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The goal of this paper is to present the author’s thoughts on the possible contribution of
quality engineering to sustainable development. It is indicated that in the product life cycle
designers have the greatest potential to support this challenge. Arguments have been pre-
sented to abandon the commonly accepted paradigm, according to which the overriding goal
of the designer is to achieve the highest market value possible measured by the prospected
level of demand for the products designed. It is postulated to include the minimization of
the risks brought to the natural environment and social relations as a criterion of product
design quality. To this goal, it is necessary for designers to pursue both environmentally
friendly materials and technologies and design concepts reducing consumers’ pressure on
continuously increasing demand. Such an approach will allow for more effective control of

consumption, the main cause of the negative effects of economic growth.
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Introduction

It is believed that economic growth is essential
for humanity to improve living conditions, economic
development, and civilization advancement. Lack of
growth is associated with crisis, recession and even
depression.

However, recent decades have made people real-
ize that there are processes accompanying economic
growth, having a negative impact on the natural en-
vironment and social relations, including increasing
economic inequalities [1]. Therefore, thinking about
growth in terms of sustainable growth begins to pre-
dominate, where human needs are met in such a way
as not to diminish the chances of realizing the needs
of future generations [2].

Economic growth is stimulated by consumption
and by supply, which is a response to emerging
demand. This is one of the fundamental economic
rights. Many factors influence the shaping of supply
and demand, and as a result, economic growth. They

are primarily associated with technological develop-
ment, the wealth and level of education of the soci-
ety, as well as the state financial and credit policy of
banks [3]. Depending on who is speaking about eco-
nomic growth, these factors are assigned a different
weight. However, there is a consensus that the pri-
mary factor in stimulating demand is people’s needs
and expectations satisfied by purchasing consumer
goods.

The creators of consumer goods, especially
durable goods, are mainly engineers, e.g. designers,
technologists, material scientists, I'T specialists, and
many others. It depends on them whether the de-
signed products meet consumer expectations well.
They are also largely responsible how far the produc-
tion and use of these products influence the natural
environment.

Today, the threat to the natural environment is
the most serious civilization challenge for humanity
[4]. The growing avalanche of consumption is indicat-
ed as its perpetrator. Its negative impact is visible in
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two particularly spectacular aspects: the production
of greenhouse gases and the emission of plastic waste.

Industrial production accounts for almost 20% of
greenhouse gas emissions. It is related directly or in-
directly (through the manufacture of the means of
production) with the making of consumer products.
The functioning of households is the source of the
next portion, almost 10% of greenhouse gas emis-
sions. Durable goods used in households have a sig-
nificant share of this. Energy production, accounting
for more than 20% of emissions, is needed to gener-
ate and maintain them. Greenhouse gases resulting
from fuel combustion by means of transport (11% of
emissions) result from the movement of people and
the transport of consumer goods [5].

The main source of plastic waste is packaging
used to transport and store consumer goods. They
represent 55% of plastic waste. Plastics alone account
for approximately 10% by weight and 40% by volume
of household waste [6].

The unstoppable growth in consumption also
contributes to the progressive economic and social
stratification. The means of production and distri-
bution are increasingly concentrated in the hands of
a small group of their owners. The rest of humanity
becomes only a passive and docile producer, distrib-
utor and consumer of the goods provided.

Fortunately, climate and social threats are be-
coming more and more recognized and there is a com-
mon belief that mankind should definitely tame its
aspirations and dreams that are satisfied by simple
consumption. It is emphasized that different paths
lead to the achievement of well-being. They don’t
have to be related to growing consumption. There are
many examples that economically underdeveloped
societies may perceive their well-being higher than
those belonging to the wealthy, at a high level of civ-
ilization development [7].

However, it is not easy for a man to voluntarily
limit his needs and the amount of goods he consumes
in order to satisfy them. This is due to the variety of
motivations that make people buy products [8, 9]. In
most cases, motivation is related to the satisfaction
of basic needs, the need for comfort, entertainment,
learning, etc. But to a large extent the impulse to
buy goods is triggered not by the vital importance
of need, but simply by the opportunities that arise
due to the appearance of new products on the mar-
ket, not necessarily needed by a human being. Since
it is difficult for a man to limit his “drive” to con-
sume, it is necessary to impose on his needs and ex-
pectations some external limitation. Otherwise, an
imminent climatic, environmental and social disas-
ter is very likely.
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Politicians have theoretically effective tools. They
can apply, for example, the introduction of appropri-
ate tax and legal regulations. So that, for example,
high fines have to be paid for improper use of plastic
packaging. So that, traveling by public transport is
made much more profitable than by car. Admitted-
ly, such measures are taken in some countries, but
they are definitely ineffective. Thus, the possibilities
offered by science and technology remain. Fortunate-
ly, both of these spheres have great opportunities,
above all — unlike politicians — with a long-term im-
pact. A lot is already happening in switching energy
production to renewable sources or in the use of car
engines that do not emit carbon dioxide and other
pollutants. There is much to be gained in this regard,
and the prospects are promising.

Objective of research

The goal of this paper is to present the author’s
point of view on the potential contribution of quali-
ty engineering to sustainable development. It was as-
sumed that quality engineering is oriented on imple-
mentation and creative development of the achieve-
ments and methods of various scientific disciplines
in the design of products, their production, delivery
and operation, with the intention of making these
products best meet the needs and expectations of
consumers, and to ensure their fair profit for pro-
ducers and suppliers. In order to more clearly notice
the tasks of quality engineering that could support
sustainable economic development, and then define
these tasks more closely, the process of creating qual-
ity in subsequent stages of a product’s life has been
analysed, Fig. 1 [10].

Design Manufacturing Sale and use
Q mMmpP
Manufacturing Consumers
process quality
l Expectations

Q_PD QPP Q_PMm Qs
Product —> Product  {—»| Product Quality
design performance market sensed by
quality quality quality consumers

Fig. 1. Quality chain of a product.

The deductive method was used in the considera-
tions presented in the article. Based on the life cycle
of the a product, as well as on the basis of literature
studies and the author’s own thoughts, a hypothe-
sis was formulated that quality deficit experienced
by consumers is an important factor regulating de-
mand and consumption. This hypothesis is the basis
for putting forward a suggestion that quality engi-
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neering can play an important role in efforts taken
to achieve sustainable development.

A proposal was presented for designers to adopt
a new design paradigm aimed at sustainable con-
sumption. Additionally, the tasks of quality engineer-
ing in the design and implementation phases of the
manufacturing processes were identified.

Deficit in consumer satisfaction
as a driver of the growth in demand

Each of a product’s life cycle stages, from concept
and design, through production and sales, to use and
disposal, adds or strengthens the quality of the prod-
uct, preserves or protects it [11]. A kind of quality
chain is created this way, Fig. 1.

The design stage includes the development of the
general concept of the product functioning, comput-
er simulations, and finally saving the design con-
cept in a form that allows for the construction and
technological preparation of the production process.
Conceptual work is usually carried out in R&D de-
partments, in cooperation with sales and market-
ing specialists. The result of these activities is the
creation of the product design quality (Q-PD). The
more accurately designers are able to predict and
take into account the current and future needs and
expectations of the target consumer group in the
design, the higher the design quality of the pro-
duct.

The design quality of the product includes its eco-
friendliness, which means that the product does not
have a negative impact on the environment and can
be partially or completely recycled or is biodegrad-
able [12]. It is the designer who determines what
materials the product is made of, how the various
materials used in it are connected with each oth-
er (detachable, inseparable connections), and what
consumables are used in the process of its use.

Design quality has a decisive influence on all
stages of a product’s life after the design phase. Er-
rors and omissions made in the project result in the
emergence of problems both during the production
and use of the product, and the later their effects are
noticed and eliminated, the greater they are [13].

The properties retained in the design are trans-
ferred to the product during the production process-
es. Manufacturing processes quality (Q-MP) is trans-
ferred into the product performance quality (Q-PP).
Its measure is the compliance of the properties of the
manufactured product with the properties recorded
in its design specification.

The resultant quality of product design and qual-
ity of manufacturing performance determines the
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quality of the product delivered to the consumer. It
can be called the product market quality (Q-PM).
It means what the buyer can expect from the prod-
uct offered to him. But the consumer, as a buyer
and then user of a specific product, notices in it only
those properties that he needs to satisfy his needs
and evaluates them through the filter of his expec-
tations [14]. Quality understood in this way can be
called the quality sensed by the customer (Q_CS).

The inherent quality of products is, in historical
and statistical terms, increasingly higher. However,
this is not accompanied by a continuous increase in
consumer satisfaction. The increase in satisfaction
with the purchased and used products is somewhat
limited. This is the result of a constant comparison,
one might say, of balancing the quality perceived by
the consumer Q_CS with the quality expected by the
consumer (Q_CE), Fig. 2. Expected quality should
be understood as an image of the consumer’s per-
ceptions of a possible, new, better product meeting
similar needs as the “old” product.

Quality expected
by the consumer

Quality sensed by the

consumer
Q.cs _CE
A
|—> O¢—— <
Time
New  QB=Q_CS-Q_CH Needs
product Expectations

Has the difference crossed a

yes threshold?

no

Fig. 2. An unsteady balance between expectations
and quality sensed by consumers.

After purchasing a product, the consumer evalu-
ates its quality (Q-CS) at a certain level. With the
passage of time, he becomes weary of the product,
notices somewhere similar products that seem better
to him. The product itself wears out and begins to
lose its original usefulness. As a result, the quality of
the product is perceived as increasingly worse, and
after exceeding a certain threshold, the difference be-
tween what is and what is expected is so great that
a decision is made to buy a new product.

The difference between the level of perceived per-
formance and the expected quality can be treated as
a kind of quality balance (1):

QB =Q.CS— Q_CE. (1)
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The quality balance represented by the above
equation applies to the entire product. It can also
be determined separately for each (2):

QBi = Q—CSz‘ - Q—CEr (2)

The quality balance is a measure of consumer
satisfaction. Balance for the entire product may be
positive, although it is negative for some proper-
ties [15]. Conversely, the total balance is negative,
while some properties are assessed positively. Some-
one likes something about the product and some-
thing does not suit them. A negative balance shows
that the consumer perceives a quality deficit.

The balance of quality can be a criterion for dis-
tinguishing three “types” of consumers:

e usually satisfied, do not expect more than they
have. They are not looking for new attractions at
all costs, QB >0,

e constantly looking for new impulses to feel satis-
faction. They buy new products, and after some
time they look for new emotions, (@B < 0 or
@B >0),

e constantly dissatisfied by nature. Whatever they
have, they think could be better, (QB <0).

It seems that there are large groups of people
in the entire consumer population who can be clas-
sified as either seeking or still dissatisfied. In these
groups, statistically speaking, the dominant feeling is
the persistent satisfaction deficit from the products
they own and use. People representing these groups
are, on average, more dissatisfied than happy. It is
this deficit that is the driving force behind economic
growth, unfortunately with all its negative environ-
mental and social consequences.

Quality engineering challenges

Analysis of the quality balance equation (QB =
Q-CS — Q-CFE) and the quality chain presented in
Fig. 1, justify defining — in the context of sustain-
able development — some important challenges for
quality engineering in the field of product design and
product manufacturing. Three of them are presented
below.

In the area of product design:

1) designing for maintaining a balance between con-
sumer requirements and the need to protect the
natural environment and maintain human-friendly
social relations,

2) designing with special consideration for the en-
vironmental impacts of the product during its
whole lifecycle (so called eco-design).

In the area of production process design and pro-
duction process execution:
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3) meeting the requirements set out in the design
specifications of products with the simultaneous
economical use of non-renewable resources and the
minimum negative impact on the environment.

The possibilities of meeting the challenges 2 and 3
are well defined and widely used today. In eco-design,
attention is focused, for example, on the selection of
materials and methods of joining them, so that dur-
ing the disassembly of the product, as many clean
materials as possible can be recovered [16-18].

In the production phase, they consist of the con-
tinuous improvement of production techniques and
technological processes, ensuring that the design re-
quirements are met “the first time around”, i.e. with-
out the need for reworks (zero waste). In the distri-
bution phase, they relate to logistic optimization so
as to limit the movement and transport of products.
In each of these areas, measures are taken to use
energy-saving methods of production or transport.

The above-mentioned activities are often dis-
cussed in the extensive literature in the field of quali-
ty engineering and quality management [19, 20]. For
example, in work [21] among the activities under-
taken within the so-called 4.0 quality highlights in-
clude: improvement of quality standards, practices
and methods, development of quality cost models,
introduction of modern lean techniques, implemen-
tation of automation and IT technologies.

The activities related to the production and
distribution processes have their limitations result-
ing from the necessity of using specific, necessary
amounts of resources to produce the planned number
of products. Therefore, even if the waste in produc-
tion processes will be completely eliminated and the
production technologies will become super energy-
efficient, the mass of material goods “flooding” the
world will continue to grow, and with it the amount
of resources consumed. It is therefore necessary to
limit the amount of produced goods, which means
stopping the uncontrolled growth of consumption.

Designers’ orientation towards
sustainable demand

Such possibilities are in the hands of designers,
who would like to follow a path of design oriented to-
wards maintaining a balance between people’s expec-
tations and demands and the environment sensitivi-
ty to negative influence of production processes and
product exploitation. Designers have the ability to
reduce human pressure of consumption by reducing
the permanent quality deficit, i.e. maintaining the
balance @B = Q-C'S — Q_CF for as long as possible
at a positive or only minimally negative level. They
can influence — through their projects — a greater
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stability of the Q_C'S level and a slower increase in
Q_CFE expectations. For opportunities to turn into
real actions, a design paradigm shift is necessary.

Today, designers predominately share an ap-
proach focused on the existing needs and expecta-
tions of consumers and on creating new needs, so
that the designed products have the greatest possi-
ble market potential, giving the opportunity to ob-
tain the highest profit from their sale. With this ap-
proach, the best companion to designers seem to be
marketers who create or even search for consumer
needs that consumers often have no idea about. De-
signers, at best, improve products through material
and topological optimization of the structure, and
upgrading of their technology.

It is necessary to propose a change of this ap-
proach, so that the design quality of the product is
not determined in relation to the needs of consumers
and the potential profit of the company, but in rela-
tion to the footprint left by the product — through-
out its life — in the environment. Designers should
also be guided by the principle of not creating needs
that do not enrich a person, and when satisfied may
have a negative impact on social relations. At the
same time, they should design to optimize energy
consumption over the entire product life cycle.

With regard to the environment, the proposed
postulate follows the rules known as the 5 R’s: refuse,
reduce, reuse, repurpose and recycle [22]. All these
actions should be undertaken, in the presented se-
quence, to minimize products’ influence on environ-
ment contamination and pollution. The new design
paradigm enhances the “refuse” rule. It says that ne-
cessity of launching a new product on the market, in
the environmental and social context, should be con-
sidered before commencing design activities.

In other words, it is necessary to limit the uncon-
trolled flooding of the market with new products that
people need only because they have been invented by
someone. The point is that when designing products,
designers should take into account not only stimulat-
ing demand for the products they design, but also the
awareness of the need to “temper” the demand.

Designers should change their relationships with
the marketing community. Marketing as it is per-
former today should be thoroughly overhauled. It
should be oriented not only to promoting prod-
ucts, but also to honestly and fairly explaining to
consumers the value of a given product in their
lives. Marketing should stop telling people that they
should buy something because they deserved it, and
they’ll get better. There should also be a limited role
in promoting products by various types of celebrities
who confuse people that think if someone famous on
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television or in a colorful magazine thinks something
is good, it means that it is both good and valuable.

The above-mentioned postulates are not novel.
Already in the 1970s, Papanek [23] noticed that since
the industrial revolution, the basic design paradigm
was a direct relationship with market needs, and any
alternative design approaches did not attract much
attention. In response to this observation, design
schools focused on social issues, such as the needs of
people in developing countries, the elderly, the poor
and the disabled, were created. These efforts made
people aware of the existence of an alternative to
market-based product design, but did not develop
a new model of social practice [24].

Sustainable customisation

Today, the possibilities of introducing new
paradigms of design (pro-environmental and pro-
social) on a large scale are greater than 50 years
ago. Designers have a wide range of possibilities in
this regard. High hopes can be placed, e.g. in the
customisation of products. It should be mentioned
that before the industrial era, most products were
designed this way. Today, however, it takes on a mass
character. Mass customisation represents a manufac-
turing paradigm which aims to provide a variety of
customized products with cost, quality, and delivery
performance comparable to that achieved by mass
production [25, 26]. In this “release” it is also a way
to fulfil the dream of many people, to be someone
exceptional — unique. Not only through your person-
ality, your creative contribution to life, e.g. social or
cultural, but also through the purchase and use of
unique products.

Personalization takes various forms. Typically
four are distinguished [27-29):

e cooperation — product features required by an in-
dividual consumer are given to him already at the
design stage — at this stage, the designer collab-
orates with the consumer. For now, this form of
personalization is used only in the case of ordered
products, produced in large numbers, but exclu-
sively (e.g. city buses designed for the needs of
a specific city [30],

e cosmetic — changes to the product are introduced
only at the final stages of the product’s life: as-
sembly or packaging and sales, According to this
scheme, cars are personalized (e.g. by adjusting
the shape of car seats to a specific consumer), as
well as office furniture, etc.,

e adaptive — the consumer, by purchasing a product,
has the option to adjust its functionality and ap-
pearance (aesthetics) features to his preferences.
These possibilities are planned at the design stage,
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but the consumer is only turned to at the use
stage. Thanks to built-in solutions (often mecha-
tronic and supported by artificial intelligence), the
product can be adapted to a wide range to specific,
individual requirements (e.g. a car seat),

e hidden — the consumer is offered products select-
ed on the basis of the results of continuous, but
hidden from the consumer, research on his prefer-
ences.

Today, customisation must seek to reconcile the
personal preferences of consumers with the overar-
ching goal of sustainable development, which is not
to endanger the natural environment and social re-
lations. Ultimately, it should put environmental is-
sues in the first place, hence the term — sustainable
customisation. Sustainable customisation should en-
courage designers to offer products tailored to the
needs and expectations of consumers, while reducing
their motivation to frequently replace products still
in use and having full usability [31, 32].

This can be achieved, for example, by applying on
an even larger scale than at present the principle of
modular design which decomposes complex systems
into simple modules. The product can be upgraded
by adding new functions simply by plugging a new
module so that the system can be augmented within
a specific range [33]. In this way, it is possible to in-
troduce solutions that have been thoroughly tested
in terms of ecology and functionality. In the future,
it may be possible to introduce self repair systems in-
to products. Such products with an integral “healing
mechanism” will be more “reliable” — will be able to
maintain operation for a longer period of time [34].

Personalization raises the question of the durabil-
ity of products, limited by technical wear (the prod-
uct loses its usefulness) or the so-called moral wear
and tear (the design solution used in the product is
outdated). Having the opportunity to obtain a prod-
uct that meets their current needs, consumers may
want to exchange their products for new ones more
often, with the conviction that they will better meet
their expectations. Manufacturers may therefore find
that it makes no sense to manufacture products with
a shelf life that is too long. And this corresponds to
the often used strategy of the so-called planned ob-
solescence [35]. It is achieved by designing products
with a predetermined nominal service life (after this
period of operation, damage occurs to the product,
the repair of which is not profitable) or by placing
on the market — after a certain period of time — new
generations of more technically advanced products.

This strategy is used primarily with the benefit
to the producer in mind. Its purpose is to encour-
age the consumer to buy new products as often as
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possible. To this end, producers engage in intensive
marketing and influence consumers by using the lat-
est technologies in their products, while at the same
time (covertly) giving products a deliberately limited
shelf life.

Such practices contradict the idea of sustainable
economic growth. But it is hardly possible to elim-
inate them completely. Producers strive to achieve
more profits, just as consumers strive to create op-
portunities to increase their consumption. In order to
limit the use of such practices, consumers should be
openly informed about their existence and encour-
aged to avoid them. This can be achieved by making
people aware of the various roles (consumers, em-
ployees, employers, people interested in environmen-
tal protection) which a person can take on in social
and economic life. He sees durability differently in
each of these roles.

As a consumer supporting environmental mea-
sures, he is interested in ensuring that the products
he uses cause as little damage to the environment
as possible throughout his life. From this point of
view, he expects products that, apart from being en-
vironmentally friendly, both in terms of design and
operation, are durable and reliable. Durable and re-
liable products have to be exchanged or replaced less
frequently, and therefore inadvertently consume less
raw materials and energy and generate less waste. On
the other hand, the consumer realizes that new prod-
ucts are more ecological, therefore the use of struc-
turally outdated products may be “per balance” un-
favorable for the environment.

As a consumer, you want your product not to
break down, but as a service worker for these prod-
ucts, it is not necessarily in your best interest.

For a person in the role of a producer, increas-
ing durability makes it possible to obtain a higher
price for a product. On the other hand, it increases,
often significantly, the cost of production, and this
may reduce the income from sales. For a person as
an employee, a higher price may limit the demand
for the products, which may entail the risk of losing
his job.

Taking into account these opposing effects, the
optimal design is one that allows one to obtain
the greatest difference between the potential bene-
fits and the potential costs and losses.

Personalization on a mass scale, supported by the
postulated new paradigm of design, should be the ba-
sic challenge of Industry 4.0, and at the same time
a sign of the level of technological development
achieved today. However, it poses huge challenges
for the industry, engineers and managers [36], name-
ly to ensure an economically acceptable unit cost
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of products. For personalized products to be com-
petitive, they cannot be significantly more expen-
sive than products with the same functionality and
quality of workmanship offered in mass production.
Customers do not want to pay for the personaliza-
tion itself, they are only willing to pay for the extra
value the product has for them. Fortunately, manu-
facturing techniques and forms of organization and
production control are becoming more and more per-
fect. In the factory of the future, the processes will be
fully supervised, operated by virtually infallible and
fatigue-free robots, controlled by intelligent systems
that make optimal decisions under given conditions.
They provide an opportunity for effective leveling of
unit costs in mass production and mass personalized
production.

Conclusions

Sustainable development must gradually look for
new ways to achieve a high quality of life, person-
al happiness and social well-being. One of them is
limiting the part of consumption that destroys social
relations and the natural environment of man.

Technical sciences, including quality engineering,
especially product designers, have an important task
to fulfill in this process. Designers should be increas-
ingly guided by the paradigm of designing prod-
ucts that meet human needs, without awakening new
needs, which are environmentally and socially harm-
ful, leading to pressure for a continuous increase in
consumption.

Introducing the postulated paradigm will not be
an easy task. Its implementation will result in tem-
porary losses for many, as it will slow down economic
growth understood in a classic way as a process of
increasing production capacities (on the scale of the
national economy or on a wider scale, depending on
the breadth of view), measured by the growth of real
gross domestic product. It will require a change in
the perception of the success of human civilization,
a reevaluation of the perception of personal and so-
cial goals.
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