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Abstract. In the global manufacturing business, more sustainable solutions are
needed, and in parallel manufacturing companies also need a capability to react
quickly to unpredictable changes in a highly competitive marketplace. This has
become more visible at the start of the Covid-19 pandemic when many companies
experienced manufacturing constraints such as a shortage of raw materials as well
as a need for transformation of manufacturing facilities to produce vital items. In
parallel, many manufacturing companies also are in the transition towards more
digitalization as well as automation in their facilities, which can contribute to the
capability to manage unpredictable changes, but it might also contribute to
challenges. Therefore, the digital transformation of production processes with
innovative and emerging technologies, and the contribution and challenges of these
technologies are of importance to understand. Specifically, in which way these
emerging technologies contribute to a resilient and sustainable production process
from a technological perspective, and how these production processes might
contribute to achieving sustainability goals. Based on findings from literature an
analysis is performed aiming to explore the emerging technologies perspective in
relation to capabilities as well as challenges regarding implementing solutions that
contributes to a resilient and sustainable production process. The overall findings
indicated the importance of having flexible production facilities to be able to
respond to customer expectations. However, the digital transformation of production
facilities demonstrated other challenges such as energy consumption, lack of skilled
personal, low level of standardization, financial sources, and security problems. To
conclude, the relationship between the content of resilient and sustainable
production systems that are influenced by emerging technologies are suggested,
with the ambition to contribute to a more competitive manufacturing company that

increase its capability to manage customer expectations.

Keywords: Resilient Production, Sustainable Production, Flexibility, Innovative
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1. Introduction

751

In the global manufacturing industry, companies need capabilities to respond to
unexpected and quick changes as well as new customer expectations on a competitive
market. At the same time, these manufacturing companies have societal demands to
become more sustainable and contribute to the Sustainable Development Goals (SDGs).
In the early 2000s, sustainability was described as an emerging milestone for production-
like quality and IT [1]. Therefore, sustainable production provides optimised production
processes to minimise waste and adds value to eliminate unexpected challenges [1-2].
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Resilient production refers to how a company will respond and adapt to unexpected
disruptive obstacles throughout the supply chain [3]. To be able to support resilience in
production process, it is crucial to consider various types of flexibility, such as: changes
in material, product portfolio, and market [3]. Emerging technologies [4] in the context
of manufacturing companies and the prodution processes, combined with greater
digitalization, present IT infrastructure obstacles, where the selection and design of
innovations, interfaces, and operations will be critical in upcoming Industry 4.0-inspired
production technologies [5]. Furthermore, emerging technologies are possible and
essential components that must be handled in terms of: efficiency, productivity, and
agility [6].

Technological improvements have become more crucial for manufacturing
companies, especially related to the increased societal demands on sustainable
manufacturing [7] and managing uncertainty such as disruption in material supply or new
customer requirement or segments [8], which indicates a need to be resilient [9]. These
needs are to be managed as a manufacturing company inthe ongoing fourth industrial
revolution, also known as Industry 4.0, which is defined as a new degree of organization
and control over the whole value chain of a product's life cycle, focused
on increasing personalized customer requirements [10]. Therefore, Industry 4.0 with its
portfolio of emerging technologies, digitalisation, artificial intelligens (Al), Cyber-
Physical Systems (CPS), Cloud Computing (CC), Additive Manufacturing (AM),
Autonomous Technologies (AT), and Big Data Analytics (BDA) [11-14], might
contribute to increasing capabilities for competitiveness in a manufacturing company.
There are many opportunities that can be considered beneficial for sustainability within
a company [12]. For instance, one of the benefits of Internet of Things (IoT) [15-16],
which can be seen as a tool supporting digitalisation, is that it enables monitoring all the
production data at the same time, supporting optimisation of the system and contributing
to i.e. possibilities to save energy and reduce waste in production [15-16]. Moreover,
AM has a crucial role in the new industry era characterised by Industry 4.0. It enables
manufacturing of acomponent using the information generated from a Computer-Aided-
Design (CAD) file to a layer-by-layer manufacturing [17], which can contribute to a
more efficient use of material and in the long term perspective a more sustainable use of
raw material. In addition, CPS enables the control of huge data sets in production [18],
which can support the possibilities to optimise the processes [15-16]. Autonomous
technologies, such as self-driving vehicles, sensors, and robots can contribute to more
flexible solutions and help to accelerate production capacity [8], [19].

However, all these possibilites with emering technologies that can contribute to
increased competitiveness for a manufacturing company also indicates a need for
understanding how to implement these. Especially, in a global market place that is
uncertain and where disruptive issues can change both the material supply as well as
customer needs. Therefore, the aim of this paper is to explore the use of emerging
technologies in production systems that facilitates the need for resilience and sustainable
solutions related to production processes. These emerging technologies will be reflected
from different perspectives, such as the drivers for a resilient and sustainable production
system and which challenges that might occur implementing emerging technologies in
relation to a digital transformation of a production system. And finally, reflect if these
emerging technologies can contribute to a production system, that contributes to the
competitiveness for a manufacturing company.
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2. Research method

In order to be able to explore the relation between resilient and sustainable production
process and emerging technologies, a a search in Scopus, inspired by the process of
performing a systematic literature review [20], as well as the motivation for illustrating
the discource in a certain field or combination of areas [21], was done during the autumn
2021. For mapping the area related to the aim for the paper the following keywords were
used as inspiration to defining the search strings: resilient, sustainability, green,
innovative production methods, production technology, digitalization, automation, smart
manufaturing, and Industry 4.0 technologies.

The final keywords and their synonyms used in Scopus for this study are presented in
Table 1. The following search strings were used related to Resilient and Sustainable
Production, Smart Manufacturing, Industry 4.0, and Emerging technolgies:

- (sustain* OR resili*) AND (digitalization OR Industry 4.0) AND (production
OR manufacturing)

- (sustainable OR green) AND (resilient OR flexible produc* OR agile) AND
(smart OR innovat* OR emerg*)

- (resilient produc* OR flexible produc*) AND (digitalization OR emerging
technologies) AND (smart production OR innovation) AND (automation OR
robotic technologies)

Table 1. The Keywords and Synonyms

N Keywords Synonyms

1 Sustainable Production Green Production

2 Resilient Production Flexible, Agile

3 Industry 4.0 Innovative, Smart

4 Emerging Technologies Innovative, Intelligent
5 Automation Robotic Technologies

The literature review process, presented in Figure 1, shows the beginning of the process,
after deciding upon relevant keywords for the study (See Table 1). In the initial part, 743
articles were found in Scopus and as a complement to Scopus, a parallel search was done
in Google Scholar as a reference to the field engineering and business. The result of this
showed that most of the findings from Google Scholar overlapped with Scopus, but
supported the snowballing method in the final step. The snowballing method improved
the final selection of the reviewed articles. The review of the final 77 papers were guided
by three questions that was defined with the intention to contribute to fulfilling the aim
for the paper. The three guiding questions were:
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Figure 1. The Map of the scientific literature research process

1. What is the drivers for a resilient and sustainable production system?

2. What types of challenges are related to emerging technologiesin digital
transformation of production systems?

3. Can emerging technologies contribute to a resilient and sustainable production

system?

In Figure 2, the distribution between continents performing research in this area is
presented, showing that the majority of the 77 reviewed papers are developed within
Europe (38%), thereafter North America (26%). Asia, in third place, has 17% of the
identified papers with an increasing trend. A keyword analysis show that a majority of
the 77 reviewed papers focused on Industry 4.0 and related technologies (Figure 3). The
trend is that research in this field generally is increasing, which is shown in Figure 4.
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Figure 3. Number of articles based on keyword selection
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Number of articles

Figure 4. Number of articles based on yearly distribution
3. Findings from the literature review

The findings are presented related to production systems and its identified need for
flexibility for contributing to a resilient and sustainable manufacturing company. The
possibilities to gain competitiveness and inproved productivity through utilization of the
Industry 4.0 concept, including aspects related to implementing emerging technologies
is explored, as well as drivers or enablers related to emerging technologies for
contributions to a resilient and sustainable production system.

3.1. Production systems

Production systems are continously improved, starting already at the first industrial
revolution more than 225 years ago [22]. Production systems can be categorised as craft
production, mass customisation, lean production, and global manufacturing [23], and
designed as a pull or push system. Another classification of production systems are
related to processes, such as casting, machining, joining, sheet metal, polymer process,
and also the quality process [24]. Smart production systems, however, are characterised
as an analysis of their condition and planning of appropriate continuous improvement
projects independently [25], which supports the intention to improve productivity.
Therefore, the manufacturing industry started to invest in smart production systems [25],
which allows simultaneously operation and optimisation of multiple production lines
with different machines in parallel, comparable to the emerging technologies related to
Industry 4.0 [11-14]. To be able to operate smart production systems, information flow
must involve all levels in the organisation — from the company manager to employees
within the production system, such as operators and engineers [25].
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3.2. Flexibility in production

In the manufacturing industry, flexibility has become a more competitive aspect for
companies due to the need for responding to customer expectations in the market [26].
Flexibility in production gives companies the capability to modify production processes
faster, produce new products, and quickly react to competitive challenges in the market
[8], [26]. Flexible production systems have also been built to meet the needs of mid-
volume and mid-variety in production [27], so-called HighVolume-LowMix [28]. To
achieve an economical perspective, similarities amongst parts in the design process and
manufacturing process have been used. In flexible production, varieties between
products from input to output are more resilient, but a high capital investment is needed
[27]. Therefore, flexibility in production has been categorised in different ways in the
literature. Some of those flexibility variations are summarised as [3], [29]:

- Product Flexibility: the ability to enable production system to produce more
product types utilising similar machines and supporting the products to become
more agile.

- Capacity Flexibility: the ability to produce different types of products to
applicate the changes in the volume.

- Operation Flexibility: ability to produce different types of products with more
machines, goods, and production processes.

- Control Program Flexibility: in terms of running the production system
virtually, ability to implement smart machines and software to production.

These different variations supports understanding in how flexibility can be managed
while optimising and improving production processes [3], [29].

3.3.  Sustainable production

Sustainable production as a concept emerged at the United Nation Conference on
Environment and Development (UNCED) in 1992 [30], and was from the beginning
interlinked with sustainable development. This conference concluded that the biggest
reason for this sustainable approach was the threat towards the environment, the
consumption of energy, specifically in the countries which haddeveloped industry
facilities [30]. Therefore, the Agenda 21 Action Plan emphasised to governments,
industries, and businesses to implement sustainable measures to become more
sustainable in production. Due to the high reputation of sustainability, managers in
industries and have noticed the strategic oppourtunities of being sustainable and
producing the products in a more sustainable way [31-32]. Although some businesses
have not been able to cover the benefits of sustainability, the majority of the small-
medium enterprises and global companies have been implementing sustainability in their
production process [33], but it is still challenging and new opportunities are rising with
emering technologies to influence the future of sustainable production [7]. Sustainable
production mainly emphasises that continuously improving environmental aspects and
adding value to products to become more sustainable will minimise the environmental
risks [34]. This is supported by the conclusion that the product design and development
process determines about 80% of the sustainablility performance for a product during its
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complete life-cycle [35]. The overall expectation of sustainable production is
traditionally focusing on reusing, recycling, and remanufacturing (3R) of products [36],
but this has been further explored during the last decade and now research indicates a
need for managing up to 11Rs [9], adding refuse, rethink, reduce, repair, refurbish,
repurpose, recover and resilience to the first 3Rs. Therefore, the emerging technologies,
such as automation in combination with different digital tools [9] and IoT can support
businesses to see the data of energy and materials consumptions and thereafter give them
control over the flow in production [15-16]. The possibilities that emerging technologies
and Industry 4.0 can contribute with in the production process can be used with the
intention to become more sustainable, but it is a need for understanding how to organize
and combine the different technologies to reach the potential.

3.4. Industry 4.0

The Fourth Industrial Revolution, also called Industry 4.0, was introduced by German
Scientists and the German Government regarding improving the production process after
the 2011 Hannover Fair [37]. The Industry 4.0 concept, which mainly focus on
considerations related to manufacturing, contains on five aspects [22]: (1) digitalisation
of manufacturing, (2) decentralisation of manufacturing, (3) vertical and horizontal
integration of the value chain, (4) increased productivity, and (5) flexibility. Industrial
systems have been affected by the development of emerging technologies related to
Industry 4.0 i.e. Internet of Things (IoT), Cyber-Physical Systems (CPS), big data
analysis during the las decade [22], [38]. However, these emerging technologies can
made a significant contribution to the growth of production and service operations
through solutions that interact, coordinate, link, and promote information transparency
at various stages of business ideas [39]. The possibilities to monitor and control machines
and equipment in real-time, utilise machine-data to anticipate when maintenance should
be conducted, to introduce intelligent production processes, improve supply chain
processes by implementing product traceability, logistics management, and inventory
management are possibilities that can be enabled through implementation of Industry 4.0
technologies [40]. But, even with all these possibilities research indicates that there is a
significant need to develop knowledge about how manufacutring SMEs can utilize and
participate in the transition and implementation of these new emerging technologies in
the production process, such as the interaction between machines, computers, and people
by IoT, and autonomous CPS connecting virtual data and information [39].

3.5. Emerging technologies within Industry 4.0

Industrial companies benefit from digitalisation in terms of productivity, effectiveness,
profit growth, employment, and investment since it allows production processes to be
completely integrated, automated, and enhanced [10]. Digitalisation of manufacturing
is one of the main aspects in the concept of Industry 4.0 [22], which consists of
components, such as Cyber-Physical-Systems (CPS), Internet of Things (IoT), and
Technological innovations; but also so-called emerging technologies such as Cloud
technology including big data, Artificial Intelligence (AI), robots, Additive
Manufacturing (AM), some of these included in the technological innovations [22]. A
combination of digitalisation and automation of manufacturing are promoted to be
implemented in industry, for increasing productivity, sustainability and competitiveness



K. Johansen and S. Akay / Emerging Technologies 759

due to reduced cost per produced component and/or product [22], but still Industry 4.0
is mostly recognized to be defined scientifically and less based on industrial
implementation experience. Based on this, an overview of the findings about the key
emerging technologies related to digitalisation and automation is explored.

3.5.1. Artificial intelligence

The Artificial Intelligence (AI) concept was introduced to show how to create algorithms
based on orders and reactions related to humans [40]. The key element was to examine
some key roles and make accurate reactions based on formats pre-defined by humans
[40]. AI tools and techniques are a critical step towards data exploitation and the
development of applications that should result in optimal use of manufacturing unit and
resources during dramatic changes in plans and in reaction to simultaneous problems [2].
In industry, Al is frequently utilized to develop automated solutions to manage problems
thatdemand human interaction [41]. Al is described as “a system’s” ability to correctly
comprehend external data, learn from that data, and to utilise learning from this data and
achieve flexible adaptation of the task [41]. Some typical tasks where Al applications
can support a manufacturing process are for predictive maintenance, self-learning
machines, and detection systems in machinery and infrastructures [42].

3.5.2. Internet of Things (IoT)

IoT was defined as items with characteristics and personalities that connect and
communicate in social, environmental, and user contexts that utilise intelligent interfaces
[43]. In terms of ontology, the IoT is stated as “a globally accessible network of
interconnected things based on common communication systems [44]. To conduct
effective industrial supply chain operations, the use of this new emerging technology has
become crucial to promote tracking and tracing, automating of the production process,
controlling materials consumption, energy management, and ergonomic tolerance [2],
[39]. Through implementation of 10T, it can be possible to contribute to sustainability
for a company by designing a smart factory, smart production line, smart wearable
systems supporting operators, for instance, clothes, smartwatch, or digital sensors [39].

3.5.3. Cyber physical systems

Cyber-Physical Systems (CPS) are described as intelligent and autonomous, whereby
these two aspects are influencing each other through their working environment and
conditions, as well as the ability to integrate IoT to secure and optimize the production
processes [45], [46]. According to [47], CPS are defined as ‘an innovative system that
converts data from linked systems into predictive activities in order to achieve resilient
performance’. Therefore, CPS seems to be a vital component that enables production
processes to become more resilient and provide fast response to disruptive changes in
customer expectations.
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3.5.4. Big data analysis

Business and production processes become more complex due to high production
volume, high speed, and quick changes in the market that require data management [48],
which also can be related to the need for managing low volumes in high mix [28] with
many changes in the production process, where set-up times between orders are crucial.
According to [49], ‘big data analytics enable to production operations to lower service
cost, improve trust between customer and companies, maintain customer privacy, data
security, and control over the customer data’. Here, implementation of digitalisation that
supports big data analysis that utilize existing information can support efficiency and
improve productivity [22].

3.5.5. Autonomous technologies

Autonomous technologies are a collection of different technologies that is utilise in a
production system to decrease cost, improve production performance, secure safety, and
accelerate production processes [50]. However, implementing these technologies
enables the integration of computer-based technologies with physical processes, and
might contribute to innovative solutions [50]. Face sensors, Al, 10T, cloud robots, and
cyber-physical robots are some examples of robot advancements are such innovative
solutions based on computer-based technologies [50]. Autonomous technology ensures
real-time information and data transfer between physical and virtual elements, allowing
for a high level of coordination, management, accessibility, and efficiency amongst
supply chain members, resulting in increased productivity and performance [39]. This
technology is used in the supply chain such as being used in: assembly, manufacturing,
and more in logistics operations [39]. Therefore, conventional production processes are
supported by technological developments in all levels of businesses.

3.5.6. Additive manufacturing

Even though there are different types of material production processes existing,
including: drilling, heat treatment, cutting etc., there is a new method that has been
implemented, the so called Additive Manufacturing (AM), using 3D Computer-Aided
Design (CAD) for guiding material layer-by-layer for manufacturing the component
[39]. AM as a method provides manufacturing of more customer-oriented products such
as complex design and geometries, which are not easy to produce by traditional
production methods [51]. Furthermore, AM enabling companies to produce new
prototypes with high production flexibility, short lead-time, reducing inventory, and
increase product varieties, which in a way contribute to sustainable use of resources [39].
However, AM has one disadvantage from a sustainable perspective, which is the energy
consumption [52], where manufacturing industries in general are more sustainable with
less energy consumption, reduced carbon footprint and the control of material usage [53].
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3.6. Implementation aspects for emerging technologies

Smart and sustainable technologies have a crucial impact on the production systems due
to the control of production operations [15-16], [25]. For instance, according to [54],
having control over production processes determines or anticipates varieties and
expected adjustments, and the balance between stability and robustness in the production
processes allow for a resilient production process [54]. In addition, the functional map
of production control method introduced by [54] extracted from a case study within steel
industry, show that the company faced rework problems in the production processes. By
identifying the main reasons for the problems, having transparency and reducing
complexity in the production decreased the number of faults [54]. Having a synchronous
flow throughout the production processes, is one important aim within Industry 4.0, and
to achieve this, enterprises must be able to optimize their production to be more flexible
to respond to quick changes in the market [55]. By implementing Internet of Things (IoT)
it is possible to enable companies to collect the data within production processes such as
energy consumption [15]. Internet of Things (IoT), according to [56], is an emerging
technology that enables the transfer of products and services in global supply chain
operations. It has, however, an impact on the security and privacy of the shareholders.
According to [57], a Cloud Computing based system supports collaboration between
enterprises, which enables them to react quickly when unexpected changes occur.

Additive manufacturing (AM), has shown to be a flexible technology during the
Covid-19 crisis, with its capability to producemedical goods in an emergency situation
with a short set-up time [58]. Other possibilities with emerging technologies can be
related to the collection and tracking of data, where big data analysis enables
manufacturing companies to evaluate and monitor ongoing production processes which
provides the opportunity to enhance production quality and flexibility to adapt for
disruptive needs, such as Covid-19 demands that occurred in the public-health system
[59]. Furthermore, robotic autonomous technologies has an impact on productivity and
provides stabilized quality in production, which enables higher resource efficiency, as
well as less waste [60].

From a technological perspective, it can be summaries that companies find it
difficult to implement smart and innovative system to their operations. Even though
having a sustainable production provides a high amount of positive effects in production
processes, there are some researchers that argue that these emerging technologies also
consume more energy and materials, additionally encountering more waste during the
production process [14], [61-62]. In addition, some challenges have been faced by SMEs
in the integrating Industry 4.0 innovative technologies. According to [63-64] having
limited financial resources, limited knowledge of resources, and limited technology
awareness have been reported in their findings. Table 2 below illustrates some challenges
that companies have faced during operating smart production systems in their production
processes.
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Table 2. Challenges related to implementation of emerging technologies

N Challenges Source

1 Low level of standardization, Poor knowledge regarding [61]
integrating systems architecture

2 Lack of skilled person in the field of AI, Autonomous, and [63]
IoT fields Emerging Technologies

3 Security problem regarding data and information flow in [56]
the production processes

4 Energy and Material Consumption [14] [61] [62]

5 Limited Financial Sources [63]

4. Discussion

Based on the literature review several aspects have been noticed to be important to
manage from the perspective of implementing and utilizing emerging technologies in a
production system that facilitates the need for resilience and sustainable solutions. First
of all, drivers have been identified that contribute to developing a resilient and
sustainable production system, thereafter we discuss the challenges related to the
emerging technologies and finally, a discussion about possible impacts from emerging
technologies on a production system are presented.

4.1. The drivers for a resilient and sustainable production system

Unexpected disruptive challenges in the world has forced companies to become more
flexible in their production facilities. For instance, the current ongoing Covid-19
pandemic situation demonstrated the importance of flexibility [8]. Being resilient in the
production systems means, enables companies to answer unexpected challenges that
might occur in all the steps of the supply chain [3]. Having resilience, enabling
companies to be more product and production oriented in their business, if they have
flexibility capabilities [3], [20]. As an example, if companies can optimize their
production systems for different types of products and also become more sustainable in
the production processes, these companies will be able to manage quick changes in the
market and create value for customers [3]. Moreover, as observed, the current climate
changing discussion in the world creates awareness amongst customers to consider
buying sustainable products. Therefore, managing the three pillars of sustainability:
social, economic, and environmental aspects contributes to the creation of value in
businesses [28]. Based on this, drivers for resilience in a production system are identified
to be related to encounter customer expectations, having a flexible and sustainable
production system, and build capabilities for managing disruptive changes in market as
well as problems in material supply chains.

The trend of sustainability has influenced society and businesses to become sustainable
and environmental friendly in every field of the product lifecycle. After Sustainable
Development Goals have been introduced [23], educational developments have involved
all parts of the society from schools to media and therefore, building a new sustainable
world has become crucial for the society, where manufacturing industry are one
important player. As a result, sustainable production processes have begun to be
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implemented in the manufacturing industry. For instance, we can clearly say that energy
consumption, materials, and fossil fuels systems have become the main concerns for the
manufacturing industry [10]. Hence, to be able to minimise energy consumption, reuse,
remanufacture, or recycling of materials, and fossil-fuel-free in production processes,
companies have started to invest in sustainable and smart production systems by
implementing emerging technologies such as IoT, AI, AM, and autonomous
technologies to increase product quality and the flexibility in production systems. As
emphasised by [58], [59] converting all the production facilities are still challenging for
many companies, especially for SMEs due to the high cost of investment. However, the
companies which could invest in these technological improvements in their production
processes, have noticed economical and social benefits as a result of this [58]. Even
though initial investment cost is high [58], there are a considerable number of global
companies and SME's that have started to invest in sustainable production systems to
stay competitive in the market. In conclusion, drivers for investing in emerging
technologies that supports the transition towards a more sustainable production system
is related to better process control, the possibilities to optimize the processes i.e. reducing
material and energy use, decrease the set-up times by using digitalized information from
the product models into the programming of machines in combination with the business
systems, with the purpose to satisfy customer expectaions.

4.2. Challenges related to implementing emerging technologies

From the literature review some challenges related to transforming the production
systems into a more digitalized environment have been identified. If a company would
like to utilize technological developments, such as emerging technologies, there is
usually a need for more investment, both in machines and infrastructural solutions, i.e.
IoT and automation, as well as in personal skills. However, global large companies as
well as manufacturing SMEs are challenged by the lack of economical sources for
technology investments that are required [58], [59]. This is a challenge that must be
managed in order to be able to utilize the expected benefits from the emerging
technologies.

Another important challenge is the lack of skilled people in these emerging
technological fields [58]. For instance, companies are now more automated and
computer-oriented, which change the recruitment profile for employees that needs
knowledge and skills in new domains to support the business. The trend of life-long
learning is cruical here, and companies are challenge to manage a continuation in training
for their employees in a creative way. A lot of possibilities for online training are
promoted in industry-university or industry-technical schools collaborations to train
future managers, engineers, and technicians. However, it is important that the training
has a purpose and contribute to a competence valuable for the company.

Cyber-Security is another crucial challenge for companies [60]. Due to competition
amongst companies, non-legal network security attacks can be observed. The integration
of the vertical and horizontal value chain [22], utilizing emerging technologies, indicates
a need for skills that manage software security in the IoT infrastructure.

Flexibility provides more customer-oriented products [21]. However, this need for
flexibility can challenge some businesses because of standardisation [61]. However,
standardisation can also contribute to managing large variation of products in order to
develop flexible production systems that manage high mix in low volumes [28] or that
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the products are designed for recycling, reuse or remanufacutring [36]. Furthermore, the
emering technology AM can contribute to a high flexibility for production [58], as well
as reducing the material waste, but the challenge is related to the product design and how
it is linked to the AM process. In general, the challenges to implement and utilize
emerging technologies are mainly related to how mature the company is in its
digitalisation transition in the production system, the knowledge about how to utilize
which technology for what purposes, the skills in the organisation and the infrastructures
for IoT.

4.3. Impacts from emerging technologies on a production system

The findings related to production systems showed that customer-oriented requirements
forced companies to have high-tech production lines that were optimised with robots,
sensors, and autonomous technologies [11-14]. As an example, robotic technologies
[39], can support more flexible layouts in the production flow, which contribute to
possibilities to design a production layout that utilize collboration between humans and
robots by installing i.e. safety sensors. Furthermore, Internet of Things (IoT) support
more information control and can contribute to trace energy consumption and material
usage [31]. Additive Manufacturing (AM) enables the production of more customer-
oriented products and with less material usage, however, there are some concerns
regarding energy consumption for some type of AM processes [48]. Big data analytics
support collection of data in the production flow and therefore enable companies to
optimise production systems [38]. To summarise, the overall impact emerging
technologies can contribute with in a production system is the possibilities to trace
information, optimise processes, manage flexibility that is related to customer demands.
However, even though these impacts also contributes to the possibilites to develop
resilience through knowledge databases and sustainability through the possibilities to
optimize consumptions in the production system, it is still challenging to invest in the
infratructures and perform the digital transition for fully utilization of the possibilities.

5. Concluding remarks

From a methodology perspective, this systematic literature review (SLR) focused on a
resilient and sustainable production process related to emerging technologies. An
increased number of articles were found in the literature on resilience and sustainable
production, smart production, and Industry 4.0 across multiple search strings and
research issues in which these regarded: drivers, challenges, and contributions have been
investigated in the SLR. The literature review has some limitations due to that mainly
one database was used, Scopus, for identifying reviewed papers, as well as that only
papers in English were possible to read for the authors.

One notable observation from the review of the literature is that there still is an
important gap for empirical research and case studies for resilient and sustainable
production phenomena, which also is motivated as a need for develop more knowledge
about the relation between sustainability and emerging technologies within Industry 4.0
[65]. This in combination with the possibilities that has been identified related to
emerging technologies, where drivers for resilience and sustainability could be managed
by the transition towards a more digitalised production system is an area to further
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research. However, the transition towards utilization of emerging technologies demands
infrastructural changes as well as organisational support for new ways of working.
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