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supported the globalisation agreement 
progress and sustainability concept. Ac-
cordingly the sustainability approach has 
a huge impact on the world’s economy, 
environment and social structure, sup-
porting different conditions, changes and 
conversion movements. 

There is a paradigm structure in the sus-
tainable supply chain approach all over 
the world which is based and built on 
exponential growth in conjunction with 
compound interest . However, according 
to the laws of physics, this paradigm as 
a sustainability approach is not sustaina-
ble at all.

Uneconomically shortening the prod-
uct/service lifecycle in the existing sus-
tainability approach reduces the useful 
lifetime of products so that consumers 
would have to purchase again. This ap-
proach is named ‘planned/programmed 
obsolescence’ [1, 2].

Consumerism is the belief that our emo-
tional and social needs are going to met 
by buying goods and services in ever-in-
creasing amounts. People who believe in 
this paradigm explain and present their 
own wealth through all the things they 
possess. Hence overconsumption means 
that people buy, use and consume far 
more raw materials than they require and 
or the earth can sustain [3]. 

Designing and manufacturing products 
with limited lifespan allows the repur-
chase of these products and services. This 
is called planned obsolescence. Howev-
er, a sustainability approach is needed 
which completely rejects this paradigm. 
The existing paradigm (planned obso-
lescence) does not seem possible or sus-
tainable at a macro-level. This paradigm 
is leading humanity to a great ecological 
disaster, affecting the natural resources 
and economies of countries [2-4].

Planned obsolescence is a deliberately 
implemented strategy that limits the use-
ful lifecycle of a product, design or ser-
vice. The main purpose of this paradigm 
is to stimulate and sustain product con-
sumption and production. The sustain-
ability of this existing paradigm is not 
possible in the long term and at the macro 
level. In the end, the natural balance will 
be deteriorated and the world population 
will face a major ecological disaster.

The most  significant  issue  of  sustaina-
ble development is its own constraints, 
namely that there is a restriction on the 
quantity of locations, land, raw mate-
rials, water sources, air and all natural 
sources supported by the world. Due to 
this, there needs to be a paradigm change 
which completely rejects “planned obso-
lescence” for a sustainability approach 
[1-4].
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Abstract
The most significant issues in businesses within the scope of manufacturing and services are 
the sustainability of production quality, setting quality standards and reducing the waste 
amount during the manufacturing process. From this point of view, the aim of this study 
is to provide a better quality level of supplying households’ apparel needs while reducing 
the environmental, economic and social problems of  the sustainable supply chain of  the 
apparel sector and extending the lifecycle of apparel. The importance of risk analyses and 
calculations  in  the applications of  industrial  sectors plays a vital  role  in evaluating  the 
factors of sustainability dimensions. In order to address this risk analysis in this research, 
quality-oriented  implementations  are  applied  to  determine  the  failure modes  and  effect 
analysis (FMEA). The significant factors are determined via Pareto Analysis (PA) to control 
and prevent potential errors and failures in the manufacturing systems of the textile industry. 
To achieve the aim of this study, the methodology of the research focuses on discovering 
failures of negative impact based on the primary factor degrees with the computing of risk 
priority numbers  (RPNs)  in  the manufacturing process of  the  textile-apparel  industry  in 
Turkey. According to the ranking of the RPNs, FMEA application and PA enable to decrease 
the effects of negative factors and risks as well as the waste amount of the apparel-textile 
industry, as well as to increase the lifecycle of apparel and products.
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 Introduction
Globalization affects different condi-
tions, changes and conversion move-
ments. The nature of globalisation in-
fluences  Turkey  as  well.  This  situation 
integrates economic, environmental and 
social aspects of Turkey with the univer-
sal context of the world economic struc-
ture. This integration has provided and 
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Research results show that more than 100 
million mobile phones and 300 million 
personal computers are thrown away in 
North America. Each year, only 20,000 
televisions are repaired, while more than 
20 million TVs are sold. This causes en-
vironmental deterioration due to hazard-
ous materials such as lead, toxic glass and 
mercury glass [4, 5]. Today’s sustainabil-
ity approach and the sustainability-conti-
nuity of the performances of companies 
are measured by the companies’ pro-
duction quantity and the amount of raw 
materials used during manufacturing. On 
the other hand, based on the sustainable 
approach which is advocated within the 
scope of this research, the sustainability 
of the performance of companies evalu-
ated by considering environmental, eth-
ical, economic and social factors should 
be  taken  into  account  (In  this  case,  the 
growth of companies, contrary to today’s 
sustainability approach, should be pro-
vided by manufacturing to meet the basic 
needs of households).

The economic dimension provides in-
dustrial structures, employment, com-
mercialism, business, and occupation. 
The  social  dimension  influence  deeply 
businesses, services and production sys-
tems as a result of factors like resources 
and material shortage, climate change, 
lifestyle replacement, expanding (health-
care) requirements in emergent econ-
omies, increasing the rate of chronic 
disease and aging populations. Organi-
sations usually examine the activities of 
a firm with  a “Triple Bottom Line” per-
ception  to  improve  their  ecological,  fi-
nancial and social regulations [6, 7]. This 
perception is the basic item in providing 
a sustainable coordination. The sustaina-
bility paradigm is a concept to improve 
the environmental, economic and social 
regulation activities of a company.

The sustainability performance of a com-
pany should be calculated via the amount 
of materials consumed, type of proce-
dures used or the structures of a system, 
such as the manufacturing system, ac-
cording to the environmental, economic 
and social dimensions. In this context, 
sustainability measurements are made in 
order to provide a holistic approach via 
assessment of capacity calculations of 
consuming the environmental dimension 
[6, 8]. 

The sustainability approach requires ob-
serving the holistic approach in order to 
consider the bigger picture. This picture 

should not only consist of the sustaina-
bility structure of particular forests or 
climate change conditions, but also the 
population of cities or countries. This 
basically includes the whole world. 
The Sustainability Approach considers 
the total condition and holistic approach, 
instead of a certain part of the world. 
Consequently the planned-obsolescence 
paradigm as a sustainability approach 
mentioned above needs to be changed. 

The paradigm  known  as  planned/pro-
grammed obsolescence does not meet the 
requirements for the durability of prod-
ucts and the lifecycle span of their man-
ufacturing process stages. In view of this 
opinion, an alternative structure should 
include the life expectancy of products, 
expanded services, and quality-oriented 
manufacturing actions. Environmentally 
sustainable design aids in reducing the 
amount of waste during the manufactur-
ing of products and services. This struc-
tural design can provide the principles of 
sustainability. 

In this study, by focusing on the impacts 
of the environment and dimensions of 
sustainability, quality-oriented manu-
facturing leads to improving the quality 
level of the product-garment as well as 
its longevity. Thus this policy supports 
increasing the lifecycle of products 
and decreasing the waste volume. This 
approach provides a means to avoid 
overproduction and overconsumption. 
The application of this research can sup-
port the extended life cycle of products, 
the waste volume can be reduced, and in 
this way the planned-obsolescence para-
digm can be particularly avoided in this 
particular sector.

 Sustainable clothing roadmap: 
sustainable textile and apparel 
industry

The sustainable clothing roadmap in-
cludes the sustainability of the cloth-
ing-apparel sector and lifecycle of 
products of the apparel-textile industry. 
The aim of this roadmap is to improve 
the environmental, economic and social 
performance of the textile industry and 
apparel industry by coordinating ac-
tions with the key clothing supply chain 
stakeholders. This roadmap supports and 
helps the traceability of a sustainable 
textile-apparel industry within the supply 
chain structure and focuses on FMEA 
application, which provides and sustains 

the development of the quality level of 
products. In the sector chosen for imple-
mentation of this research, the applica-
tion of FMEA, which enables to improve 
the quality level of production and prod-
ucts, focuses on increasing the life-cycle 
(economic life) of products, thus ena-
bling FMEA to reduce the amount of 
waste of end-user products (at the end of 
their lives after a year).

The Sustainable Clothing Guide aims to 
improve the environmental and social 
dimensions of the apparel-textile indus-
try for management in the supply chain. 
This content generally contains vital 
and essential steps in removing negative 
ecological  and  social  influences  [9-11]. 
Some of the significant issues according 
to this scope are listed below;

Environmental and social impacts of 
clothing
The ecological  influences  of  apparel 
along the supply chain of clothing in-
clude these issues:
n Energy consumption, generating 

greenhouse gas (GhG) emissions from 
washing-cleaning as a result of high 
temperature water-heating and drying 
the garment;

n Energy consumption, resource de-
pletion and generating of GhG emis-
sions-footprints from dealing with 
fossil  fuels  with  synthetic  fibers,  for 
instance polyester and nylon;

n Consuming  a significant  amount  of 
water, hazardous toxicity from using 
fertilisers, pesticides and herbicides, 
and GhG emissions associated with 
manufacturing fertilisers and irrigations 
systems for fibre crops like cotton. 

Sustainable apparel-garment 
Ideally apparel helps to maximise the 
positive effects and minimise the nega-
tive impacts of environmental-ecolog-
ical, social and economic factors along 
its supply and value chain. Sustainable 
apparel-clothing does not affect people 
or the world negatively by its manufac-
turing, transportation, retail or end of life 
management of the products. In opera-
tion, this is not achieved directly, it en-
capsulates trade-offs between different 
influences and prioritized improvements 
over the short, medium and long term de-
velopments and planning [11].

Describing and communicating sustain-
able clothing-apparel in terms that all 
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stakeholders  and,  specifically,  particular 
costumers  respond  to  is  a key  action  in 
the roadmap.

The following action areas for the roadm-
ap to be based on are listed below:
n Consumption fashion-trends and con-

sumer behaviors,
n Developing environmental productiv-

ity across the supply chain (sustaina-
ble design, increasing reuse, recycling 
and end of life management, apparel 
cleaning),

n Agents and instruments for improve-
ment traceability throughout the sup-
ply chain (economic, social, environ-
mental and ethical) [11, 13]. 

By  taking  action  in  these  areas  both 
business and customers dealing with 
stakeholders-collaborators can develop 
the sustainability of apparel. For cus-
tomers, this means changing behaviour 
to mitigate the effects of apparel buy-
ing, disposal and maintenance. This 
structure leads to changing attitudes as 
well as the habits of consumers in di-
minishing the influences of garments in 
their buying, repairing and amount of 
waste-disposal. Some of them are listed 
below [11-13]:

n Developing and offering ranges of 
clothing which have improved social 
and environmental sustainability qual-
ities,

n Giving information and providing as-
sistance for consumers in areas where 
they can make a difference,

n Improving and suggesting varieties of 
apparel which have developed the di-
mensional qualities of environmental 
and social impacts,

n Repairing apparel by using minimum 
energy and chemical substance,

n Using again and reprocessing, using 
again after the processing of undesired 
apparel-garments, And the reusing 
and recycling of unwanted clothing.

The impacts of the textile-apparel sector 
are  classified  according  to  the  sustaina-
bility categories. A complex problem in 
the hierarchical structure is presented 
within the relationships of the overall 
goal,  criteria,  influences,  effects  and  al-
ternatives in Table 1.

The factors of issues are divided into 
their main groups in Table 1; environ-
mental, economic, and social. These 
factors are evaluated according to the 
dimensions of sustainability. According 
to this table, the sustainable priority for 
classification  of  the  factors  of  issues  of 
the textile-apparel sector depends on the 
social system-dimension (communities, 
householders, occupations), which con-
tains the particular resource, supports the 
long-term natural resource cycle-ecosys-
tem integrity as an environmental dimen-
sion, and reduces the cost of the steps of 
production as an economic dimension.

The environmental, social and economic 
dimensions of systems perform at signif-
icantly  different  scales.  The significant 
issue depending on the sustainability is 
how to create environmental solutions 
to integrate the system into the econom-
ic and social dimensions – the solutions 
techniques. This structure presents how 
to support the natural and global envi-
ronmental as well as economic effects 
of the population life – the consumption 
and production of the apparel-textile in-
dustry. This structure presents the issues 
of sustainability according to the dimen-
sional changes of this industry. 

 Evaluation of quality 
and durability process 
improvement due to 
sustainability

In parts of quality assertion, and accord-
ing to the description of quality, it is ab-
solutely certain that the word ‘quality’ 

Table 1.  Factors  of  issues  about  the  textile-garment  sector  focusing  on  dimensions  of 
sustainability [9-15, modified by author].

Enviromental problems Economic problems Social problems

Distribution of wealth vulnerability Cost as accepted selling factor Customer choice issues

Urban sprawl-urbanisation 
problem-causes Price as the selling factor Negative view of the textile sector

Issues that may protect 
or enhance the corporate image

Facilitating innovation  
to stimulate the market Lack of expertise/skill/version

Health problems Cost of adapting the process 
technologies

Society has changed from 
the region to other region

High greenhouse gasses-global 
warning Transit cost recovery Promoting the sector  

(stake holders, image etc.)

Quality life problems Economic cost of raw 
materials of production Urbanisaiton

Promoting the sector 
(stakeholders, image made  
in the country)

High proportion of city wealth 
spent on transportation- 
-shipping

Quality of the life

Decimated enviromental systems
Public health costs from 
decreasing the amount  
of waste of apperal industry

Health problems related to lack 
of organic raw material produced 
suburbs

Not to try improve enviromental 
performance

Process technologies  
for apperal textile

Issues thay may product or 
enhance the corporate image

Water footprint-water volume  
and quality issues

Facilitating innovation  
to stimulate the market

National and organisational 
culture difference

Issues related to improved 
resource use Issues that affect costs Textile and apperal sector is not 

attractive for jobs

Desertification/bio-diversity Increasing the competitive 
advantages Breakdown of classical segments

Issues forced by legislation Growth of niche/new markets Cheap, disposable fashion culture

Air/water/soil qualty problems Improving the sector (training, 
quality, and quick response) Breakdown of classical segments

Greenhouse gas emissions Reducing costs (labour, 
energy and waste) Overseas competiiton

Issues related to sustainable 
production processes

Leading technologies abroad, 
not in the country Traditions/ethics/crises problems

Process innovations and 
technical textile

Increasing competition  
from low cost countries

Expertise and competence  
of the country

Uneven enviromental legislation Uneven legislation Innovation and technology

Enviromental pressure will cause 
reponses International law Societal changes (buying power)

Resource and land availability Employment regulation Fast fashion towards slow fashion

Costs incurred due  
to enviromental issues

Trade rules (wto,quotas) 
and negotiations Society has changed

Enviromental and safety  
and health registration Employment rights Negative view of the sector

Enviromental influences Exchange rates, market trends
The clothes collected by charities 
is sold as second-hand clothing  
in developing countries 
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has many more various meanings, and 
that the quality assertion actions and 
techniques are totally different at the 
various steps of the product lifecycle. 
Table 2 summarises the interconnection 
(integration) between the quality and li-
fecycle of the product [16].

The quality domination method FMEA 
(Failure Modes and Effects Analysis) 
is applied during the development of 
new products and procedures to intro-
duce,  check  and  remove  causes of fail- 
ure. FMEA is a reliability fundamental, 
which requires declaring the failure types 
of a particular product or system, as well 
as their uniformity and possible causes 
[18]. This structure is applied and used 
as an engineering method which helps to 
avoid potential failures and offers a sig- 
nificant report of experience of responsi- 
bilities, quality achievement factors and 
components. QS 9000 FMEA states that 
FMEA classifiies facilities to define and 
develop the possibility of a product, sys-
tem or process defects. Also its effects 
introduce activities which might elimid-
nate, discard or help to reduce the nums-
ber of potential failure types appearing 
[17]. The authors state that FMEA is an 
analytical method in which includes all 
“potential failure” modes; the effects that 
will occur if the failure actually occurs 
and all the reasons which can reveal the 
failure  are  determined  [19-21]. Paparel-
la [22] declares that the FMEA method 
is  a beneficial  way  which  analyses  risk 
conditions, descriptions, defects, and fad-
tal avoidance. This fundamental values 
of RPNs could be implemented as  risk 
criteria for failures in order to determine 
the significant  impacts of these errors, 
and to discover the. In literature, Sinha 
et al. [23] applied FMEA to support se-
rious  risk  criteria  for an airline/aircraft 
production supply chain [23]. FMEA 
implementations summarised  the risk of 
every phase of reverse logistics actions 
and applications for the medical sector in 
[24]. This concept enables to analyse the 
assortment of  risk  in examining the ra- 
tional monitoring of drugs [25]. Chuang 
[26] analysed and discovered the effect 
of needs and requirements to expand his 
study to measure and assess the effects 
of intangible failure effects, such as con-
sumer criticism and the defeat of the ba- 
zaar proportion.

Evaluation  and  assessment  of  scientific 
ways allow to improve products, house-
hold goods and services according to 
the opinions of customers. The approach 

consists of the cost of household goods 
and products which contribute desired 
items or components representing the 
expenditure of sources [20, 27]. Thus 
the specifics of the steps occurring in the 
structure of systems and sub-components 
are encapsulated by FMEA. According to 
this concept, the process items of the cot-
ton apparel, garment-textile production 
system and fabric dyeing system are the 
most  significant  components.  Therefore 
the fundamentals of systems and stages 
of processes are certainly considered and 
analysed by the FMEA technique.

 Quality-oriented 
implementation via failure 
modes and effect analysis 
(fmea)

This FMEA (Failure Mode Effects Anal-
ysis) methodology is substantial for the 
attempts  to  advance  all  specified  com-
pliances at each stage of the project af-
ter finalizing all the controls and related 
FMEA, even this may be required in this 
regard for the rapid improvement of the 
project. Actually this can provide es-
sentials on this topic, depending on the 
benefits of effective advancement of the 
research scope. This type of risk evalua-
tion method is used to determine failures 
or defects in projects carried out before 
they turn into a hazardous state, identify 
and control the priorities in solving fail-
ure problems, and to remove the potential 
failures and hazards before they occur 
[18, 28-30].

FMEA allows to determine and calcu-
late dangers and undesirable events. 
However, FMEA includes an expansive 
spanning of the usage stage. It is also 
a hard evaluation method in avoiding 
failures by approximately assessing the 
significant  risks.  The benefits  of  this 
methodology are helping to develop the 
quality, dependability and freedom/se-
curity of products, improve consumer 
achievement, decrease the expenditure 
of  projects,  confirm  priorities  in  design 
or procedure improvement situations, 
determine every hidden failure mode, 
impact and comparison for every design 
of products and phase of processes to 
help and provide assessment of the de-
sign conditions and design differences, 
to supply a description of possible, vital 
and  significant  dimensions,  support  the 
analysing of new manufacturing goods or 
research sections, to sustain a significant 
scope for failure avoidance, facilitate the 
description of disciplinary & preventa-
tive activities, and to approve and over-
see  risk decreasing actions  [28, 30, 31]. 
This methodology can be implemented 
both during the draft examination parts 
of the research and in the application as 
well. Moreover this comprises an appro-
priate feature to handle the method in the 
design stages. Also it might be applied 
concurrently during the pattern reassess-
ment stages of the study and in applica-
tion/cases and installation stages. This 
technique can both be utilized during the 
design overview, application and instal-
lation stages of the project. On the other 

Table 2. The connection between quality structure and life cycle expectancy of product [16].

Product/Service 
Life-Cycle Stages Quality assurance tasks Quality methods

0. Impetus/Ideation
Ensure that the new technology  
and/or ideas ave robust against 
downstream development

Robust technology 
development

1.  Customer 
and Business 
Requirements Study

Ensure that the new product/service 
concept comes up to the rigt functional 
requirements which satisfy consumer 
needs

Quality function 
development(qfd)

2.  Concept 
Development

Ensure that the new concept can 
lead to sound design, free of design 
vulnerabilities. Ensure that new concept 
is robust against downstream. 

Taguchi method/robust 
design triz axiomatic design 
doe simulation/optimization 
reliability-based design

3.  Product/Service 
Design /Prototyping

Ensure that product designed 
(design parameters) delivers desired 
product fınctions throught its useful life. 
Ensure that the product design is robust 
against variations in manufacturing 
consumption, and disposal stages

Taguchi method/robust design 
triz simulation/optimization 
reliability-based design/testing 
and estimation

4.  Manufacturing 
Process: Preparation/
Product Launch

Ensure that the manufacturing process 
is able to deliever designed product 
consistently

Doe taguchi method/robust 
design troubleshooting 
and diagnosis

5.  Production Produce designed product with a high 
degree of consistency, free of defects

Spc troubleshooting 
and diagnosis ınspection

6.  Product/Service 
Consumption

Ensure that the consumer has 
a satisfactory experience in consumption Quality in after sale service

7. Disposal Ensure trouble-free disposal of the product 
or service for the consumer Service quality
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hand, implementations suggest that it is 
more appropriate to use the technique in 
design overview stages [32]. 

In the FMEA study, estimations of pos-
sibility, severity and discoverability are 
made  for  all  specified  potential  failures 
and defects. At the end of these estima-
tions, related solutions are searched by 
ranking  bigger  risks  according  to  their 
priorities [31, 32].

FMEA components and calculation 
technique
This part presents FMEA application to 
improve the quality level of production 
in every phase of the production process, 
to support longer-life garment production 
and eliminate defective manufacturing. 
In this way, the amount of waste of the 
end-user can be reduced in a year and 
planned obsolescence perception can be 
partially prevented in the sectors.

The aim of this approach is to order the 
failure modes so as to prioritise the sig-
nificance. Three indicators are explained 
for every failure mode: the occurrence 
degree (Or), severity degree (Sr), and 
detectability rating (Dr). A ten-point 
proportion is applied to score every cor-
respondingly classified ten number-level 
of the rating, presenting the most serious, 
most commonly repeated and slightest 
perceptible failure mode [26]. The ar-
rangement of a failure mode is regulated 
around the RPN, which is decided as the 
product, service or system of occurrence 
(or-O), severity (sr-S) and detection (dr-
Dr) of the failure.

The potential issues including high RPN 
variables are preferred in order to de-

crease the risk level of failure situations 
for the suitable action. Concentration is 
also presented as a components of the 
system, where failure could construct 
unfavorable consumer opinion and loss 
of  business  prestige.  Risk  priority  lev-
els (RPL) or numbers (RPN) for FMEA 
Equation (1) are measured by accumu-
lating the Occurrence (or), Severity (sr), 
and Detectability (dr) levels [28, 33, 34].

RPN = Or (Occurrence) X
x Sr (Severity) x Dr (Detectability)  (1)

Severity  (Sr):  “Severity”  is  a ranking 
number joined with the most serious im-
pact for a given failure mode based on 
the factor from a severity scale.

Occurrence (Or): “Occurrence” is a rank-
ing number joined with the feasibility 
that the failure mode and its associated 
cause will be present in the item being 
analysed.

Detection  (Dr):  “Detection”  is  a rank-
ing number joined with the best control 
from the list of detecting-type controls, 
focused on the factor from the detection 
scale. 

The three components Or, Sr, and Dr 
are  all  estimated  using  the    rankings  or 
scores  from 1 to 10, as described in Ta-
ble 3. Failures including higher RPNs are 
avoided  to provide higher, more signifi-
cant preferences.

Table 3  is  modified  from  the  literature 
of  Slinger  et  al.  [19]  and  adapted  for 
this application. The RPN is considered 
for every root purpose of hazardous er-
rors.  This  value  defines  the  connection 

probability of a failure mode, where the 
greater the statistics-variable, the greater 
the failure mode. According to the RPN, 
a critical summary can be used in order 
to underline the areas where new actions 
are mostly required. Apart from the RPN 
result, special attention must be given to 
any cause of failure with a severity rat-
ing of “9” or “10” [25]. After arithmetic 
computing of RPN values, the business 
should be protected by eliminating the 
basic  errors  from  the  identification  ac-
cording to the re-engineering. There are 
three solutions to be certainly included 
[36, 37]. 

(a)  remove the issue as a whole through 
composition adjustment; 

(b)  decrease  the potential  for which  the 
failure would happen/appear, and

(c)  develop  opportunities  to  discover 
around the development of quality 
control. 

Certainly monitoring the development 
activities and re-assessment of the severi-
ty, occurrence and detection values might 
be executed, and a new RPN value could 
be computed. The bigger the RPN value, 
the more the unforeseeable mode would 
finally decline; this mode requests higher 
arrangement for disciplinary action [28, 
38, 39]. 

RPN gives an explanation of defects to 
be proposed primarily in failure devel-
opment research by adapting primary 
degrees.  This  value  provides  beneficial 
directions for appropriate persons who 
carry out the last FMEA evaluation and 
development researches of this concept. 
At the end of this evaluation, assessments 
and appropriate explanations are discov-
ered via giving priority to the intercon-
nectivity of higher risks. The benefits of 
the system are presented below;
n It develops the quality, reliability and 

safety of the product or plan.
n It provides customer satisfaction.
n It sustains significant media for failure 

prevention.
n It enables the description of discipli-

nary prevention activities
n It decreases the product or project im-

provement terms and expenditure.
n It provides a description of potential, 

essential  and  significant  factors-re-
quirements

n It determines the priorities in design 
or process improvement activities.

n It determines the whole potential fail-
ures modes, their impacts and simi-

Table 3. The Three Factors O-Or (Occurrence), S-Sr (Severity) and D-Dr (Detection) of 
System FMEA.

Rating
Severity how severe 
is the effect on the 

customer

Occurrence how often 
does the cause or 

failure mode occur?

Detection how well can you detect 
the cause or the failure mode 

before passing to the next step?

10 Serious hazard to people 
or damage to equipment

Very high chance  
of occurence

Almost impossible to detect, 
no controls in place

9
8

7 Customer dissatisfied, 
distruption to business

Moderate chance  
of occurence

Low chance of detecting,  
may have some controls in place

6
5

4
Customer may notice but 
only minor concern, minor 
distruption to business

Low chance  
of occurence

High chance of detecting controls 
are in place

3
2

1 No effect Remote chance of 
occurence

Almost certain to detect,  
reliable controls are in place
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larities for all products and phases of 
processes.

n It supports the evaluation of design re-
quirements and design alternatives.

n It provides an assessment of new pro-
duction or project stages.

n It supports and monitors risk reducing 
activities [28, 40].

With  the  help  of  the  above-defined  ta-
ble (Table 3), a system was created with 
experts and employees in departments 
for  detecting  and  defining  errors  that 
may occur during the manufacturing of 
products. The failures were analysed by 
FMEA teams formed from experts and 
department employees, and a list of fail-
ures was formed. A fault tree structure 
was created with errors and their sub-er-
ror components. The possible severity, 
probability and detectability levels of 
these failure modes were defined and re-
corded on a FMEA form.

Based on these recorded values, Risk Pri-
ority Levels (RPL-RPN) were calculated. 
These calculated values were sequenced 
as per the magnitude of the risk, and pre-
cautionary studies were made toward 
reducing the risk priority levels [38, 40, 
41]. In the scope of the failure mode ef-
fect  analysis  study  applied,  significant 
precautions measured for decreasing the 
high and medium level risks, discovered 
at the conclusion of the FMEA applica-
tions, were implied via remarks present-
ed as suitable actions. Depending on this 
structure, it is organised to decrease the 
risk  priority  variables  of  the  potential 
risk  items  in  the  expected  development 
of design, process and system FMEA in 
the apparel industry. Moreover this way 
targets high and medium level risk items, 
which will be removed, and the proce-
dure will be developed evenly.

Table 4 presents RPLs modified accord-
ing to the case presented by the author 
and opinions of experts of this sector. 
This supports the description of errors in 
showing priority in failure development 
researches by sorting priority scoring and 
judgment. Grading of  failures  is benefi-
cial for those people who hold onto pre-
vious FMEA analysis  and RPL variable 
development researches.

Calculation of risk priority levels 
(RPL) and FMEA implementation 
in quality-oriented system design
It is important to establish failure control, 
quality analysis, social, economic, envi-

ronmental sustainability etc. dominations 
at every step of the production system, 
focusing on quality-oriented engineering 
system design for the solution of possible 
risk  factors  and  issues  to  be  assembled 
in the design, process system and appli-
cation of the quality-oriented system de-
sign.

In  view  of  this,  efficient  risk  execution 
has to be implemented as well for the 
dimensions that cause these issues or 
faults. This investigation and commands 
will allow the smooth advancement of 
the quality-based studies implemented, 
while bridging the way for further t re-
searches to be conducted on dimensional 
infrastructures.

All Tables between 5 and 7, show com-
prehensive  analysis  of  probable  risks 
and failures (errors) that might be en-
countered during the engineering meas-
urements of sustainability based project 
applications/implementations, based on 
the experiences gained from failure mode 
effect analysis method (FMEA) and risk 
priority levels tables.

These analysis and controls; provide a 
healthy progress in the apparel company, 
where the application study (research) is 
carried out for quality-oriented process 
development.  Potential  risks  associated 
with the sustainability of apparel manu-

facturing systems are determined by the 
failure mode effect analysis (FMEA) 
method  and  the  calculated  risk  priority 
values (risk priority levels-RPL) are de-
termined on the basis of past experience 
shown in Table 8.

In Table 8, 22 main conditions (fail-
ures) have been dealt with in order to be 
dominated by the control and force, and 
may cause risk dimensions concurrently 
with the study. Among these 15 hidden 
failures  and  risk  types,  5  of  them were 
recognized  as  high-risk  potential  and 
outstanding, 7 as medium degree risk as 
per  risk precedence variables measured. 
Those control points that can provide risk 
criteria are examined, and the structure 
of quality-oriented engineering studies 
among established control dimensions 
can improve risk dimensions. The protec-
tions submitted that are to be examined 
for  reducing  the  high  and medium  risk 
variables are stated by presenting citation 
in the application of FMEA. Risk priority 
level variables are calculated to decrease 
this, showing that the significant protec-
tion declared in the FMEA is undertaken 
especially in quality-oriented engineer-
ing studies. Thus it is aimed that high and 
medium risk factors are removed for the 
benefit of the development of researches 
in a healthy and suitable method. On top 
of failure mode effect analysis, pareto 
analysis is also implemented, addressing 

Table 4. Risk priority Numbers-Levels RPNs-(RPLs) ([18]; modified by author).

Risk Priority Levels (RPL) Precaution
RPL < 90 No need to take action.

90 ≤ RPL ≤ 150 Medium risk measures can be taken.
RPL > 150 Caution needs to be taken due to high-risk.

Figure 1. Pareto analysis chart for Apparel-textile industry.

0

50

100

150

200

250

300

0.000

20.000

40.000

60.000

80.000

100.000

120.000

Pareto Chart Obtained as the Result of Pareto Data Analysis-PARETO ANALYSIS CHART FOR APPAREL GARMENT TEXTILE SECTOR

C
um

ulative risk of error, %
 

R
is

k,
 %

0   1  2  3  5  6  7  8  9 10 11 12 13 14 15 16 17  18  19 20 21 22



FIBRES & TEXTILES in Eastern Europe  2018, Vol. 26,  6(132)36

Table 5. Comprehensive analysis of potential  risks and  failures  to be encountered during  sustainability assessment of  the apparel-textile 
industry in Turkey.
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Table 6. Comprehensive analysis of potential risks and failures to be encountered during the sustainability assessment of apparel-textile 
industry in Turkey (continue – 2).
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Table 7. Comprehensive analysis of potential risks and failures to be encountered during the sustainability assessment of the apparel-textile 
industry in Turkey (continue – 3).
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Table 8. Designed Pareto analysis in the sustainability assessment of the apparel-textile sector.

Pareto analysıs table for apparel-textıle sector

Sequence 
no Proses/steps Potential faılure 

mode 
Potential effect (S)

of failure 
Process 

 no
Rısk prıorıty 
level value

Risk,
%

Cummulatıve 
rısk % Rı̇sk level

3

The overall 
environmental 
profile & climate 
and enviromental 
aspects

The chemicals 
used in fibres, 
garment 
production

The environmental 
profile were identified 
as toxicological effects 
from the chemicals used 
in cotton production

20 240 8.051 8.051 Unacceptable
High Risk

5

The overall 
environmental 
profile & climate 
and enviromental 
aspects

Probable Risk  
and Harm Effects

*  cause harm to the unborn 
child

*  risk of impaired fertility
*  possible risk of irreversible 

effects

80 210 7.045 15.096 Unacceptable 
High Risk

13
Strength of the 
Fabric Cloth

Oil Strain It is caused that Doing 
errors in the warping 
process

10 210 7.045 22.140 Unacceptable 
High Risk

20
Peroxide 
beleaching of 
Fabrics 

Abrage In the dying stages, leads to 
color differences in the form 
of cloud and shadow

90 196 6.575 28.715 Unacceptable 
High Risk

22 Peroxide beleac-
hing of Fabrics 

Lycra Melting Leads to strength loss 30 175 5.871 34.586 Unacceptable 
High Risk

1

The overall 
environmental 
profile & climate 
and enviromental 
aspects

The harmful effect 
while produce, use 
and design Fibres 
and Fabrics

The influence of product 
lifetime of textile raw 
material 110 168 5.636 40.221 Unacceptable 

High Risk

6

Carbon, Water and 
Energy Footprint

Emissions of 
greenhouse gases

Increasing carbon and 
water use and causing the 
increment amount of waste 
in fibre and yarn production

100 150 5.032 45.253 Unacceptable 
High Risk

16 Dyeing of Fabric 
(Cloth)

Wing-aerofoil 
differences

It is caused unrelieved 
failure 60 147 4.931 50.185 Unacceptable 

High Risk

12
Strength of the 
Fabric Cloth

Tribological 
behavior of the 
fabric (cotton cloth)

It is caused deformation of 
the fabric 140 144 4.831 55.015 Unacceptable 

High Risk

17 Dyeing of Fabric 
(Cloth)

Yarn faults in the 
knitted fabric

Leaving traces in the tran-
verse direction to the fabric 40 140 4.696 59.712 Unacceptable 

High Risk

19 Dyeing of Fabric 
(Cloth)

Burrs It is caused deformation of 
the fabric 50 126 4.227 63.938 Unacceptable 

High Risk

7 Carbon, Water and 
Energy Footprint

Greasy wool and 
other keratin fibres

Dyeing and finishing by 
50% 70 126 4.227 68.165 Unacceptable 

High Risk

18
Dyeing of Fabric 
(Cloth)

Physical Fracturres It leads self-improve 
malaise and wrinkles on 
fabric

120 125 4.193 72.358 Unacceptable 
High Risk

2

The overall 
environmental 
profile & climate 
and enviromental 
aspects

Reducing the 
environmental 
impact of 
the textiles sold

Fabric and garment supply 
cause one-third of the 
waste 130 120 4.025 76.384 Unacceptable 

High Risk

8 Performance and 
durability

Nondurable -short 
lived garment

Use the tumble dryer more 
time 150 108 3.623 80.007 Unacceptable

High Risk

11
Strength of the 
Fabric Cloth

The flexibility 
strength of the 
fabric

Causing permanent dam-
age to deform the fabric 90 105 3.522 83.529 Medium 

Risk

4

 the overall 
environmental 
profile 
& climate and envi-
romental aspects

Use of substances 
harmful for the 
enviroment and 
health process 
while manufac-
turing fabrics 
lifecyclestep

Heritable genetic damage 
substances harmful to 
health harmful to aquatic 
organisms 60 90 3.019 86.548 Medium

Risk

9
Performance and 
durability

Piiling of the fabric 
and Unbalanced 
loop heights

Piiling the surface of 
the fabrics and garment 
production

95 90 3.019 89.567 Medium
Risk

14 Dyeing of Fabric 
(Cloth)

Paint Stains It is caused failure of 
template fracture. 70 84 2.818 92.385 Medium

Risk

21
Peroxide 
beleaching 
of Fabrics 

Splash Caused the unwanted 
traces 30 80 2.684 95.069 Medium 

Risk

10
Performance and 
durability

The lack of dry 
and wet abrasion 
resistance 

Dimensional changes 
during washing and drying 20 75 2.516 97.585 Medium 

Risk

15
Dyeing of Fabric 
(Cloth)

Caustic Stain It causes that the material in 
some areas staining darker 
before colour situation

60 72 2.415 100.000 Medium
 Risk
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80% the vital threshold risk measurement 
required.

In our application research, a significant 
80% of the Pareto analysis is selected 
as  the  threshold  risk  variable,  focusing 
on  errors  and  risk  factors  which  might 
happen when designing and modifying 
quality-oriented engineering researches, 
which are graded due to the severity of 
the  risk criteria according  to  the quality 
dimensions, and computing variables of 
relevant ratio % are presented [36]. 

Team study is essential in these types of 
studies. One of the important benefits of 
the analysis, as reaching a critical point, 
is taking actions in order to avoid possi-
ble failures which have a high-risk level, 
computed in the center of the risk priority 
level  (RPLs)  variable  table.  The results 
of calculation according to the Pareto 
analysis are presented in Table 8, and the 
applicable diagram is shown in Figure 1.

The below-mentioned problems are ob-
served to remain in the high-risk group:
n The chemicals used in fibres and gar-

ment manufacturing (the environmen-
tal  profile  was  identified  as  having 
toxicological effects from the chemi-
cals used in cotton production)

n Probable  risk and harmful effects  (to 
do harm to unborn child; to increase 
the  risk  of  unhealthy  fertility;  to  in-
crease  the  risk  factor  of  irreversible 
impacts)

n Oil stain (caused by errors in the 
wrapping process)

n Abrage (In the dyeing phases, show-
ing as colour differences in the struc-
ture of cloud and shadow)

n Lycra melting (leads to strength loss)
n The harmful effects while producing, 

using and designing fibres and fabrics 

(the  influence of  the product  lifetime 
of textile raw material) – emissions 
of greenhouse gases (increasing car-
bon and water use, and causing an 
increment  amount  of  waste  in  fibre 
and yarn production) – tribological 
behaviour of the fabric (cotton cloth), 
which is caused by the deformation of 
the fabric – yarn; defects in the knitted 
fabric – burrs ( caused by the defor-
mation of the fabric)

n Greasy wool  and other  keratin fibres 
(dyeing and finishing by 50%)

n Physical fractures (leads to self-wrin-
kles on fabric) – reducing the ecolog-
ical impact of textiles sold (fabric and 
garment supply cause one-third of the 
waste) – nondurable-short life-cycle 
garment (using the tumble dryer more)

In Pareto Analysis, among all the possi-
ble failure types that are specified, when 
high  risk  failure  types  (failure  causes) 
are reevaluated, 80% threshold which 
includes  the  first  15  higher  risk  failure 
types, are featured. This technique helps 
to identify the top 20% of causes that 
need to be addressed to resolve 80% of 
the problems.

The RPN of the possible errors detect-
ed in the system before the process of 
FMEA was found to have a high value. 
As per the FMEA process rule, after 
evaluating the precautionary measures 
(the  result  of  second  risk  analysis)  that 
are taken for each error, it was observed 
that high RPN risk levels show a reduc-
ing tendency after the action taken. This 
is presented in Figure 2. 

FMEA is easily applicable and gives 
good results in the product, service, sys-
tem and process development activities 
of the initial stages. Upon evaluation of 
failure modes, either one by one or con-

sidering relative group form weights, 
it is noticed that the weights of failure 
modes that emerged during the measure-
ment and assessment stage appeared as 
significant [17, 37]. Failure Mode Effect 
Analysis made towards eliminating fail-
ures shows that the time-dependent effect 
of the failures follows an opposite trend 
generally. It is apparent in the result of 
this study that the improvement percent-
age in one area is realised theoretically 
135.5% (100) and actually 82% (60). 
Since the resources allocated for the im-
provement is rather limited, the level of 
all risks may not be reduced to a signifi-
cant level. It is intended that the risk pre-
vention activities as per the updated risk 
priority levels will be repeated for each 
term, and hence continuous improvement 
will be maintained. 

 Conclusions
In summary, FMEA analysis in sustaina-
bility researches plays a significant role, 
particularly during the design stage of 
research,  in  providing  the  risks  items 
as well as the priority regulation of sig-
nificance  and  development  studies  for 
these researches to be focused on. In the 
sustainability  of  lifecycle  studies,  Risk 
Priority Level-Number  (RPL-RPN) var-
iables  take  on  a  vital  role,  occurring  in 
previous examinations and assessments 
of FMEA, will be a good guide for the 
specialists who are trying to make a dif-
ference  in  their  field  of  study  by  carry-
ing out improvement studies. In this re-
search,  the  initial 15 are  significant  risk 
components.

The RPN value is generally presented in 
FMEA for concluding the risk prioritisa-
tion of failure types. The FMEA situation 
specified may be critical for design man-
agement to organise the choice standards. 
Future studies may focus on the efficient 
investigation of two suitably chosen in-
dicators.

The sustainable production and manu-
facturing model is for the interconnec-
tion of location determination and quali-
ty improvement. Moreover this research 
is based on shared common connection 
in climate change, green production and 
risk dimensions, providing an improve-
ment to the arrangement, considering 
the fact that FMEA is a group decision 
function and cannot be done on an indi-
vidual basis and different FMEA team 
members may provide different assess-
ment information.

Figure 2. Before and after the FMEA Critical Risk Values (Risk Priority Numbers-RPN).
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Risk  aspects  are  certainly  collected  in 
a nonlinear way which is neither the 
basic extension norbasic product of risk 
dimensions. Additional risk features can 
be involved if this structure is essential. 
The FMEA suggested is not restricted to 
Or, Sr and Dr but is relevant to a cer-
tain number of  risk criteria. This  study 
focuses on the environmental dimen-
sion  of  sustainability,  for  which  Lean 
Six Sigma can be used, implemented to 
decrease the volume waste and to inte-
grate with supply chain management for 
future study. 
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