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Abstract: This paper aims at exploring the perspective of sustainability when digital transformation
is adopted by one organization, although it was not the first goal targeted. Two different cases are
analyzed, covering manufacturing and service industries. In those cases different factors will be
analyzed, mainly focused on the positive effects of knowledge creation facilitated by direct or indirect
application of digitalization. Specific analysis of different cases were carried out to identify different
initiatives and the impact on environmental performance. The positive effects of the institutional
dimension were also assessed.

Keywords: digital transformation; industry 4.0; sustainability; air transport; organizational strategies;
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1. Introduction

There are different drivers that society is enforcing as relevant elements that professionals and
decision makers need to care about. Some of those drivers can be identified as sustainability, digital
transformation, innovation and entrepreneurship.

Those dimensions have become more and more relevant as specific threats like climate change can
damage properties and infrastructures, which ends up hitting productivity, inducing mass migration,
etc. A key aspect is the creation of value in a sustainable way, because it can directly contribute to the
deceleration of climate change. Indeed it is aligned with the reduction of negative economic impacts;
therefore, specific manufacturing activities can be developed to promote a circular economy [1]. To
measure the level of achieved digitalization in a country, the European Commission developed the
Digital Economy and Society Index (DESI), a composite measure that summarises indicators related to
the digital performance and digital competitiveness of the EU member states [2]. It is compounded of
a set of indicators related to the digital policy mix, where some authors [3] have compared with some
other global approaches like the Global Entrepreneurship Index.

According to DESI, over the last years there has been a huge development in digital information,
communication and systems. By implementing intelligent technologies on top of such systems, it is
possible to have relevant influence on the quality of life on our planet.

Innovation trends in complex computerization and digitization of manufacturing processes and
process activities like cloud manufacturing (CMfg), which has emerged as a novel business paradigm
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for manufacturing industry, are a clear example. Such innovations enable dynamical scalability and
virtualised management of resources as consumable services over the Internet, in such a way to
understand manufacturing activity as a service [4]. These innovations as the CMfg are strongly related
to the Industry 4.0 concept, that has been a driving force for the industry. The growing complexities of
design and the need of efficient production practices have resulted in the evolution of manufacturing
methods [5]. Cutting edge, distinct, and new manufacturing techniques and tools are consistently
being developed to meet fluctuating market demands.

However, such a novel paradigm does not emerge in the manufacturing industry alone, but in
many different economic sectors and, having a critical look at them, the air transportation sector has
much to say because of the unforeseen effects of the globalization of trade, news and, in the end,
because of the influence of social media [6,7].

Therefore, based on the previous discussion it becomes clear that digital transformation can
help to foster innovation not only in products but also in processes and corporate strategy as well,
with strong contribution from entrepreneur perspective [8]. Most of these relationships are grounded
on specific key drivers such as Industry 4.0 and some other related concepts like IoT, IIoT, etc.

Despite the large research activity on the individual concepts like digitalization, digital
transformation, Industry 4.0 applications, etc., not all the relevant dimensions between them have been
deeply analyzed. In particular the authors are interested in understanding if digitalization can improve
the institutional knowledge of organizations, helping to improve their environmental performance.
Because of the limited research in the field, they do believe that is done through the consistent increase
of the the institutional knowledge of how sustainable development is performed; in particular, when
the main goal of undertaken actions does not address sustainability.

Then, the focus of the paper is to research whether digitalization can increase sustainable
organizational performances, even if that was not the main goal of the activity, and the interest
research question is, Can digitalization processes positively impact sustainability through actions that have an
impact on organizational knowledge and, if so, what are the main mechanisms?

The paper's additional ambition is to propose a general framework where some accountability
could be assigned to the different dimensions and to specific plans or strategies, in a life cycle view.
Under such a perspective a more integrative perspective of digitalization effects can be foreseen.
Regarding the Sustainable Development Goals (SDG) for industrial ecosystems, the presented approach
addresses the SDG 9 “Industry, Innovation and Infrastructure” [9].

To cope with these goals, the structure of the paper will care about the current level of analysis
regarding sustainability that the digitalization literature has discussed, taking care of the relevant
concepts as well as their relationships in Section 2; at the end of the section a justification for the
analysis being carried out is provided. In Section 3 the description of cases will be addressed, justifying
the adopted approach and the level of analysis (micro for the manufacturing case and meso for the
air transportation one). In Section 4 the main results of the performed work and the observations
as per case are introduced. In Section 5 an integrated discussion of results as well as the elaborated
framework is introduced. Finally but importantly, Section 6 summarizes the main conclusions, as well
as the scientific and practical implications of the research, and its limitations.

2. Literature Review

While, as mentioned, sustainability is a trending topic, its definition has been the subject of
multiple studies and debates since the 1980s [10] and it is still under a lot of debate due to its different
dimensions [11]. Regarding organizational behavior, the accounting framework named Triple Bottom
Line (TBL), considering three dimensions for reporting, the financial, the environmental and the social
one, has been found useful to analyze sustainable value creation [9,12]. Some authors like [13] have
explored the implications of IIoT for the TBL. While the adopted methodology was the semi-structured
interviews, the main outcome was to emphasize the need for considering aspects like technical
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integration as well as data and information layers. Other authors emphasize the importance of the
inter-relationships between the three dimensions to achieve real sustainable development [14].

Concerning business models, sustainability is still a hard topic because there is not a definitive
design on how to operate an organization in a sustainable way. This happens because of the difficulties
in keeping organizational design updated and because of the volatility of the value proposition,
understood as customer willingness for their products [15]. While it was promised to extend the
product life cycle by means of better services, the effective average of product life-cycle is continuously
decreasing, in part because of the innovation schema fostering product replacement, and also because
of the planned obsolescence, which reduces the product usability experience [16]. Volatility in products
and services requires a higher degree of institutional knowledge to keep organization coping with the
extreme dynamism, which requires continuous alignment between the organization itself and their
stakeholders to provide added value to them.

The previous perspective for products raises interesting questions related to sustainability and
other concepts like circular economy (CE), green economy (GE), and bioeconomy. While sustainability
is understood as a wider referential framework, it is worth understanding CE and bioeconomy as
resource-focused. Otherwise, GE has its focus on the processes, and it is more inclusive at the local
level [17]. Therefore, because, in this research, the interest is more institutional, the adopted perspective
on sustainability is process-oriented. In any case, it is important to remind that some studies present
the CE as a condition for sustainability [18].

The interdependency between Industry 4.0 and sustainability theme has been confirmed in the
last years by two systematic literature reviews on the field of Industry 4.0 [19,20]. In both of them,
sustainability was identified as one of the main benefits of Industry 4.0, together with productivity
optimization or automated knowledge and learning as examples. Seliger et al. ensure that shortly the
increased value-added of Industry 4.0 will become more visible through more sustainable companies
due to its enormous potential [21], making us conscious of the importance of taking this link into
account. Specifically, in the manufacturing processes, Industry 4.0 was found to have the capacity to
enhance operations for environmental sustainability [22].

The positive effects of knowledge sharing on the organization's sustainability has been identified,
considering two dimensions: The intra-organizational and the inter-organizational following the
available literature around the topic [23,24]. That link was also confirmed, through the capacity of
companies with a proper knowledge management to face changes with higher success rates. On
the intra-organizational knowledge side, there is growing attention to the processes to improve
sustainability [25]. Furthermore, more specifically, the human resource division involvement has
attracted research attention in the last years, with a focus on intra-organizational knowledge facilitation.

On the inter-organizational dimension of knowledge sharing, the link between the adaptability
of inter-organizational information systems and the 17th Sustainable Development Goal (SDG) has
been identified from the systems perspective, highlighting the importance of organizational learning
mechanisms and knowledge sharing on that adaptation to keep the SDG on track.

There are also studies taking a different perspective to link sustainability and knowledge. That is
the case of Tosic [26], in which research a significant correlation between investment in knowledge and
human capital to increase the innovation and knowledge while remaining sustainable is found.

Within knowledge sharing, it is interesting to note that the intra-organizational dimension shows
an influence on the performance of the inter-organizational one and based on that and the integrated
framework, an approach for both aspects of knowledge sharing is suggested [27], including the
individual and the organizational learning variables.

The importance of data and technologies to improve knowledge management within companies
and between companies has been assessed through many articles linking them with performance [28],
innovation and development [29], or engagement of the workforce [30]. The need for improved
and increased knowledge sharing opportunities due to Industry 4.0 development is also a fact, but
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also, the other way around, Industry 4.0 can increase knowledge-sharing opportunities through the
introduction of technologies that more efficiently support information sharing [31].

The improvement in knowledge sharing thanks to Industry 4.0 enabling technologies has
been specifically identified in the manufacturing industry [32], as a factor that increases workers’
engagement by giving them the chance to influence their workspace. That was tested through the
application of technologies such as augmented reality or 3D simulation. In the air transport industry,
the digitalization trend to improve knowledge sharing is an evolving subindustry [33]. On the
technology side, the gamification concept was linked to Industry 4.0, that is revamping the knowledge
sharing approach thanks to the introduced technical capabilities, and allowing companies to plan
dynamic activities to improve employee engagement with knowledge sharing [34].

Traditionally the literature in the strategic management field suggests that firms must readapt
competences and resources looking to maintain competitive advantages over time [22]. In this research,
the organizational learning processes are hypothesized to be partially related to sustainable behavior.

It is also clear that there are new trends of digitalization, the circular economy and servitization
are force firms to develop new types of competitive advantages, where not only the firm-level matters
but also the network level through the exploitation of advantages of the ecosystem and enabling
co-creation with partners [35].

An interesting research question in this research is related to discussing to what end digitalization
in organizations has a positive impact on the business when increasing knowledge is a relevant factor.
With that in mind, in this paper, we will review different strategies at meso levels, considering together
the three industry trends: Industry 4.0, knowledge management and sustainability, because the dual
links between digitalization, sustainability and knowledge sharing have been extensively treated in
the literature as described above, but a lack of studies considering the three dimensions together was
found, even though the indirect link has been mentioned in some case through the Innovation that
supports the sustainability.

3. Materials and Methods

The paper looks to show how I4.0 can help to increase the organizational knowledge, in particular
in rather complex environments. Indeed, the final interest is to understand to what end the increase of
effectiveness implies also improvement in environmental performance, as one of the dimensions for
sustainable development.

The selected approach is to discuss the effects of digitalization by focusing on its drivers,
like the implementation of Industry 4.0, mainly oriented not only on production but also on the
health of workers and environmental working conditions. This is relevant as several authors [36,37]
have highlighted that technologies driving Industry 4.0 are in many cases developed in silos and
manufacturers'initiatives are isolated and fragmented, therefore dangers will multiply and the net
impact on OHS will be negative.

Actually, for increasing organizational knowledge it was decided to keep the focus on processes
with high levels of worker participation at shopfloor, for two main reasons; the first one is that such
processes relay mainly on implicit knowledge, and therefore, digitalization can help to formalize it.
The second reason is that such cases have not so commonly been addressed through a quantitative
research approach, offering a good opportunity to derive results beyond the direct and interested
variables under analysis.

Methodologically, the case study method was chosen for two main reasons: (1) Because it offers
the opportunity to investigate processes in-depth and has widely accepted suitability for gaining an
understanding of a multidimensional phenomenon [38], and (2) because it opens a stream of multiple
sources of evidence through, for example direct observations, but also document analysis, which
improves the overall quality of the analysis, providing additional robustness [39].

However, in order to avoid trustworthiness concerns regarding dependability and integrity taken in
an interpretive way [40], it was decided to cover also a case reflecting the interorganizational dimension.
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Therefore, a multiple-case design following theoretical replication logic was adopted [41], and it
was decided to accomplish an analysis for the Industry 4.0 manufacturing applications at “micro”
scale, having the opportunity to deeply understand the impacts of the hidden business effects and
managerial decisions in terms of sustainability. Such an opportunity was created as the authors were
running a research project looking to integrate workers in the Industry 4.0 context by increasing the
explicit knowledge in non-regular processes happening in production.

To avoid bias, it was also decided to carry out an analysis from a “meso” scale for the air transport
sector, where the impact of much more strategic and global initiatives also become relevant. By having
such a triangulated view, between sectors and scales, the analysis can be enriched, and concerns
about dependability and integrity avoided. For both cases, the focus will be to explore how digital
transformation enables a higher level of transparency and better environmental performance related to
different economic sectors at different scales of analysis. Indeed, it extends the concept defined in [42]
for digitalization, as a process of converting analogue data into digital datasets and it enables the
establishment of a framework for digitalization. Actually, both cases analyzed make it possible to create
new and non-existing datasets where learning from them can strengthen the organizational knowledge.

After presenting the methodological dimension of the work, the main details for the setup of each
of the cases are provided

3.1. Manufacturing Case

In order for an organization to step into the digital world, it is not just a matter of digitizing its
working methods, products or services, but also strategies and business models need to be reviewed
accordingly [43]. The Industry 4.0 paradigm, also including IIoT [44], IoT [37], RFID and several other
drivers contributes to increasing their innovation and competitiveness.

While the technology evolves rather fast and it requires organizations to be adapted in a fast pace.
There are a very large set of publications digging in different types of applications [45–48].

The attractiveness of this application case is to analyze the effects of digitalizations in
organizations when addressing processes involving a high degree of variability. In most of the
research, work demonstration case studies are focused on systematic processes with a high level of
regularity [49–51]. In some of the cases, applications to integrate workers into the process have also
been explored [52–54], which intrinsically means higher variability because of the human behavior.

The facility produces rebars for concrete construction both in civil works and buildings.
The interesting type of products have very different geometric characteristics, as depicted in Figure 1.
The production scheduling comes from the classical ERP system, production at facility level is managed
by the MES arma+ [55]. Then, production of specific items by cutting, blending and welding is fully
managed by automatic machines connected to the MES system in such a way that the total number of
items are tracked and counted machine by machine.

As the items are grouped depending on the quantities they are tracked by sticks attached to them
and the inner logistics is based on a system of cranes.

The outdoor logistics relay on a truck from the industrial facility to the construction floor. However,
preparations need to be carefully planned as the unload process usually needs to visit different
construction sectors to deliver specific sets of rebars. Therefore, a specific disposal sequence of items
as per layers in trucks needs to be carefully managed.

It is not surprising that the organizational knowledge of the company only relays on the MES
information and what it uploads into the ERP. The planning of the loading process into trucks is
the responsibility of the crane operators, who keep the details of the operational procedure, as it
has no more manufacturing effects because it is the last step of production. Indeed, different crane
operators have their own approach for the task, which introduces variability not only in terms of
errors, but also in terms of performance, energy consumption, etc. Sadly, the organization does not
have any information or knowledge about it, neither specific KPIs nor targets like reduction of product
losses, reduction of re-submit logistics, etc.
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Figure 1. Perspective of different produced rebars.

While the configuration for products (see Figure 1) is so variable (specific delimited areas with
columns, big fixed size boxes, white textile bags, etc.) it is almost impossible to standardize them.
Therefore, the classical view of process normalization fails because there is not a finite and low number
of configurations to describe. Even worse, the product load into the truck must consider the unload
path into the construction yard, as different sets of rebars may need to be delivered into different
sections of the construction yard because of several construction activities being carried out in parallel,
which require to have different sets of rebars at different places at the same time.

In terms of institutional knowledge, this very last step in the rebars manufacturing significantly
damages the whole setup, and the existing approach, which considers the two different kinds facilities,
the first fully monitored in real time, based on the MES and bar-code guns, providing plenty of details
about how performance, usage, demand for maintenance, and so on, and which evolves through time
and as per order.The second one, focused on logistics for loading trucks and delivery, does not improve
with significant variance in lasting operations and makes mistakes that damage the ensemble of the
business. This also happens because of the segmentation between those two activities has not enough
physical space to accommodate the produced items, and very frequently bottlenecks happen due to
the lack of free space to place the set of items, which makes even harder the location work for crane
operators, increasing the probability of some set of items getting lost for a specific truck (Figure 2).

Figure 2. Perspective of two trucks loading platform. The crane operator moves up and down to
effectively place the different items on-board.

To better show the difficulties experienced in locating items, Figure 3 shows the whiteboard crane
operators regularly use to identify where the items related to a specific truck are located in the factory.
It is seen how qualitative but still useful references are placed. Indeed, it is easy to understand potential
mistakes in forgetting to note some particular items, incorrect erases, etc.
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Figure 3. Whiteboard used to track item positions for different trucks.

3.2. Air Transportation Case

The air transport sector is the form of transport that has experienced the greatest improvement
concerning efficiency since 1960 [56]. The global average occupancy in air transport is 81%, above
any other form of transport. Another fact is that around 80% of the aviation CO2 emissions come
from long-haul flights (>1500 km) for which, depending on the goods transported or the passengers’
needs, there is no other practical alternative. However, even with the efficiency rates reached, there
is room for improvement, as recognized with the agreement of ICAO’s 191 contracting states during
the 39th congress in 2016. In that congress, CORSIA was agreed, implying “the adoption of a global
market-based measure scheme to address CO2 emissions from international aviation” [57].

The International Air Transport Association (IATA) supports and pushes air transport sector
sustainability through different digitalization initiatives. Three of them will be assessed in this research,

(a) FRED+ platform,
(b) Trajectory Sharing Platform (TSP) and
(c) e-Freight program.

A deep analysis of these programs is worthwhile in order to understand how they stimulate
the cooperation between flight companies, stimulating their cooperation and bringing them
measurement instruments.

4. Results

4.1. Manufacturing Case

The impact of limited institutional knowledge not only becomes a constraint to develop better
organizational design [58], but it also has a direct effect both in economic performance and in
environmental behavior. This is because making mistakes, like forgetting to load specific item-sets
into a truck, means that a second delivery need to be performed which is less efficient, and indeed
the amount of emissions associated with such working order is increased. Out of such extreme
consequences some other effects can also be identified, like mistakes for failure to properly unload,
which creates issues in construction yards. Indeed, because of intrinsic variability, different approaches
to the loading process imply extra crane movements, more energy consumption and less performance.

Additional potential disturbing factors to be analyzed are the weather conditions; this is due to the
particular market on construction increasing demand of rebars. However, high temperature stress [59]
has significance for on the job satisfaction, performance and indirectly on environmental behavior.
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What is interesting is that failures in due time deliveries for specific items (due to misplacing them,
forgetting them or any other reason) takes those item to scrap, although they have good quality records.
Steel’s recyclable properties are very high and the company has their own steel-making melting shops,
therefore CE principles are applicable; in terms of accounting such products are considered as full loss
of value, and specific KPIs are being placed to track them as this error means customer dissatisfaction
and extra cost for extra delivery or urgent re-manufacturing in case of being unable to find items.

Therefore, this case analysis shows the relationship between organizational knowledge, job
performance and both environmental factors and behavior at the organizational level.

To address the lack of organizational knowledge at the delivery function of the facility, but also the
working conditions, the company decided to apply capabilities coming from Industry 4.0, in particular
IIoT, IoT and Big Analytics, and two different shopfloors were investigated. A research project was set
up to develop guidance on how to capture the good and bad practices, and better use such knowledge
for improving the performance. The approach is designed to capture the sequence of production of
items and crane movements to temporary store produced sets. Indeed, the crane operator is also
tracked to learn what movements are done during truck loading. In addition heart rate, steps made
and blood pressure of the crane operator is monitored every minute during the shift. Regarding worker
parameters, a low cost smart-band (HBand ©) was selected and an android application was built to
collect data from all the sensors every minute (see Figure 4).

Figure 4. Main screen of the designed app for the worker’s monitoring.

As a complementary source of information, there are local environmental parameters like
temperature, relative humidity, CO2 levels and noise. To monitor the crane, crane hook and crane
operator movements, the adopted technology was the Ultra Wide Band (UWB) [60]. The UWB uRTLS
use several channels available on 3–7GHz) using the Decawave UWB chipset, in compliance with IEEE
802.15.4. The access to the data was implemented by using an API through a web service, using the
json data structure. Different antennas were placed in some columns of the factory in such a way that
triangulation with redundancy enables estimation of the position of tags with a precision below 35 cm
(see Figure 5).

In addition to the previous data flows, environmental conditions were also collected indoors and
outdoors, in order to have a broader context relevant to explaining the behavior.

The integration of data from different sources was carried out by using python programming
language and a mongodb database. In particular, data coming from the worker smart-band is submitted
directly by the android app. For this initial analysis, data collection of three weeks was performed,
considering the three main crane operators and all the loaded trucks in this period. Preliminary
analysis for worker trajectories and path duration, connected to crane load/unload cycles, has provide
ANOVA tested evidence that behavior from different operators are significantly different, including
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the number of steps per operation. In addition, the indirect information of the number of item loaded
enabled checking if someone was missed.

Figure 5. Layout of the Ultra Wide Band (UWB) devices as set up on the shopfloor.

4.2. Air Transportation Case

Since CORSIA’s agreement, the digitalization of all the information required to monitor CO2

emissions has been highlighted as a challenge for the air transport industry. To tackle this challenge,
IATA developed and launched the FRED+ platform. The main objective of FRED+ [61] is to facilitate,
through an online system, the CORSIA reporting to all aircraft operators, verifiers and states subject
to the ICAO agreement. As part of its functionalities, FRED+ allows airlines to connect with their
respective administering authorities for data transmission, but also to contribute to the elaboration of
an emission monitoring plan and to reporting on sustainable fuels. It also includes data validation
with identification of data inaccuracies and outliers.

During the period in which CORSIA is active, the FRED+ platform is free of charges for CORSIA
participants, making the digitalization of emissions data affordable not only for the big airlines and
states, but medium and small ones.

Looking at additional benefits of FRED+ for airlines, the fact of sustainability reporting could
represent a potential reduction in agency and legitimacy costs [62]. While the agreed reporting with
CORSIA would help to reduce the CO2 emission of air transport, it is only the first step to monitoring
and tracking the achievements of CORSIA’s forecast objectives by 2035 [63]:

(a) Reduce CO2 by around 2.5 billion tonnes.
(b) Generate above 40 billion in climate finance.

To achieve the above objectives, the air transport sector has focused its attention on a four pillar
action plan with three main objectives [64]. The most ambitious of those objectives is the reduction
of 50% of net aviation CO2 emissions by 2050 in comparison to 2005. The four pillars are related to
improvements in the following areas:

(a) Technology, including the usage of alternative sustainable fuels. An example of the impact of
this pillar on aviation is the evolution of aircraft fuel consumption. Since the beginning of jet
travel, fuel efficiency improvement was between 15% and 20% compared with the previous
aircraft generation. That is the main reason behind the reduction of 8% in US airline emissions
between 2000 and 2014, while air traffic rose by 20% [65]. Nowadays, aircraft manufacturers are
working on several fronts to enhance aircraft sustainability, gathering technical feedback from
aircrafts during their lifetime [66], or assessing the feasibility of other energy sources for aircraft
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like solar or hydrogen, and new wing designs [67]. What is clear is that the next sustainable
developments for aircrafts will rely on breakthrough technologies because current ones have
already reached their ceiling [68].

(b) Operations improvement. This pillar ranges from ground operations to flight trajectories.
A very important point to take into account about this pillar is that operational improvements,
in comparison with technology, could have an immediate impact on the entire air
transport efficiency.

In the operational field, the study of the optimal trajectory has been broadly researched [69–71],
in most of the cases linked to FCO. The FCO in the air transport sector is an old topic [72],
and aside from the obvious business interests, sustainability is making it again a trending
topic [73–76].

(c) Infrastructure. Concerning infrastructure, the air transport sector is already facing the
digitalization challenges of the airports [77], and also the advantages of improving infrastructure
efficiencies like ground operations [78] or even baggage handling [79].

Regarding sustainability improvement, the IPCC estimated that only in the USA the introduction
of the recommended changes on air traffic management would represent savings of around
6.1 million pounds of fuel, equivalent to 12.7 million pounds of CO2 emissions [80].

All of the above only highlights the importance of this third pillar in improving the sustainability
of air transport. Moreover, it is reinforced by the emergence of the models for assessing the
sustainability of airports [81].

(d) Global market-based measure. This last pillar is required to accomplish the explained
objectives. Even relying on the first three pillars, a potential gap could occur. To close that gap,
international CO2 emissions trading must be considered as a temporary solution, as suggested
by Absi et al. [82], while solutions coming from the other three pillars are implemented.

Through business intelligence and digitalization, aside from the FRED+ platform, IATA is
proactively supporting the airline industry to improve the second and third pillars of the strategy,
the efficiency of the operations and infrastructures, and therefore the sustainability, by reducing fuel
consumption. In this direction, the Trajectory Sharing Platform (TSP) is the last initiative under analysis.
The idea behind TSP comes from the “Flight and Flow Information for a Collaborative Environment”
(FF-ICE, ICAO’s project) [83], and it is specifically based on evidence of the importance of optimal
trajectory management to improve operations’ efficiency [69,84,85].

The TSP aims to help the process of optimizing aircraft trajectories, based on the advanced
measurement and trajectory management technologies of the new aircrafts (technology pillar). The
TSP will facilitate the information sharing between cockpit crews and ATCs, supporting the vision
of overall systematic operation, which results in improved use of available airspace and the fuel
consumed by the aircrafts.

For a better understanding of the value-added by the TSP, it is important to understand the
context. Every aircraft starts its trip with a flight path assigned by the correspondent ATC, considering
various factors as other flights and congestion. The assigned path could vary based on different
variables like the weather or the turbulences detected. Additionally, nowadays, the new aircrafts have
thousands of sensors (>250]hl,000 in the case of A350), which generate big amounts of information
per time unit. That information is used by the flight profile optimizer of the aircraft to recommend
the optimal flight path, which is shared with the flight crew through the electronic flight bag. The
optimal flight path recommended by the FPO is usually not feasible to follow due to ATC restrictions
or surrounding traffic. Not allowing the aircraft to adapt its trajectory to the optimal has a direct
impact on fuel consumption [69], and it could imply extra fuel consumption of up to 30% on airport
arrival procedures [88], or in the case of the continuous cruise phase of an Airbus A320 between 1%
and 2% of the trip fuel [89].
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The third initiative, led by IATA, to increase air transport industry sustainability through
digitalization, is the e-Freight program, which “aims to build an end-to-end paperless transportation
process for air cargo” [90]. The most outstanding objective of the e-Freight program, concerning
sustainability, is the elimination of more than 7800 tonnes of paper documents annually. This objective
will be achieved through the digitalization of 20 documents related to air cargo that can be converted
into 12 cargo XML standard messages. The e-Freight program was launched by IATA in 2006, with the
involvement of stakeholders across the whole air cargo value chain, from carriers to customs authorities,
and the ground handlers or the custom brokers, among others.

From a digitalization point of view, a relevant step of the e-Freight program was the introduction
of the e-AWB in 2010 to convert the AWB document (see Figure 6) into an electronic document. We
should notice that AWB is a critical document within air cargo contracting processes, and it constitutes
the contract between a shipper and a carrier (airline). In terms of volume, in September 2018 were
there 2.3 million AWBs, being 55.9% e-AWBs.While real implementation underperformed slightly
(by December 2017, the expected penetration was 62%, but the real one was 52.6%), still the progress
is very significant [86]. One year later, the penetration of e-AWBs has increased significantly up to
66.6% [87].

Figure 6. e-AWB files. (Source: The International Air Transport Association (IATA) https://bit.ly/
2vBnLYy).

Aside from the mentioned digitalization related initiatives launched by IATA during the last
years to improve air transport sector sustainability, there are other initiatives not directly related to the
digitalization or IATA, that it is worthwhile to mention, at least the most relevant:

• The IEnvA (IATA Environmental Assessment) oriented to support airlines achieving
ISO14001:2015 compliance.

• The “Single European Sky” program of the EU, aiming to improve ATM in Europe to make air
traffic growth sustainable and environmentally friendly [91].

• Or the models developed by Eurocontrol to analyze the air quality around the airports
(Open-ALAQS) or IMPACT for the combined analysis of noise, fuel consumption, and
emissions [92] and not only in Europe.

5. Discussion

The current section has been structured following two cases considering their different levels:
Micro for the manufacturing case and meso for the air transport case. Moreover, the three dimensions
under study have been used to structure the discussion considering the findings.

https://bit.ly/2vBnLYy
https://bit.ly/2vBnLYy
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Based on the manufacturing case, it is possible to identify the benefits of increasing organizational
knowledge on the shopfloor. This is the case of increasing the process knowledge about the location of
item sets, which, from the initial trials, allowed to reduce by 3% the items to be sent and not finally
loaded into the truck, which avoided unwanted additional delivery processes but, even better, reduced
12% the variability for truck loading duration. This result is aligned with the literature that inter-relate
Industry 4.0 and sustainability improvement, which has shown a strong correlation between Industry
4.0 and the three dimensions of sustainability: Economic, environmental and social [93]. However, the
figures obtained based only on the initial step of knowledge formalization are promising. Currently,
more steps in knowledge creation are being accomplished, like to scan the barcode of the items being
stocked, loaded into the trucks and unloaded. In this way, the aim is to reduce the process of locating
the different items, which explains the variability in the duration of the load process. Therefore,
as depicted in Figure 7, the bigger the focus in lean management, the larger the environmental
improvement, even though the relationship is not direct. In fact, that relation is rejected by the same
authors that support Industry 4.0 positive link with sustainability [93].

Lean Management

En
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Figure 7. Relationship between organizational knowledge on the shopfloor and environmental performance.

The manufacturing case shows how intra-organizational knowledge sharing, supported by the
digitalization of the work environment, could help to improve company operations’ sustainability, in
alignment with previously cited literature, which identified sustainability as one of the main benefits
of industry digitalization [19,20]

In addition to the knowledge gained and the development carried out to estimate the stress
of the operators based on the minute monitoring of heart rate and blood pressures, there was an
interesting demand from 75% of the crane operators, who requested to have access to their data. No
matter when the project dealing with the digitalization at the truck loading area was enforcing the
GDPR requirements and no individual tracking was enabled, it was considered fair to attend to the
demand of the workers, and to analyze the derived effects. The legal restrictions (GDPR) to share
all the information reduce the value added to the sustainability of the operations thanks to factory
digitalization and even though this intra-organizational knowledge hiding was due to external factor
to the organization, it can be considered a negative consequence of intra-organizational knowledge
hiding, with no influence from the knowledge management systems implemented in the company [94].

It is relevant to discuss how the management of the facility fostered the early adopters of
technology by including relevant messages in training sessions, presenting the project as a good
win–win opportunity for all the stakeholders, evidencing that such measurements will make it possible
to justify heavy conditions with figures, which can help to find ways to implement protective actions,
and delivering enough information through the union representation of workers. These actions,
although managerial class, are considered essential in the effective usage, adoption and interest
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exhibited by participants, including the already indicated request to check their own data, which was
not expected at the beginning of the project.

To address workers’ demand, a regular job was implemented that every day delivers the specific
records to a trello© account to which every interested worker needs to subscribe. A statistical summary
of the collected data for such workers per day is fed onto their dashboard, which also includes a link
to a website with graphic details (see Figure 8). The interest of the workers to obtain more information
about the data gathered denotes an interest to be engaged in the intra-organizational knowledge
management to help with the their workspace potential redesign. On the process side, the case itself
has the intention to improve sustainability through knowledge sharing [24].

Figure 8. Webtool developed to inform workers about their parameters.

It is interesting to note the motivational effect that the availability of the dashboard brought
to the workers. That effect is also supported by previous studies that link the implementation of
social media platforms with the motivation of the employees to share knowledge internally [95].
It was also observed through this experience that when such information started to be consumed by
workers, they became aware of the relationship between their parameters and the activities, and such
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personal implication is considered a positive factor to foster digitalization, as they start to request
additional knowledge.

Some evidence observed from this research project is the added value of including highly
variable human based tasks as candidates to contribute to increasing intra-organizational knowledge
sharing [96]. Such an approach can make a difference in the particular case of CMfg configurations,
where human activities can significantly impact the long-term stability and availability of
such concepts.

For the ongoing manufacturing research project, the data collection is still being carried out for
long-term learning, like the systematic association of human patterns like stress and environmental
conditions. However, the initial short-term outcomes have provided a consistent view of potential
contributions for integrating low cost but relevant data from IoT and IIoT into the business processes,
bringing immediate effects over several indicators (see Figure 7).

The IATA case presented three initiatives in different stages; each of them with a different target,
but all related to the usage of digitalization to improve sustainability. Due to the characteristics
of IATA, as a trade association for the world's airlines, all the initiatives presented are oriented to
improve inter-organizational knowledge sharing within the air transport sector. At the same time,
the case of IATA is difficult to compare with the existing literature because the barriers faced for
inter-organizational knowledge management are different to the ones experienced by profit-oriented
organizations, which are subject to the paradox of sharing knowledge [97] for their benefit but hiding
them at the same time to keep their strategic advantages.

There is a positive link between environmental sustainability performance and the increase
of inter-organizational knowledge as a result of organizational learning [98], also in the case or
air-transport, although it was only quantitively verified in the manufacturing case. In the IATA case,
looking at Figure 9, the importance that inter-organizational knowledge sharing is going to have for
sustainability, as recently confirmed through research [99], can be easily deducted. CO2 emission
evolution depends on various innovation streams (intensive in knowledge), previously referred to
as the four pillars: Technology, operations, infrastructure and global market-based measure. To
facilitate that inter-organizational knowledge management that will enhance sector sustainability,
proper knowledge governance will play a key role [100]. That management is facilitated by many air
transport sector transversal stakeholders, like ICAO or IATA. In the manufacturing case, environmental
benefits arise due to organizational learning from worker participation [101].

Figure 9. CO2 evolution and forecast. (Source: IATA https://bit.ly/2OSoKKO).

The role of IATA in all the initiatives presented develops and implements inter-organization
systems adapted to the needs of the sector. The presented initiatives are adapted to the need for a more
environmentally sustainable performance, but IATA has other initiatives linked to other industry needs, like
the Billing Settlement Platform (BSP) “designed to facilitate and simplify the selling, reporting and remitting
procedures of IATA Accredited Passenger Sales Agents, as well as improve financial control and cash flow
for BSP Airlines” [102].

https://bit.ly/2OSoKKO


Sustainability 2020, 12, 1460 15 of 21

From this analysis, one of the outcomes is that different types of organizations can evidence
the relationship between environmental behavior and knowledge sharing. Indeed, those drivers
can be either internal knowledge acquisition as in the manufacturing case or external knowledge
acquisition as in the IATA case, where the common measuring system, as well as the flight companies’
cooperation through the platforms, build by IATA, enable such knowledge creation. From a more
general perspective, it can be seen that drivers can be a combination of internal and external
knowledge acquisition mechanisms, where the right figures will depend on the adopted strategy
in the organization.

However, the intensity of the relationship depends on the relative location of each organization.
This can be seen in Figure 10. When the organizational knowledge level is low, big outcomes regarding
environmental performance are not expected, and actually if the performance is moderate, there are
no additional incentives to improve, which means that its natural evolution is to reduce the future
relative performance. If the performance is currently high, the future tendency in the short-term is
to keep the position. When the organizational knowledge level is high, the incentive to increase the
performance is higher than in the low-level case. In the case of moderate performance, the incentive to
use opportunities is high and more opportunities are available. Such a combination enables a wider
set of potential alternatives. In the case of current high performance, although the incentive is high as
well, the set of options is limited, which means that future options are less than in the moderate case.
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Figure 10. Interactive relationship between organizational knowledge and environmental performance.

6. Conclusions

In summary, we can conclude that during the last 15 years, the air transport industry has
demonstrated a real commitment to environmental sustainability through tangible initiatives related
to new aircraft technologies, enhanced operations or sustainable fuels. In this path, to improve air
transport sector sustainability, the increased digitalization of airports and the adoption of Industry
4.0 provides significant relevance, as the IATA case studies showed. Nevertheless, aside from the
industry sustainability improvements, the quantification of the impact that IATA initiatives have on
air transport industry sustainability is a challenge that may be considered as a further research topic.

In a similar way, it was shown that in other industries like Industry 4.0 for construction, there
are opportunities, even though the initiatives were not focused directly on sustainability, but in lean
management or performance within a lean culture of variability reduction. It was evidenced that
improvements impacting sustainability are also possible, but to be permanent they need to be adopted
as explicit knowledge by the company. Therefore, no matter when technology is needed, strong
management leadership is also required, and the bigger organizational knowledge capabilities, the
bigger reward obtained. The integrated view derived from the research carried out is that knowledge
increases when framed in a convincing strategy that can support direct and indirect improvements,
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including the sustainable dimension. This happens both inside the organizational context (intrinsic
knowledge creation) but also in the case of multi-organizational contexts (extrinsic knowledge creation).
The relevant aspect in all the cases is that the link between knowledge creation and sustainability
performance when a specific strategy is implemented, and accountability through specific metric can
be adopted and fostered by drivers like I4.0, IIot, etc.

Additional lessons learnt are related to the significant added value of managing stakeholders’
expectations, like enabling, promoting and reinforcing worker engagement with OHS and the
explanations for findings. These dimensions can be also very significant when more innovative
architectures like CMfg environments are considered, as nowadays the focus is just the track and control
of production units through XPDL/BPEL kinds of languages. To consider workers’ behavior inside
the CMfg schema can bring additional perspective about process variability, which can contribute to
further improvement of the whole system.

Regarding limitations of the research, although two different shopfloors have been investigated
with different organizational knowledge levels, still the final figures involving long-term data capture,
analysis, clustering and rule derivation and action implementation were not performed yet. Therefore,
we can say that full quantification of the initiatives in both cases needs further research, and this will be
accomplished in the near future. To this end, the effects that machine learning techniques can provide
is also another dimension to be further investigated.
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