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Abstract 

The paper addresses, based on a case study comprising six process- and manufacturing industry companies, requirements for 
change and desired effects from Zero Defect Manufacturing in an Industry 4.0 context. The results outline seven problems 
and five needs perceived by the companies. Further, the results also outline four desired effects. The results are aligned with 
existing literature and studies but also bring up new aspects of Zero Defect Manufacturing in terms of problems, needs and 
desired effects. Noteworthy new desired effects are increased trust for the production process and improved gender equality. 
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1. Introduction 
 

The paper addresses requirements for change 
(i.e., problems and needs) and desired effects from 
Zero Defect Manufacturing (ZDM), with an Industry 
4.0 perspective, concerning production in the 
manufacturing- and process industries. The paper is 
based on an in-depth qualitative case study 
comprising six companies, which all are 
manufacturing or process industry companies with 
both discrete- and continuous sub-processes as part 
of the main production process. The term ZDM was 
coined and developed into a concept already during 
the 1980s as part of Total Quality Management. The 
purpose was to minimize (i.e., zero) the defects 
related to the output from various production 
processes.  The challenge with ZDM was previously 
to integrate big data (or large amounts of information 
from many sources), innovate new technology and 
methods, ZDM-modelling, and near real-time 
computing/data analysis. The last ten year’s 
technology development regarding:  applied 
mathematics, cloud computing, bigdata collection 
and analysis, artificial intelligence (AI), machine 
learning (ML), predictive maintenance, continuous 
or online quality control, sensors, measurement 
methods and visualization, etc., has made it possible 
to successfully implement ZDM. Thus, the Industry 
4.0 concept [1-2] has helped to drive ZDM and make 
it realizable. Previously, the view has been that the 
objective for ZDM should be no errors and flaws. 

However, our moderate view is that errors, problems 
and flaws will always exist and impact the 
production and its output, but that it is possible to 
minimize and detect these quickly in almost real-
time. Further, our view is that no production output 
out of specification should reach the customer (or 
next step in a value-chain). Our view requires a 
change from separate and uncoordinated monitoring 
of process parameters, production equipment and 
maintenance needs combined with batch quality 
control of a few per thousand of the output after the 
production process. Our previous research [3-4] 
provides a foundation for our view on ZDM, as it 
strives to combine and integrate the following: 
• Monitoring of process parameters  
• Collaborative manufacturing - which includes 

sharing of manufacturing data without media 
breaks along the supply chain 

• Continuous quality control - which includes: 
measurement of input to the process; 
measurement of output from the process with 
automatic sorting 

• On-line predictive maintenance 
• Data storage, analytics and visualization 
• Re-configuration and re-organization of 

production 
• Re-scheduling of production  
Lindström et al. [4] posit that the reason for 
combining and integrating the above areas is that an 
improved result can be achieved if they are 
coordinated. Although, as all parameters and 
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activities in a production process are not measured or 
monitored, the issues, flaws or problems may not 
always be found. Thus, additional knowledge and 
monitoring may be necessary. Previous research has 
for instance brought up the following problems and 
needs concerning ZDM: need to improve knowledge 
finding and quality of products [5], improve 
production processes [6], and monitoring of raw 
materials/input, in-process and output measurements 
[7]. Further, commonly desired effects from ZDM 
efforts are: higher efficiency, cost reductions and 
higher profit [8] as well as less scrapping/rejections 
[9]. These mentioned needs, problems and desired 
effects are all essential for ZDM. In order to shed 
more light on this, the purpose of the paper is to 
provide an updated analysis of which requirements 
for change are necessary for achieving ZDM as well 
as the effects desired from ZDM in order to make a 
decision as to whether the effort to address and 
implement ZDM would be worthwhile. The problem 
addressed in the paper is that, as the technology has 
rapidly developed over the last ten years, there is a 
need for an updated, comprehensive and general set 
of requirements for change as well as what effects 
that are desired from ZDM. The paper is outlined 
with related work and research approach following 
the introduction. Subsequently, there are sections on 
findings, analysis and lastly the discussion and 
conclusion. 

2. Related work 

ZDM is a tangible and measurable goal when 
striving toward Industry 4.0, in particular through the 
combination and integration of many types of 
systems where information and knowledge flow 
bilaterally through the value-chain. The benefits 
from ZDM are aligned with the ones in an ideal 
Industry 4.0 scenario, whereof one of the most 
important is to move from ISA-95-based to RAMI 
4.0-based architectures of the manufacturing or 
production environments. The transition towards 
RAMI 4.0 will support the full benefits from the 
Industry 4.0 concept with increased flexibility, less 
effort and minimized costs for making changes [10]. 
In terms of more general ZDM and Industry 4.0 
challenges, Lee et al. [2] posit that there are five 
areas not yet adequately resolved regarding Industry 
4.0 and service innovation/smart analytics which 
need to be addressed in order to make significant 
progress: 
• Manager and operator interactions (where today 

often health condition of machine components 
is missing in decisions made) 

• Machine fleet (where there is a need for 
gathering information and knowledge about 
common design issues and errors within various 

contexts to be used in order to locate any 
systematic or context specific issues) 

• Product and process quality (here, feedback 
loops in the system are necessary) 

• Big Data and Cloud Services (where cloud 
capabilities are required for machines’ self-
assessment and self-correction together with 
health management and adaptive prognostics) 

• Sensor and controller networks (here, problems 
such as sensor failure and degradation can 
render erroneous input to prognostics and then 
lead to incorrect outcome and decisions) 

 
Concerning general requirements for zero defect 
manufacturing or production, Wang [5] provides 
ideas about how to use data from products, 
equipment and processes in a datamining framework 
to improve knowledge finding and quality of 
products. Further, Myklebust [11] outlines a product 
and plant-oriented approach using real-time data and 
knowledge feedback loops required to achieve near-
zero defect level in production. In addition, to 
improve production processes, Teti [6] brings up 
signal processing and decision-making, Di Foggia 
and D’Addona [12] consider the need to identify 
critical key parameters and Ferretti et al. [7] discuss 
use of monitoring systems for raw materials/input, 
in-process and output measurements. Regarding re-
evaluation of statistical methods, Calvin [13] 
proposes the use of quality control using variables 
control charts and acceptance sampling plans to take 
a step further towards ZDM á la ASQC/ANSI’s 
definition of quality. The research in Wang [5], 
Myklebust [11], Teti [6], Di Foggia and D’Addona 
[12], Ferretti et al. [7] and Lee et al. [14] brings up 
relevant aspects of ZDM, most of which have been 
brought together in [3-4] into a comprehensive ZDM 
approach. In order to make ZDM successful when 
implementing it, Gaikwad et al. [8] look to motivate 
people to utilize Process Failure Mode and Effective 
Analysis (PFMEA) in combination with a control 
plan and work sheet instructions in order to achieve 
higher efficiency, cost reduction (less waste and less 
re-work needed) and higher profit. Further, Dong et 
al. [9] note that less scrapping/rejections are desired 
too. These desired effects are common for ZDM 
efforts. 

3. Research approach  
The research approach was based on a case study, 
comprising six manufacturing or process industry 
companies, of the type employed by Yin [15] with 
“a linear but iterative process” (p1), comprising: 
planning, design, preparation, data collection, data 
analysis and sharing of results.  To plan the research 
and use other methods such as action research or 
participatory design would have been possible. 
However, action research or participatory design 
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would have required more activity and action from 
the researchers. The research question is “why do 
the manufacturing/process companies want to 
address ZDM in their production processes?” or, in 
other words, investigate the requirements for change 
(i.e., problems and needs) and desired effects from 
ZDM in an Industry 4.0 context. Thus, the “why” 
indicate that a case study methodology is adequate. 
The case study companies were six manufacturing 
companies with turn overs spanning from 120 
million Euros and presence in a few countries to 
approximately 20 billion Euros and presence in 
more than 100 countries. All case companies have 
production operations in at least two countries and 
some in more than twenty countries, and address 
quality in production and output in a semi-digitized 
manner, without explicitly using ZDM. The 
companies were: 
• Gestamp Hardtech AB - manufacturer of press-

hardened body parts for vehicles. Located in 
northern Sweden, part of the Gestamp Group 
with presence in more than 25 countries. More 
information is available at: www.gestamp.com 

• Volvo Cars AB - manufacturer of body parts for 
vehicles as well as Volvo cars. The case study 
was at a production plant in the south of 
Sweden, part of the Volvo Cars Group with 
presence in more than 100 countries. More 
information is available at: 
www.volvocars.com 

• Scania Ferruform AB - manufacturer of body 
parts for Scania trucks. Located in northern 
Sweden, part of the Scania Group with presence 
in more than 100 countries (the Scania Group is 
in turn part of the larger Traton Group). More 
information is available at: www.scania.se 

• Välinge Innovation Sweden AB - developer of 
technology and know-how for click flooring as 
well as click floors. Located in southwest of 
Sweden and part of Välinge AB with own 
presence in a few countries but technology 
provider to companies in many countries. More 
information is available at: www.valinge.se 

• Company A (anonymized) - manufacturer of 
prefabricated rooms for public buildings and 
ships. Located in northern Sweden, presence in 
a few countries 

• Swedish Steel AB – steel producer specialized 
in Advanced High Strength Steels. 
Headquartered in Sweden with major 
production plants in Sweden, Finland and USA. 
More information is available at: www.ssab.se 

The planning of the case study was done at the end 
of 2018. The case study, with its six companies, was 
concluded by March2020. The design of the case 
study included: formulating the study question, 
stating study propositions: (requirements) what are 

the problems and needs for change; (effects) what 
effects are expected/desired in the own organization 
as well as later in the value chain. Further, the unit 
of analysis was concluded as the organizational level 
(management of R&D, production and maintenance) 
of the companies studied. In addition, explanation 
building will be used to link the data to the 
propositions. Finally, it was decided that the criteria 
for interpreting the case study’s findings would be 
set via rival explanations based on Patton’s balanced 
defensively and offensively approach [16]; the 
researchers wish to investigate how the ZDM can be 
used to create customer and provider value in terms 
of business and environment impact. Further, 
generalizability of the ZDM requirements and 
desired effects is of interest for other companies as 
well. In order to prepare for the case study, a number 
of academic papers, public project results, 
specifications and technical plans, marketing 
documents, etc. were analyzed, questions were 
presented to the companies, and feedback and ideas 
concerning their production processes and ZDM 
were fed back to the companies. The initial data 
collection was done through semi-structured 
interviews [17-18] combined with workshops [19]. 
Intermediary data were collected through interviews 
and workshops, and the final data collection was 
done in a workshop. Semi-structured interviews 
were used, with open-ended questions [17] allowing 
the respondents to give detailed answers and the 
possibility to add extra information where deemed 
necessary [18]. The duration of the interviews was 
between one and two hours. The duration of the 
workshops was approximately two hours. After that, 
the collected data were displayed and analyzed using 
matrices (cf. [20]). The analyzed data were finally 
summarized into three matrices. The findings related 
to the requirements were then categorized according 
to the areas of concern, i.e., Efficiency, Quality, 
Skills and competencies, and Value chain. The 
findings related to desired effects were categorized 
according to improved Efficiency and quality, 
improved Gender equality, improved Profit, and less 
Resource consumption. Finally, the results were 
shared with the companies (as well as with a broader 
audience through this paper). During the case study 
the part of the research process (i.e., 
design/preparation/data collection) was iterated, as it 
was realized that many ideas could be further 
refined, improved and developed into own new 
projects. For reasons of confidentiality, only an 

Electronic copy available at: https://ssrn.com/abstract=3717709



Lindström et al. SSRN (2020) 

4 
 

aggregated view of the findings is presented in terms 
of requirements for change and desired effects. 

4. Findings - requirements for change and 
desired effects from ZDM  

The requirements for change and desired effects 
from ZDM, based on the collected and analyzed 
data, are outlined below in the form of perceived 
problems and needs as well as the desired effects. 
The problems and needs in Tables 1 and 2 are 
categorized according to the following: (E) - 
Efficiency, (Q) - Quality, (S) - Skills and 
competencies, (V) - Value chain. 

Table 1: Aggregated view of the problems perceived by the six 
companies 

# Problems perceived C 

1 There is an increase in the demands/requirements on 
suppliers regarding fast and high qualitative 
deliveries just-in-time, and often lot sizes are small. 
Therefore, unplanned stops and quality outside of 
specifications cause major problems for a whole 
value-chain (in terms of logistics, production and 
further refinement in several steps). 

E 

2 Any defective products or parts, which reach the 
next step in a value-chain, cause problems and often 
necessitate rejecting/scrapping (i.e., removal from 
the process), or re-cycling of materials which is 
energy demanding.  In worst case, if a defective or 
out of specification product/part is put in to a larger 
system, a recall or repair/exchange will be necessary 
later on when the problem has been discovered. That 
is both expensive and bad for brands and trust. 

V 

3 Companies want to avoid producing out-of-
specification products and parts, and also quickly be 
able to detect if any problems or defects arise, so as 
to avoid producing many more out-of-specification 
products or parts. Otherwise, this is commonly 
detected at the end of the production process where 
the quality test often checks 2-4 out of 1000 
products or parts produced. Thus, it is possible for 
out-of-specification products or parts to pass to the 
next step in the value chain. 

Q 

4 It is difficult, expensive and time-consuming to test 
investments that may be required in order to raise 
the level of quality with a detailed feedback and 
overview. 

Q 

5 The development of an advanced monitoring system 
requires competence about the value-chain, the 
production process and data analytics. 

S 

6 Large quantities of data are created in the production 
process which are not used and do not create any 
value. 

E 

7 Increased complexity in the products produced (e.g., 
new materials, new technologies, tailor-made 
properties, etc.) has decreased the margins for errors 
and faults. 

Q 

Table 2: Aggregated view of the needs perceived by the six 
companies 

# Needs perceived C 

1 Traceability through the value-chain. In case of 
problems, it should be possible to trace back through 
the value-chain and find out where the problem 
arose as well as who is responsible – in order to be 
able to analyze, take action and improve. 

V 

2 Be able to detect or predict problems where they will 
arise and correct or hinder defective or out-of-
specification products or parts from reaching the 
next step in the value-chain (internally or 
externally).The problems may arise in: inbound 
materials, process parameters, non-calibrated 
equipment, torn/worn equipment, inadequate 
maintenance/repairs/overhaul, mismanagement, bad 
habits or lack of competencies, etc. 

Q 

3 As the different parts of a value-chain and its 
logistics are constantly under pressure, there is a 
need to optimize and improve efficiency. To be able 
to do this, careful monitoring of and knowledge 
about the logistics/production processes is required, 
as well as knowledge about how they can be 
optimized to avoid unplanned stops. 

E 

4 The precision of delivery must be kept even under 
hard pressure of customer orders. This requires 
robust production processes with a high level of 
availability which can be trusted and depended on. 

E 

5 Be able to keep up an assured, even and specified 
level of quality on products and parts produced, 
which are to be sent to the next step in the value-
chain. 

Q 

As can be seen in Tables 1-2, the categories are quite 
evenly distributed - however, with Efficiency used 
most frequently. Thus, the requirements for change 
in Tables 1-2 point to the opportunity to achieve 
continuous quality control through the whole 
production process, instead of only at the end, which 
is key to preventing defective or out-of-specification 
products or parts from reaching the next step. This 
requires: the ability to quickly stop the production 
process for necessary adjustments/corrections, fast 
ways to re-configure or re-organize at quality 
problems, support the production of smaller lots and 
to re-plan the production plan with sustained level of 
quality and time of delivery. Further, less downtime 
should result when it is easier to locate any problem 
in the production process. Currently, there are a lot 
of data which are not used to their full potential and 
should be used to create value. Desired is also 
traceability through the value chain. Individual 
markings (physical or digital) of each product or part 
can provide individual quality assurance, make it 
possible to trace back any problems which arise at 
later stages and during usage and allow analysis as 
well as improvements. The individual marking can 
also include information about tolerances and other 
measurements, which can be used by the next step to 
set process parameters and decide if the input is good 
to use or not. The desired effects from ZDM, as it 
has been implemented fully and is 
refined/optimized, are listed in Table 3. The effects 
desired are categorized according to the following: 
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(E) - improved Efficiency and quality, (G) - 
improved Gender equality, (P) - improved Profit, 
(R) - less Resource consumption. The desired effects 
in Table 3 are evenly distributed over the categories. 
The effects desired may not seem very large 
quantitatively, but will combined become a 
substantial effect concerning sustainable decreased 
use of resources, improved profitability, faster 
production processes as well as faster overall time 
required through the whole value chain, and 
increased gender equality with a potential to 
improve the attractiveness of process and 
manufacturing industries for new young prospective 
skilled and competent employees. 

Table 3: Aggregated view of the effects desired by the six 
companies 

# Effects desired C 

1 Less material and energy used - at least 5-7% -
through producing at least 50% fewer rejects or less 
scrapping, increase quality, decrease variations of 
the output, as well as avoid that defector out of 
specification products or parts moves on in the 
process (and continue to be refined for no use). 

R 

2 Automatic optimization/trimming of the production 
process - which should save 10% time or more - 
through less need for post operations. Sharing of 
information between different process steps in the 
value-chain can possibly contribute additional 2-4% 
time savings. 

E 

3 Increased trust for the production process – which 
will enable increase in revenue up to 10% through 
detection of bottlenecks, avoidance of unplanned 
stops, and traceability through the value-chain. 

P 

5 Increased gender equality - at least 10% - through 
the ability to attract production workers and 
engineers etc. who have traditionally rejected the 
process and manufacturing industry as a place to 
work. This is enabled by production environments 
and processes with greater focus on knowledge, 
competence, more automation and built-in 
intelligence. Further, this needs to be reflected upon 
in advertising and profiling of the companies and be 
conveyed to prospective employees. 

G 

4. Analysis 

The findings concerning problems and needs elude 
the common problems and needs related to ZDM as 
in the related work covered in section 2. Further, the 
findings also point to the importance, for the whole 
value chain, of using hitherto unused data that have 
been created, the resulting decreased margin for 
errors and faults, reliance on the production 
processes, even under hard pressure. The findings 
regarding the desired effects corroborate the 
common effects brought up in the related work, such 
as reduced resource consumption, efficiency and 
profitability. In addition, increased gender equality 
is brought up, which may enable improved 

recruiting of new and young workers and engineers 
needed in production. Table 3 outlines the desired 
effects. Individually, the improvements may not 
seem large, but will render a large aggregated effect. 
Here, the ability to really trust the production 
process and be able to rely on it is paramount when 
it is possible to take challenging orders and deliver 
them on time to the next step in the value chain or 
the end customer. Concerning the rival explanations, 
the findings indicate that ZDM can be used to create 
value for both the provider and customer and have a 
positive impact business- and environment-wise. It 
is unlikely that a successful ZDM implementation 
would result in the opposite. The data collected and 
analyzed suggest that our view of ZDM would 
improve the sustainability and product quality of the 
entire industrial value chain to achieve and maintain 
competitiveness, environmental sustainability and 
sustainable profitability. The enabler for this is the 
interconnection of units and data sources, analyses 
of large amounts of data, AI/ML, as well as 
autonomous and flexible production systems. In 
order for the Swedish (and EU) process and 
manufacturing industry to maintain its 
competitiveness, the value chain must be developed 
through value creation of data, information and 
knowledge that are exchanged bilaterally through 
the value chain. Improved access to product- and 
production-oriented data enables traceability, both 
for optimizing the product quality of individual 
components but also for compensating for variations 
arising from the raw material, maintenance needs 
and previous process steps. Thus, the entire 
production process can be optimized, which in turn 
helps to prevent scrapping/rejections, and enables 
optimized production time and minimized resource 
utilization. To succeed with ZDM, integration of 
different areas of knowledge, disciplines, 
information systems, data from different sources and 
data analysis is required. Thus, the development of 
ZDM as a concept requires Industry 4.0 to succeed 
and become truly efficient. ZDM makes it possible 
to detect, investigate, analyze and prevent out-of-
specification products and parts from leaving the 
production system. The holistic view that ZDM 
provides enables the discovery of problems that lack 
adequate methods of analysis, or which otherwise 
fall between areas of responsibility when they arise 
as a combination of a number of different factors. In 
this way, ZDM can lead to intelligent and 
sustainable production systems [4]. 

5 Discussions and conclusions 

The paper, which outlines the requirements for 
change and effects desired from ZDM, contributes 
to literature by providing an updated and aggregated 
view from six process and manufacturing 
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companies. Tables 1-3 outline the perceived 
problems, needs and effects desired. Further, the 
paper contributes to practice through providing 
tables with problems, needs and desired effects, 
which can be used by many other process or 
manufacturing industry companies who are 
interested in ZDM and want to learn more about the 
”why”. In addition, the managerial contribution is 
that the paper provides ideas and input to strategy 
discussions and planning for production and quality 
improvements. Thus, the research question has been 
addressed and answered. The findings of the paper 
are highly generalizable and, de-pending on context 
and competition, the levels of improvements can be 
adapted and additional problems, needs or effects 
added as well. 

Previous bad examples from implementing Total 
Quality Management and ZDM, etc. have made top 
managements of some companies skeptical about 
these concepts. To not repeat the bad examples, the 
following should be considered: avoid too much 
optimization at the cost of innovation, do not focus 
too much internally and forget about the customer, 
do not focus on minimal objectives but strive 
towards higher objectives with respect to quality, 
avoid too much bureaucracy around it all, do not get 
dependent on consultants - make sure to have the key 
competencies and skills in house, do not delegate the 
responsibility for quality to a few experts - make 
sure to get a broad acceptance for quality 
responsibility within the company, make sure that 
the company’s reward and incitement structures do 
not create problems not aligned with the ZDM 
efforts [21]. According to Psarommatis et al. [22], 
about 80% of the ZDM investigations are related to 
detection (of problems and errors). We think that it 
is important to not only address the start, middle and 
end of a production process, but to try to address the 
whole production process where reasonable and 
where value is created from addressing ZDM. In our 
effort to do this, our future ZDM research will 
address an initial model for how ZDM can be 
simplified, structured and modelled. As ZDM efforts 
often are aligned towards improvements of 
productivity, efficiency and profitability, this poses 
interesting challenges and opportunities for 
providers of production-related systems and 
equipment. Thus, the providers could consider to 
start using emerging business models, instead of 
traditional products and services, such as Industrial 
Product-Service System [23] or Functional Products 
[24] which can be sold with contract parameters 
such as availability level, profit sharing (if 
improvements), improved productivity or effici-
ency. This could provide a further edge in ZDM 
efforts and help to achieve the ZDM objectives and 
effects desired. To conclude the above, ZDM 

reinforced by Industry 4.0 can help to make process 
and manufacturing industry companies further 
competitive, increase profitability, improve output 
quality, and improve sustainability and customer 
satisfaction. The improved competitiveness, 
profitability, and attractiveness for workers and 
engineers, will enable companies to grow and better 
handle variations in business climate and business 
cycles. The latter benefits communities (particularly 
small communities that are dependent on one or a 
few larger companies), making them more robust 
and less prone to the effects of economic downturn, 
such as loss of people with key competences and 
skills. 
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