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Abstract Nowadays, logistics, as a multidisciplinary science, is confronted with new 
problems and challenges. So the systematic approach for package design, 
which methodology needs both engineering and economic knowledge, 
demands continuous modifications by the consumers and more and more 
strict environmental requirements. 

To pass the requirements of the sustainable development, we have to try to 
integrate the well-known product development methods, such as QFD, 
DfE, fuzzy, etc., to the systematic approach for package design 
development. 

Allowing to take the synergic advantages of these development methods, 
e.g., Design for the Environment (DfE) strategy and Quality Function 
Deployment (QFD) process, systematic approach for package design would 
be able to give a wider perspective in the continuously developing and 
ever-changing divergent fields. 
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1. Introduction 

In a logistic system, when we have to design a “suitable” packaging system, we always 
meet a many-degree-of-freedom system, where the assistance of common engineering 
and economic knowledge are not certain to solve or expose the actual development 
problem [1]. In this paper, I will investigate the integrity of the well-known product 
development process –like QFD– to the packaging design process method, with the also 
well-known environmental strategy –the DfE guidelines. I will also write about the 
possibilities of using fuzzy in packaging development. 
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2. Actual and problematic questions about package design 
technologies  

Nowadays, there is more emphasis on environmental protection, it is an ineluctable 
challenge to minimize and decrease the packaging waste, which mostly arises from the 
manufacturing and logistic processes. To solve this big volume and all-comprehensive 
problem, we have to approach it from two different angles. These are the following: 

• The a widespread tendencies of the manufacturing and logistic methods 

• The current applied packaging design methods 

To solve the above-mentioned problem, we have to examine these methods. In the 
followings, I give a bold outline of these problems. 

Arguments for the increase of packaging material demand:  

We can sort the arguments as follows: 

• Demographic and life-style changes which will see an increase in an ageing 
population, single households, and smaller families that will have an influence on 
the types of packaging used for products 

• Technological changes where there is an expected increase in the growth of 
electronic and home shopping via the internet, this will introduce new demands on 
the packaging system 

• Environmental issues will remain a major driving force, including litter and landfill 

• Consumer demands will force market segmentation allowing products to be 
packaged depending on the demands of a particular group (such as, microwaveable 
products, salad kits, modified atmosphere packaging, pre-cut, pre-portioned, and 
smaller ready to consume products) 

• Supply chain management will require a quicker more flexible response throughout 
the entire supply chain with a willingness to share information and develop long-
term relationships. So the supply chain will become much longer in time than in 
distance 

• Manufacturing changes have caused the manufacturing systems to become divided. 
The factories of one product can cover continents, so we have to package semi-
finished goods and interim products, which has caused the increase in packaging 
material demand and logistics costs. 

Problems with package design methods: 

Problems with the package design techniques because of the full re-arrangement of the 
logistic fields have not been solved, because most of the companies use design and 
development methods only for the products.  
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What are the problems? 

• The product engineers count only the “household” stresses during the development, 
and don't count the stresses during transportation and handling. These facts increase 
the demands against the future packaging system. 

• These packaging systems are designed empirically with the information arising 
from one's own or a colleague’s experience  

• The unknown logistic stresses solved by “over-packing”, which cause extra costs, 
decrease the logistical indices and additionally will not solve the product damages 
[2], [3]. 

 

3. Systematic approach for package design, as the solution of 
sustainable development? 

3.1. The challenges of package design  

The production companies, which have focused on the developments, are not allowed to 
forget problems and questions of the packaging, because the packaging development is 
as important as the product development.  

 

Figure 1. Context of the Product- and Packaging development time (source: Barmklev 
2007) 

 

In the figure of Barmklev (figure 1.) we are able to see the importance of the context of 
the product- and packaging development time. To reduce the development time these 
have to be connected and as much as possible be integrated [4]. 

From the complexity of package design, we can ascertain that these systematic design 
methods need overall and detailed information about the product. The packaging system 
is mostly set-up based on four components:  Product → consumer packaging → 
collecting package → transportation (figure 2.) [5]. 
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Figure 2. Product-packaging system (source: Hellström and Saghir, 2006) 

Of course the development time is important. In addition, we have to know the 
connection points of when and where the components of our product and packaging 
system are interacting with divergent logistic processes (in different places and times)    

Saghir’s and Hellström’s figure shows these interactions between the packaging and the 
logistic processes (figure 3.). 

Only from the figures above, can we state that the packaging development is as 
important as the product development and manufacturing. So we have to accurately 
defend the product from “logistic stresses”, and of course the product-packaging system 
has to be economical along the logistic chain. In short, this is the challenge of package 
design 
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Figure 3. The interaction between the packaging system and the logistics processes 
(Source: Hellström and Saghir 2006) 

When developing a new product we have to take account the following facts, 
information and requirements associating with packaging [2]. 

• Parameters of the characteristics and the sensitivity of the product (geometrical 
sizes of the product, centre of the mass, sensitivity against environmental and 
mechanical stresses, possible positions, etc.) 

• Merchandizing relations, as questions about distribution practise (distances between 
departure and arrival locations, climate zones of departure and arrival locations, 
etc.)  

• Information on transportation and material handling equipment (bearing capacity of 
the equipments, loading and unloading parameters, loading surface and space, etc.) 

• Questions about the potential useable and suitable packaging materials 
(standardized, combined, laminated and special packaging materials, etc.)  

• Standardized transportation packaging devices (standard packaging devices, pallets, 
etc.) 

• Regulations and rules of packaging and transportation (international agreements, 
national decrees, international standards, EU directives, etc.) 

4. Methods and theories and the possibility to apply them to develop 
the current packaging development processes 

4.1. Design methods and methodologies in the field of products 

The term design methods describes any procedures, techniques, aids or tools that 
contribute to the design process. They represent a number of distinct kinds of activities 
that the designer might use and combine towards the solution of design tasks.  

Originally product design was the responsibility of a few people, whose function was to 
develop the concept, the prototype, the manufacturing methods, etc. Within this “over – 
the –wall“ structure, the development blocks had been individually separated, so none 
of them had been responsible for the complete product design. Of course, from time to 
time new methods were born and evolved.  

Here are some examples of design methods applicable to both product and industrial 
design [13]:  

• Design-by-drawing 

• Computer Aided Design (CAD) 

• Brainstorming 

• Concurrent engineering 

• Value analysis 
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• Quality Function Deployment 

• Design for X 

• Fuzzy method 

These methods have been developed in the fullest details, but all of them have missing 
parts or items, which have been disregarded. The most neglected field has been 
packaging and its development.  

There have been many DFX methods in design, such as, design for manufacture and 
assembly, design for recycling, design for cost, design for environment and so on. These 
methods focus on a certain stage of the product life cycle and the integration that is 
needed [15]. Quality function deployment is able to do this integration, but we have to 
consider the special packaging problems that arise.  

In the following sections, I will write about the last three mentioned methods, the basis 
of these theories and about their integration to packaging. 

4.2. The QFD Theory   

Quality function deployment (QFD) has been widely used as a multi-functional design 
tool to translate customer requirements to a product’s technical attributes. QFD 
originated in the late 1960s and early 1970s in Japan from the work of Akao. In the 
beginning of QFD (also known as the method of the House of Qualities) development 
the primary functions of QFD are product development, quality management, and 
customer needs analysis [6]. So, by the QFD we can clearly divide the parts of the 
manufacturing processes and product developments.  

4.3. Possibility of integrating QFD process to the package design methods 

As I wrote in section 3 and 4, and as we can see the connection points of the product 
and packaging development, they have to be functionally and inherently united. 
Connecting the well-known processes and sub- functions of product design with the 
packaging requirements, mentioned chapter 3, QFD may be a suitable process in the 
field of systematic approach for package design. 

As we compare the processes and the attached tasks from the product developments, 
with the packaging design requirements from section 2, we can find a lot of similarities 
between the developments. 

In the following table (table 1.) we can see some samples regarding the similarities. 

In the table, the parts of the sequence – connected by arrows- shows one House of 
Quality (HoQ) (figure 4.). 
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Figure 4. HoQ – the build-up of the House of Quality (source: own compilation) 

Table 1. Parts of the QFD (source: own compilation) 

Product defense, marketing aspect, references, 
environment aspect, etc. 

Choosing: packaging material, transportation packaging 
device, stack ability, merchandizing relations, etc. 

Geometrical sizes of the product and packaging system, 
choosing transportation method, etc. 

Adaptation to the manufacturing system, production 
planning, storing and handling plans, etc. 

Quality assurance tests of the packaging system 
components, suitability test of the completely filled 
transport packaging,  

 

Many times, only the first two HoQs have been applied, but if we want to fill every 
requirement we have to run the method, fully. If we want to pass the continuously 
changing requirements and demands of the product and packaging design, we have to 
do these things.  

The big advantage of applying QFD is that we could make the most of the Concurrent 
Engineering (CE) advantages, so the communication and group work would be able to 
settle between the marketing research, the development, the quality assurance, the 
suppliers and the production departments. 

Besides the most important results of quality improvement and the higher consumer 
satisfaction, another important factor for using this method is that we could reduce the 
development time.  

4.4. Context of the DfE strategy and the package design methods 

Like the QFD process the Design for Environment (DfE) strategy was also born from 
the problems of product design and development. There are several Design for X 
methods, but the continuously increasing strictness of environment rules, parameters 
and customer demands have contributed to this strategy. 
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The principles of DfE are the following: 

• Secure an environmental friendly life cycle in the design phase 

• Sorting of the least impairing of environment solutions, in the fields of: 

o Applied materials 

o Applied technologies 

o Use 

o Reuse/recycle of waste  

Developing product-packaging systems to optimize their life cycle, there are a lot of 
important points such as, when and where we have to take into consideration the 
environmental factors. These important segments are illustrated in the next circle 
diagram (figure 5.) [7].  

The mentioned principles are well-known; we have to know the motivational factors 
and driving forces, which are important and can effect the methods, when the product-
packaging systems are built up. 

 

Figure 5. Important segments during the life cycle of the product – packaging system 
(source: own compilation) 

 

Internal motivating forces: 

• Demand for product quality improvement 

• Improvement of the appearance of the manufacturing company 

• Necessary reduction in costs of the product-packaging system 
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From the above-mentioned points, it is clear that if the manufacturing companies apply 
the DfE principles it has to be in continuous innovation and development, which may 
result in the radical modification of the product, the technology, and the packaging 
system. 

External motivating forces:  

• Factors of the authorities, the governments and officials   

• Market challenge/competition 

• Recommendation of professional organizations  

4.5. The DfE helps the QFD to be “green”  

The exclusive consumer demand orientation has to be divided, during product 
development, as Mackenzie [8] and Wong [9] mentioned in their papers. As I have 
mentioned, the environmental factors during purchasing strengthen, which is enhanced 
by the severe changes in consumer habits and the continuously changing requirements. 
From these facts, it is avoidless, not to count with DfE principles, during product and 
the attachable package developments and processes. Rahimi and Weidner [11], Wong 
and Juniper [10] completely analyzed the integration possibilities of DfE into QFD, but 
their papers extended only to product developments.    

The Green Quality Function Deployment (GQFD) as Wong and Juniper mentioned in 
the integrated process has been integrated with the most important parts of the DfE. The 
created matrix is called House of Ecology (HoE), emphasizing the importance of 
environmental factors. 

There are other studies that also can use QFD for environmental conscious design. 
Masui et al. [16] have focused on developing a decision-making support tool for the 
environmental aspects by using QFD, which is available in the early stages of the 
product design process. The modified and extended matrix is called Quality Function 
Deployment for Environment (QFDE). 

In integrated product and packaging system research, Barmlkev [4] has not mentioned 
the environmental parameters, but in Bucci’s [12] model, these parameters have already 
appeared. 

In this systematic approach for packaging model, the possibility of integrating DfE 
strategy to QFD process is just mentioned as an example.   

Recently, publications (Barmklev, Hung, Hellström) in this field, investigated only the 
context of product and packaging developments and their parameters. 

The exact research and investigations regarding packaging development methods will 
have a greater importance in the near future, as the requirements became more and more 
strict. Of course, there are some theoretical solutions to make a longer life cycle for the 
packaging, as a waste formative, but these methods do not reflect the optimal solution, 
as of yet. 
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In figure 6, a quasi-optimal and simplified packaging life cycle can be seen, which may 
have been created with the assistance of QFD and DfE. From the figure it can also be 
seen that the members and locations where the packaging and its design takes place 
possibly needs modification. 

 

Figure 6. Simplified packaging life cycle (source: Saghir 2004) 

 

4.6. Fuzzy Theory 

Zadeh proposed fuzzy theory, a science to examine the realization of the fuzzy situation 
in the world with the help of mathematics. It allows “belong completely”, the “belong 
partially” and “not belong at all” in the same field, which is the concept of belonging 
relatively and quantifies “belong concept”. In fuzzy set, the level of belonging is a 
random value between 0 and 1 and the fuzzy set can have many membership functions. 
By using the advantages of fuzzy, it can have more promotional ability, endurance 
ability and it can be more suitable for the non-linear system in the real world [14].  

4.7. Fuzzy application for package design?  

In practice, different customers have different attitudes toward the same product and the 
same packaging. Their rating cannot be the same as each other. What is needed is a 
suitable tool to capture this information. Fuzzy mathematics is possibly a good tool to 
capture this highly uncertain information. Many papers have introduced fuzzy math into 
QFD; in the last decade e.g., Zhou (1998); Wang (1999); Shen, Tan, and Xie (2001); 
Karsak (2004); and Chen and Weng (2006). These papers have emphasized mostly 
product development and haven’t found a healthy balance between the product and 
packaging [6]. To present the true rating information, it is possible to use for example 
the fuzzy performance-rating matrix (figure 7.) or the linguistic method of the rating 
(figure 8.). From the evaluating descriptions, we can integrate the differences among 
experts to provide the fuzzy description transfer in the matrix. So we can connect the 
linguistic variances to their relative fuzzy value. 
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Figure 7. Performance-rating matrixes (source: own compilation) 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 8. Fuzzy linguistic variables  

 
Continuing with this process we can get the package design requirements, package 
design attributes and product design attributes. So we have to evaluate the package 
requirements and package design attributes. This part of the process is the most critical.  
In the following we can fill out and complete first two HoQ matrixes and next we are 
able to calculate the total value of product design attributed to the fuzzy relationship and 
then standardize the total value so that all values are between 0 and 1 [14]. 

 

As we can see from above, the fuzzy method is applicable but if we want to develop a 
product and packaging system suitable for more requirement groups (customers, 
environment, logistics, etc.) we have to prepare for problems and conflicts that may 
arise. 

5. Conclusions 

To summarize, we have ascertained that the packaging and product developments, 
nowadays, are inseparable and stand together. Although, we face a lot of new problems 
during product-packaging system design, which can be seen in many well-known 
product design methods, these product design methods are only useful if we modify 
them, according to the special fields of packaging. As we know packaging is one of the 
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biggest waste producers, so the environmental requirements put packaging and its 
methods more and more into the spotlight. I have tried to investigate the approved 
product development methods and how we can use and integrate them into the 
systematic approach for package design method.  
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