygiene, and acceptability for the packed product. In addition,
packaging should fulfil minimum requirement of Waste Framework Directive 2008/98/EC,
packaging should be designed, manufactured and commercialized in the way that it promotes
reuse or recycling and minimize sustainability impact of packaging and packaging waste.
(2008/98/EC.)

Proposal given on end of November 2022 for revising Packaging and Packaging Waste
Directive with measures for mandatory reuse target for selected packaging groups,
restricting over-packaging and supporting reuse, establishing criteria for Design for

Recycling for packaging. (European Commission Proposal, 2022.)

2.2.2 Circular Economy

Circular Economy principles should be used in product design to improve products
sustainability throughout whole life cycle of the product. Reike et al. (2018) presents these
principles which can vary between applicable subject and are recognized with R-imperatives

which begins with letter “R”. Number of Rs depends on the number of selected
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considerations which is suitable for application and in the literature up to 10Rs. According
to the study, 3R’s to 6R’s are the most implemented. Utilization of the efficient usage of the
circular economy is to evaluate the life cycle of the product and find the most suitable Rs for
the product. According to Reike et al. (2018) Rs which are most suitable for engineering

inputs are:

Refuse

o Do not use material which has heavy impact on sustainability, or which is

hazardous to environment

o Do not use material without purpose and avoid excess waste produced
- Reduce

o Reduce materials in product
- Repair

o Design components which can be repaired

o Increase the lifetime of the product
- Refurbish

o In case of larger structure, design construction which can be refurbished by

replacing many components
- Remanufacture

o Complex structure can be disassembled, checked, cleaned and possibly

repaired
- Recycle
o Select easily recyclable materials
- Rethink was additionally proposed by Jestratijevic et al. (2022)

o Rethinking the solution how it could improve the circular economy
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2.3 Integrated Product Design Engineering Process

Simultaneous Engineering has been developed in the late 1970s, Concurrent Engineering
(CE) in 1980s, and Integrated Product Design (IPD) in 1990s. These terms are basically
synonyms, and variation in name has become due to integration of more considerations in
process. (Ullman 2010, 9.)

Concurrent Engineering (CE) has a clearly defined target and development team is working
in interdepartmentally. Working with the design tasks is done in parallel with other tasks
instead of series of tasks. This requires seamless communication between different

engineering departments, suppliers, production, and sales. (Pahl et al. 2007, 139.)

Nowadays product design is mostly done in a concurrent engineering process which means
that it includes consideration from multiple different characteristics, analysation, and
selection tools for optimizing the design of the product. Early stages in product development
with concurrent engineering considers manufacturability, assemblability, durability,
reliability, safety, maintainability, interchangeability, and logistics for example. Design
solutions made in the early stage of the development process have major impact in the final
product cost during the life cycle of the product. Requirements of the functionalities to be
clearly defined to designers. (Dowlatshahi 1996, 189-190.)

According to Pahl et al. (2007, 140), the concurrent engineering process changes the way of

working:

It requires that terminology between different departments is adapted. Enhanced

exchange of the information between departments.

- Increased usage of Information Technology (IT) tools such as Computer-Aided
Engineering and Design (CAE and CAD), Product Data Management (PDM) system

and communication tool.

- Project management tool with schedule and milestones to structure design tasks more

precisely.
- Design activities are worked in parallel and requires coordination.

- Communication with suppliers and customers during the process.
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Basic IPD principles according to Kamrani (2008, 2-3):

Understanding and managing customer requirements

o Customer involvement increases the satisfaction, once requirements are set
those needs to be tracked and managed to minimize creeping during the

development
Plan and manage product development

o Integration of product development with company business strategy. Specify
target of time-to-market for product development and consider time and

quality as advantage for product
Use product development teams

o Early involvement of all related departments, which adds up many

viewpoints to development process
Involve suppliers early in process

o Use suppliers expertise during product development as they know their
process, application constraints

Integrated CAD/CAM/CAE tools

o Increases the efficiency of the engineering data management
Simulate product performance

o Usage of design validation and verification
Improve design process continuously

o Update design processes and eliminate non-value adding processes. Continue

tool and design integration.

According to study by Paulo et al. (2021, 180) Integrated Product Development integration

to conceptual and preliminary design stages can be used to increase the relation between

value and cost of the product. By setting value to cost factor during the conceptual design

may generate solutions to problems and create criteria for Design for Excellence (DfX) tool.

This method also balanced the development between different life cycle phases such as
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Design, Manufacturing, Logistics. Resulting cost savings, reduced development time and

rework of requirements.

Research by Fernandes et al. (2017, 791) proposes IPD which is oriented to sustainability
targets. This approach inserts sustainability requirements to product with design
recommendations, use of DfX tools and offering solutions integrated to traditional design
requirements. In study, recommendations can be evaluated as per type product criteria-
oriented Design for Environment (DfE) strategy, concurrent engineering, engineering

requirements for product life cycle.

Study by Ameknassi et al. (2016, 1462-1464) proposes approach for Design for Environment
integration to Product Development process multistage methods by describing, modelling,
and solving the problems. This is done by defining most critical components to achieve
highest improvement which results in critical parameters of the design. These are the inputs
to design the product and problems are then solved using Theory of Inventive Problem
Solving (TRIZ) method.

Rau et al. (2009, 2891-2895) proposes to find design improvements considering Design for
Logistics with using combination of Fuzzy Quality Function Deployment (QFD) matrix and
TRIZ methods. In the study, first survey for design requirements, attributes and weight of
importance was collected. Then so called “Quality house” was compiled to Fuzzy QFD
matrix which connects customer requirements and design attributes relationships. Data from
survey is then transformed to fuzzy number of product design attributes with fuzzy integral
method and with TRIZ method was used to find the improvements to features to top priority
features. See below Quality House matrix figure 12.
RN
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Figure 12. Quality house matrix (Rau et al. 2009, 2892)
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2.4 Product Development Requirement Management

Engineering conceptual design starts with requirements, which are gathered from different
stakeholders. Conceptual design can be divided into five main phases: Gathering
information, Defining the problems, Creation of concept, Concept evaluation and Decision
making. (Pahl et al. 2007, 160.) See below figure 13 for more details.

~
¢ Gather information from the requirement lists
J
dl
-
~
¢ |dentifying the main problems
Definition
J
¢ Establishing overall- and subfunctions \
e Searching working principles which meet subfunctions
eTransform working principles to working structures
¢ Selecting suitable solution combination from structures
e Transferring principles to solutions j
~
e Comparing variants against the set criteria
’
~
¢ Decision for GO, NO-GO or Refining the specification
To Product )
development

Figure 13. Steps of the conceptual design (Pahl et al. 2007, 160)

Requirement list provides answer to questions: What objectives the solution is expected to
fulfil? What properties it must have and must not have? Requirements must be defined as
demands or wishes. The demands are the requirements which need to be fulfilled under any
conditions and the wishes are the requirements which should be considered when applicable
and possible. (Pahl et al. 2007, 146-147.) Companies often prepare partial requirement lists,
where specialists from different departments are listing their requirements on specific
subject. This saves time from development department in compiling the information and
data which is relevant for project. (Pahl et al. 2007, 156-157.)

Wishes could be also classified with importance: High, Medium, Low. Requirements should

be split into different categories: Quantified, which defines all the aspects which can be set
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with numbers, such as dimensions, maximum weight or qualitive, which defines
requirements in words, such as waterproof, possible variations etc. It is recommended that
whenever possible the requirements should be set in quantified form. (Pahl et al. 2007, 146-
147))

Requirement list shouldn’t be too formal. Purpose of the guideline and form in requirement
format is to remind important issues from forgetting and to support engineers in product
development by creating the clear structure which should be followed. (Pahl et al. 2007,
158.) Understanding the requirements by stakeholders is important in the product
development process to make sure that the product satisfies all stakeholders as well as

possible. See figure 14 below about the importance of the understanding the needs.

TTE

As described by sales As designed by engineering m. (m:muf'ncmnn thought
—————
A: manufactured and shipped As installed at the What the uzer wanted.

Figure 14. Understanding the product needs (Ullman 2010, 144)

Naveiro et al. (2018) proposes systematic optimization of engineering requirements with
using combination of Fuzzy QFD matrix and TRIZ methods. In practice this was used for
setting requirements for mortar ammunition and searching requirements from patent

document database.

2.5 Design for Excellence

Design for Excellence (DfX) is general term for design orientation consideration for certain

area and it can be considered as main level in chart and there are sub-areas such as, the most
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common considerations during engineering process are Design for Manufacture and
Assemble (DFMA) and Design for Reliability (DfR). Product is being analysed with
requirements or guidelines for certain areas and after iterations product is satisfying the
requirements product (Ullman 2010, 90). See the figure 15 below which describes the
evaluation criteria for product.

Figure 15. Product Development Process (Ullman 2010, 144)

Majava et al. (2016, 1132) states that applicable areas have been widening the coverage of
the Design for Excellence during last twenty years. Consideration such as Design for
Reliability, Design for Environment, Design for Logistics and many others. DfX tools can
be higher level guidelines to software tool which are integrated to CAD tools. DfX has been
criticized to focus only on one area of interest and number of these considerations can be
vast which makes each requirement difficult to consider.

Betancur-Munoz et al. (2014, 344) Study presents that different areas of the Design for
Excellence are not excluding each other and can have analogy to each other. Requirements
from different areas are supporting each other and can increase the value of certain

requirement as it multiplies the factor from many other Design for X consideration.

Dombrowski U et al. (2014, 386-387) proposes that Lean approach characterizes activities
into three categories: value adding, non-value-adding but mandatory and waste. Value
adding activities are creating value to customer directly, non-value adding activities are

enablers which make product possible to function or to be sold, waste activities which can
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be eliminated under specified circumstances. Lean approach strives for reducing or
transforming non-value adding but mandatory category activities into waste and thus into

elimination of the waste.
2.5.1 Design for Logistics

Design for Logistics (DfL) is approach to consider logistic modules such as packaging and
transportability. Design for Logistics aims to integrate efficient logistics requirements to
product development process by ensuring that decisions during product development process

are not conflicting with logistics requirements. Utz et al. (2016, 3)

Dowlatshahi (1999, 64) presents that Design for Logistics is sub-categorized to Design for
Packaging (DfP) and Design for Transportability (DfTr) and logistics design factors. See
figure 16 for Logistics design factors and Design for Excellence hierarchy which also

presents relation to Design for Manufacture and Assembly and Reliability.

Packaging
material

Packaging
! ‘ testing
CTTTTTTTTTTTTTTTTTY Packaging design
| ! features

Functional
packaging
requirements

--------------------

Transportation
mode

‘ Transportability

‘ design criteria

Transportability
requirements

Figure 16. Logistics design factors and design for excellence hierarchy
(Dowlatshahi 1999, 64)

According to Utz et al. (2016) high configurability and number of variants of the product
lead to issues and complexity of logistics. Dimensions and weight of shipped products are
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important attributes, as well as the complexity of product shape which leads to inefficient
packaging with low loading fill rate and high number of handling steps during packaging
function. Relevance of these attributes varies between companies and needs to be defined
case by case. Companies with high number of variants have increased cost in logistics and
process complexity. Studies present that logistics generate around 6 % of total cost of
product and 75% of these costs are defined in product development. (Utz et al. 2016)
Therefore, logistics design after product design has limited capability to influence on the
logistics cost. This study represents the model for DfL implementation with idea of database

as per below figure 17.
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Responsible: Logistics
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Responsible: development document !
Cross-departmental l H
1
1
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Legend:

DfL: Design for Logistics

Figure 17. Model for DfL idea database (Utz et al. 2016)

Betancur-Munoz et al. (2014, 342-343) states that role of the packaging and logistics has
increased due to increased costs and sustainability targets, and improved packaging
technology. Collaboration in product design process with packaging and logistics has a great
potential to increase supply chain efficiency. Logistics is the last gate at factory to improve

factory productivity.

Research by Dowlatshahi (1996, 194) shows that design criteria inputs provided by the DfL

guidelines to product development may be quantitatively or qualitative. These can be range
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of values, constraints, minimum or maximum levels. However, these specifications should

not be too strict or inflexible.

2.5.2 Design for Packaging

Design for Packaging focuses on the requirements of the packaging. Traditional packaging
functions are protection of the product, identifying and information of the product, user-
friendliness, containment, and market appeal for customer-oriented products (Lee et al.
2003, 163).

Lee et al. (2003, 167-168) presents that Design for Manual Packaging principles should be
implemented in designing low-volume products, where automated packaging cannot be
utilized due to variations of content, size, and quantity. Manual packaging is highly laborious
and material consuming. Manual packaging has multiple phases including inserting product
to package, wrapping, sealing, and labelling. (Lee et al. 2003, 167-168.) These steps may
multiple in case of complex products for one delivery and, if packaging is not efficient, it

causes high costs due to excess packaging material and work.
According to Lee et al. (2003, 182-188) Design for Packaging considerations are:

- Packaged component should be easy to handle and either symmetric or remarkable

asymmetric

o Easy and fast packaging function
o Less rotation the part in packaging

- Shape of the component should be cubic to increase the fill rate of the package
o Packaging efficiency
o Minimizing packaging material

- In case of complex component, it should stand free steadily
o Easy and fast packaging function
o Safety

- Physical dimensions and weight of component should fit to pallet, container, or truck
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o Transportation and warehousing efficiency

- Avoid sharp edges
o May tear open packaging
o Easy, fast and safe packaging function

- Component should have suitable lifting points for handling in packaging
o Easy and fast packaging function
o Safety issues in packaging and unpacking

- Corrosion protection of the component increased to decrease level of packaging
o Minimizing packaging material
o Minimizing weight of the packaging

Hellstrom et al. (2017, 97) also proposes considerations:

- In case many components can fit on a standard pallet or a container, optimize

component dimensions or shape if possible, for optimized loading fill rate.
o Packaging efficiency
o Palletization
- Increase stacking capability
o Packaging efficiency

According to Hellstrom et al. (2017, 142-143) the loading fill rate is an important feature for
packaging design direction to ensure sustainable transportation and packaging. The loading
fill rate refers to volume-to-weight ratio. It can be applied to either for packaging of the
product or container fill rate. As an example, for some products, IKEA uses loading ledges
instead of wooden pallets to achieve increased loading fill rate in container. This increases
fill rate by 44% with example case. See figure 18.
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Figure 18. Loading comparison with wooden pallet and loading ledges (Hellstrom et al.
2017, 143)

Hellstrom et al. (2017, 144-145) states that innovation also reduces the area required for
pallet storage as loading ledges can be stored and transported in batches of 500 pieces for
example for from store to factory for re-use. Compared to wooden pallet one trailer can

transport 500 empty pallets versus 34000 empty loading ledges. See below figure 19.

Figure 19. Piled loading ledge transportation to factory (Hellstrom et al. 2017, 145)

2.5.3 Design for Transportability

In the logistics, transportation represents the highest single cost. Design for Transportation
aims to reduce costs of the transportation by enhancing the transportation efficiency.
Dowlatshahi (1999, 66.)

According to Dowlatshahi (1996, 197-199) Design for Transportability considerations are:
- Product design which requires special handling or transportation should be avoided
o Increases the cost of the handling and transportation
- Level of protection should consider type of the transport mode

o Different requirements for Air, Rail, Truck and Sea transport mode
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- Reducing the product weight

o Easier to ship and handle

2.6 Design Failure Mode and Effect Analysis

Design Failure Mode and Effect Analysis (DFMEA) is used to analyse possible failures and
estimate related effects. The main target of DFMEA is to reduce or avoid effects. (Pahl et al.
2007, 529.) It defines and demonstrates design solution equality to functional requirements
(Stamatis 2003, 131). It is a direct analysis of the failures, their consequences, and risks.
Method is used to identify and verify whether the requirements of the design are achieved.
DFMEA is compiled in form of a chart which is predefined and easy to fill in. (Pahl et al.
2007, 529.)

DFMEA process consists of five steps according to Ullman (2010, 350-353):
1. ldentifying the Function which are affected

a. Functions can be mechanical part of the product or other requirements set for
product

2. ldentifying the Failure Modes
a. Failures are the errors in function
b. One function might have several failure modes
c. Failure is a description how the function fails
3. Identifying the Effect of the Failure
a. What are the consequences if the function fails?
b. Numeral values are used 1-10 for example
4. ldentifying the Failure cause or Error
a. Characterisation of the failure
b. Must be divided into groups, for example

i. Design error
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Ii. Manufacturing error
ili. Operational error
5. Identifying the Corrective Action to prevent or reduce Failure
a. Corrective action consists of three sub-steps:
i. Recommended action
Ii. Responsible unit or person
iili. What is action performed
b. Actions are different depending on the characterized group:

i. Design failure proposal requires redesign to ensure that error doesn’t

occur

ii. Manufacturing failure requires actions to prevent error occurring in

production. For example, by increasing the noticeability of failure

iii. Operational failure requires redesign which reduces the effect on the

function

According to Pahl et al. (2007, 531), DFMEA is a qualitative method and to achieve valid
results, it requires team which consists of different stakeholders, such as design,
development, production, logistics. Implementation of DFMEA increases the early
cooperation between different departments. Full benefit of DFMEA realizes when previous
charts are used in parallel by adding insight for designers.

Stamatis (2003, 152) presents the possible scheduling for the DFMEA reviews. The first
review should be done after determination of functional requirements and the second after
concept alternatives are generated. The third review should be done after fault tree analysis
of the high-risk items.

DFMEA is often used only to identify mechanical failures, but many studies prove it to be
used efficiently also in other areas when applied. One research states that it was used in
improving the quality of the packaging design and customer needs were analysed as failure
modes (Liu et al. 2016, 427-428). In the study by Kolich M (2014, 1095), DFMEA was used

to improve automotive seat comfortability successfully.
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Spreafico et al. (2019, 87-99) presents the TRIZ tool usage along with DFMEA to increase
the number of recognized failure effects. TRIZ Tool increased the number of failure modes
by 20%, Failure effects by 350% and failure causes by 43% compared to traditional
DFMEA.

2.7 Conclusions from Literature review

Sustainability and importance of circular economy are increasing due to higher regulations
from EU and local taxes. Therefore, these regulations are improving companies’ willingness
to enhance the sustainability values as customers are requesting more sustainable products
and there are more costs adding up to product if targets are not fulfilled. Circular economy

can be applied with “R” imperatives in product development process.

Integrated Product Development Process is used to integrate many considerations into
development process in multidisciplinary environment where engineering tasks are done in
parallel instead of series. This requires smooth communication between departments,
governance, and continuous improvement of the process. Design for Excellence principles
are created for design engineers to independently consider requirements and best practices
from different viewpoints. Setting the requirements for clear target for what needs to be
fulfilled with the product is an important phase in the integrated product development

process.

Requirements for product development shouldn’t be too formal and should be gathered from
several different departments to have good overview of total requirements. Requirements
should be divided in groups with importance like high, medium, low or defined as demands

and wishes.

Design for Excellence is divided into smaller sublevels. Main sublevel considerations in this
Thesis are about Design for Packaging and Design for Transportability. These considerations
focus on improving product more with efficient packaging and transportability.

Design Failure Mode and Effect analysis can be used for verifying the product equality to
requirement list. Method requires multidiscipline group to evaluate product. Literature
proves that it has multiple different applicable areas, not only most used reliability,

installability and functionality.
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3 Delphi Interviews

This chapter explains how Delphi interview process was utilized in this research, how
interviews were conducted and how questions were selected. Participants were experts

selected from different departments of the case company.

Preliminary meetings were used to discuss shortly about the subject and to introduce each
other for easier communication in the future. Strength, Weaknesses, Opportunities Threats
(SWOT) analysis was done based on the preliminary meeting notes, see figure 20.
Preliminary meetings were also held for deciding who will participate in the interviews. In

total 17 persons participated in the preliminary meetings.

......................................

SWOT ANALYSIS

STRENGTHS, WEAKMNESSES, OPPORTUNITIES, THREATS FOR PACKAGING AND
TRANSPORTATION CONSIDERATIONS IN PRODUCT DEVELOPMENT PROCESS

--------------------------------------

Strengths Weaknesses

Decreased cost in Makes engineering more

transportation, packaging
and storaging. Increase
the sustainability for
packaging and
transportation.
Sustainability value is
increased

Opportunities

Material usage
optimization. Fill rate in
transportation. Reusable
or returnable packages.
Packing for installation.
Temporary package
storaging. Changing
current module structure.
Requirement
management

Figure 20. SWOT analysis of the preliminary meetings

complex as there are
more considerations and
requirements.

Threats

Resistance for change.
Other considerations
overrule. Requirements
are too generic or strict.
Process must be regulary
mainained
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3.1 Participants

Participants for interviews were selected from different departments of the case company to
have as many viewpoints as possible for the final synthesis. In total ten persons were
interviewed on each round. Departments which have two persons interviewed, are
recognized to be most related to the subject of Thesis and these share the same group in

literature review main themes.

The Conceptual Engineering team does the actual conceptual design work. From logistics
point of view, the case company’s global logistics chief was interviewed. Design for
Installation was selected as interviewee because installations are considered with high
priority in conceptual product development. The Quality department representative was
selected because the person has experience both from Design for Excellence and Quality
viewpoints. The customer interface expert was selected to get information about customer
desires. Packaging team expert was selected to get insights from packaging engineering.
Process development owners were selected as they know the product development process
best and how to make changes to it. The business representative is an expert who has insight
for profitability of the product offering. See figure 21 for participants from different

departments.

Conceptual
Engineering
 Design engineering
* System engineering

Process
development
* Conceptual process

o Solution
development process

Packaging

Figure 21. Interviewee from different departments

Design for X and

Quality

* Design for
Installation

¢ Quality
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3.2 Method for the interviews

Delphi interviews were performed in three sessions. The first interview round was performed
in form of free conversation based on a questionary. The findings with most similar replies
are compiled to form statements for others to review on the next round. This is continued
with the next round and statements are getting more accurate on the final round. The first
two rounds of interviews were organized through Microsoft Teams meetings, both of which
were recorded and transcript. The last round was shared via email and the participants had a
limited period of time to comment the statements by replying to email. The first and second
round questions and statements were not given to participants beforehand to prevent
participants from conversating before the actual interviews. Interviews were kept
anonymously, and synthesis were done in manner that replies couldn’t be traced back to

interviewee.

3.3 Questionnaire themes

Questions were compiled from main groups of Product Development Process, Design for
Excellence and DFMEA and keywords based on the results of the literature review, see

figure 22.

Failure Mode
and Effect
Analysis

Design for
Excellence

Keywords:
Product Decision making,
TS Sustainability,
rocess )
Product Design,
Supply chain

Figure 22. Groups and keywords for questions

The questions were then grouped under five main subjects: “General”, “Current”, “In the
Future”, “Sustainability”, and “For engineering”. “General” and “‘sustainability” questions

were to collect opinions, insights, and weighing factor about the subject inside the case
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company. The questions for the groups: “Current” and “In the Future” to collect opinions
about the current process and how it could be improved. The questions about “For
engineering” were only asked from conceptual engineering and DfX representatives as they

were recognized to have more experience on these subjects. See figure 23 for questions.

General Questions In the Future Sustainability For Engineering

* Which department * How are design and ¢ What point the ¢ What is the * What kind of
owns the Packaging? customer packaging and their importance of the features DFMEA
* Are you participated requirements set for transportability sustainability 1-10? process is applied
in Failure Mode and product should be considered « How do you estimate nowadays in

Effect Analyses? development? in product that the emphasis process?

o What are the most * What point the development? will develop in the « How Design for
remarkable modules packaging and their * How should future? Excellence principles
or components from transportability are packaging and their ¢ What is the are considered
viewpoint of the considered in transportability be importance of nowadays?
packaging and product considered in packaging and * How design and
transportability development? product transportation from customer
efficiency? ¢ How are packaging development? a sustainable requirements are

e What is the and their * How should design development validated during
importance weighing transportability and customer perspective? product
factor of the considered in requirements be set development?
packaging as part of product for product
the delivery 1-10? development? development?

¢ What tools should be
used?

Figure 23. Questions and groups in interviews
3.4 Synthesis based on the interviews

The packaging was evaluated based on the interviews among the interviewee as an important
part of the product with average score of 7.2 from 1 to 10 scale (Delphi Interviews First

Round, 2023). See below figure 24 for dispersion of the scores.

Packaging importance
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Figure 24. Scores given for packaging importance as part of the product
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Packaging protects product during transport and storage and improves installation safety and
efficiency. For example, functionality and safety of the product were seen more important.
Overall packaging solution was defined to be important as product modules are delivered
from multiple different factories to distribution center and one total unit delivery is
transported from distribution center to the installation site. Packaging is an important part of
sustainability as products must be transported to the site safely and undamaged. The package

turns into waste after transport and installation. (Delphi Interviews Final Round, 2023.)

Sustainability was evaluated to be by average 8.5 on a scale from 1 to 10, which is high and
proves that the case company representatives highly appreciate sustainability values, and the
importance was estimated to increase in the future. (Delphi Interviews First Round, 2023.)

See below figure 25 for dispersion of the scores.

Sustainability importance

Number of scores

Figure 25. Scores given for sustainability importance

The importance of sustainability was estimated to increase within the case company and for
its customers in the future. More concrete actions should be taken to increase sustainability.
More consideration must be given to increase packaging recyclability and reusability.
Optimization of transportability reduces carbon dioxide (CO2) emissions from transport and
packaging material usage and total CO2 emissions of transport and packaging should be

evaluated and taken to business case. (Delphi Interviews Final Round, 2023.)

Packaging and transportability are currently considered too late in the conceptual and
solution product development processes. This leads to limited packaging optimization
possibilities. Consulting the business development representatives, the conceptual

development team sets the requirements based on customer problems and wishes. The latter
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are not very visible to product development as there are many filters between customer and
product development. The wishes are neither documented in a generic form for later use.
General requirements are collected from different stakeholders by requirement management
tool and specific requirements are set for development team in product development process.
Packaging requirements and considerations are collected from installation, packaging
solution from packaging team, logistics and factory. Development teams don’t have much
knowledge about current packaging solutions and how to consider packaging and
transportability as there are not enough instructions or knowledge about existing ones

available. (Delphi Interviews Final Round, 2023.)

Packaging and transportability should be considered in the beginning of the product
development. This could be done with basic instructions, setting the targets for packaging
and transportability, and spreading the knowledge of potential cost savings and promoting
sustainability through packaging and transportability solutions. Packaging team should form
portfolio of existing packaging solutions and roadmap for the future new packaging
innovations which could be considered in product development. Conceptual development
steering group should have more broader perspective on setting and evaluation of
requirements. Requirements should be also set from strategic perspective, such as
sustainability, which could justify changes to current decision-making criteria.
Requirements could be set in groups of “mandatory”, “needed” and “value adding”, these
requirements should be clear and simplified, which can be monitored and measured.
Requirement validation is done with piloting and testing. Communication between different

departments is important with counter-questioning. (Delphi Interviews Final Round, 2023.)

DFMEA is not currently used systematically in conceptual engineering because it has been
regarded as laborious and obscure tool. DMFEA has been used to evaluate component
reliability, installability, functionality, safety and relationship to other components. The
highest advantage is obtained when using with new products or when major changes done
to existing design. (Delphi Interviews Final Round, 2023.)

Implementation of Design for Excellence principles should be done by identifying the need,
creating ownership and platform for discussion, and creating tasks to the process and
ensuring its continuous improvement. Lean principles like Kaizen could be applied in
considering Design for Excellence. (Delphi Interviews Final Round, 2023.) All final

interview statements can be found in Appendix 1.
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3.5 Conclusions from Delphi interviews

The majority of the participants agreed that packaging and transportability is considered too
late in product development. It was agreed that packaging is an important part of the
sustainability as it generates most of the waste in the beginning of the product lifecycle.
There was an argument that the packaging don’t have the most potential in decreasing the
overall product CO2 emissions during the product’s lifecycle. However, it was agreed that

sustainability should be considered on broader front.

Main reasons why considerations are too late is because there is not enough knowledge and
instruction about the current packaging solutions and how to consider packaging and
transportability. Steering group should have wider perspective for setting and evaluating the
product requirements. Improving steering group and project management awareness could
improve the importance of packaging in product development and contacting packaging

team is ultimately on the project management responsibility.

Considerations could be improved with basic instructions, setting the targets for packaging
and transportability, and spreading the knowledge of potential by improving the packaging
and transportability efficiency. Improving development team competence and increasing
visibility of packaging solutions, packaging team should form current packaging portfolio
and roadmap for future innovations. Packaging and transportability requirements should be

also added to requirement management tool for product development.

Implementation of Design for Packaging the need has been already recognized. Now next
steps are to create ownership, platform, and tasks to development process. Kaizen and other
Lean principles can be used for further development of the actions related to Design for

Packaging.

DFMEA has been recognized not to be most appealing to use with spreadsheet and as it has
not been before used with packaging related design validations there is a need for DFMEA
template and examples how to apply tool with packaging related validations. As DFMEA
has highest possibilities with new products use should be made more desirable and easier.
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4 Product Development Process currently

Sustainability is defined to be one of the case company main strategic targets. Sustainability
has been seen as competitive advantage and current strategy is called “Sustainability success
with customers”. As per Sustainability Strategy (2023), Sustainability has also been called
as part of the culture with phrases: “We choose sustainability every day”, “We are fair and
inclusive. We are committed to carbon-neutrality” and “We lead the way with the most
sustainable solutions and services for a better society”. These are strong indications to case

company’s commitment to improve sustainability also within Product Development Process

Product development processes are divided into two main processes: Conceptual
Development process, where ideas and customer desires are developed into solutions and
services and Product Solution Development process, where most promising concepts are

transferred into solutions and products. (Operating Model Portal, 2023.)

4.1 Conceptual Development and Validation Process

Conceptual development process is divided into two sub-processes. Idea creation process

and process for managing the uncertainties (Operating Model Portal, 2023).
4.1.1 ldea Creation Process

The purpose of the idea creation process is to create new ideas and proposals of new
applications and technological solutions and during the process, learn to utilize and gain new
insights. Objective is to develop most promising solutions towards pre-concept phase into
project proposal for managing uncertainties phase with description and initial business case.
(Operating Model Portal, 2023.) See figure 26 for brief process chart.
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Figure 26. Idea Creation process chart (Operating Model Portal, 2023)

Iteration of pre-
concept

4.1.2 Managing Uncertainties

The process is iterative, and utilization of steps is to find proven answers to basic questions
defined for the project and accepted by the steering. Objective is to reduce uncertainties and
improve maturity level of the concept to acceptable level before decision to developing
complete solution. Customer desirability, Business Viability and Solution Feasibility are
validated during iterations and these concepts are tested with real users or equivalent

environment. (Operating Model Portal, 2023.)

New business cases are evaluated with minimum viable product (MVP) method to create
new innovations to market as quickly as possible. MVP is refined and focused during
process. Gate B2 graduation decision is made based on MVP ready, customer desirability is
confirmed and understood, and solution or service profitability and business model are
verified. (Operating Model Portal, 2023.) See figure 27 for process chart.
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Figure 27. Managing Uncertainties process chart (Operating Model Portal, 2023)

4.2 Product Solution Development Process

Solution Development Process aims to develop new products to market in cross-functional
teams formed of the experts from different departments. Solution Development Process is
divided into sub-phases of Initiate project, Validate project, Specify requirements, Specify
requirements, Finalize product design, Prepare Process, Validate Process, Close Project.
Each phase is controlled with gate criteria where solutions are reviewed and approved before
project can move to next gate. (Operating Model Portal, 2023.) In below figure 28 simplified

sub-phases and main tasks related to subject of this Thesis for engineering are shown.
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Figure 28. Product Solution Development process chart (Operating Model Portal, 2023)

The requirement management tool is used to maintain library of requirements and validation
tests for the development process. Requirements in the tool are collected from external
stakeholders and business needs, or internal solution requirements from system and sub-
system stakeholders. (Operating Model Portal, 2023.) See below figure 29 for examples and

packaging requirements in hierarchy.

Sub-system
requirements
Internal System
requirements requirements
Technical
requirements

Business
requirements

Code and standard
requirements

External Visual design
requirements requirements

Quality and
reliability

requirements
Loglstlcs
Supply operations
requirements
Packaglng

requ irements

Figure 29. Requirement management tool requirement hierarchy (Operating Model Portal,
2023)
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4.3 Packaging department involvement in the Product Development process

The focus of the packaging department is to develop new packaging solutions and improve
existing packaging according to change requests. For many processes within case company,
packaging team works as supporting and consulting role. (Packaging in Offering Process,
2022.)

Packaging and logistics are subordinate of the Supply Operations Manager in PDP. The
packaging department is involved in Product Solution Development Process after validation
phase when Supply Operations extended team is participating in product development
process, team is responsible for project deliverables, quality, reliability, and safety.
(Operating Model Portal, 2023.) In below figure 30 product development team is descripted,

core teams on first level and extended teams and responsibilities on second level.
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Figure 30. Product development team stakeholders (Operating Model Portal 2023)
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5 Design for Packaging Integration to Product Development

process

Based on the interviews it was defined that main problems considering packaging and
transportability in conceptual development process is caused by lack of competence in
development teams, communication between departments and setting the targets for
packaging and transportability in conceptual design and in the product development process
Design for Packaging requirements are not set to product development. In this chapter
different solutions are described briefly. Actions are based on Delphi interviews or literature

review or combination of both sources.

5.1 Competence and Communication

Lack of competence decreases the level of considering different aspects. Delphi Interviews
Final Round (2023) stated that currently there is lack of knowledge about the packaging and
transportation in product development teams. It was also discussed that communication

towards packaging team is not regular or it is not recognized when to contact.
5.1.1 Portfolio for the current packaging solutions

Ullman (2010, 239) states that design engineer’s knowledge has a high impact on the
feasibility of the concept. It is necessary to increase competence with simple models. Utz et
al. (2016) proposes to implement an idea database for improving Design for Logistics
principles visibility to product development. This study supports creation of current solution

portfolio.

During Delphi Interviews Final Round (2023) packaging material was stated to be waste
after transport and installation. The participants also discussed that sustainability meters
should be linked to current solution portfolio for clear visibility to how much packaging
waste is generated for one delivery. This could be done by defining the average material

amount used in different packaging portfolio types. As per European Commission (2022)
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packaging material decrease target and taxes by local regulations it would be beneficial to
present packaging material usage also to monitor how regulations are fulfilled and costs are

increased due to packaging material disposal cost.

Delphi Interviews Final Round (2023) defined that there should be link between cost,
transportability and packaging. This could be done by defining how costs of packaging

accumulate in full delivery chain. This could be briefly defined in the portfolio.

The portfolio could be used as a base line when comparing current solutions with new ones.
Packaging portfolio is used as part of the training for all external stakeholders and internal

orientation for new recruits.

5.1.2 Roadmap for the future packaging solutions

Delphi Interviews Final Round (2023) stated that steering groups should have wider
perspective for decision-making for example increasing the sustainability, cost, and storage
space reductions with improving packaging and transportability solutions. Decision making
is based on incomplete, inconsistent, and conflicting information (Ullman 2010, 234). These
uncertainties can be reduced by increasing the visibility of current and future solution
insights. Steering group knowledge can be increased by showing roadmap for future

improvements with packaging solutions.

As per Utz et al. (2016), database is used to communicate ideas to product development and
give feedback to ideas. In future applications, it is important to promote potential in Design
for Transportability consideration in product development and raise managerial awareness
and mindset towards packaging and transportability. This study supports creation of
roadmap for the future innovations to packaging and transportability.

Roadmap can be used to visualize and communicate to product development what are the
possibilities with improving the packaging and transportability considerations and align
solutions in product development process. Roadmap could be used to show that how
packaging material usage could be decreased and what is the effect on sustainability, cost or
improved fill rate in packaging, transport, or storage both warehousing and site with new

solution.
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5.1.3 Training

Delphi Interviews Final Round (2023) stated that spreading the knowledge of the potential
cost savings and promoting sustainability with packaging and transportation solutions is an
option to increase the level of considering Design for Packaging. Increasing the competence
with training is the preferred way to increase basic knowledge. Target for training the Design
for Packaging principles is to increase curiosity, explain the benefits and show concrete

examples.

Pahl et al. (2007, 140) states that working with concurrent engineering principles efficiently
interdisciplinary teams requires common terminology. It is crucial that inside the
departments the case company are speaking a common language and it can be improved by

documentation of current packaging solutions and spreading knowledge of DfP principles.

Training should be divided into two different groups. Design engineers who require more
detailed training about the DfP considerations in product design and basic introduction of
the different packaging and full delivery chain. Project managers and steering groups require
more knowledge on the basics of current and future solutions to change their mindset of the
packaging as part of the product.

Design engineers should know the basic best practices from packaging point of view and
how to improve packability of the construction or component. It is important also to point
out that packaging department is contacted in case inconvenience is noticed in terms of
packaging and transportability. DfP and DfTr principles has analogy to other Design for
Excellence principles and this to be promoted in trainings.

Project managers and steering groups require more information for considering packaging
as part of the product. This means that they are responsible for contacting and consulting
packaging department early in the conceptual and product development process. This
knowledge in meant to effect on the decision-making process by improving the visibility of

the current solutions and implementing new packaging solutions to products.

Enablers for the training are DfP instructions, which are already released for a couple of
years ago, packaging portfolio and roadmap and instructions for setting the targets for
packaging and transportability. Training, however, should be organized in shorter sessions

and basic introductions can be organized with current material. Frequent visibility with
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trainings should be organized yearly for new engineers and as reminder for others. Training

material can be also used in recruit orientation for the subject.

5.1.4 Communication platform

Delphi Interviews Final Round (2023) defines that part of the Design for Packaging
implementation to product development process ownership and platform for the
communication should be launched. Communication between product development and
packaging department can be improved through Teams or SharePoint platform which is
owned by the packaging department. This platform should be launched and updated
frequently to maintain continuous development of the communication channel. An up-to-

date communication platform increases the department reliability image.

Platform should include information about department organization, the main target now and
in the future, and document list which are related to department. The platform should also
have a free discussion area where bi-directional communication is possible, but most
importantly platform is for promoting the overall department responsibilities and creating

channel for contacting the right persons.

Documentation is collected on Product Data Management (PDM). Documents can be
collected in library with sub-folders in the system and it would make easier for other
departments to find related documents on PDM. This library could contain references to

current solutions, process descriptions and instructions.

5.2 Requirement management and setting targets

Delphi Interviews Final Round (2023) verdict was that packaging and transportability design
requirements should be added to requirement management tool for product development and
targets for packaging and transportability should be set in concept development. According
to Ullman (2010, 12-13), Design requirements should be set from different viewpoints, such
as manufacturing, assembling, distributing and installation. Distribution seems not to
concern design engineer; product must be delivered to customer safely and cost-effectively.
It might require changing product design to satisfy distribution chain needs. All these
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requirements can be applied into Design for Excellence principles, such as Design for

Manufacture, Assemble etc.

5.2.1 Setting design requirements

In Delphi Interviews Final Round (2023), it was stated that packaging requirements could
be set in groups of mandatory, needed or preferred and value-adding. The requirements
should be also simplified and measurable. As per Pahl et al. (2007, 146-148), requirements
could be classified with importance: High, Medium, Low. Requirements should be split into
two categories: Quantified and qualitative. It is recommended to set requirements in
quantified form. (Pahl et al. (2007, 146-148.) The requirements could be divided into sub-
functions such as safety, geometry, production etc. By Dowlatshahi (1996, 194), Design
requirements by the DfL guidelines to product development may be quantitatively or
qualitative. These can be range of values, constraints, minimum or maximum levels,

specifications should not be too strict or inflexible.

Mandatory or high-level requirements are requirements which must be fulfilled. The needed
or medium-level requirements are negotiable and to be agreed with responsible stakeholder
if requirement is variated. Value-adding or low-level requirements bring more value in terms

of cost saving or increased sustainability.

Packaging requirements in this context means design requirements which are set to product
development and decreases the packaging material usage or cost in packaging or
transportability. Chapter 2.5 Design for Packaging and Transportability considerations with
additional case company specific best practices are transformed into form of requirements

with above priorities.

Proposed division of requirements would be main groups of geometry, environment, and
safety and handling. Shape and dimensions are divided into groups of shape of the packaged
component, dimensions, weight, and functional features. Environment divided into

sensitivity and corrosion.
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5.2.2 Requirement validation

The requirements should always have a validation method of validating the design. This
should be defined along the requirement setting to requirement management tool. Pahl et al.
(2007, 529) defines that DFMEA can be used to identify and verify whether the requirements
are fulfilled in design. According to Pahl et al. (2007, 531). Implementation of DFMEA
increases the early cooperation between different departments. Full benefit of DFMEA

realizes when previous charts are used in parallel by adding insight for designers.

In Delphi Interviews Final Round (2023), currently requirement validation is done with
piloting and testing and communication between departments with counter-questioning is
important in requirement validation. Requirement validation before physical prototypes is
important as simplest requirements can be solved beforehand. Prototyping can be then used
for more focusing on details. Validation in early phase also saves money and time in product
development as quantity of iterations may decrease. DFMEA is currently used to evaluate
reliability, installability, functionality, safety and relationship to other components.
Currently, it is not used systematically in conceptual design as template has not been

perceived as easy to use and visual tool.

DFMEA tool could be used for considering packaging design, but there should be examples

how to use it with packaging or to make tool more visual or simplified.

5.2.3 Packaging and transportability target setting

In Delphi Interviews Final Round (2023), it was defined that conceptual development should
set target for packaging and transportability. Packaging team should formulate project-
specific requirements together with development team based on the targets. Setting the
targets should be more ambitious than design requirements in solution development process.

Template for setting up the targets should be compiled for easy and fast usage and constant
information between the projects. Input should contain information about transport mode,
market area, optimization area, such as factory to distribution center, distribution center to
site, product or component vulnerability to impact or other environment and possible target

for improving sustainability perspective in transport and packaging.
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In Delphi Interviews Final Round (2023), it was verdict that packaging-related wishes and
demands are not documented in a generic form. The template could include collection of
these generic wishes, for example reducing fire load of the packaging, reduction of

packaging waste and reduction of space reservation at site during the installation time.

Setting targets in conceptual design is not supporting current process as there are not parallel
actions for other departments and therefore could be difficult to get implemented for just one

stakeholder needs.

5.3 Prioritization of actions

Prioritization of actions is done with weighted values of three different factors. Factors
considered were based on the questions: How many enablers required to successfully
execute this action? How many people this action reaches, or it has visibility to? Does current
engineering process support this action?

These factors were selected to estimate the overall effectiveness of the actions. Current
process interference minimization was one of the points in research problems and reason for
that is resistance to change process too much for to serve sustainability targets. People tend
to resist change due to various reasons and there is much research done on this subject (Dent
EB et al. 1999 25-28). Therefore, integration to current process was set top priority with
weighting factor, higher score means fitting into the current process better. Many enablers
means that other actions are required before this specific action can be performed, this is
selected to estimate workload required for the action as other actions are required to complete
before actual action can be fully finished, higher score means less enablers are required.
Visibility of the action is important and reaching as many possible to increase curiosity about
packaging and transportability, higher score means higher visibility. Visibility is evaluated
more important than quantity of enablers. Even with minimal effect on the current process,
there is still some resistance to change. To minimize change resistance, it is important to
have widespread information about the change (Laidoune A et al. 2022, 2998). See table 1

below for scoring and factors.



Table 1. Action prioritization with factors

Action Enabler | Visibility |Process | Score | Factor Weight
Packaging portfolio 9 6 7 71 Enablers |20 %
Packaging roadmap 6 6 7 6,5 Visibility |30 %
Training 3 9 8 7,3 Process 50 %
Platform 5 7 7 6,6

Setting requirements 8 6 8 7,4

Requirement validation 6 5 8 6,7

Packaging target setting 8 7 6 6,7
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The top three actions were close to each other. Most scores according to table had setting

the requirements, training, and packaging portfolio. Other actions were evaluated to be less

important requirement validation was 0,4 scores behind the third important. See figure 31

below for weighted scoring from top to bottom.

Score

Setting requirements | . 74
Training . 7,3
Packaging portfolio [ 71
Requirement validation [N 5.7
Packaging target setting [N -7
platform [N ¢ ¢
Packaging roadmap [ 5

Figure 31. Action prioritization

In discussions with Thesis subscriber, setting requirements action was selected to be further

developed as a part of Thesis and the weighted scoring also supports this decision. Setting

the requirements supports mostly product solution creation process only, as requirement

management tool is not used in conceptual development process. Training would have the

most visibility, but it doesn’t support this Thesis work as much as requirement setting, and

training is required after each action. Packaging portfolio was not seen as important from the

subscriber’s point of view, and it could lead the product development to follow current

packaging solutions instead of developing new.
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5.4 Proposed Product Development process steps

In this sub-chapter, all the proposed process actions are integrated into current product
development process and briefly descripted. As a base Chapter 4 process steps have been

used.
5.4.1 Packaging team supporting process function

Packaging teams support functions are all connected to communication platform. Platform
is used to communicate changes and collecting feedback from other departments. Packaging
portfolio, roadmap and library is connected to platform with links and platform. All these
actions require continuous development of the documentation as per feedback from other
departments and packaging department own findings. Once updates and new actions are
implemented it is important to have trainings to maintain knowledge in development teams

and parties which are acting in decision-making. See below figure 32 for details.
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Figure 32. Packaging departments proposed supporting functions

These actions are on packaging department responsibility to maintain and requires sufficient

resourcing.

5.4.2 Conceptual Development process

In conceptual development tasks are added for setting the targets for packaging and

transportability. From these targets project-specific design requirements are set for the
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conceptual design project by the packaging department. These requirements are reviewed
together with project team to have a common understanding about the requirements.
Validation of these requirements are done on each iteration round within concept
development together with packaging department. Training for the project managers and the
steering group members indirectly improves packaging and transportability considerations
in decision-making as it increases the knowledge of the benefits with packaging and
transportability considerations. In below figure 33 tasks, involved teams and supporting

actions are defined with red colour.
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Figure 33. Proposed Conceptual Development Process

These steps increase the communication between packaging and conceptual development
teams. Successful implementation requires many other actions implemented as documents
are supporting these actions. Increased resourcing is required from conceptual development

team.

5.4.3 Product Solution Development process

Product solution development process is improved by adding packaging and transportability
requirements to requirement management tool and promoting validation of these
requirements with DFMEA. New task for Operation Project Manager is to be presented and

packaging roadmap aligned with product development. In-direct supporting actions are also
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provided with Design for Packaging and Transportability training design engineers to actions
when defining model or product architecture and freezing the technical specification. In

below figure 34 tasks, involved teams and supporting actions are defined with red colour.
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Figure 34. Proposed Solution Development Process

These new actions require fewer supporting actions and fit into the current process smoothly.
New actions are supported by the process and supporting actions are mostly handled by

packaging team and solution development team does not need to change way of working.
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6 Setting Design for Packaging and Transportability requirements

The requirement management tool has different requirements which are divided into
characterization for different stakeholders. Packaging department in this case is one
stakeholder in product development process. Packaging department form partial basic
requirements which are self-evident for the customers (Pahl et al. 2007, 146-156). These

requirements improve sustainability, quality, or cost efficiency of the product.

Requirement reviewing engineers it is important to understand the reasons behind each
requirement, case company requirement management tool implementation also requires
defining rationale for requirements. The requirement sources are defined in requirement
table. These requirements are taken from literature review sources, internal design for
packaging instructions or discussions with packaging team. The applicable DfX sub-groups
are defined in the full table. Design for Manual Packaging, Design for Packaging and Design
for Transportability principles were recognized.

There are few requirements which are conditional depending on the other requirements. In
this case, transport mode, different transport modes have variating optimal space
dimensioning. Sustainability improvement requirements have applicable R-imperatives
defined. Key Performance Indicator (KPI) column defines what is the requirement effecting

on. Voice of X column defines the viewpoint which each requirement is set by.

See Appendix 2 for full table of requirements.

6.1 Requirement groups

Requirements are divided into three different groups: Geometric, Safety and Handling, and

Environment.
6.1.1 Geometry

Geometry group includes considerations are related to geometric features of the packaged

part or construction and these requirements can be fulfilled by changing the part geometric
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features. These features are design requirements which effect part packability, quality or
efficiency of transportability and packaging. Geometric sub-groups are shape, dimensions,
weight and functional features. See Figure 35 for geometric requirements in sub-groups and

level of requirements.

‘ ‘ Mandatory ‘ ‘ Needed ‘ ‘ Value-adding
Geometry
Shape - Mo sharp edges - Must stand freely - Box or other simple
- Fixed protruding shape component
parts are not allowed - Symmetric product or
- Packaged component remarkable asymmetric
have holes for fixing to product
package - Thin sheet metals on
product outer edges
[ | [l ]
Dimensions - Maximum product - Fit into standard pallet
length 2200mm or B0OOx1200
2080mm - Modular product
dimensiening 2200mm,
1100mm, 550mm or
2080mm, 1040mm,
520mm
| | [l | |
We'lgh‘t - Maximum gross - Maximum gross
weight 1000kg per weight 25kg for
package manual handling
- Center of gravity
horizontally in the
middle
[ | [[ | |
Functonal Eeature - Packed component - Product can be used
doesn't have as packaging for other
protuding rivets etc components
on outer surfaces. - Components can be
- Design doesn't allow packed on top of each
parts to stuck on each other

other if stacked

Figure 35. Geometry requirements

6.1.2 Safety and Handling

Safety and handling group includes considerations which are related to safety and handling
during packaging, transportability and unpacking of the packaged part or construction. See

Figure 36 for safety and handling requirements and level of requirements.

. Mandat: Needed Value-addi
Safety and Handling eeatory ‘ ‘ Hzls alue-adding
- Suitable lifting points - Ne battery in product
for packing and
unpacking

- Define components
which are packed
together, level of pre-
assembly and which
direction

Figure 36. Safety and handling requirements



62

6.1.3 Environment

Environment group includes considerations which are related to environmental effect to
product, such as mechanical impact and corrosion vulnerability of the packaged part or
construction. Sub-groups are sensitivity and corrosion. See Figure 37 for environment

requirements in sub-groups and level of requirements.

Mandatory Needed Value-adding
Environment
Sensitivity - Sensitive electrical
compenents are in
enclosure

- Steel materials are - Components are
inc coated or painted made of non-corrosive
or coated with non-
corrosive paint

Corrosion

Figure 37. Environment requirements

6.2 Sustainability

Sustainability connection was added to requirements with circular economy R-imperatives
to connect the sustainability to requirements. The most suitable R-imperative by Reike et al.
(2018) was “reduce” which thrives directly to reduce packaging material usage in supply
chain. “Reuse” was applied to requirement which aims to use standard reusable pallets in
transport. “Rethink” was applied to requirement which reduces the material usage but also
requires advanced design aspect of using partly other component as packaging for other

components.

6.3 Key Performance Indicators

KPIs were added to the requirement list to describe what is the major effecting feature for
the requirement. The main themes were reduction of work or material and increasing
sustainability or quality. The reduction of work and material effects mostly on the cost of
the packaging or work at factory and installation site. Increasing the sustainability and
quality effects indirectly the cost because it can be used as increasing the cost
competitiveness of the product. It also reduces the possibility for feedback claims which
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causes waste with damaged item, production of new material and excess transport. All these
increases costs and has impact to sustainability of the delivery. KPIs can be used to link a
requirement to customer requirements. Generally speaking, customers are looking for
reduction in cost and increase of sustainability for the products. In Delphi Interviews Final
Round (2023), it was defined to be important to link packaging and transportability into cost
of the product.

6.4 Voice of the requirements

Ultimately all requirements are linked with KPIs to basic customer requirements Voice of
Customer, but many customer requirements are not design requirements. In full requirement
table these are marked with suitable Voice of X, X in the table is marked with viewpoint
subjected requirement is fulfilling to achieve Voice of Customer. In the table the viewpoints
are Packaging, Sustainability, Business and Logistics. Requirements can have multiple

viewpoints and those have analogy to KPIs and requirement rationales.
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7 Discussions and Conclusions

In this chapter, the study results are analysed and compared to the earlier research. Thesis
contribution, applications and generalization are discussed, and further development of

improving Design for Packaging principles are proposed.

7.1 Results and Analysis

Delphi interviews revealed the reasons behind the lack of Design for Packaging and
Transportability considerations, these were insufficient knowledge and communication
between departments. Current packaging solutions and full delivery chain are not well
known amongst the design engineers, and it should be more emphasized how new packaging
and transportability innovation benefits can be measured with full chain costs and

sustainability aspects.

Based on the literature review and extensive Delphi interviews, actions were identified to
implement Design for Packaging principles to Product Development process and prioritize
these actions. The highest priority action was defined with weighting factors of three
parameters: visibility, suitability to current process and amount of workload is required to
fully complete the action. The highest priority action was evaluated to be setting the DfP and
DfTr design requirements to PDP. These requirements have been a part of the separate
instructions which were unknown among the design engineers, and it was not integrated into
PDP. Along existing requirements new requirements were added based on the literature
review findings. Creating connection between requirements, KPI and sustainability with
circular economy consideration increases the significance of the requirement. This
significance is important when justification for requirement is needed in decision-making.
This top priority action does not have a remarkable impact on the conceptual PDP and

therefore further actions must be done to cover this process as well.

Product Development process is already complex, and product is variating depending on the
delivery specific content and requirements. Therefore, it was important that the proposed
actions do not add more complexity to the current process. Conceptual and product solution
development processes are separated, and the same actions don’t support both processes.
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Some of the actions are not supported in current process and this might cause problems in

implementation and resistance to change.

Original hypothesis about using DFMEA in implementation of the DfP principles was not
seen as the most efficient tool. DFMEA was not currently systematically used in conceptual
development, and it was seen as a heavy tool in the early conceptual development phases.
More critical, it was defined to increase the level of knowledge of the benefits which can be
achieved by considering packaging and transportability within the product development.
After more knowledge is gained within design engineers and project managers, DFMEA
would be good tool for validating requirements set for the product, this was also supported

by the literature review.

It was important to increase visibility to departments with interviews. There was already
discussion about the packaging and transportability considerations among the engineers due

to promotion of this subject in preliminary and Delphi interview meetings.

7.2 Comparison of results to earlier research

Results compared with literature review material are limited due to complex field of study
and not many sources were found which studies exactly this problem. The target for the
Thesis was to find tools and processes to integrate DfP principles to PDP and many actions
are proposed. Top priority action: setting the requirements are stated in many literatures such
as Pahl et al. (2007, 149) and Ullman (2010, 143) as a critical part of starting the concurrent
engineering PDP. Requirements were set as per importance proposed by Pahl et al. (2007,
146-147) and Dowlatshahi (1996, 194). Requirements were characterized to DfP and DfTr
based on the proposal by Dowlatshahi (1999, 64). Requirements were collected from the
sources of Lee et al. (2003, 167-168); Hellstrom et al. (2017, 97); and Dowlatshahi (1996,
197-199). Other actions such as packaging roadmap and portfolio to Utz et al. (2016)

proposed database for solutions and ideas have similarities.

Many researches were found in the literature review which applied complex methods for
setting the DfX principles or the requirements with tools such as QFD and TRIZ methods
Naveiro et al. (2018), Rau et al. (2009, 2891-2895), Ameknassi et al. (2016, 1462-1464).
These methods are better suited for one specific product, not as general consideration.
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Many proposed actions were discovered during the Delphi Interviews (2023) and developed

further from these ideas with literature review findings.

7.3 Contribution, Applications and Generalization

New scientific contribution for the scientific community is not brought with this study, but
it combines multiple actions for implementing any DfX principles. This Thesis brings a
concrete application how to Design for Packaging and Transportability considerations can
be transformed into the design requirements and proposes other actions to improve DfP and
DfTr principles. These same methods can be generalized other DfX principles and other
products, or company needs with modifications depending on the company product portfolio

and supply chain.

7.4 Reliability of the results

The overall reliability in thesis was verified by using triangulation with three different
methods: literature review, Delphi interviews and prioritization of the proposed actions
which were collected from literature and interview sources. The reliability of the literature
review was verified by using only scientific sources which had at least one earlier citation,
except EU directives. Reliability in Delphi review was verified by interviewing ten expert
level persons from case company and all the final statements were confirmed by all the
interviewee, to have non-subjective results in the interviews. Prioritization reliability was
increased by comparing three different features with weighting factors instead of pair
comparison, this decreased subjectivity of the scores.

Prioritization of the actions reliability could have been increased with questionary where
Delphi interviewees would have participated and taking the average of the results of the
score into account. This would have increased the non-subjectivity of the thesis.
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7.5 Development for the Future

Changing the case company conceptual process focus more on Design for Excellence
principles requires more thorough update to conceptual development process. Currently
visibility to projects is not for many stakeholders transparent, and, as discussed with other
related supporting stakeholders they should be involved more in the process. Concentrated
ownership of the Design for Excellence principles could increase the level of concern,
instruction unity and keeping instruction up to date. Prioritization of the actions should be
used as order for continuous development of the Design for Packaging principles and getting
the benefits of every action, training should be kept regularly to maintain interest of the

matter.

For promoting Design for Packaging principles to product development and other
stakeholders naming could be changed to Design for Supply Chain or Design for Logistics
to make it illustrate better these considerations. It is not only the packaging which these
considerations effect on but the whole delivery chain from factory to installation site. The
case company’s other product line has a different approach with full-chain cost
responsibility. The difference is that these products are all assembled at one factory and then
shipped to distribution center, which makes it easier. This product line which is discussed in
the Thesis, components are divided between different product owners and components are
shipped to distribution center from different factories. Even with these differences principles
of the full chain cost responsibility should be considered more and improving packaging and
logistics consideration can be beneficial to improve product cost competitiveness. Once
there are more full chain considerations, the targets should be set for supply chain costs and
reducing packaging material waste and increasing transportation fill rate as per the case
company sustainability values.

Setting the requirements to product development should be also set from Design for
Environment point of view and some of these requirements impact also packaging. For
example, legislation or tax policies regarding packaging waste should be set to requirement
management tool same way as design requirements from packaging and transportability
point of view. Without co-operation between departments and realizing the matter
importance achieving targets set by legislation is not possible. Setting these environmental

requirements increases packaging and transportability requirements escalation.
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Creating the template for the Design for Packaging considerations would the beneficial for
conceptual PDP. It would be used to summarize principles, reasons and major requirements
regarding DfP considerations in one format. This template could be used to monitor how
well conceptual projects are taking actions to improve product packability and
transportability. 1t might be insightful and encourage design engineers to contact and

challenge considerations in co-operation with packaging department.
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8 Summary

The research problem in this Thesis was to find process steps for early engagement of
packaging and transportation consideration during the product development process with
Design for Packaging generic principles. The problem in this research was to find out ways
to implement these process steps in a way which do not interfere with the current product
development process, but the final product will get the benefits of early engagement of the
DfP.

The Thesis was divided into three sections: literature review, Delphi interviews and
prioritization the actions with weighing factors of three parameters. Using three different

methods increases validity of the results with triangulation.

Considering the Design for Packaging and Transportability in product development process
has the possibility of increasing sustainability by reducing the use of packaging material and

increasing the loading fill rate in transport.

As a result, seven different actions were discovered and prioritized. The most important
action was evaluated to be setting the generic design requirements for DfP and DfTr
principles to product development. All these seven actions were also proposed to be
integrated into the current conceptual and product solution development process steps.
Integrating all these steps into the process would lead to best results, and these actions
support each other.

Setting the generic design requirements for DfP and DfTr was further developed and divided
into groups and prioritized into three categories. These requirements were collected from
literature review, previous case company DfP instructions and from discussion with
packaging experts. The requirements were also connected to suitable circular economy R-

imperatives and the key point indicators affected by these requirements.
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Appendix 1. Delphi interview final statements

General topics:

“The packaging is owned by the product owner who is responsible for the consideration of the
packaging, consulting the necessary parties and maintaining it as part of the product. The

packaging department proposes the best packaging solution for the product.”

“Packaging is an important part of the supply chain because it protects the product during

transportation and storage and improves installation safety and efficiency.”

“The overall packaging solution is important because it affects transportation costs in the supply
chain, where modules come from different factories. Individual modules with multiple similar
items such as shaft mechanics, doors and electrification, are the most demanding in terms of

efficiency and provide the greatest benefits.”

Current:

“On average, packaging and transportability are considered too late in both concept and product
solution creation processes and is usually taken into account in the conceptual process after
functionality testing with the first prototype, because it is taken into account too late, there is a

limited opportunity to optimize the packaging.”

“The packaging wishes of customers such as builders are not very visible to product development,
business acts as a filter in between, and wishes are not documented in generic form. Product
development focuses more on technical constraints, cost effectiveness, and factory and supply

chain requirements.”

”For existing product concept projects, the development team sets requirements based on customer
problems and wishes or competitors' products. Business acts as a consultant for setting problems
and desires in different customer segments. New product concept projects also work directly on the

client interface.”



“Solution creation projects have stakeholders who set requirements for the project and they should
be collected at the requirement collection stage, which is early in the process. The basic
requirements come from the requirement management tool, which collects requirements such as
installability etc., more specific requirements are formed by a core team members from multiple

sources within extended team.”

“In the conceptual, solution creation and product improvement process, the packaging team is
usually contacted for packaging design. Development teams don't have much information about
current packaging solutions or consideration of packaging and transportability. Currently, there are

no instructions available to consider packaging and logistics.”

“In the solution creation process, packing and transportability considerations are collected from

four directions. Package users; installation, packaging team for solution, logistics and factory.”

Future:

“Packaging and transportability in the supply chain should be considered in product development at
the beginning. This could be done with general basic instructions, setting targets for packaging and
transportability, and spreading the knowledge on potential cost savings and promoting

sustainability through packaging and transportation solutions.”

“The business cost model should have a link between packaging, transportability, and the total cost

of products in the supply chain.”

“The packaging team should form a portfolio of existing packaging solutions as well as a roadmap
for the clear visibility of new packaging innovations which could then considered in product

development.”

“Solution creation process requirement management tool should have basic requirements.
Requirements could be set by groups of “Mandatory”, “Needed” and “Value Adding”.
Requirements should be clear and simplified, which can be monitored and measured. The

requirement management tool could also be linked to the product improvement process”



Sustainability:

“Sustainability is an important value for case company and its customers and its importance is

likely to accelerate in the future”

“Case company need to do more concrete thing on a broader front to promote sustainability and

could also be used for marketing and to grow its brand image.”

“Packaging and transportability are an important part of sustainability because the product must be
transported to the site safely and without damage. Packaging currently has only one function, after

transportation and installation it is waste.”

“More consideration must be given to the recyclability and reusability of packaging in the future.
Optimizing transportability reduces carbon dioxide emissions from transport. Material use and CO2

emissions should be calculated and taken to business case.”

For Engineering:

“The DFMEA currently evaluates reliability, installability, functionality, safety and relationship to
other components. The best benefit is obtained when using new products or when major changes

are made to the design. Currently, it is not used systematically in concept design.”

“Lean principles like Kaizen could be applied in consideration of Design for Excellence.”

“The implementation of the Design for Excellence principle should be done by identifying the
need, create ownership and a platform for discussions and create tasks in the process and ensure its

continuous improvement with sufficient resources.”

“Requirement validation is verified according to process, with piloting and testing. Communication
between different departments is important, where counter-questions are asked on sides and

otherwise.”



Appendix 2. Requirement list table

Conditional

Level of Sub-

requirement [Function function Requirement

Mandatory ~ [Geometry [Shape No sharp edges

Needed Geometry [Shape Fixed protuding parts are not allowed
Value-adding |Geometry  |Shape Box or other simple shape component

Value-adding

Value-adding

Value-adding

Value-adding

Mandatory

Geometry

Geometry

Dimension

Thin sheet metals on product outer
edges

Fit into standard pallet, 1200mm x
800mm

Geometry

Geometry

Safety

Safety

gross weight 1000kg per
package

Maximum gross weight 25kg for manual
handling

Design doesn't allow parts to stuck on
each other if stacked

Components can be packed on top of
each other

Define components which are packed
together, level of pre-assembly and
which direction

Corrosion

Ci are made of non-corrosive

or coated with non-corrosive paint

Sea [ Road
transport

Conditional rationale

Not optimal for sea
container transport

Appliable
Design for Excellence |Source Rationale R's KPI VoX
Design for Manual Lee et al. (2003, 182- |Sharp edges may cut fixing straps or packer. Increased quality Unpacking time, Quality Voice of Packaging
Packaging 188)
Design for Packaging n for Packaging lead to in-efficient fill rate of packaging. Reduce i Cost effici Voice of i

Design for Manual
Packaging

Design for Packaging

Design for Packaging

Design for Packaging

Design for Packaging

instruction

. (2003, 182-
188)

Discussions with
packaging team

. (2003, 182-

Dowlatshahi (1996,
197-199)

Protuding parts may
D port cost and imp!

Simple shapes are easier to package efficiently. Decreased packing
work cost.

Packing time

Thin sheet metal edges requires extra supporting in packaging to Packing time,

Voice of Sustainability

Voice of Business

prevent twisting and damages in transport. Decreased packing
material quantity and cost. Improved sustainability.

Voice of Sustainability

Voice of

Standard pallet is reusable efficient packing base. Increased
standardization of transport and fill rate in truck transport. Decreased
transport cost and improved sustainability.

Easier handling with less weight packages and stacking in transport.
Increased safety.

Discussions with
packaging team

Hellstrém et
97

q if safety.

Stacked component shape may increase possibility of stucking due
transport vibration. Decreased unpacking work cost.

Unpacking time, Quality

Manual handling is not allowed for packages over 25kg. Aided handling . Unpacking time

Voice of Sustainability

Sustainability, Cost efficiency | Voice of Logistics

Voice of Packaging

Voice of Packaging

Component sturdy enough so it can be packed on top of each other.
ing. D

fill rate in packing material quantity
and cost. Improved sustainability.

Reduce |Packing time,
Cost efficiency, Quality

Design for

Design for Packaging

Design for Manual
Packaging

Design for
instruction

Design for Packaging
instruction

. (2003, 182-
188)

design. Basic input for packaging

Loose or open electrical components may damage in transport.
Increased quality.

Non-corrosive materials doesn't require additional packing material.
Decreased packing material quantity and cost. Improved sustainability.

Reduce |[Quality, Sustainability, Cost
efficiency

Voice of Sustainability

Voice of Packaging

Voice of Packaging

Voice of Business,
Voice of Sustainability




