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® Active & intelligent packaging
® Distribution packaging
® | ogistics & supply chain

® Packaging design, ergonomics & human factors
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® Medical, cosmetic & pharmaceutical packaging
® Packaging printing & graphics

® Packaging for food & agriculture

® Packaging for hazardous & dangerous goods

® Packaging machinery & systems

® Novel packaging

® Packaging materials

® Packaging sustainability

® Packaging standards & legislation
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Active & Intelligent Packaging

Packaging Material

® Distribution Packaging

Packaging for Food and Agriculture

Design, Ergonomics & Human Factors
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3047 4 vananBanszany (Green Fibre Bottles) 1ag Soren R. Ostergaard 310 Packaging
Section, Danish Technological Institute
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555U (Biodegradable material) iie3nwdwindaudunisnawnunisldnanain uin waslane
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(Single use seal)

®  AUIOLIATBITNTUATNIZUIUNITUTTMUUSALITALY (Automatic Filling Machine)
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152 (Packaging for Personalized Food for Nutrition of Elderly Consumers Made Using
Rapid Manufacturing) 1a# Alexander Bardenstein 210 Packaging Section, Danish
Technological Institute

UsTy AU ARAUITuiido PERFORMANCE §911371n Personalized Food using Rapid
Manufacturing for the Nutrition of elderly Consumers WionauaueIAINfoIn1TNINTANS
NTZUIUNITNER NITVUAS mmmuﬁmslmﬂsﬂmuwmﬂmu%auiulﬂﬂiLaWﬁﬁw%’Uusiﬁgaﬂwﬂsmaﬂ

gengnlianuseanistuansensiuansneiy funidedlaldmeluladinsosiuviuuy 3 88 (3D

el

printer) #39n58UUNNSHARLUULSY (Rapid Manufacturing) Taeldsyuumpufiaineslunisdanis
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MN15U590M5NABINTAIUTTUTUI A8vInsTEUUnsAnaulagly QR code wagyiinisUnndn

iodeludainureadgeony wanenseuiun1sinauvesssuuusIgeImsiiedaonglagldiasosiun
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Personalised parameters:
. Texture softness

. Portion size ~ -a
. Nutrient content BE n iy ?

Personalisation IT System:

- Personalised Recipe Concept

- Personalised Food printing technology
- Personalised Packaging Technology

- Personalised Food/Menu

- Natural flavour intensity
. Packaging coating
- Nutritional status

o B W -

Reheating at Nursing Home or

Personalised Meals:
Residential Home Care

Personalised Packaging:

Personalised Ink-jet
coating pattern for
different heating zones
{transmission/reflection
of microwaveas)

1D Tagging

and Q-Code on .

sealing

Placement +— ' ) l
P b /T e~ /}_ —

| —
a

AT 12 NFEUIUNITVINNUVRITFUVUTIIO M SRR geglagldasosiiuinuy 3 16

N1SWAILIUTIYNYIRaIaNaAdRamnsatunsnuaufaulunilulasian (Microwave active

packaging Design)
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A5 IMNTNNANANAY  SrUUMIlgaUMUYeIUTIRAMI PERFORMANCE 1319IN0191159NUT59A
AINUABIYDIKENDTY INUNDIMMTIEgNIUETlUT I vesateny Wadeensuilnaazatmnguly
wlalasivifieanud 2.54 Angidse Feenatinariliensilsunse wagseduagadiluszuuiiin
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danaliarsernisluvresdiunidafinnisidesy wazauAIMI90IMIsanadIfanIny 13

sealing l l .

with ink-jet printed
coating pattern for
manipulating with
transmission/reflection
of microwaves

Reflective coating on the
outer surface of the tray

radiolucent tray Reflecting microwaves

with different chambers
(heating zones)

Microwave rays

Microwave rays

transmitted through Reflected by the coating
the coating pattem

A 13 szuunsvihnuluenlalasandmiugueng
AIdpslaimuussydaeiaaiaiionnuaunsalunisnuanuioulunilulasiindu lngld
szuumsisiLuusiuniin (Ink jet) lun1suguusiulavgdmiuldasvisusdamnusoulumilulasi

Ingurulangainaazignguluiiagd L nlaiuan i tduiuseiuaNgeinveeImNsN Uy
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Y ol v v Y o 6

WoN13NTEMEANNTRULIWINAUNINIUTIATUE NSHAILIUTTIAUeIBENISNIE L kAT dETIaUAI 1Y
SoulululaslnulfasduiusreI91MSl 9287 IARANTIT A SUAINUSDUANNNADINT IULARY

AUV LarannsgaydennAIeInTadle wanafanIng 14
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Sealing film with ink-
jet printed
conductive pattern
of perforations

Personalized plastic
tray

Universal metal tray
with the perforated
bottom
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Abstract: The roles of packaging design are to preserve the product, protect its damage throughout transportation,
and fulfil stakeholder’s complicated needs. Moreover, the customers become more environmental conscious to
consider in eco packaging before buying. The varieties of tools assist design teams to develop the eco packaging
design concepts by integrating environmental aspects into design and development phase. However, the eco
packaging design methodology is an inconceivable support for functional analysis into life cycle packaging. The
objective of this research is to develop a functional analysis methodology for supporting environmentally
consciousness design of packaging. The methodology is obtained in three tools: Eco Packaging Design Checklist
(EPDC), Function Analysis System Technique (FAST), and Functional Benchmarking (FB). The proposed
methodology is tested through application to the secondary packaging for containment of electronic components.
The proposed methodology is crucial to consider not only environmental aspects but also functional aspects. This
can assist effectively for design teams to identify the functional packaging in conceptual design phases. The
advantages of this methodology are to define the environmental impact in the early design phase by using EPDC
tool. This step can be assessed the environmental problems with its easiness and fastness and pointed to the critical
requirements and notified for environmental impact situation of current packaging. The FAST tool can help to
define the function of current packaging and organized the logical relationships between functions. The design
team can clarify to the primary and secondary functions of current packaging and determined the mission
statement. The FB is applied to clarify in functional requirements based upon customer’s need and compare the
functional improvement level with competitors in the current market. This step can help the design team to
prioritize the functional requirements to improvement. The methodology has a majoring benefit than applying
those three tools independently. The recommendations, limitations and further researches are also presented in
this research.

Keywords: eco packaging design, functional analysis, eco packaging design checklist, function analysis system
technique, functional benchmarking.

1 Introduction

Packaging most often prevents goods damage during transportation. Especially, the sensitive and fragile goods
such as electronic products can break easily in transit. These products require the secondary packaging with
complicated structure to protect the product quality. Customers often discard secondary packaging quickly after
purchasing and then become to packaging waste after buying goods. It is importantly required the systematic
waste management and completely reduced in the air, water and land pollutions. This quick discarding and
disregarding packaging causes the environmental impact of packaging very exactly to the end users, therefore the
packaging gives a negative environmental image. Moreover, packaging may be attributed to factor other than the
packaging material itself approximately 90 percent that hidden costs of manufacturing and supply chain activities
as quality inspection, inventory footprint area, transport and logistics load, disposal elimination [1]. The most of
decreasing environmental impacts is to design properly packaging for reusability and recycling, which is very
good for environment friendly.

Many countries including some US States, Canada, Western and Eastern Europe, South Africa,
Australia, Brazil, China, Japan, Taiwan, Tunisia, and South Korea have implemented environmental
packaging requirements to allocate and distribute waste management costs, shift responsibility onto the
Extended Producer Responsibility (EPR), and to decrease the environmental impact of packaging. This
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trend reinforces the consciousness of environmental responsibility of competitive companies,
industries, and global business. The Packaging and Packaging Waste Directive (94/62/EC) is a measure
with environmental goals of packaging. The Directive applies to all packaging placed on the EU market,
and all packaging waste of at industrial, commercial sites and from private homes. It is required the
minimized packaging, design for recovery, reuse packaging and non-toxic or heavy metals should be
restricted in the packaging material and production. The packaging wastes are involved to
environmental issue and required with stakeholder responsibility. The companies can apply the eco
packaging design as the means of considering to environmental conscious and ensuring the safe delivery
of a product to end user in complete condition at the minimum overall environmental impact [1]. It is
difficult to combine and balance between decreasingly environmental impact and maintainable quality
function. Whatever the reason, it is considered to develop the methodology for functional analysis for
environmental conscious in packaging design at the conceptual design phase. The objective of this
research is to develop a methodology for effective support of the packaging in conceptual design for
packaging eco design activities. This methodology is verified through application in secondary
packaging of electronic components. Especially, the proposed methodology whose core is the
expanding into the analysis of environmental and functional requirements by applying three tools as
Eco Packaging Design Checklist (EPDC), Function Analysis System Technique (FAST), and Function
Benchmarking (FB). In addition, connecting three consecutive tools is formalized by correlating the
outputs of the preceding tool and the inputs of the following one. The framework of this research
consists of an overview of the current eco design tools with defining functional packaging, a description
of the proposed packaging design methodology, and application of the method to the electronic
components industry. Then, discussion and conclusion are presented in this research.

2 Eco Design tools

According to the previous studies about the eco design tool for functional analysis, many tools have been
developed for eco design to support design team at conceptual design phase. The following literature relates to
the model above.

2.1 Eco Packaging Design Checklist method (EPDC)

EPDC means a set of items used for assessing a packaging from environmental viewpoints through life cycle.
This is used for packaging assessment which aims at improving the packaging on environmental aspects
considering the possible environmental impacts [2]. For instance, Wimmer [3] apply EPDC to evaluate an existing
product and come up with target oriented eco design improvements by specific requirements its life cycle. This
method, with its easiness and fastness, is one of those general most for applying in industries. This is effective
especially for systematizing environmental review in a manufacturing. Nevertheless, this is not significant purpose
for environmental assessment and unclear result for design direction.

2.2 Function Benchmarking (FB)

This tool is the measurement of properties of a packaging. The measurements can be compared to a baseline of
current packaging or competitors in the market, both with similar functionality [4]. It may be beneficial to validate
periodically the choice of properties against the results of a more detailed analysis. For supporting in this
advantage, Svanes et al. [5] use FB tool for studying in the sustainable packaging design in case study of food
industry. This model is applied in decision support of sustainable packaging by following five quantitative
indicators for comparison between different packaging solutions. However, FB does not show how to solve the
problem for design improvement.

2.3 Function Analysis System Technique (FAST)

FAST assists to define the problem objectively and organize the logical relationships between functions. The
FAST diagram can be used to verify and show how a proposed design achieves the functional requirements of
packaging. This tool can be identified the unnecessary and duplicated functions [6]. The design team can use the
FAST diagram to communicate functional mapping between design team and find the way to design improvement
in general, not only eco packaging design.
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2.4 Life Cycle Assessment (LCA)

LCA is a method to assess environmental impacts of a product or packaging [7]. It requires comprehensively the
quantitative information of the life cycle on the environment. Many researchers apply LCA for assessing
packaging and product in the design and development phase such as Madival et al. [8], Nielsen and Wenzel [9],
and Verghese et al. [10]. The results can be identified the life cycle impacts and evaluated the environmental
performances. Although it discloses the quantitative environmental profile relatively based upon the structural
design of packaging. It has some disadvantages to collect complicatedly and significantly with the life cycle
inventory with starting from material requisition phase and finishing onto the end of life phase. Therefore, it
cannot be achieved in the early design stage at the conceptual design phase.

2.5 Quality Function Deployment for Environment (QFDE)

This tool is used to analyse customer and environmental requirements throughout the packaging design
development process [11]. Gathering and analysing the voice of the customer for environment is critically
important to provide the oriented customer’s needs for developing requirement of packaging. Later, customer
needs should be translated into technical attributes. QFDE clarifies the relationship between customer
requirements and functional quality characteristics. Then, it can be correlated, while functional quality
characteristics and packaging components. QFDE method, with its easiness is one of common most in industries
same as EPDC tool. For example, Masui et al. [11] develop QFDE to assist design team in considering
environmental concerns in the early design stage of product development. This research is corresponding with
Bergquist and Abeysekara [12]. They develop the systematically to match between human needs and the product
characteristics in the area of ergonomic design. However, this is neither productive for tangibility the problem
solving and nor helpful idea generation.

Although, many tools have been developed for eco design, no method or tool available independently supports
effectively in functional packaging design at conceptual design phase. So, some researchers apply by integrating
tools to support systematically in eco design. For example, Sakao [13] and Kobashachi [14] uses the various eco
design techniques for developing eco products and support the decision making process at the conceptual design
phase. These researchers suggest that the integrated methodology has a benefit than is obtained from utilizing
those tools independently. So, as a result, the current method cannot support in the functional analysis extremely
enough in industries. EPDC, FAST, and, FB each of which has potential for providing the packaging function and
concept design. The proposed methodology is connected with the following disadvantages when applied
independently.

3 The proposed methodology

The objective of this research is to develop the functional analysis methodology for eco packaging design. First,
the analysis of a design packaging in eco design requires defining in the environmental impacts. Among others, it
is crucial, by definition of eco design, to consider the whole life cycle of a packaging from various environmental
aspects. It is EPDC that can fulfil these requirements. Second, after understanding in critical impact its life cycle
packaging is identified from previous step. The output can be focused in critical phase and define objectively the
environmental requirements. The Identifications of environmental aspects are systematically translated into the
design teams’ language. The FAST tool can be used to communicate functional mapping between design team.
This tool is analysed the function of packaging and organize the logical relationships between functions. FAST
can be accomplished to clarify to the primary and secondary functions of current packaging and determined the
mission statement to design improvement. After Second, the functional problem definition needs to consolidate
the two major aspects of environmental impact and functional analysis. Third, The FB is applied to identify in
functional requirements based upon customer’s needs. This section compares with competitors in the current
market and analyses the functional improvement level of current packaging. The methodology adopts FB because
not only function but also qualities can be addressed. The improvement ratio can be evaluated. The procedure of
the proposed methodology is illustrated in Figure 1.
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Figure 1: The proposed functional analysis methodology for eco packaging design

Figure 1 shows the overview of the functional analysis methodology for environmentally consciousness in
packaging design. The steps of object analysis, problem definition, and solution identification with the use of the
three tools explained in the previous section are embedded in the upper stream from step 1 to 3. The outputs of
those steps are explained in more detail in table 1 with the inputs needed by the tools. For example, the first output
of EPDC is used as the second input of FAST. Each step of figure 1 is explained in Table 1.

Table 1: Input and output of the three tools and the interrelation among item
Tools Inputs (1) Outputs (O)

EPDC 1.Quantitative environmental criteria  1.Quantitative environmental impacts of critical
of the life cycle packaging phase (O1—)

FAST 2. (01-12) Translated to engineers’ 2. organization in the logical relationships
language between functions (02—)

3. Determined primary and secondary function
(03—)

FB 3. (02,03—13) Functional 4. Improvement ratio (O4—)

requirements . ) )
5. Identified functional requirements and

4. (04—14) Function to be improved  determined design improvement

According to Table 1 Input and output of the three tools, the detail is shown as following details.
Step 1: Identifying requirements of environment

The requirements of the environment are identified. For the latter, a standardized set of stakeholders (n) in life
cycle is adopted. The requirements from various stakeholders within the packaging life cycle have been integrated
from Material requisition, Manufacturing, Distribution, End used, and disposal. The output can be focused in
critical phase and define the environmental requirements objectively.From this step is known the environmental
requirement priority by calculated the environmental difference level (D,) from comparison between

environmental importance (A;) with current packaging (B, ). The parameter D, can be modified value in the
normal score by presenting with the normal environmental priority (N, ). The Quantitative environmental impacts
on the life cycle stage are calculated as the equation (1) - (3).

o)) Shex)]
Ai = t=1 , | = t=1 (1)

n n
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= A - Bi
D, = x100 2
| ( A J @

E =D /3D, 3)

Where, X, =environmental impact weighting score at i (1...,5) by 1 score means low environmental impact and
5 score means high environmental impact

Step 2: Defining and organizing the primary and secondary functions

After understanding in critical impact its life cycle packaging is identified from previous step. The design teams
can define function systematically to translate into the engineering language by focusing directly onto the critical
phase. FAST diagram is applied to organize thoroughly the logical relationships between functions. The design
team can define the unnecessary and duplicated functions. This tool can be accomplished to clarify to the primary
and secondary functions of current packaging and determined the mission statement to design improvement. The
result form FAST diagram is applied to the next step for understanding functional requirements and improvement
level of current packaging in market situation.

Step 3: Identifying requirements of function and determining the design improvement

As the result from previous step, the primary and secondary functions are identification. Next, it is expanding to
functional requirements and translating to engineering characteristics. FB tool is applied to clarify in functional
requirements based upon the real customer’s needs. This section compares with competitors in the current market.
The primary and secondary functions from the previous step are incorporated as the requirements with their
weighting in FB. Moreover, it can be determined find out the functional improvement level of current packaging.
It is more efficient for design teams to focus on more influential packaging to improve the functional requirements.
Thus, the important requirements are investigated by improvement ratio ( E, ). The importance score of functional

requirements which each of competitors (C/) are prioritized with score levels (1 is the lower importance, 5 is the
highest importance). The improvement ratio of functional requirements ( F,) and Priority Improvement Number (
P1.) are calculated as the equation (4) - (7).

Shoo] o)

=R sE S @
n n

Fo = MaxCi(k.k,)/B, (5)

PI, = XF), ©)

N = Fil,/iFili (7)

Where, MiaxCik (k,, k. ) is the chief competitor or the highest importance score in groups (k ) with k (1,....,m).

The P1, parameter can be modified value in the normal score by presenting with the Normal Priority Improvement
Number (N, ). The design teams demonstrate the functional analysis by applying the Pareto’s rule 80: 20. This
step can be pointed to improve design direction. The MUST and WANT interpretations are described as following.
MUST is the critical requirements (20%) of packaging requirements that are high Normal Improvement Priority
(% N,), high Importance level ( I, ), and high Improvement Raito (F,).

WANT is the uncritical requirements (80%) of packaging requirements that are high Importance level (1, ), and
low Improvement Raito (F,)

4 The empirical study in electronic components company

The electronic component is one of the most sensitive products to handling and transportation. It also requires
good protective packaging to keep its quality during the manufacturing process and transportation. Moreover, the
trend of the new technology also requires smaller and lower weight electronic products whilst with high capacity.
From development trend, the electronic components become more fragile and sensitive. So, it is required the
material supports such as secondary packaging to preserve the sensitive components during transportation. If
packaging is better than necessary or it is an over packaging, the company could lose much money. This task is
important directly to design teams who design the appropriate packaging by balancing cost and quality. The design
teams should understand in the necessary requirements from stakeholders. That is why this research proposes a
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way to develop a systematic methodology for functional analysis in packaging design which focuses on the
conceptual design phase.

Step 1: Identifying requirements of environment

First, EPDC is carried out to determine environmental requirements of life cycle and their weighing in Table 2.
The checklist starts with a needs analysis which consists of a series of criteria concerning the environmental
function. The main criteria in a need analysis are to define the packaging fulfil its life cycle. Those life cycle
stages are following as Material requisition, Manufacturing, Distribution, End used, and disposal. The result of

EPDC is illustrated in Table 2.
Second, the set is adjusted the importance score according to the design target of packaging. Third, the quantitative

weighting is preferably in equation (1) with five levels for each importance of environmental requirements ( A, )
and current packaging ( B,). EPDC is achieved to show impacts on the environment of life cycle. The EPDC
analysis is illustrated in Figure 2.

Table 2: Eco Packaging design checklist

Score
2
2 5
j=2] ® ‘=
Requiremnets  Checklists § ‘§ § %
] = ] £
s 8§ £ 5
5 = Q -
= (8] S S
Material -Non toxicity 475 5 -53 -1%
Requesition  -Recyclable materials 487 5 -2.7 0%
-Reduced emission 432 3 30.6 5%
-Cleaner material 3 4 -333 -5%
-Renewable materials 3.2 2 375 6%
-Lower direct material 498 4 19.7 3%
-Lower indirect material 35 4 -14.3 -2%
-Lower energy 3.7 4 -8.1 -1%
Sum 32.32 31 4.08
Manufacturing - Production Machinability 497 3 39.6 6%
-Common equipments 497 3 39.6 6%
-Cleaner production 3.4 4 -17.6 -3%
-Lower energy 4.2 4 48 1%
-Lower emission 4.1 4 24 0%
-Tear down in process 45 4 111 2%
-Ease of assembly 46 2 56.5 8%
Sum 30.74 24 21.93
Distribution ~ -Storage area efficient 498 4 19.7 3%
-Container load efficient 478 4 16.3 2%
-Backhaul efficient 491 1 79.6 12%
-Common material handling 4.3 5 -16.3 -2%
-Energy used efficiency 495 2 59.6 9%
Sum 23.92 16 33.11
End used -Ease of use 498 1 79.9 12%
-Safety use 5 2 60.0 9%
-Useful lifetime 486 2 58.8 %
-Adjustable size in storage 45 1 77.8 12%
-Reuseability 46 4 13.0 2%
Sum 23.94 10 58.23
Disposal -Lower energy consumption 3 4 -33.3 -5%
-Modular disassembly 495 4 19.2 3%
-Lower waste emission 34 4 -17.6 -3%
-Waste reusability 489 4 18.2 3%
-Waste recyclability 435 4 8.0 1%
-Lower disassembly time 47 3 36.2 5%
-Identifiable waste materials sorting 3.78 4 -5.8 -1%
-Transformative function 415 2 51.8 8%
-Non toxic treatment 415 5 -20.5 -3%

w
=

Sum 37.37 9.02
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Material
Requesition
40

Manufacturing

==@== | mportance

=== Current packaging

End used Distribution
Life Importance Current  %Difference
cycle phase packaging
Material Requesition 32.32 31 4.08
Manufacturing 30.74 24 21.93
Distribution 23.92 16 33.11
End used 2394 10 58.23
Disposal 37.37 34 9.02
Total 148.29 115 22.45

Figure 2: Eco Packaging Design Checklist in the current packaging

According to Figure 2 illustrates that the end used stage (%Difference = 58.23) is the most highly weighted among
the serious environmental requirements in the problem situation of current packaging. The total score of life cycle
impact is shown in the Figure 3.

160 +
150 + 148.29
140 +
130 +
120 + 115
110 +
100 +
90 +
80 +
70 +

60 +

50 + u Disposal

40 + = End used

30 T Distribution

20 7 ® Manufacturing

10 + . .
0 = Material Requesition

Importance Current

ADiff = 22.45%

Figure 3: Total score of the environmental requirements

According to the Figure 3 shows that the total environmental requirements score of current packaging is larger
difference with the importance weighting score (%difference = 22.45). It should be pointed out that the some
environmental requirements in current packaging can be improved specially at the end used stage referring form
the previous result in Figure 2. The critical environmental requirements are defined by using Pareto’s rule 80:20
is shown in Figure 4.
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% Normal Cumulative

No. Checklists o
Priority  Frequency

1 -Ease of use 12% 12.01%

2 -Backhaul efficient 12% 23.99%

3 -Adjustable size in storage 12% 35.68%

4 -Safety use 9% 44.70%

5 -Energy used efficiency 9% 53.66%

6 -Useful lifetime 9% 62.50%

7 -Ease of assembly 8% 71.00%

8 -Transformative function 8% 78.79%

9 - Production Machinability 6% 84.75%

10 -Common equipments 6% 90.71%

11 -Renewable materials 6% 96.34%

12 -Lower disassembly time 5% 101.78% | 140%
13 -Reduced emission 5% 106.37% | 130% -
14 -Lower direct material 3% 109.33%

15 -Storage area efficient 3% 112209 | 120% -
16 -Modular disassembly 3% 115.18% | 110% -
17 -Waste reusability 3% 117.91% 100% |
18 -Container load efficient 2% 120.36%

19 -Reuseability 2% 122.33% 90% -
20 -Tear down in process 2% 124.00% 80% |
21 -Waste recyclability 1% 125.21%
22 -Lower energy 1% 125.92% 70% -
23 -Lower emission 0% 12629% | goo4 |
24 -Recyclable materials 0% 125.89%
25 -Non toxicity -1% 12510%| 50% 1
26 -ldentifiable waste materials sorting -1% 124.22% 40% -
27 -Lower energy -1% 123.00%
28 -Lower indirect material -2% 120.85% | 30%
29 -Common material handling -2% 118.41% 20% -
30 -Cleaner production -3% 115.75%
31 -Lower waste emission -3% 113.10% 10% 1
32 -Non toxic treatment -3% 110.02% 0% -
33 -Cleaner material -5% 105.01% 10% 1 3 5 7 9 111315 17 19 21 23 25 27 29 31
34 -Lower energy consumption -5% 100.00%

Figure 4: Total score of the environmental requirements

According to the Figure 4 is shown in the environmental requirements of current packaging by using Pareto’s rule
80:20. The design teams can define the critical environmental requirements for focusing on packaging conceptual
design. These are following of the eight environmental requirements; ease of use, backhaul efficient, adjustable
size in storage, safety use, energy used efficiency, useful lifetime, ease of assembly, and transformative function.

Step 2: Identifying packaging functions

First, FAST diagram can define the packaging specifications to address the requirements especially in end used
stage following the result from the EPDC previous step. Second, the packaging designers should be set the mission
statement of packaging to focus on design in end used stage. This step can be obtained the common function, high
order function, and right customers who are highlighted affect directly from packaging design. The mission
statements are following as details.

Mission statement Secondary packaging for electronic components inside factory
Common Function: Containment the electronic components are typically grouped together in one packaging
Higher Order Function: -High productivity
-Eco friendly
Right Customers: End user (Distributor and operators inside electronic components )

Third, FAST diagram analyses the primary and secondary function at the end used stage. This is illustrated in
Figure 5.
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Figure 5: FAST diagram for secondary packaging of electronic components

According to Figure 5, the FAST diagram for secondary packaging of electronic components at the end used stage
is presented. The common function of current packaging is to unify product groups. Then, target of proposed
packaging design or the high order function is increasing eco value. The design team defines the primary and
secondary functions at the end used stage and identify by each of process activities. The primary functions are
following as pack products, handling to the cart, transport to destination, eliminate contamination, keep in storage,
and reuse packing. In addition, the secondary functions are following as separate product type, inform product
data, beware to workers, prevent accident, blow in pressure air, clean with alcohol, stack stability, save footprint
area, and, maintain lifetime. This step can assist design teams to define and organize the logical relationships
between functions. FAST diagram can be used to verify and show how a proposed design achieves the
requirements of the functional packaging. The results from FAST have been added to FB in the next step for
understanding in the current situation and identifying the improvement level.

Step 3: Identifying requirements of function and determining the design improvement

The design focus is represented in functional requirements, as well as comparing with the competitors in the
market. It is very important to consider not only environmental requirements bus also functional requirements.
The outputs from FAST are helpful to understand the design focus on functional packaging design. In the
conceptual design, the design teams require the functional requirements from customers to set the input for driving
in design concept. First, FB is fulfilled to define functional requirements from stakeholders weighing. The result
of case study is shown in Table 3.

The requirement starts with a functional analysis, which consists of a series of criteria concerning the function
based upon the result from FAST in previous step. Second, the set is adjusted the importance score (I,) according
to the target of packaging (baseline). Third, the quantitative weighting of competitors (C/) is preferably in
equation (4) with five levels for each functional requirements. This step can define the chief competitor (

Miafo (k., k. ) ) or the highest importance score in groups. Fourth, the improvement ratio ( F, ) can be calculated

preferring in equation (5). The both of F, and I, parameters are related with PI, as equation (6). The PI, results
can be modified value in the normal score by presenting with the normal environmental priority ( N,) in equation
(7). Each requirement is higher N, score, that meaning is effected largely influencing the functional impacts and
improved seriously functionality of current packaging. The FB result is illustrated in Figure 6.
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Table 3: The functional requirements of secondary packaging for containment of electronic components

Score Evalution
z
5 -
s L2
5 2 B g
2 2 5 2 3 5 g
£ ] S = s 2 L
£ g g £ 3 £ s % g
g g s S £ E = 2 £ =
£ £ K 3 s 2z £ > 8
g & £ & & s = =
E 3 8 8 E x S 3 ©
Criteria Sub criteria Checklists Iclw 2 hisght
Lifetime Chemical -Compatable material type 5.00 5.00 5.00 5.00 1.00 5.00 1.69 ®
preservation protection  -Chemical migration 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-C0O,,0, gas vapors 0.00 0.00 0.00 000 0.00 0.00 0.00
-Micro organisms 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-Anti contamination 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-Odor protection 0.00 0.00 0.00 0.00 0.0 0.00 0.00
Mechanical -Shock 498 100 500 100 500 2490 8.40 ® MUST
protection  -Compression 4.95 5.00 500 4.00 1.00 495 1.67 [24)
-Vibration 489 100 500 100 500 2445 8.25 ® MUST
-Puncturing 493 100 5.00 200 500 24.65 8.32 ® MUST
-Abrasion 488 1.00 500 400 500 2440 8.24 ® MUST
Physical -Temperature control 0.00 0.00 0.00 0.00 0.00 0.00 0.00
protection  -Light protection 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-Humid resistant 0.00 0.00 000 0.00 0.00 0.00 0.00
-Contamination 490 1.00 1.00 100 1.00 4.90 1.65 ® WANT
-Rusting 0.00 0.00 000 0.00 0.00 0.00 0.00
-Sterility loss 0.00 0.00 000 0.00 0.00 0.00 0.00
-Child resistant 0.00 0.00 000 0.00 0.00 0.00 0.00
-Tamper evidence 0.00 0.00 0.00 0.00 0.0 0.00 0.00
-Maintainability 4.92 2.00 1.00 2.00 1.00 4.92 1.66 ® WANT
Convenience Structural -Uncomplicated structure 5.00 100 400 3.00 400 20.00 6.75 ® MUST
usability -Reusability 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-Comfortable opening 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-Quantity measuring aids 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-Comfortable grip 4.98 1.00 5.00 5.00 5.00 2490 8.40 v ® MUST
-Comfortable pouring 4.95 1.00 5.00 2.00 5.00 2475 8.35 v ® MUST
-Dispensing devices 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-Controlled dosing 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-Durability 494 100 500 300 500 2470 8.34 A 4 ® MUST
-Component optimisation 4.97 1.00 5.00 1.00 5.00 24.85 8.39 A ® MUST
-Weight optimisation 488 200 3.00 500 250 12.20 4.12 ® MUST
-Volume optimisation 4.97 3.00 400 500 167 828 280 ®
Transport  -Packed size capacity 4.88 1.00 2.00 1.00 200 9.76 3.29 MUST
handling - Material handling ability 350 400 400 400 100 350 118 [24)
-Standard size 360 4.00 400 400 1.00 360 1.22 ®
-Returnability 475 200 1.00 200 100 475 1.60 WANT
-Stable stacking 495 400 4.00 300 1.00 495 167 ®
Communication Appearance -Selling capability 1.03 3.00 3.00 3.00 1.00 1.03 0.35 ®
-Promotional branding 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-Display attractiveness 1.12 3.00 300 3.00 1.00 112 0.38 ®
Information -Manual instructions 111 2.00 2.00 2.00 1.00 111 0.37 X
-Legal information 3.00 3.00 300 3.00 1.00 3.00 1.01 ®
-Product identification 1.50 4.00 4.00 4.00 1.00 150 0.51 ®
-Traceability 409 300 3.00 300 100 4.09 1.38 ®

Total 107.67 60.00 9600 76.00 '1.60 296.26 100.00
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Chemical protection
40

Information protection
~-Importance
-=-Current — " " -
' Criteria Importance Current packaging Competitor#1 Competitori2
Competitor#1 Chemical protection 5.00 5.00 5.00 5.00
—Competitor#2 Mechanical protection ~ 24.63 9.00 25.00 12.00
. i Physical protection 9.82 300 2.00 300
Physical protection Structural usability 34.69 1000 3100 24,00
Transport handling 2168 15.00 15.00 14.00
Appearance 215 6.00 6.00 6.00
Information 970 1200 1200 1200
Overall 107.67 60.00 96.00 76.00
Transport handling Structural usability 9%Difference Baseline 43 108 204

Figure 6: Radars chart of packaging functionality

According to Figure 6 shows the critical point of function by comparison with competitors in the secondary
packaging for electronic components in the current market. The weak points of current packaging are defined with
three functionalities following as physical protection, structural usability, and transport handling. The overall
functionality of packaging requirements at the current market is illustrated in Figure 7.
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Figure 7: The overall functionality of packaging requirements
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Figure 8: MUST/WANT functional requirements

According to the Figure 7 illustrates that the packaging competitor#1 is highest functional requirement score (96
points) and lowest percent improvement (10.8% PI ). The current packaging is lowest functional requirement
score (60 points) and highest percent improvement (44.3% PI ). This stage is to clarify the situation and compares
with competitors in market. The results show the strong points and weak points of current packaging.

The design teams can fine the direction to develop the concept packaging by analyzing MUST/WANT functional
requirements from applying Pareto’s rule 80: 20. The results are presented in Figure 8. The critical functionality
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is MUST requirements that are high Normal Improvement Priority (% N, ), high Importance level (1,), and high
Improvement Raito (F,). These requirements have the lists of packaging requirements as follows; shock,

comfortable grip component optimization, durability, puncturing, vibration, abrasion, harmless structure, weight
optimization, and packed size capacity. These are very important with customer requirement and needs to
improvement seriously. Continuously, the uncritical functionality (80%) is WANT requirements that are high
Importance level (1,), and low Improvement Raito (F,).These requirements have the lists of packaging

requirements following as contamination, maintainability, and return ability. These are very important with
customer satisfactions and require to progressive development. The objective of the empirical case study in
secondary packaging of electronic components company is to develop the methodology of functional analysis for
eco packaging design. This methodology is crucial to consider not only environmental requirements but also
functional requirements. As the results of case study is to start from identified the critical environmental impact
its life cycle packaging by applying EPDC. This step is known the critical environmental impacts of current
packaging for setting the scope of design. Then, Functions of packaging focus especially in critical phase and
organized the primary and secondary function by using FAST. Finally, Functions of packaging are translated to
engineering characteristics and identified the functional improvement level for design direction.

5 Conclusions

The functional analysis methodology for environmentally conscious packaging design is presented in this paper.
The objective of this research is to develop a functional analysis methodology for supporting environmentally
consciousness in packaging design at conceptual design phases. The methodology is obtained from using three
tools: EPDC, FAST, and FB. The presented methodology is tested through application to the secondary packaging
for containment electronic components. This method, in addition, can determine the environmental and functional
requirements. The methodology has majoring advantages than applying those three tools independently. The
advantages of this research are supporting with the result of Sakao [13] in eco desigh methodology. He develops
the methodology for environmentally conscious by integrating three tools as LCA, QFD, and TRIZ (theory of
inventive problem solving) into product design at conceptual design phase. However, his research has some gap
in the early design phase is very difficult to collect complicatedly and significantly with the life cycle inventory
of quantitative environmental profiles.

According to this research can fulfil in gap of the research problem by applying three tools with its easiness,
fastness, and idea generation for design team in industry. The methodology uses EPDC tool to assess the
environmental impacts. The results can be pointed to the critical requirements and notified for environmental
impact situation of current packaging. After design team understanding in environmental impacts and current
situation of packaging, the functional packaging is identified by using the results from previous step. As an output,
the focus design in the packaging usage phase. The FAST tool can be helped to define the functional problem
objectively and organized the logical relationships between functions. The design team can be clarified to the
primary and secondary functions of current packaging and determined the mission statement to design
improvement. In addition, this methodology is crucial to consider not only environmental aspects but also
functional aspects. The FB is applied to clarify in functional requirements based upon customer’s needs. This
section compares with competitors in the current market and analyses the functional improvement level of current
packaging. FB can help the design teams to prioritize the functional requirements to design improvement.
However, the section of defining functional analysis by applying FB tool is rather sensitive in chief competitor
selection. Because the current secondary packaging for electronic components in the current market have been
increasing competitors of various options for containment electronic components.

The design team should be classified the competitor‘s categories before deciding which baseline reference by
using the recommended tool as Kano’s Model [4] for prioritizing the competitors of packaging. The limitation of
this methodology is suitably applied in the secondary packaging for containment electronic components inside
factory. The general requirement in this packaging type is not serious to consider into graphic design for good
appearance and attractiveness than primary packaging type. Therefore, this methodology will be applied into other
types such as primary packaging, it should be crucial to consider not only functional and environmental aspects
bust also satisfactory aspects from customers. The further studies, this research could also include further in idea
generation for the eco packaging design after identifying in environmental and functional requirements. The
researcher will develop the methodology to support the idea creativity and how to select the appropriated idea by
integrating the values of the functional and environmental perspectives.
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