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Abstract. The study is devoted to the co-design concept which is not widely studied in the manufacturing industry area. The concept is just
practiced but not theorized and not investigated enough, although it greatly deserves it because of its perspectives and advantages potential in
the technology changes era. This study aims to present an investigation of literature views on co-design in manufacturing operations, with the
comparison to service literature where it is widely discussed; the study also aims at in-depth investigations of co-design occurrences in two
industrial cases of product development to understand their nature and circumstances. In addition, the influence of Industry 4.0 technologies and
their coexistence with the concept of sustainability will also be strongly taken into consideration in the empirical part of this study. The process
of the individualized production of the industrial line for animal food packing and cardboard packaging production has been studied according
to case study methodology. The study demonstrates that co-design could contribute to bettering the process of new product development and
achieving products more accurate for the final users’ requirements. It goes hand in hand with one of the core ideas of sustainability, which is to
have long-lasting products, exploited by the customer with a high level of satisfaction for a longer time. The study implies that the technologies

of Industry 4.0 could support wider and more effective co-design exploitation by manufacturing entities.
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1. INTRODUCTION

As a widely known concept, sustainability brings many
challenges magnified by the current intensive technological
changes. Sustainability is a vibrant idea to meet the current
needs of society without compromising the ability to also meet
the needs of future generations [1,2]. Generally, sustainability
is about responsible and long-term thinking about production
and consumption, and the use of resources; it affects the so-
cial sphere, economic sphere, and especially the environmental
sphere [3]. Thus, the issues of manufacturing processes with
their effective organization lie at the very heart of sustainabil-
ity. Currently, a trend to re-orient enterprises towards the so-
called mass customization of production [4, 5] is becoming in-
creasingly intensive. Mass customization is about offering an
efficient delivery of non-standard products, adapted to the spe-
cific needs of customers, sometimes at a higher price, which
reflects the extra effort and costs covered by the manufacturer.
The literature [6] states that the strategy of mass customization
is the future of business. Additionally authors [7, 8] underline
the importance of the potential improvement together with mass
customization.

The mass customization strategy means the adaptation of
products to the individual requirements of customers, con-
sequently placing a strong emphasis on customer interaction
along all the steps of product development. So, the issue of the
design with the active participation of the user becomes crucial.
Co-design itself has different meanings, but first of all, this is
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a process that thoroughly engages the customer in product de-
velopment [9-11]. Co-design ensures products are much more
tailored to the individual desires and needs of customers. With-
out a doubt, co-design has a positive impact on the product de-
velopment process through the involvement of the main stake-
holders in activities undertaken within this process beginning
from the early stage of product development. However, across
management literature, the concept of co-design is very widely
explored regarding service operations as a means of closer and
better cooperation with the customer, and as a method to en-
gage him/her in value co-creation. At the same time, concern-
ing manufacturing operations, there is a noticeable lack of con-
ceptualizations, methodologies, and in-depth studies. There are
several typical areas of the manufactured product development
process where the end user of the product is involved. However,
this involvement has merely been studied in the context of value
co-creation and merely conceptualized. Simultaneously, the co-
design concept applied to manufactured products brings many
specific benefits. Definitely, co-design must be investigated in
the context of the product development process as it is concep-
tualized by the literature and technological changes referred to
as Industry 4.0.

Additionally, when considering the changes occurring in in-
dustries, we need to underline the meaning of the product, espe-
cially now in the era of servitization, and navigate an environ-
ment in which good products are even disappearing. Nowadays,
customers more often aim to buy and consume market prod-
ucts that have a heavy product component/core along with sev-
eral services accompanying this [12,13]. Noticeably, the bound-
aries between services and goods are less designable and will
be increasingly less recognizable as technology changes and
Industry 4.0 will likely influence all sectors of the economy.
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The business model called “product as a service” is increas-
ingly being adopted by companies. So, in such circumstances,
the research on co-design regarding manufactured product de-
velopment looks important and promising.

This study aims to review the literature on co-design re-
garding service products, and compare them to manufactured
ones; afterward, it will conduct an in-depth investigation of co-
design occurrences in two industrial cases of product develop-
ment considering the existing means of cooperation and infor-
mation exchange with final users, and finally to conceptualize
possibilities of further co-design development by the utilization
of a technology named as Industry 4.0, including the benefits
that can be achieved. The empirical study will be primarily fo-
cused on a comprehensive understanding of the customer role
within the product development and execution processes. This
step is perceived as the crucial one because it facilitates reliable
and accurate conceptualizations in further stages. The empiri-
cal investigation also considers the sustainability issue, particu-
larly when it comes to new technologies applied to the field of
company-customer interactions striving for the superior design
of the product.

2. VIEWS ON PRODUCT DEVELOPMENT PROCESS

AND CO-DESIGN
The manufacturing product development process according to
the literature is a lengthy process which starts with a strate-
gic product plan or market requirements analysis and ends with
the product withdrawal [14—16]. Authors [17] mention the four
steps model of the product design process. Step one — product
ideas generation and the assessment which follows. Step two
— product concept design and further development. Step three
— testing the product and trials, including the prototype. Step
four — launching the manufacturing process of the product. A
Big Picture model [15] proposes several product development
processes imposing a holistic and integrated view on this issue.
It is characteristic of several paths considering uncertainty and
risk, dealing with gathering appropriate pieces of information,
and finally different types of innovations [18]. It is symptomatic
that the design activities perceived as creations and innovations
usually consist of such activities as the setting of product as-
sumptions, modelling of the product, prototyping, testing, and
preparing the product for the manufacturing phase [15, 16, 19].

When carefully analyzing product development process con-
ceptualizations proposed in the literature, one noticeably sees a
tendency of limited feedback loops at the junction in between
the steps. They make the whole process more costly and more
time-consuming. This is suggestively presented in the stage-
gate process model by Cooper [20,21]. The stage-gate model is
based on the assumption of a superior need for formal and struc-
tured reviews between stages to ensure that the design meets the
requirements, and it is ready to be transferred to the next pro-
cess step. Another literature model [22,23] is focused on knowl-
edge management and treats it as a crucial element of product
development, combining knowledge domains of companies and
customer-appropriate capabilities are obtained to successfully
create an innovative product.

Co-design is another fundamental concept for this study. For
its understanding, it is advisable to start with the service ap-
proach and the co-creation concept developed in the service
science area. The concept of co-creation is very widely dis-
cussed by service scholars; however, it is general in its sense
and so applicable to any kind of business activity. According
to Prahalad and Ramaswamy [24], value creation itself and the
value of co-creation with customers is the essence of any busi-
ness activity. Moreover, it is closely tied to business competi-
tiveness. Other scholars [25] mention that any kind of business
activity is service-centric, even if it is mentioned as a manufac-
turing one because co-creation between parties and collabora-
tive activities constitute the basis of market exchange. Wind and
Rangaswamy [26] state that “what can we do for you?” is the
traditional business mindset, while this is being replaced with
another approach, which could be expressed as “what can we
do together?” In the marketing world, this paradigm change is
the foundation of so-called relationship marketing.

The terms “co-producer, co-designer, and co-developer” are
used when mentioning customer participation in the service
process [27,28]. According to Payne et al. [29], the service pro-
cess in the part in which the customer participates is a place to
conduct a successful co-creation and it happens during interac-
tions between two parties: a service provider and the customer.
Eichentopf et al. [30] state that the responsibility for crucial
service process outcome characteristics, namely the quality and
added value, are even shared with customers who are participat-
ing in the process. The knowledge factor seems to be the most
important in the whole of co-creation [29,31], and co-creation
within the service process is mainly about gathering knowledge
from customers, together with detailed customer expectations,
along with customized service provider actions and winning
customer satisfaction. In the literature, there are studies examin-
ing the knowledge approach regarding service co-creation. One
such study is by Chang et al. [32], who examined the knowl-
edge management concept and discovered several indispens-
able conditions for the effective co-creation of service innova-
tions. They revealed inter alia that service providers need to
develop and practice measures for involving customers and set
a user-friendly platform for facilitating the involvement of cus-
tomers.

Finally, the co-design concept is perceived in the literature as
a component of co-creation where the customer in this instance
is engaged in the design stage of the service. Authors also name
this phenomenon “collaborative design” [11]. However, first of
all, this is an opportunity to exploit the unique and hidden needs
of the customer [33]. Others mention that co-design is a strat-
egy enabling users to contribute with their particular knowledge
and skills to new service products [34]. The customer can con-
tribute to all stages of product development, from the raising of
the idea to the sending of the product to the market. Customer
engagement with co-design can significantly improve the value
of the product and the value proposition, and as a concept in
the marketing literature is more likely to meet the end user’s
desires. It needs to be underlined that service literature features
studies on the practical implementation of the co-design proce-
dure in the service product development process, as examined
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by Hurley et al. [34]. Nevertheless Ostrom et al. [35] state a lim-
ited understanding of co-design and not sufficient knowledge of
the advantages and benefits of co-design in the service sector.

Co-design as a management concept, and even as a notion it-
self, is not widely exploited by manufacturing literature. How-
ever, some closely related concepts exist, and they have great
importance. One of them is the concept of customer-driven in-
novations [36], which is mainly focused on technology changes
and having the customer in the center whilst working on new
technologies and/or breakthrough products. Being an important
concept in the world of dynamic technology changes, it does not
offer much in terms of the practical product development pro-
cess with active customer participation. At the same time, ser-
vice studies [37, 38] determine several challenges for research
on the co-design issue which need to be explored and possibly
developed regarding manufactured product development. Fun-
damental issues such as practical organizational methods are
important when establishing close cooperation with customers
aiming at successful product/innovation outcomes. These are
the main intentions of this study. First, it seeks to understand
the existing means of cooperation with customers within the
product development process. Second, it aims to explore the
potential for more advanced and better customer engagement
in this process.

3. STUDY METHOD

The study aims to present an in-depth understanding of some
of the phenomena that exist in a business organization. For this
purpose, a qualitative investigation strategy has to be employed.
Among some possibilities, the case study methodology looks to
be the most convenient and most beneficial one. According to
Baxter and Jack [39], the case study methodology facilitates
the exploration of an interesting phenomenon along with the
context and many kinds of data from different sources. The in-
sight from multiple viewpoints and perspectives is appropriate
for this method. Rowley [40] states that the case study method
can be applied in many ways; however, the exploratory aim is
the most typical — this means understanding a phenomenon un-
der its real conditions. Another fundamental aim of a case study
is to build a framework for new theories and/or new concepts.
Both these aims are applied in this study.

The methodology employed in this study assumes two re-
search phases. The first one is the comprehensive analysis of
the process of product development in two business organiza-
tions. All the process steps will be identified, and special at-
tention will be devoted to interactions with the customer, in-
cluding information exchange, obtaining knowledge, asking for
opinions, etc. This is to examine and understand the role of the
customer in the product development process in the considered
organizations. The cases to be examined are characteristic of
non-standard products where the role of the customer must be
substantial. One of the studied organizations delivers industrial
production machine sets for food processing, and the second
one produces printing packages for premium recipients. Further
characteristics of the studied organizations will be presented in
the next part of the study.
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As mentioned above, the current state of co-design will be
determined and clarified, and the second phase of the study is
on the conceptualization of the possible state of co-design in
these two product development processes. This stage aims at
systematic conceptualizations of the possibility of the co-design
concept deployment regarding diagnosed processes obtaining
more benefits from deep customer participation in the process.
In this stage, an assumption is considered that the huge potential
of co-design deployment is in new digital technologies, namely
Industry 4.0. All the tools, techniques, and system features pos-
sible to be employed in the process are considered along with
the utilization of such technologies, e.g. virtualization of man-
ufacturing, real-time data exchange, digital simulations, digital
twins, fast prototyping, and so on.

Several visits have been conducted to each of the investigated
companies, and the process of product development has been
comprehensively analyzed. The field investigation process in-
cludes documentation analysis and direct observation by inves-
tigators along with unstructured interviews with company man-
agers and operators. The conceptual phase has been supported
by unstructured interviews and open talks with engineering staff
and managers to obtain as many opinions as possible and solicit
feedback regarding the methods of co-design deployment.

4. INDUSTRIAL MACHINES MANUFACTURER

The first analyzed case is a company that provides non-standard
technologies to producers in the food industry. The role of co-
design was investigated here in the example of the development
of the technology of an industrial production line for packag-
ing pet food. The company is a technology supplier and pro-
vides comprehensive services from design through manufactur-
ing, and assembly at the customer’s site, to product servicing
for a specified period. It should be emphasized that in this case
the terms technology and product will be used interchangeably
because from the point of view of the researched company (pro-
ducer/technology provider) the process of developing the tech-
nology of an industrial production line is analyzed, while from
the point of view of the customer (buyer/recipient of the tech-
nology) the developed technology is a product [41].

The co-design of a new product in the form of a line for pack-
aging pet food was analyzed from the moment the customer
established contact with the tested company, until the imple-
mentation of the technology at the customer’s site, as shown in
Fig. 1. Blue color marks the activities in which the customer
was involved, thus participating in co-designing a new product.
The dashed line marks the activities in which it is possible to
use Industry 4.0 tools.

The beginning of the product development process was the
submission of an offer inquiry by the customer, in which the
initial functional requirements of the product were specified.
After their detailed analysis, the technological and design re-
quirements were defined, which were used in the next step to
develop a parametric model. A 3D model of the production line
was created in the CAD environment, which is a digital equiv-
alent of the designed product. This initiated a period of intense
cooperation between the producer and the recipient, including
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Fig. 1. The process of co-design a line for packaging pet food using
Industry 4.0 tools

several consultation loops on refining the functionality of the
product, during which subsequent models and computer sim-
ulations of the operation of the production line were created.
Thanks to this, it was possible to clarify the assumptions of
the technology and create a product ideally suited to the cus-
tomer’s needs. The activities conducted by the company can
be improved and accelerated thanks to the use of tools offered
by Industry 4.0. At this stage, a good solution seems to be the
digital representation of processes and objects (digital twins),
which allows you to quickly and precisely analyze the func-
tional parameters of the designed product [42].

The results of the conducted activities were reflected in the
offer prepared by the company, which contained all detailed
information about the product and related costs, and thus the
terms of further cooperation, which depend on the results of
negotiations with the customer. This is an important stage for
the company, as it may involve the risk of losing the customer
(resignation from further services), and thus no compensation
for the costs incurred so far. Obtaining the customer’s approval
and concluding a commercial contract begins the period of for-
mal cooperation and the start of the production process.

The next stage of co-design can be observed during the de-
velopment of the production line prototype. This is the stage
in which the first version of the technology is created based

on a previously developed 3D model. It contains the necessary
modifications to the technological and design requirements that
were not visible from the parametric model level. The function-
ality of the prototype is tested and analyzed under simulated
operating conditions on the premises of the production plant.
Thanks to the use of simulation tools, you can also involve the
customer in this process, without the need for his physical par-
ticipation. VR/AR technologies used in simulations allow users
to “see and test” the finished product before it is produced, and
the creation of a digital twin allows them to check its function-
ality. Unlike traditional computer simulation, an important fea-
ture of VR/AR is the constant presence of the user in a virtual
environment. In the case of the production line being created,
VR technology will help to place the device model created in
the CAD system, in any virtual environment, next to other facil-
ities available to the customer and to simulate the conditions of
its work in conjunction with other peripheral devices, if neces-
sary [43,44]. However, for the final presentation of the project,
AR technology can be used, thanks to which it is possible to vi-
sualize a virtual object in a real spatial context [45] and verify
the design requirements. Thus, the customer assesses the func-
tionality of the product using the tools enabling machine mod-
elling and simulations and, if necessary, reports the need for
modifications. The role of the customer at this stage is therefore
to approve the functionality of the prototype. Thanks to this, the
manufacturer will be able to complete the product (technology)
design stage and start the production stage.

During the construction of the technology, all technical prob-
lems are solved, optimization activities are conducted as well
as other activities that are necessary for the proper operation of
the animal feed packaging line. This requires the coordination
and integration of works performed by constructors, mechan-
ics, automation engineers, and electricians. At this stage, the
co-design of the company with the customer was not observed,
but their cooperation was intensified after the installation of the
finished product at the customer’s premises.

The installation of the industrial line at the customer’s
premises is from the customer’s perspective tantamount to the
implementation of the product, while from the manufacturer’s
perspective it is the beginning of the testing phase in real condi-
tions. This stage can be defined as technology co-design at the
production stage, in which the manufacturer accompanies the
customer for a specified period during tests (product use) and
at the same time provides him with technical support during
the “learning” of the technology. The manufacturer’s task is to
conduct the necessary training and adapt the product to the real
needs of the user, already identified during work in the produc-
tion plant, including necessary modifications and repairs. Sup-
ported activities can be provided by the involved parties with
integrated tools, sensors, and software that will provide full in-
sight into the production processes and the ability to control
them, which can be defined by the common slogan Industrial
Internet of Things (IloT) [46]. Thanks to this, the manufacturer
can solve some problems remotely. This approach allows the
surveyed company to fit into the sustainability concept. Thanks
to co-design, the customer receives a product ideally suited to
their needs.
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5. INDUSTRIAL MACHINES MANUFACTURER

Co-design was also the subject of research at a printing com-
pany. The production process of a refined packaging cardboard
product intended for manufacturers of branded products from
the cosmetics and food industry was analyzed. It included offset
printing, die-cutting, hot-stamping, automatic folding, and vari-
ous handmade finishing operations. The case study investigated
the scope for co-design within the new product development
process. Attention was paid to the potential of using Industry
4.0 tools in this process. It should be emphasized that the pro-
duction of packaging has, to some extent, the features of sub-
contracting, but the printing manufacturer has a large impact on
the product because it adjusts and modifies it in terms of tech-
nological requirements and optimizes the quality and price ef-
fects for recipients, at the same time taking care of sustainabil-
ity [41]. The packaging product development process, taking
into account cooperation with the customer in the field of prod-
uct design, is shown in Fig. 2. Similarly, to the previous sec-
tion, activities in which the customer was involved are marked
in blue, while the dashed line indicates activities in which it is
possible to use Industry 4.0 tools.

Concept of packaging - request for an offer

Offer - graphic and technological product creation

Consultation and clarification

<]|

Technical and technological product design

Accept proposed corrections

Artificial intelligence (Al), Simulations

Implementation of a trial series

Proof acceptance

VR simulations

Production process - printing and other

Fig. 2. The process of co-design cardboard packaging for printing
with the use of Industry 4.0 tools

The analyzed process begins with the customer (recipient)
reporting to the printing company (producer) with the concept
of the packaging graphics that they need for their products. It is
also the stage of the inquiry, as a result of which the manufac-
turer performs a preliminary analysis of the requirements and
begins activities related to the preparation of the price offer.
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As part of this activity, there is intense cooperation between
the customer and the manufacturer. The company prepares
several variants of the packaging concept with an indication
of the production technologies that can be used. The vari-
ants are analyzed by the customer in terms of graphics and
functionality and then sent back with proposed changes. This
is the stage of creation and consultation aimed at clarifying
the customer’s expectations, thanks to which in the further
stages of cooperation it will be possible to minimize the
risk of errors and complaints. The result of the activities is
the preparation of a business offer containing the terms of
cooperation and packaging production costs. After accepting
the offer and concluding a business agreement, the company
begins to develop technical and technological assumptions
for the product, during which minor changes may occur that
require customer approval. At this stage of co-design, tools
based on artificial intelligence, enabling product simulations,
for example, related to the selection of patterns and materials,
can be a great support for the parties involved [47]. In addition,
such systems can support customers in the self-preparation
of products by providing them with “automatic” guidance on
printing products. Al-powered solutions will help customers
learn from other procurement experiences and then intelligently
guide them through the product preparation process. Moreover,
simulations may be supplemented with augmented and virtual
reality technologies facilitating “seeing” the finished product,
which is of great value both from the marketing point of
view and from the perspective of building relations with the
customer and also accelerates the decision-making processes.

The next stage of the process is to prepare the packaging pro-
duction process. The manufacturer cooperates here with sub-
contractors responsible for the supply of matrices but does not
involve the customer in it. The result of the activities is set-
ting the machines and selecting the appropriate printing param-
eters. One of the key production processes requiring customer
involvement is printing, as a result of which all the visual fea-
tures of the product are obtained. This step, especially in the
case of new products, requires customer acceptance in terms
of color, print quality and efficiency, product appearance, and
other parameters important for the customer. The available vir-
tual reality simulation tools can support the process as they of-
fer the possibility of influencing the user’s visual and hearing
senses. In addition, they also provide tactile feedback through
the use of tactile devices presented in the literature [43, 44],
which facilitates effective and quick implementation of changes
in the project and contact with the customer. Obtaining the fi-
nal customer approval allows the manufacturer to proceed with
the production process and the preparation of finished products,
which at the same time allows them to complete the process.

6. CONCLUSIONS

Traditionally, the product development process requires manu-
facturers to operate in conditions of limited access to informa-
tion on the expectations of potential users, which may result in
the preparation of solutions that do not meet market needs and
are not accepted by customers. The solution to this problem
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may be the use of the concept of co-design, which is increas-
ingly popular in the literature and implies the customer’s in-
volvement in various stages of the process. While it has already
been disseminated in the service sector, the scientific literature
does not pay much attention to this issue in the manufacturing
sector, although the customer is also involved in product de-
velopment in the industry. This study shows that co-design is
an important issue in manufacturing and has great potential for
the future, so further theoretical and conceptual work as well as
designing organizational and process solutions are necessary.

A case study conducted at work in two companies operating
in the B2B market allowed us to trace the co-creation of a new
product. In the analyzed processes, the presence of the customer
is noticeable at almost every stage of the design and production
of a new product, which contributes to the creation of more per-
sonalized products. There is also a noticeable effort to support
cooperation with modern technologies. The employed Indus-
try 4.0 concept makes it possible to support the integration and
connection of existing physical objects and processes at differ-
ent stages of the product and service life cycle and thus can cre-
ate a completely new potential for co-design. It is estimated that
the use of tools based on modelling and simulations might lead,
first of all, to lowering the costs of the product development
process and improving the quality of manufactured products. At
the same time, it could provide a shorter reaction time to pro-
cess disturbances and introduce changes, which will increase
the personalization of the product and avoid costly mistakes. It
will also shorten the implemented decision-making processes.
It can therefore be expected that co-design supported by Indus-
try 4.0 technologies should lead to an improvement in the com-
petitiveness of products. However, the mere use of Industry 4.0
tools does not guarantee success. To understand their value, it
is first necessary to obtain knowledge about the product and
its origins. However, it should be emphasized that the adopted
research method and scope of data collected did not allow us
to accurately estimate the costs of implementing Industry 4.0
technologies as well as the adversities related to organizational
culture, knowledge and skills of employees in the field of new
technologies.

In addition, the product preparation processes analyzed in
the work clearly show that probably the most important fac-
tor in co-design is good communication between the parties in-
volved in the process (producer and customer). It should pri-
marily concern the effectiveness of communicating visual im-
pressions, concerning the parameters of the designed products,
among other things, which will facilitate interaction and cre-
ative teamwork, and thus contribute to the emergence of inno-
vative solutions. The use of Industry 4.0 tools in combination
with co-design shows a very high potential for positive benefits.
However, Industry 4.0 is still an area of wide-ranging concepts
and experimental work, lacking extensive empirically proven
and stable solutions.

There is a great demand for research and implementation
work in this area, extended by the use of these solutions in the
field of broadly understood co-design of industrial products. It
seems that there are a lot of research challenges in front of co-
design in the manufacturing process, along with the utilization

of Industry 4.0 technologies. Future research should consider
first the concept itself, it needs further elaborations including
building a comprehensive theoretical background, such as with
the existing service sector, including the taxonomies and ref-
erences to different industries. Second, it should consider the
practical tools and techniques to involve other parties in the
design process with customers in the first place and addition-
ally provide several possible advantages for a business entity.
Third, another important issue is the influence of co-design on
the competitive advantage of manufacturing companies. Fourth,
a separate issue is the development of procedures and routine
activities as well as building organizational knowledge to fa-
cilitate co-design within an organization. Fifth, the comprehen-
sive scientific work on the co-design development supported by
new technologies is also of primary importance. Finally, how
co-design, along with emerging technologies, can support the
growth of manufacturing and its sustainability.

To conclude, co-design could contribute to a better new prod-
uct development process along with products much more accu-
rately concerning the final user requirements. It goes together
with one of the core ideas of sustainability, which is to create
a long-lasting product, exploited by the customer with a high
level of satisfaction for a longer time. The study has considered
co-design along with emerging technologies and is a demon-
stration of how these technologies can contribute to one of the
pillars of sustainable business development. The technologies
of Industry 4.0 in the demonstrated cases are a real facilitator
of a business shift toward sustainability.
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