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Abstract

The aim of thefollowing bachelor thesis is to investigatthe key drivers of
inefficiencies in the Aviation Maintenaac Repair and Overhaul sector; in other
words, to find out what factors and characteristics of the industry cause delays in
operations of MRO service providers and significant rise in their expeRsegaper
would also attempt to explore how digitizatiaaf the supplychain- with an aid of
modern technologies (Cloud Computing, Big Data, 3d printing, Internet of Things and

Blockchain) could help solve these inefficiencies.

The paper is structured as follows. The first part would introduce the problem and
research questions, followed by the Section 2 in which the methodology employed
for this research is explained. Literature review portion of the paper starts by
defining the MRO industry and providimgore details in regards to the classification

of the industry, its supply chain structure, am@ches to inventory management etc.
This is followed by explanation of previously listed technological configurations and
discussion ofheir potential use insupply chain managementhe next section of

the paper isdedicated to a case study of an MRO service provider located in Serbia
which provides a real life example of one MRO organization anus to gairmore
JvelPZ3 Jv3} }u% VvC[e 3Z}uP.ZsSsth}vhe [fRdHys &f he study
would be discusselly providing the final remaskand addressing limitationsf the

paper, as well asuggestions for the possible future research in the field.

Key words: aviation MRO, supply chain management, digitization, Cloud computing,

Big Data, Blockchain, 3D printjrigternet of Things
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1 Introduction

1.1 Background

Management consulting agency Oliver Wyman published, in collaboration with I1ATA,
a 10year forecast forthe air transport market in 2017. According to the results,
global commercial fleet is about to experience considerable growth over the
upcoming decade: from 25,000 aircrafts in the previous year to approximately
35,000 by the end of 2027. Asia, particljaChina and India, would account for
roughly 40% of that figure (Oliver Wyman, 2017). As for the general aviation sector,
FAA (Federal Aviation Sector) estimates that there would be a significant increase in
the usage of corporate jets and air taxis (Wi8eGok, 2015). The key drivers of this
growth in demand for air travel are: rising consumer income, significant deregulation
of global air transportation, newly added routes as well as increase in international
trade which fuels air cargo industry (Olivéyman, 2017). Due to this development

of air transport sector, aircraft manufacturing would blossom, as well as global
rivalry in transportation market. It would be crucial for carriers to retain their
competitive advantage by offering punctual and stafeart services to their
customers. For this reason, aircraft fleet represents the prime asset for every airline
company (Kashyap, 2012), which in turn increases the importance of the MRO
(Maintenance, Repair and Overhaul) sector. In fact, the aircraftnteaance
industry is expected to grow on average 3.8% annually, reaching the 104.2 billion
dollars market value by the end of 2027 (Oliver Wyman, 2017).

1.2 Problem Discussion

While large air carriers usually operate their own maintenance facilities, snaalter

low-cost airlines typically outsource such activities to a Hpiedty MRO service

provider since they do not possess a sufficient amount of resources to carry out the
maintenance on their own (Ayeni et al., 2010). However, MRO supply chains of

today E ¢3]o00 SCE %% Jv ¢} o000 Ze]Jo} (( S[U *% ] ooC ]v 8§
which implies that there is not enough collaboration or information sharing among

different parts of the chain the aircraft operators, MRO provider and suppliers

(Buywkozkan & Gocer, 2018). This lack of integration might pose some difficulties: In

order for all parties to gain benefit, fleet schedule of an airline and overhaul

8
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9schedule of its MRO provider must be aligned which might not always be possible.

Apart from o©ordination issues, outsourcing also requires transportation and

handling which typically results in increased supply chain complexity (Boon, 2004).

&E}u DZK }EP v]I 8]}Vv[s % E+*% S]A U Jv }E E &} » §]+(C 38Z
completed as fast as gesible while retaining the demanded level of service quality.

However, due to the nature of the business, these MRO organizations typically face

issues such as unpredictability of spare parts demand, fragmented supply base,

excessive safety stocks etc. @dkelwal, n.d.). On top of that, considering that this is

technological field dependent of the engineering innovations, the MRO sector also
experiences constant changes which could have an impact on their supplier network

and the way daily operations aregormed.

Nevertheless, recent developments in sophisticated technology such as: Cloud
Computing, 3D printing, Big Data, Internet of Things or even blockchain might pose a
solution for MRO supply chain inefficiencies in the future and improve the
integraton from the supplier all the way to the end customer which would
essentially improve the service quality level and reduce the TAT (Turnaround Time)

for an aircraft that is a subject to maintenance.

These issues have led to the following research question
1. What are the main drivers of inefficiencies in the aviation MRO industry?

2. How could digital solutions help correct these inefficiencies?

1.3 Aim and purpose of the paper

The use of information systems in supply chain management, particidaalyiation

MRO, has been a practice for several years now (e.g. ERP systems), but n@# state
art web configurations that have emerged on the market relatively recently,
mentioned in the paragraph above, have not been put to much use yet. Utilizing
smatt technology is still largely unexploited area and there is not much scholarly
research conducted on this topic (Rai et al., 2006). Thus the aim of this research is to
identify the specific issues within the aviation MRO supply chain as well as their
soure, and to examine how digitization could potentially be utilized in order to

improve integration within aviation MRO andlge the identified problems.

9
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2 Methodology

2.1 Approach

Considering the fact that the topic of total digitization in the aviation MRO field is

still a relatively new phenomenon, the most appropriate approach to the presented

research problem would be a qualitative study that seeks to explore research

guestionsfurther and provide better understanding of the topic.

In general, according to Marshall and Rossman (2006), qualitative research methods

are increasingly being used in social sciences and applied fields, such as

management. This type of research is definas interpretative and pragmatic,

meaning that it largely relies on practical experience rather than theoretical aspect.

Another important characteristic of a qualitative approach in studies is the fact that

the course of the research is usually not peesfmined, but rather emergent, which

implies that it evolves along the way and may change its initially expected direction

(Marshall and Rossman, 2006).

The paper begins with an overview of secondary research conducted by academics

and industry experts m the topic of Aviation MRO and supply chain digitization, in

order to gain more insight into the matter and as a preparatory step for the

empirical part which focuses on primary data collected in a case study based on a

third-party MRO service provider dated in Serbia. Case study allowsdépth

JVA «3]P &1}V }( 8}%] (Elu upod]%o0 % Eeo%({ [S]TAVIUEIE 15 e« »

Its purpose is to provide deep understanding of professional practices, systems,

JEP v]i 8]}v[e % E} <+ 2008). Xhis apprpachls very flexible, that is, it

] "v ]15Z € %]wy vS Vv}IE }veSE ]v C usz} _ ~"u}veu

other words, multiple different methods could be utilized to obtain data during the
case study. Data collection techniquesat are most frequently employed are:
interviews, observation and document analysis-dépth interviews are typically
performed in an unstructured or opeanded manner. The main reason why
interview is largely preferred instrument for data gathering ig flact that it can
often unravel events or information that could not be seen through simple
observation. In addition, interviews are flexiblend they give researcher an

opportunity to understand the topic from a different point of view (Simons, 2009).

10
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An accompanying technique frequently used in conjunction with the interviews is
observation of processes, interactions, surrounding etc. There are two types of
observation: direct, where the researcher acts as a passive observer; or participant,
where he/shetakes an active role in a case study, for instance becomes a temporary
employee (Yin, 2003). Observation gives an inclusive picture of the organization that
is a subject to the study, but it also allows the researcher to assess how
organizational cultureporms and communication may affect the problem being
studied. What is more, it could also serve as a check for the validity of data collected
during the interviews, therefore making an observation a solid foundation for
further interpretations of the finthgs (Simons, 2009). Last component of the case
study is document analysis. This could range from formal documentation which
involves annual or audit reports, vision and mission statements, regulations etc. to
informal documents such as memos, newslettargl so on. Although this approach

is not as widely used as the previous two, it could still assist the researcher in gaining

better understanding of the organization and its practices (Simons, 2009).

2.2 Research Procedure and Data Collection

Literature usedor conducting the secondary research consists primarily of academic
journals retrieved from Google Scholar, Science Direct and Emerald Insight
databases, as well as books and several different industry reports published by
leading global consulting agdas such as Capegemini, PWC and Deloitte. The

literature review is followed by the empirical research, which is, as stated, based on

e 3U C % E(}EU }v ujlvs v v Ju% vC A~ A Al §]1}v_

Serbia. It is not a study of the organizationaawhole, but rather with a focus on
specific issues in its supply chain, particularly the following: procurement of spare
parts and other components, inventory and warehouse management, work orders
management, AOG handling as well as relationships thatctrapany maintains

with its suppliers and customers.

The first step in the case study would be a documentation analysis. Some of the
archival records (such as work orders etc.) would be reviewed alongside the
Ju% vC[e A % }a]8Blg} with comprehensie descriptions of business

1% @& §]}ve V % E 3&] U AZ] Z ]+ @ <p]JE C A o]y Al A
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of the EASA.145.0713 certificate. The purpose of the documents review is better

preparation for the interviews.
Interviews would be conductedith the following employees:

Zeljko Ivosevid general manager
Nikola Lukict quality manager
Marija Matovic t logistics manager
Stefan Dabid mechanics

The questions would vary depending on the interviewee and his/her job position. All
the interviewvs would be executed in an opemded and sermstructured manner,
meaning that some of the questions would be prepared in advanmgor to the
interview session; however, new questions would naturally arise as the interview
progresses further in order tgain better understanding of the topic that is a subject
of discussion. Three interviews would be executed in person, while the two
remaining ones would be performed via Skype. Questions covered during the

interview could be found in the appendix at thadeof the research paper.

Apart from interviews, participant observation would also assist in getting to know
the physical environment in which the company operates: hangar, office space and
warehouse setting, as well as employee behavior and interrelships,
communication between different departments of the company and the overall
company culture which may affect the daily activities that are the essential part of

the organization.

2.3 Data analysis

The process of qualitative data analysis is signiflgardifferent and less

straightforward in comparison to analyzing the quantitative data. According to Miles
and Huberman (1994) there are essentially three different steps that comprise the
proper analysis of qualitative data: data reduction, data displag aonclusion

drawing/verification (as cited in Walliman, 2004., p. 189). Data gathered using the
gualitative data collection techniques is usually unorganized, redundant and difficult
§} AYEI A18Z Jv 18 ZE& A[ (JE&u Az] Z ]« Arogghl ghe]s v
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collected information and segregate the parts which are relevant for answering the
research questions. The following step is compiling the corresponding data from
various sources into groups based on their content. By classifying data in this
manner, researcher has the ability to detect patterns, themes and gather more
insight. If possible, data could even be showcased using a diagram or a graph to help

the researcher illustrate the point and draw justifiable conclusions (Walliman, 2004).

2.4 Limitations of the method

As it is the case with any research methodology, qualitative research, particularly
case study, has its limitations worth criticizing. Although interviews tend to be
focused and insightful, there are several issues associated witluaiigs collection
approach: bias that may arise due to inadequately constructed questions, response
bias, reflexivityt ~Jvs EA] A P]JA « AZ § Jvd EA] A & A vse 8} z7 E_ ~
86), inaccurate or inadequate formulation of the answer etc. Furtheendhe
biggest problem when being involved in participant observation process is that the
researcher may become a part of the organization that is a subject of the study,
which may result in biased opinions and findings. Nevertheless, it provides him/her
with a unique opportunity to see things from another perspective, observe events
and gather information that normally cannot be accessed through the direct

observation investigation (Yin, 2003).

13
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3 Literature Review

3.1 Defining Aviation MRO

Aviation MRO (Maintenance, Repair and Overhaul) sector could be defined as a

service industry responsible for performing the following activities: scheduled checks

that involve inspection and determination of tktd € E (5[+ }v ]3]}vU « A oo
modifications and overhaul of separate components such as: landing gears, braking
systems, wheels, hydromechanical components, electronic components etc. (Ayeni

et al., 2011).

The key difference between general machinery and aircraft maintenance is the fact
that the latter is obligatory, but also highly regulated and controlled by aviation
MSZ}E]S] « *p Z & U 2~ U § X MAZE[ AZ]1%3]4( 1A uEy |
]* Pv o0 %0 vsS v u ZlJv EC u]JvSvyv U] vVv}S %%0] o S}
2012, p. 5. For obvious reasons, in the aviation sector maintenance activities are
more of preventative nature. Regulatory compliance is in the foundation of the
aircraft maintenance, which implies that it ought to be performed in the same

manner no matter where tb MRO provider is located (Sahay, 2012).

In case of the airlinewned MRO services, the keyistomer is naturally thairline

itself. Other maintenanceompaniegypically workwith low cost and small air
transport providersas well as different leasimpmpanies. Occasionally, however,

big airlines that typically have their own maintenance facilities would still
collaborate with an independent MRO organization to take advantage of a location,
since they cannot afford to have their own employees setvatrg hub or airport

where they operate; or in case they are searching for special services that would be
too expensive to perform on their own (Sahay, 201&)other area that is a subject

to maintenance, and represents a niche market in these servicgeneral aviation
sector.GA includes aircrafts used for business traveling, recreational flying,
instructional flying, as well as aerial work, such as: agricultural aviation, patrol,

rescue, photography, surveying etc. (ICAO, 2009).

14
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There are two basimaintenance levels performed on aircrafts, regardless of their

type and size:

CHECKS APPROXIMATE ESTIMATED
FEREQUENCY DURATION
Pre-flight/Gate Every departure 40-60 minutes
Turnaround 3-5 days Overnight (up to 90
minutes)
A check Roughly 125 flight hours  Overnight
(two to three weeks)
B check 750 flight hours (three to  Overnight
four months)
Ccheck 3.000 flight hours (every  3-5days
15 months)
D check 20.000 flight hours (sixto 1 month

eight years)

Figure 1: Types of maintenance activitjbased on Wensveen, 2007)

LINE maintenance
AdZ]e (puv 8]}v JVA}oA « 3Z E}us]v u]vd vyv 2QEZ ]J]E E (8X_ -

p. 2110). In other words, it is performed while the aircraft is still operating on the
assigned fight schedulet]$Z]v §Z]e § P}ECU ]J&o]v ¢« ](( & vs] 8§ SA v
ZSuEv E}pv [U \ ulvs vv X
e Gate: simple visual checkup as well aggbmspection of the vehicle to ensure

that there areno external damages or leakatieat could be potentially fatal

(Hessburg, 2001 iBoon, 20Qups, 2015)).
e Turnaround: it is generally conducted at the end destinationof JE& & (S[-

schedule; it includes basic servicing andanirepairs if necessai§oon, 2014).

A"t}EI e+ }v {11R hoir inspection to ensure that the plane is

}% @E $]vP v JE A]83Z 8Z }E]P]vV 0o <p]%u v3 u vp( SpE &

minimum equipmento]¢3 ~D >¢X_ ~t veA vU TiiiV % X 1108
e A-check: It includes the examination of the general condition of an aircraft

which involves the inspection of electronics (avionics), power plant and the

main body (fuselage). It is usually limited to visual exanonai{jWensveen,

2010).

15
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e B-check: It incorporates Acheck procedures as well as more detailed inspection
of the airframe and some preventive maintenance: engine oil analysis, removal
and inspection of oil filters, lubrication of parts as required by the nahetc.
(Wensveen, 2010).

2. BASE maintenance

In order to conduct base maintenance, an aircraft has to be temporarily withdrawn
from its schedule and transported to hangar within MRO facilities for a detailed
checkup (Boon, 2014). Base maintenajee }ve] & ZZ AC[ u Jvs v v v

therefore requires excessive downtime for an aircraft (Wensveen, 2010).

o C-check: » }u%.}Vv arésepaired, flight controls are calibrated, and major
Jvd Ev o u Z v]eus E § 8 _ ~t veA vitbnitieV %o X 1iieX %o ES3
previously indicated tasks, during thecBeck, workers are obliged to perform
corrosion prevention, compressor washes, intense lubrication etc. which would
approximately take up to 5 days, depéang on the size of the aircraft
(Wensveen, 2010).
e D-check: This is the most rigorous form of maintenance which essentially
implies reassembling an entire aircraft after it has been deconstructed for
ujvd vyv %PUE%}e X 00 o0 u vsSe }( SZ JE& & (S[* ]Jvs E]}E!
lavatories, cockpit etc. aremoved in order to facilitate the detailed inspection
of the structural components, as well as fuel systems and flight controls. Due to
the intensity of the procedure, an aircraft would typically remain unoperational
for a month or even longer if there asmy additional repairs that ought to be

performed (Wensveen, 2010).

As technology keeps advancing and aircraft types become more diverse and
sophisticated, there is a growing need for specialization in the MRO. Hence, MRO
organizations could be classifi into thefollowing categories:heavymaintenance
line maintenance (routine check®ngine overhaylcmponent overhayl avionics,

conversions (Ayeni et al., 2011).

16
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As far as the organizational structure is considered, all MRO organizations belong to

one of the two categories:

Independent/third-party MRO providers

Airline-operatedand-owned

Typically, bigger carriers that have been present initigieistry for a considerable
amount of time and hold a large pooti of the market shareyould have their own

MRO facilities set at important locations (Ayeni et al., 20Eamples would include
carriers such as American Airlines or Lufthai$es allovs them to have better

control over maintenance activities and safety of their fleet, while ensuring even

flow of processes througut the supply chain (Boon, 20))

On the other hand, small@mompaniesand lowcost carriers would generally

outsource suclservices due to the fact that establishment of MRO branch requires a
great deal of gpertise and capital (Ayeni et al., 2Q1%ith an increase in

competition in the air transport sector, companies were forced to lower their prices
and focus on building strategy for the purpose of increasing their market share.

With that in mind, majority of airlines, especially the new ones in the market, could
not afford to spend too much capital nor effort in the maintenance department,

while neglecting their core adfities. Outsourcing became a perfect solution for that
problem (Sahay, 2012). Furthermore, third party MRO providers are able to achieve
economies of scale for a considble amount of their tooland facilities because

they have a tendency to combimeork contracted from a variety of different clients
across the market, which in turn results in lower competitive prices. This implies that
it is, indeed, more affordable for airlines to outsource maintenance activities since it
would lead to cost redetion inthe long run (Boon, 209. OEMs (Original Equipment
Manufacturers) share the same advantage. In the last few years, OEMs have entered
§Z DZK u El X "K De E }(( E]JVP % | P «38Z A£ES v
purchased products to include complete see/package that deals with the
maintenance, servicing, and spafé ES E %0 u v3 }JA E (]& §]u
(Ayeni et al., 2011, p. 2111) However, majority of these OEMs still do not provide the

repair services for the entire aircraft, rather for separabmponents, such as

17
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engine, e.g. General Electrigratt & Whitney Rolls Royce etcGph, 2003 iBoon,
2004).

3.2 Supply Chain in Aviation MRO

New aircraft and 6. OEM i
rotables R New parts
Firms modelled i derail for
this stuady
Aircraft Axrcraft and
needing rotables for Parts for
checks repair repar
1. mrhfw 2. base 3. MRO 4. repair
operator | station < < vendor
Serviceable erviceable amcraft| Repaired or
aicreraft snd rotables replacement parts
Overhanled
rotables Parts
3. parts Surplus
trader mventory
‘_‘

Figure 1 The aircraft MRO supply chain reference modiéh¢Donnell & Clegg, 2006
p. 142)

Supply chain of typical MRO organization consists of three following streams:
1. Aircraft/airframe parts
2. Engine parts
3. Individual aircraft components (wheels & brakes, avionics, auxiliary power
units, fuel systems, landing gear, flight controls, hydraulic power systems,
eledrical equipment)
&}E 3Z %opE%}e }( SZ <Ju%o] ]SCU SZ C E E ( EE

The system displayed in the figure above is demarikn, which implies that

customer demand essentially triggers all the transactions between the organizations
involved in the supply chain (Rainbird,2004 in MacDonnell & Clegg, 2006). One of
the main featires of aviation MRO supply chain is the physical flow of materials
which occurs in two directions. Apart from the regular service provider to consumer

flow, MRO is characterized by the-salled reverse logistics, where customers send

18
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their goods (knowna ZE}S o0 ]S ue[- | §} 3Z |E *ulo% 0] E (}E 3Z 1}/

purposegHayek et al., 2005 in MacDonnell & Clegg, 2006).
MRO service providers have three primary sources for spare parts procurement:

o OEMs:Manufacturers that produce the aircrafts would geaby offer their
original parts used for aircraft assembly for sale in the spare parts market.
This makes them accessible for thpdrty MRO providers around the globe
(ARSA, 2013).

o PMA (Parts Manufacturer Approvaholding manufacturers are companies
that are approved by government agensuch as FAAg design and
produce replacement partthat could be used for installation or
maintenancepurposes despite the fact that they do not haldginal
manufacturer license (FAA, n.d.

e Surplus dealersCertan MRO providers would sell out the spare parts they
no longer need for their daily operations in order to get rid of excess
inventory which ties the capital and takes space in their warehouses.
However, compared to the previous two sources, surplus dealersather
small since the material flow is very limitethe exception are difficutb-
find parts or components needed for older aircraft models for which new
spare parts are no longer produced by the original manufacturers (ARSA,
2013).

On average, RO service providers would collaborate with 10 to 15 different
suppliers. Nevertheless, in real life setting, majority of companies would not place
orders directly from the OEM, but would rather do so from official distributors in
close proximity to their( ]o]S] *X ]*SE&] us}E&+ ~]Jv ] 8§ e Z% ESe SE&
diagram) are important intermediaries in the MRO supply chain considering the fact
that spare parts manufacturers are mainly located in the North America and China.
In other words, large distridors would consolidate and store parts from a variety of
different producers and make them rapidly available for the MRO organizations
located in the same geographic region (ARSA, 2013).

Just like the maintenance companies strive to achieve-teng contacts with
suppliers, the same holds true for their customdtgving a contract with fouo

five big customers guarantees the revenue and it certainly makes the process of
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planning and scheduling considerably easier. In some cases, smaller organizations
would even have a contract with larger MRO providers and take part in their work

during the high demand season (Sahay, 2012).

3.3 Inventory in Aviation MRO

3.3.1 Types of Inventory

Classification of the airframe inventories held in an MRO warehouse is done based

on the three factors which includecrap value, life cycle and financial status.

3.3.1.1 Rotable Inventory

The scrap valuéor rotable inventoryis corsiderably low or even triviavhich

implies that these items could be reused in other MRO activities for years to come.
Their depreciation pattern typically follows the life cycle of the aircraft to which an
item belongs to. In fact, rotables usually become unserviceable as a résuttdent
related events, such as foreign object damage, poor removal, ground damage on the
aircraft etc. These items typically impose high costs for MRO organizatiemse,

even in the case dhilure, they would be repaired rather than simply replaced
because this is more economically feasible solution for the majority of companies.
Some of the spare parts that would be considered rotable are: hydraulic and fuel

pumps, flaps, wheels, breaks eftATA, 2015)

3.3.1.2 Repairable Inventory

Repairable inventoryra items that have slightly higher scrap value compared to the
previous category which suggests that such goods could be used for a significantly
long time span; however, after certain period has passed they have to be replaced
with a new item. Goods su@s: oxygen bottles, any types of batteries, fire
detectors, electric starters etc. would be classified as repairable.

Breakpoint between a rotable and repairable item is decided upon economic
analysis conducted by a vendor and it is clearly mentionedearcontract since this
information is vital for MRO inventory planning activities. In case Replenishment
Lead Time (RLT) stretches out for an excessive period of time and there is heavy
maintenance performed on an aircraft, the supply of repairable malehas to be

monitored carefully in order to avoid possible stembkts.
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In terms of financial status of this type of inventories, it is identical to the rotary

category (IATA, 2015).

3.3.1.3 Expandable Inventory

Expandable inventory is the type of inventory wathsolute scrap value, which

implies that these items have to be replaced after each-uke possibility of reuse

is not feasible in this case. Iltems such as connectors, lamps, switches, terminals etc.
would be an example of expandable goods.

Most of theMRO organizations would decide on the quantity of expandable items
based on the data on previous usage and add a certain percentage as a safety stock.
However, as it has been previously remarked, due to rapid changes in technology,
some of these spare partmay quickly become obsolete and therefore useless,

which results in a tremendous financial loss for the company. For this reason,
managers would typically rely on sophisticated statistical and mathematical models
when sourcing these goods and on invegtonanagement strategies such as

inventory poling or consignment inventory (IATA, 2015).

"N&lv v] ooCU A% v o0 E pep 00C A% Ve § §Z SJu }( sz
(IATA, 2015, p. 24).

3.3.2 Most common Approaches in Inventory Management

Inventory management is, as it has been stated before, one of the crucial issues in
MRO dayto-day operations and because of that, there has been a lot of research
within academic and business circles. It is of high importance for organizations to
understand the dad around their inventory: what are the critical components that
ought to be available at all times, what are the slow and fast moving items, the
supplier performance for each tepof inventory unit etc. (Baiju, 20L7The following

are the three basic appaches used for inventory managenievith MRO providers

(Boon, 20@).

3.3.2.1 MRP (Material Resource Planning)
DZW ]J¢ <C*3 u SZ S E o] *}v™ uU+*S E %E&E} 4 S]}v e Z po U
listing every item needed for each product to be made, and informatiourrent

inventories of these items in order to schedule the production and delivery of the
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necessary items ~tJack and Jones, 1996 in Boon, 200. 62. Apart from BOM

and production schedule, these systems also incorporate data related to physical
cgpacity of the MRO facility as well as financial planning tools. Orders are further
made based on past experience (e.g. component lead times, breakdown rates etc.)
and predicted demand which implies that the MRP systeliesbeavily on forecasts
(Boon, 20@). Naturally, the more accurate the forecasts are, the less money is
spent on safety stocks of the components and the Turnaround Time for an aircraft is
lowered as well, which in turn, increases customer satisfaction.

However, depending on the type BfRO business and the area they specialize in,

the number of different components in the warehouse could be huge. This
intensifies the complexity of making precise forecasts drastically since management

teams has to assess the demand for eachviddial spae part (Boon, 209).

3.3.2.2 JIT (Just-In-Time)

In essence, JIT system relies on principle tharitjie parts, in the right quantity

should be available for use at the right tifi&omack et al., 1990; Womack and
Jones, 1996n Boon, 20@). According to JIT,wentory in stock is considered a

waste of money, and should therefore be eliminated. However, suppliers in the MRO
sector are unable toealiver the spare parts immediatelypon receiving an order,

which means that lead time of a zero cannot be achievedordgas the lead time is
higher than zero, inventory has to exist, but it should be minim{Bsbn, 20@).

In order to make the JIT system work, inventories should be obtained based on the
demand (PULL approach) and infrastructure of the supply chaintdogpossess
highvelocity. If suppliers are able to deliver the components at the high speed right
after receiving an order from an MRO firm, not only would inventory (safety stock)
requirements be reduced, but also the entire system would be less iregdmut

possible fluctuations in demand. Furthermore, MRO organizations are advised to
find suppliers in close proximity to their facilities since this could positively affect the

responsiveness of the suppliers and reduce overall turnaround time (B0OH).

3.3.2.3 Theory Of Constraints
In MRO daily operations, there are multiple activities that occur simultaneously.
However, some of them may take longer to complete which suggests that the rate of

these activities affects the final processing time. Such activities are usually referred
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inventory should not be regarded as complete waste. Instead, buffers ought to be
kept for the purpose of speeding up the constraint activities to minimize delays. For
any other pocesses that do not fall under category of bottlenecks, invenstiguld

be eliminated (Boon, 2G0).

3.3.2.4 Alternative Inventory Sources

Practices used to compensate for shortages in supply are cannibalization and lateral
supply. In extreme cases, when companédsolutely cannot afford to wait for spare
parts to arrive, they would typically remove required component from another
aircraft to use it in repair of another piece of equipment. This procedure is known as
cannibalization. Lateral supply, on the otherld, refers to obtaining missing
components from dber similar organizationdoon, 20@).

Although these approaches are well designed to solve problems in the last minute,
they do have several negative consequences. First and foremost, the potential for
mechanical side effects and risk of error are increased significantly, as well as overall
workload. However, the biggest disadvantage is the fact that the aircraft or
equipment used to make up for missing parts remain-operational for donger

period oftime (Boon, 200).

3.4 Drivers of Inefficiencies in Aviation MRO Supply Chain

1. Silo effect

Al §]}v DZK *p%%0C Z Jve }( 8 C & Z & & E]I C &z

meaning that there is no sufficient coordinationautivities and information sharing
between departments. Functional and geogragati siloes result iperformancethat

]+ o0}A (]Eul-(BuykkoZd&g & Gocer, 2018). This, in turn, could cause a lot
of issues. For instance, repairable and rotable mogy holds a lot of value for a
maintenance provider, therefore, it is less costly to repair these items once they are
out of service instead of discharging them and buying new ones. However, in order
to complete this process properly procurement, teclaticand engineering
department have to work collaboratively and have an access to the samémeal

information which usually does not occur causing certain aircraft components that
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had a longer life cycle ahead to be disposed of, consequently increasietary

costs (IFS, 2017). Another example of a common issue which arises from the lack of
integration is the warranty accessibility. Technical staff does not have an access to
information in regards to which spare parts are still under warranty. Becaludee

lack of communication with the procurement department, components would often

be sent to overhaul at cost, although it was not necessary. From the procurement
perspective, the manager does not know the maintenance specifications given to
each indivdlual component which are necessary in order to make a warranty claim
with a vendor or an OEM. As a result of inadequate communication between

departments, company faces a cost (IFS, 2017).

2.  Demand unpredictability

There are two basic forms of maintenanseheduled - performed at preset

intervals as a measure of prevention am@scheduled - occur in case of unexpected
aircraft breakdowns (Lee et al., 2008). Regardless of the case, spare parts and
material requiredfor the overhaul purposes have to be accessible at all times with

vi o0 CeU ¢Jv ]S ]e]Jv §Z JEo]Jv [+ +S]JvS € 35 (}& SZ ]E
operational again as soon as possible. However, in most situations, mechanics would
not be familiar with he repairs that would have to be performed on the aircraft

prior to its physical arrival to MRO faciliti€ssen if an aircraft or a component come
with a planned work package, once the work starts new issues arise in nearly 100%
of the cases (Sahay, 201Zhis implies that it is exceptionally difficult to predict the
demand for the majority of the components kept in the warehouse and strategies
such as JIT delivery of supplies would not be possible to achieve. Such demand
unpredictability and ineffectivplanning causes problems in inventory management:
Excessive safety stocks which tie an immense amount of capital

Higher level of inventories that are not moving or have become obsdlktss of

capital

Lack of needed compents tincrease in TAT (Turnaround Times)

Lower service levels due to delays caused by components with long procurement
cycles

(Khandelwal, n.d.)
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Since the majority of MRO service providers make unplanned and certainly non
essential material prchases, they would typically face higinainistrative and
overhead expensealong with the issues listed above (Gueritz, 2001 in Basak, 2016)
What is more, in the case of missing components, when companies ought to make
last minute emergency purchasegaasionally they would have to abse non

preferred suppliers resulting in the higher cost of purchdahjm, 2008 iBasak,
2016).

3. Fragmented supply base

Due to a high number of different spare parts that circulate through aviation MRO
processes, many organizations are forced to source their inventories from multiple
different suppliers. Since aircraft manufacturing is rather very specific and legally
constrained, there are not many OEMs of such parts. This implies that MRO
organizationshave their suppliers scattered around the globe which is both complex
to manage in terms of material, information and financial flows (Rai et al., 2006), but
may also result in increased lead time because of the large distance. This
decentralized procuremnt process leads to restricted chances of influencing the
suppliers in order to achieve the most favorable prices and conditions (Khandelwal,
n.d.).

4. Slow and cosineffective transactions

In case of spare parts procurement, organizations wouttegaly have to import
their inventory from suppliers located in other countries. Import implies a rather
complex exchange of trade documentation between a buyer and seller: shipping
documents, certificates, bills of lading, air waybills etc. which arie&jlp
]Jvs & Z vP  pe]vP SPpapér }ubsqdisS EE [ model. ©he reason
Zlv 8Z]* ]+ 82 ( §88z288Z-+ EU]O })Huvse E PVv E S -
information systenwhich is more often thannot}u% 3] o A]38Z 8Z uC EJ[-
system. Thuss oo E[* } pu vS S]}v §Z § ]e » V3 ]V %0 % E }E o0 SE}V]
vi E ]Jv8} 8Z puC EJ[* *C*3 u ]3Z E u vy o0oC }E A] + vv]vP
which is certainly not time efficient. On top of that, apart from the indicated two

parties, import ofspare parts involves two more organizations: a bank and customs,
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which in turn makes the entire transaction process very slow andineffective

(Korpela et al., 2017).

5. Constant changes and improvements

Generally speaking, MRO is theld that is constantly experiencing changes, not
only in the way business operations are conducted, but also in terms of materials,
parts and suppliers companies are working with. This comes only natural considering
the fact that technology keeps advangipersistently which in turn brings
modifications into the structure of the aircrafts and the way they are maintained.
Therefore, MRO organizations have to frequently ramp up their inventory, facilities
and technical infrastructure, as well as staff menmb#rough technical training, to

be able to respond to current deman&imultaneously, the management team has
to decide when is the right time to stop providing services for older aircraft models
that are slowly becoming obsolete. In other words, dughiese constant changes

and dynamic environment, MRO organizations are assuming great financi@lpss
2017).

6. Counterfeit parts

AdZ  YpvE E( ]E]JVP +EE § Pl ¢+ E Jv E *]VvPOC *}%Z]*8] & ]

counterfeiters apply the same techlugies and use the same suppliers as legitimate
E v e ~DXAX™:X He CUITIIA o ]38 JvD ZA o~ W vVv(Jo}AU Tiiol
some cases, subcontractors would produce spare parts that are nearly identical to
the original products. These would typicady distributed in the bundle with the
genuine aircraft components in order to make the illegal actions more difficult to
detect. Due to the overall low levels of integration and transparency in the supply
chain, maintenance service providers would usualtk information and control of
events below their second tier suppliers. This implies that it is often strenuous and
nearly impossible to track the spare parts from the point of origin to the point of
their consumption in MRO practices. In turn, this npagentially cause issues within
both military and civil sectors of aviation industry, as illegally manufactured
components sold in the black market carry a langk m regards to operational

safety of aircrafts (Madhwal & Panfilov, 2017).
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3.5 Digitizationin Supply Chains

One of the biggest changes that has occurred in the modern economy is that

companies no longer compete individually, but rather as a network of several

organizations forming a supply chain which is striving to deliver goods or services to

their customers as efficiently and quickly as possible, with the lowest achievable

costs (Patnayakuni et al., 2002). This has driven business consulting agencies and

researchers to seek diverse ways of optimizing supply chains by using modern

technology.

dZ]e ]« AZ @ 3Z ]+ pee]}v  }us 1P]IE8]I 8]}v }u « JvW ~dZ § Eu
to the extent to which supply chain activities and transactions are conducted online

t %SHUE U SE& veu]SsS % . ]v ]P]S o (}@u_ ~W Sv C luv]
1016).

However, as technology is advancigP } JvP JP]S o[ ]merd qoéstiBn GE

optimization, it is also becoming a necessity. Companies that want to collaborate

with others and remain competitive in the market are under pressure to follow the

pace of innovationg¢Deloitte University Press, 2017).

Digital Supply CHv ]+ ~ eu &dridenA effigient process to generate new
forms of revenue and business value for organizations and to leverage new
approaches with novel technological and analytical methods. DSC is not about
whether goods and services are digitalpbrysical, it is about the way how supply

Z]lv % @&} e+« E uv P A]3Zz A] A &] 3C }(]Jvv}A 8]1A § Zv
(Buyukozkan & Gocer, 2018, p. 157).
Thus far, there has been limited academic investigation dedicated to digitization of
supply chains @& et al., 2006). Nevertheless, an increasing number of researchers
and scholars are starting to explore this field as society has stepped into the fourth
industrial revolution- Industry 4.0 (pwc, 2017).
Digital transformation in the supply chain has begvith digitizing internal activities
within a single organization and its departments. Configurations such as ERP
(Enterprise Resource Planning), Human Capital Management or systems which
enable firms to manage their financial and accounting recordsesspnt great
examples of early stages of digitization. The next step in supply chain transformation

was forming the connection between an organization and its customers in order to

27



EODULVIE\INA
NI \{ER ITY

KO} R\ NIVERSITY

8
-

satisfy their demands more efficiently. This was achieved through CRM system
(Customer Relationship Management), POS systefosiinerce etc. The last step
towards the complete transformation is, naturally, to integrate and connect all of
the partners and members that comprise a value chain of the particular

organization, usinghe help of modern technology (Capgemini Consulting, 2016).

Integration frameworkin Figure Zroposed by Buyukozkan and Gocer (2018),
suggests that in order to achieve a Digital Supply Chain (DSC) companies ought to
make changes in 3 different fields: Dédjzation, Supply Chain Management and
Technology Implementation. To be able to digitally transform an organization,
managers and executives would have to think of a detailed strategy for going digital,
since this is quite a lengthy process that requipinning and goal setting. Strategic
planning also involves altering organizational structure and its culture to fit the new
business model, as well as thinking of different ways how to digitize daily operations,
products/services offered and customer exjence. Technology Implementation

refers to attaining a proper infrastructure that would facilitate the digitization

process through different technology enablers (IoT, Cloud computing, Big Data etc.).
In favor of reaching a sufficient level of technot@didevelopment, a company has

to invest into proper project management that would guide the implementation of
digital solutions, including training of the existing staff. Lastly, an organization has to
think of the reconfiguration of its existing supplyain network and enhancing its
processes (e.g. sourcing, delivering etc.) through automation, integration and use of

data analytic§Buyukozkan & Gocer, 2018)
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Figure 2 Integration framework for the development of DSC (Buyukozkan & Gocer, 2018,
p.170)

Despite the fact that this idea of complete supply chain digitization has been a
buzzword in consultancy for a considerable amount of time, it has not been
executed yet due to lack of awareness and knowledge among business executives
and leaders, bumost importantly inadequacy of past technology that would

support this ambitious idea. However, in recent years digital technologies have
experienced major alterations due to three important improvements: less costly
bandwidth, more affordable storage amdduced computing costs (Deloitte

University Press, 2017).

Firms are already investing into digitizing the basic functions which are part of their
internal vertical and horizontal value chains. A global study conducted by Capgemini
Consulting Group inoflaboration with GT Nexus in 2016, surveyed 337 executives
from 20 different countries in regards to their efforts and investments towards

supply chain digitization. The study has revealed that, in fact, 70% of the
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respondents have already developed stagies that address the digitization issues
(Capgemini Consulting, 2016). Nonetheless, other research has shown that even
those organizations that have been putting effort into digitization, mainly focus on
intra-organizational activities and outbound lotigs which implies that there is

more emphasis on servicing the market. Consequently, inbound logistics remain
neglected despite the fact that digitizing this area could not only cut the expenses
significantly, but also improve the efficiency of the enti@vnstream supply chain
(Patnayakuni et al., 2002). Previously mentioned research has shown that nearly half
of the respondents (48%) still rely on traditional means of communication with their
suppliers, such as email, phone, even fax. This could exptgimajority of

surveyed companies (52%) have little to no access to data from the other parts of

the supply chain.

Overall, it is apparent that the progress towards total digitization of supply chains
does exist, but it is rather slow. In fact, 33%ef Capgemini survey participants

have indicated that they are extremely dissatisfied with the progress made so far,
but have also stated that they expect the digitization to escalate rapidly within the

following 5 years, hence, they want to be preparedg@emini Consulting, 2016).

3.6 Traditional VS Digitally Enabled Supply Chains

Majority of the companies today have rather fragmented traditional supply chain,

Az @ J(( E v8 3§ P+« E "¢]Jo} _ v 0 EP oC ] }vv & ~%A U
of supplychgv ]+ o<} IVIAv ¢ o]v & +]Jv 8Z ~ Z ]v }( A v&e ] 0]Vl
*SEN SPE A CW A 0}%U %0 vU «}JuE U ul U o]A EU «pu% %o}
Press, 2017). In industrial sector most supply chains operate on the, so called, hybrid

model, whch means that its structure uses both traditional pajpaised approach

as well as limited IT supported procedures (Deloitte University Press, 2017).

Supply chains that are digitally enabled are, compared to traditional linear supply

chains, more superidn the following areas:
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Transparency: Each entity in the chain could have a complete overview of real time
activities performed online, which is not the case in the traditional supply chain
format (pwc, 2017). This absence of visibility often resulteinl }( v }EP v]I §]}v][e
ability to properly react or adjust to activities of other members that might have
disrupted the performance of the entire chain simply because the managers were
not aware of the changes on time. Transparency would allow orgamiwato create
what-if scenarios and be prepared because they have the possibility to track the
current activities in the chain (Buyukozkan & Gocer, 2018). Digital supply network
would thus help solve this delayed actiogaction process by utilizing sensand
locationbased technologies which would help in keeping all the supply chain
members informed about current material flow, schedule synchronizations, ongoing
financial flows and other key aspects of the supply network. (Deloitte University
Press, 207).

Communication: All members would be able to communicate simultaneously,
without unnecessary delays caused by passing information from one entity to the
other (pwc, 2017). Communication between organizations is at the heart of supply
chain transforméon considering that majority of companies nowadays still rely on
traditional communication methods which could be extremely inefficient as this
approach may result in significant amount of errors and false information
(Capgemini Consulting, 2016). By mecting all the relevant parties: suppliers,
partners, dealers etc. within one centralized network and enabling constant
communication, it would be ensured that every entity is working with the same data

when making important decisions (Deloitte Universitess, 2017).

Collaboration: Due to lack of connectivity and transparency, collaboration between

members of the chain was difficult to achieve in the traditional supply chains, which

]* A & }u Jv ]1P]8]1 A}YEO0 ~%A U 1iidéeX /v ((]1Vv]-=e]viv 3
cascadeofsiio €& Jv ((] ] v ] ]V e <puvs e3P e ~ 0}]35 hv]A E-]
2017, p. 6). However, once organizations are interconnected, such scenarios are less
likely to occur since the network would be enabled to collaborate and make

decisions as a whole systein order to achieve the best possible results for

everyone.
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Flexibility and Responsiveness: Digital solutions enable organizations to assess
changes in demand and respond to them rapidly, while this data usually gets
distorted in the case of linear nebrks which in turn often causes unnecessary
0 Ce ~%A U TiioeX >]v E *Uu% %0C Z Jve % VvV }v % E]} ] (E
fastmoving economy quickly beme outof-date and thereforénaccurate. With
reaktime data available at all times, digittezan would diminish latency and risks
associated with traditional supply network configurations. In other words,
constraints of space and time would be considerably reduced (Deloitte University

Press, 2017).

Intelligent optimization: Centralized data sources would be used to in order to
establish learning culture within the network by combining the following elements:
human resources, machines and dakidven analytics (Deloitte University Press,
2017). In the far future, there ispossibility that smart devices would possess
sufficient computing power to achieve automated decision making which would be
based on algorithms (Buyukozkan & Gocer, 2018). There is an array of different
concepts related to this topic, such as: augmentealitg, machine learning or m2m

(machineto-machine) communication, however, as of now, these ideas only have a

S Spe }( Z plIA}E [ v & C 8§ §} AE%o0}E ~ &I Al Dv P u:
n.d.).
Traditional supply chain Digital supply networks
Synchronized planning
e A~ Dynamic Connected
fulfillment ! customes
(A Y (7)) (f)> (=) '
Develop Plan Source Make Deliver Supporl
Digital | '_:.'1.111

development factory

Imtelligent
supply

Figure 3 Traditional and Digital Supply Chain (DieddUniversity Press, 201p. 6
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Web technologies and digitalization can largely contribute to complete integration
of the entire supply chain making them more efficient and responsive in return. This
newly achieved reaime visibility of resources carptimize the three key flows of

every supply chain: information, physical and financial flow (Rai et al., 2006).

3.7 Web Technologies that enable SC Digitization

3.7.1 Cloud Computing

Oo}er }u%opusS]vP }pupo (1v e Md  %o0}Cu v3 uj, oU =« }v At
where resources in terms of infrastructure, applications and data are deployed via
§Z /v BEv § ]*SE] us + EA] Clv }JE « AEoe+ EA]l] %C
2010, as cited in Akinrolabu & New, 2017).This technology represents an innovative
move from a conventional approach where companies would have expensive
independent software models, to a new age when organizations have an access to
needed resources and computartensive applications without actually owning any
of the costly equipmenthut rather paying a cloud service provider per use
(Akinrolabu & New, 2017). According to Wang, L. et al. (2012),-blaseld services
could be divided into four distinctive categories: (1) HaaS (HardesaeService)
which offers hardware support for ¢husers, (2) SaaS (Softwaea-Service) that
enables the use of software applications, (3) laaS (InfrastruatsteeService) which
is responsible for supplying organizations as well as cloud service providers with
necessary computing resources and (@a® (Platformasa-Service) that essentially
operates a social platform where companies and cloud service providers could
network and collaborate (Zhang et al., 2015). There are three possible deployment
models for organizations interested in utilizing ttleud: private, community and
public cloud, and recently introduced hybrid model that represents a mixture of
previously mentioned cloud systems (Zhang et al., 2015). In the case of MRO
organizations, according to Wu, D. et al. (2013), research condsoté&t has not
really put an emphasis on closing the loop of information that exists within the MRO
supply chain. A lot of parties are involved in daily operations, such as: MRO provider
itself, aircraft OEMSs, spare parts producers etc. and yet the infoomand data
exchanged between them is neither structured nor consistent enough. Employing

the cloud system for communication among the stakeholders would significantly
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There are multiple benefits related to the usage of the Cloud. First and foremost,
due to the nature of the technology itself, mpanies do not have high IT operations
or IT infrastructure costfiecause renting a cloud essentially implies that the major
part of IT functims is outsourced to the Cloud Service Provideother advantage

of implementing this technology is certainlyet fact that unlike trditional systems
which demandmonths to be adopted, cloud systes take considerably less time for
installationand do notrequire expensive resourceghis also suggests that cloud
solution is very cosgffective in the long run sce there are no high maintenance
costs associated with it, making it a perfect system forlseral medium sized
enterprises (Leung, 2010; Christian, 2011 in Ayob, 2016).

According to Felici and Pearson (2010), significant benefit of the cloud techi®logy
the fact that its operations are automated which lowers human involvement and
thus, the occurrence of errors. However, possibly the biggest advantage, from the
business point of view, is data duplication which implies that data stored in the
cloud wouldnot be lost, even in the case of a server failure. Last but not least,
utilizing the cloud technology allows its users to access the data any time at any
location (Akinrolabu & New, 2017). If cloud was implemented for the purpose of
supply chain ranagemetn, it would offer a 360end-to-end view of the entire chain
for all of the entities and provide them with the ability to communicate and
exchange informatiomi a timely and efficient manneFor this reason, the cloud
essentially represents a foundatidor successful implementation of 10T, Blockchain
as well as big data analytics.

Despite all the benefits that cloud technology could potentially bring to
organizations, there are, nevertheless, several risks associated with it, such as the
lack of transpeency between the CSP and cloud users. Organizations are largely
afraid of sabotage, espionage, data segregation and leakage, even potential
malicious insiders. While these issues would in normal circumstances be covered by
the law, in case of cloud techlagy this represents a problem, especially when an

organization utilizes the services of several different providers that operate in

oXU

different countries with different legislaton*upoeSyV v C o] ]Jo]SC_ ~ IJvE}o

New, 2017). What is more, becau$e cloud servers hold an immense amount of
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very valuable information, they become prosperous targets for cyber attacks and

hackers (Akinrolabu & New, 2017).

3.7.2 10T (Internet of Things)

dZz § CBu Z/vs &v 8§ }( dZ]JvPe[ ~/}de E ( Eerm@mdre8Z }juupv] S]}v }H(
physical objects over the Internet for the purpose of exchanging some valuable data.

NdZ /}d v 0 ¢ %ZCe] o} i S8} UZ EUSZIvl v % E(}EU i
§Z u 8§} Z§ ol[ &} Z }§Z EU 8} «Z €& ]Jv(}E&u S]}vU v 38} 1}1}E ]v
(Haddud et al., 2017, p. 1057). The core technology behind the 10T is RF® tag

device which allows the information to be transmitted from the object to the reader

using the wireless communication. If implemented, this technology could largely

contributeto the integration of the supply chain since it would make real time

information visible and available for all chain members using cloud system or mobile

apps specifically designed for this purpgsaddud et al 2017).

loT would improve the transpareneyd visibility of information flow throughout

the supply chain, as well as overall responsiveness and agility. What is more, since

this technology allows the users to track and trace the location of all connected

physical objects, material flows would exfence an upgrade likewise. Furthermore,

because users would be informed about the real time demand and facilities capacity

and their fluctuations, inventory and warehouse management would be significantly

upgraded. Organizations would not have to relyexcessive safety stocks and

would be able to utilize jush-time delivery system more efficiently, leading to

better replenishment process (Haddud et al., 2017).

Although benefits of the 10T technology have been recognized, research has shown

that not many companies have invested into its implementation. The reasons

naturally include internal issues related to the lack of knowledgeable and skilled

staff, inadequate IT infrastructure, capital etc. Furthermore, there has not been

much empirical research vhita focus on economic or managerial aspects of the loT,

rather technological, hence majority of leaders and managers of today are reluctant

to invest more time and money into it. Due to the lack of expertise and the fact that

all the published papers sorfavere mainly theoretical, organizations are not even

sure how to proceed with the implementation process, nor if it would bring any

considerably high financial gains in the long run (Haddud et al., 2017).
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As far as application in aviation maintenanceassidered, experts believe that the

0T could not only contribute to supply chain integration, but also help improve the
safety of aircrafts by reducing the risk of counterfeiting, which has been previously
identified as one of the challenges of the MR@anmizations. Identifying Suspected
Unapproved Parts (SUPs) has been an issue since they could only be detected by
either excessive material analysis or inspection of documents that come along with
the parts. Both of these processes are neither tiefcient nor do they guarantee
success, however, tracking abilities offered by 10T technology could help identify the
origin of a spare part faster. On top of that, loT would enable-tieed wireless
ulv]S}E]JvP }( v JE& & (S[* }v 18]}V nedts wjith waédliger® SZ  }u %o}
devices that could send the data to the staff on the ground. These devices would be
able to track temperature, pressure, usability etc. As such, 0T would help enhance

maintenance planning and forecasting (Sundmaeker et al., 2010).

3.7.3 Big Data Analytics

t]3Z]v §Z }vepo3]vP JE o0 U Z P S T[] % E ]A « S§SE& v ]VvF
AYpo z vP §Z }viu]l v }JEP v]l §]}v o JV(E «3Epn SuE X d} C
§ v §} o AlJ§Z v ]Jv E <]JvP u}pvs }( Sadvadcedz "] P $Z E C
information technologies such as ubiquitesensing mobile devices, aerial sensory
techniques, cameras, microphones, Internet of Things (lot) technologies (e.g. RFID,
Barcode), and wireless sensor netwsK&s cited in R.Y. Zhong et al., 2016).
Conventional processing methods as well as traditional data management approach
have become unfitted, hence the increasing need for Big Data analytics (R. Y. Zhong
et al., 2016). However, as it has been the case with other IT trends, there has not
been mud practical application in this area, especially supply chain field, although
the theory recognizes a lot of benefits associated with its implementation, such as
improving demand visibility and enhancing responsiveness. According to Richey et
al. (2015), spply chain managers are largely confused and lack concrete knowledge
regarding Big Data, how it is created and what it actually means (Richey et al, 2016).
The concept of Big Data could be described through the four following dimensions:
e Volume: the amaunt of data, especially machirgenerated, largely
transcends the capacity of traditional tools used in the past for the purpose

of data collection and storing (Zicari, 2014);
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Velocity: data is flowing into the system on continuous basis due to the
incressing use of RFID tags, scanner data, ERP systems, Warehouse
Management Systems, social media etc., which implies that the company
has to be able to carry out the analysis in near real time in order to cope
with a high rate of data inflow and not miss out anything that might be of
high importance (Richey et al., 2016);

Variety: data comes from various different sources inside and outside of
organizations, that are not mutually compatible. The system collects data
from transactional and ERP systems, dawédworking platforms, webpages,
sensors, machines etc. In addition, this Big Data often arrives in very
unstructured format, such as text documents, audio or video files, email,
tweets, transactions etc. Majority of supply chain managers and systems
implemented by organizations so far are used to solely numerical data that
could be presented in rows and columns and easily analyzed, such as
accounting information, operational numbers, statistics, forecasting data
etc. It was not as complex to develop ateys that would successfully deal
with the data presented in the same format, however, unstructured data
poses a major concern (Zicari, 2014);

Veracity: in the large mass of information, the system must be designed to
filter and distinguish between importd and norimportant data, as well as
reject data that is not correct or does not come from a legitimate source.
False data, imprecise or missing values, timeliness, sampling biases etc.
represent a genuine challengéhis might remain the biggest issue fo
supply chain managers and organizations in general, since there is no
manual which suggests how to program the system to achieve this key
capability (Richey et al., 2016; Zicari, 2014).

A study performed by R. G. Richey et al. (2016) has revealediésqite the

uncertainties concerning the concept of Big Data, managers around the world

generally recognize the potential benefits that usage of Big Data could bring to their

organizations. First and foremost, unlike the conventional approach to decision

making, that is largely based on authority and relationships, Big Data would

introduce a new era where decisions are made in a more informed and analytical
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manner. In addition, an immense amount of data available to organizations that deal
with a great quatities of inventory- such as aviation MRO, would help enhance

forecasting and make it more accurate. It could also facilitate trend detection (e.g.

% E} WE u v3 SE v *» v }A E 00 p¥% P E 8Z }YEP v]l 8]}v][e

the long run (Richeytal., 2016).

Although this appears to be a rather appealing innovation, managers have also
indicated several concerns that they share in regards to Big Data. The first issue is
related to an organization itself and the lack of appropriate human capfithht is
more, vast majority of companies do not possess an adequate technological
infrastructure required for Big Data execution. In fact, because Big Data implies
heavy use of large pool of data, storage and its security become an important
challenge amog managers (Richey et al., 2016). Lastly, there are discrepancies
regarding the issues of privacy, data ownership and sharing. Certain information,
such as customer personal information, delivery data etc., are prohibited from being
shared in some countrgeunless an individual has given his/her consent. In
international supply chain networks, these legal constraints become even more
complex since different countries may have different policies and laws about the
same issue. This incompatibility may hinttez usefulness of Big Data and impede

the speed of its implementation in organizational culture (Richey et al., 2016).

As far as the usage of Big Data within the aviation MRO sector is concerned, opinions
regarding this topic vary since some believe tmatintenance field cannot benefit
significantly from its application while others state how MRO is late to adapt. Using
Big Data could certainly enhance the predictive maintenance in operations, but this
predictive analysis could also be applied in inveptmanagement, planning and
scheduling etc. where large amount of gathered data could help improve forecasts

and increase their reliabilitgBaiju 2017).

3.7.4 3D printing (Additive Manufacturing)

Additive Manufacturing refers to the process of combining different materials into a

3D object that was previously designed using the CAD (Computer Aided Design)
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software. Since 3D printing is an automated process, it could improve supply chain
managemendrastically by eliminating the human errors and reducing the time
needed to obtain spare parts, since these could easily be printed inside the

Ju% vC[e }YAv ( ]o]8] » ~:}eZ] ~ ~Z ]1ZU Tiifi «X “he]vP D §

manufacturers can produce parts on demaartt thus reduce the need of

Zv}o}
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What is more, 3D printers do not use any expensive molds typically needed in

traditional manufacturing, nor do they require an abundance of tools to perform the

task. 3D printing devices also use less material which contributes to waste

minimization. In other words, in the long run they have a potential to become a very
}ed (( $]A e<}ous]iv e]v 3Z ]E& pe P A}lpo }JVEE] ps 3§}

operationalcosts (Akinrolabu & New, 2017).

Furthermore, 3D printed components are considerably lighter in weight compared

to the conventional ones, which in turn reduces the weight of an aircraft. This could

potentially lead to massive fuel savings for aircraft ragpers.

However, research has shown that the adoption rate of Additive Manufacturing is

still rather low in the aerospace industry. GE Aviation has made an official

announcement that the fuel nozzles for their next engine model would be

manufactured usinghe 3D printing technology. This particular part is rather

complex to construct since it is composed of many smaller individual components;

however, AM would consolidate the process and make it significantly more efficient

and faster, since there is no @@ for assembly, inspection, human labor etc. (Chua &

Leong, 2014). Other large manufacturers such as Boeing have also invested into 3D

printing R&D and plan to produce over 100,000 AM engine components by 2020,

which still ought to be approved by FAA @BASA. (Joshi & Sheikh, 20T3)is leads

to the main issue of AM implementation in the avio sectlagal constraints and

strict certification policies established in order to ensure the safety of the aircraft.

Ad «3]JVP v o ( 8C eS8V E *%}E |DBooEH)}N E A 0}%u v3s_

& Sheikh, 2015, p. 11). Another obstacle in full implementation of 3D printing is the
threat of counterfeiting since it would be difficult to track the origin of individual

spare parts.
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3.7.5 Blockchain

Blockchain isnisimple terms, defined as a public ledger which is designed to verify,

execute and store all the transactions that occur within the network. However,

unlike the traditional payment and banking systems, this ledger is not under control

of any authorityand]$ ] }(S v & ( EE S}  Z vEE o]l [ ~t & & oX

dZ AC & ]e «3Eu SpuE Jv 3Z o}l Z]v]s]lvZo}le[UZV §Z

essentially represent the boxes that compile all the transactions that took place.

After one box is filledut, the next one is added to the chain and so on. For a

transaction to occur, its initiator has to sign it digitally and send it along the network

in order to be verified by other nodes. Once the verified data reaches the miners,

transaction is sealed intthe blockchain and cannot be deleted, reversed or altered

(Weber et al., 2016).

lansiti and Lakhani (2017) also point out that the communication is achieved directly

between the two peers without any party involved in between. What is more,

blockchain@ 0}As §Z "SE ve% & v C A]S3Z %o p }v]ulS3C_ ~/ ve]3] ~ >

9) which implies that every single transaction that is transmitted through the

blockchain is visible to each node in the network. However, possibly the biggest

advantage is the fact #t transactions have the possibility to be programmed or in

other words automated users could write algorithms that may trigger a certain

transaction between the nodes upon completion of a defined action. This way,

manual operations are reduced (langitiLakhani, 2017).

Transactions are decrypted and encrypted using the so called Public Key

IV(E *SEY SPE ~W</e v o uE C Zeu ES }VSE Se[X dZ]e ] Vv
M E 8Z E & Eu pe (}JE " Ju%pusd EJI SE ve 3]}v % E}S} }o

termsofaconlE S ~<}E% o0 S oXU Tii6U %X 0i6fieX dZ]e Ju%o] « §

clauses such as payment, confidentiality, enforcement or liens are automatically

applied once the transaction has been made. Using the concept of smart contracts,

companies would be abke fully automate their transactions, regardless of the fact

if it is single or a muliranche one, and thus move one step further towards the

complete digital integration of the supply chain (Korpela et al., 2017).

Due to the transparency offered by thdockchain technology, in case of a failure or

a defective product, component etc., the responsible party could easily be detected.

This naturally improves the dependability within the supply chain since there is a lot
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more pressure on the partners to laEcountable for their performance and its
outcome (Kshetri, 2018).

As it has been stated, 10T technology and Additive Manufacturing are gradually
finding its application in the SCM. However, some of the major issues associated
with it are trust and information security, which is particularly important in a highly
regulated sectors such as aviation maintenance. James Regenor, the director of
D}}P[s D Z «}v & ] 8Z «<pu *8]}vW A~ }JA v 8Z u ]Jvsd v v E A
aircraft carrier have absolute conédce that the software file they downloaded to

i % @E]vd Vv A % ES (JE (]JPZ3 E i § Z *v[$§ v Z | C Q& ]
(Casey & Wong, 2017, as cited in Kshetri, 2018, p. 87). This is where the discussion
about the blockchain comes in: the transpacy it provides, as well as its structure
make it nearly impossible to be hacked. Hence, the blockchain might soon become
an attractive and very affordable solution for the trust issues that prevent the
digitization to develop at full speed (Kshetri, 301

Furthermore, companies that rely heavily on imports and exports, such as aviation
MRO providers, would benefit from blockchain dramatically, since the amount of
human interactions and administrative paperwork would be reduced as a result of
automationof certification processes. Firms would no longer have to cope with
delays in delivery caused by missing or inappropriate paperwork. In addition,
operational expenses would be lowered since typically keeping track of all the
required administrative docunrgation imposes immense costs for organizations
(Kshetri, 2018).

Last but not the least, by combining the blockchain and IoT technologies,
organizations would have an ability to track the shipments and inventory from their
point of origin. The system walialso assess the expiration dates on perishable

items and usage rates on rotable and repairable inventory, and use the collected
information to automatically refill orders when necessary. An upgrade from the
previous tracking systems is that blockchaine do its structure and the way it
functions, allows organizations to track individual uritsstead of batches, as well

as the smallest transactions that took place since the marginal costs associated with
the blockchain are nearly zero or extremely I@¢shetri, 2018)Nevertheless,

despite all the advantages that the blockchain technology imposes, its deployment

outside of the financial sector has remained on theoretical and experimental level.
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There are many obstacles that need to be overcome fortdtknology to really find
its implementation in the industry (Kshetri, 2018).
N&JESU S§Z Po} 0 *U%0%0C Z ]V }% E § ¢ v Ju%o /£ VA]E}v
various parties to comply with diverse laws, regulations and institutions. They
include maritimdaws and regulations, commercial codes, laws pertaining to
JAV EeZ]% Vv %o}ee eo]}v }( UpOS]%0 ipHE]e ] §]Ive ]V 8Z *Z]%0 %]
2018, p. 88). In other words, it would be extremely difficult to utilize the blockchain
to its full potentialdue to the existence of certain institutions and customs which
regulate the international trade. In addition, the vast majority of companies willing
to explore the possibilities of blockchain has agreed that they would opt for, so
00 U Z% EuleleBBVve[oAZ E e UU*S PE vS X /8] (}Eu }
private blockchain network designed specifically for the needs of a certain company
(Bussmann, 2017 in Kshetri, 201BJinging all the parties together and negotiating
terms of use would take a loff eime and effort. What is more, blockchain is
considered an advanced technology which requires a high degree of computational
E *}JUE ¢ v el]oo*X ,JA A EU u vC }( 8Z ]Jv UeSE] [ | C *u% %00
geographic regions where implementation othuiechnology is not yet feasible
(Kshetri, 2018).

To sum up, it is evident that crypto economy has a potential to carry out a revolution
in, not only financial field, but also other industrial sectors as well. However, these
claims should be taken ligttonsideing the fact that more advanced

implementation of blockchain would cause a great amount of changes in social,
technological and organizational circles. What is more, law is being silent on this
emerging technology at the moment, but if blockcheno become widespread

certain regulations would have to be applied. For these reasons, many academics do
not view blockchain as a disruptive, but rather foundational technology. In other
words, it is still unable to take over the current business modetsorganizational
practices, it only represents a good building block for the future. It would take years,
perhaps decades, for the blockchain to replace current TCP/IP approach entirely

(lansiti & Lakhani, 2017).
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3.8 Issues Associated with Supply Chain Dagition

Considering the fact that complete supply chain digitization is a rather new
phenomenon that has suddenly caused a boom in the aerospace and other industrial
sectors, there has not been much practical execution yet, nor there are plenty of
solutions currently available on the market. For this reason, there is a fair amount of
technological risks associated with its implementation due to the fact there are is a
considerable lack of standardization of coding, process specifications etc. So far,
compete and advanced digitization was merely on an experimental and theoretical
level (Basak, 2016). What is more, working with advanced technology has naturally
imposed questions related to privacy, intellectual property and data security (pwc,
2017). Compaies are largely reluctant to open up and share their information
(Buyukozkan & Gocer, 2018).

Furthermore, there is a fair amount of internal issues inherent in the ability of an
organization to completely implement digital solutions. Vast majority of companies
are concerned with their existing resources and whether or not they are appropriate
for the revolutionary changes (Basak, 2016). Unsuitable infrastructure would require
a lot of investment and yet firms are not able to precisely predict how much benefits
they would gain. Even if the implementation of the advanced technologies takes
place, a ompany would have to make it compatible with existing systems used for
accounting, HR, inventory management etc. On top of that, current business culture
and practices might impose problems as well. Organizations are largely convinced
that their present wakforce is not skilled or educated enough to handle such radical
alterations in the way daily activities are performed, which would require either
change in the employee structure by recruiting new workers or excessive training
(Basak, 2016). Both optiomsould, nevertheless, add to the already high expenses of
digitization implementation. Apart from the human capital, the issue also resides in
the top management as many leaders do not have a clear vision or a strategy for the

future (pwc, 2017).

Apart from the internal, there are a lot of obstacles in the external environment. To
be able to fully digitize the supply network and reach the maximum potential of

what advanced IT solutions have to offer, all members of the chain would have to
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align and use thé&echnological configurations that could enable constant connection
with one another. However, many organizations stated that their supply chain
partners lack not only the knowledge and awareness, but also skills and talent
(Capgemini Consulting, 2016).i§ might actually represent the biggest barrier to

the completely integrated and digitized system since small and medium sized
enterprises, that are often important suppliers, cannot financially afford to adhere
to such innovations (pwc, 2017). Companieattdo not have large scale operations

or high turnover may not even recognize the need for joining the digitized networks.
Does this imply that SMEs are about to be eliminated in the future because they

would not fit into the perfect idea of the intercomcted economy?

3.9 Digitization in Aviation MRO

As it has been stated, aerospace industry has been experiencing considerable
growth in the previous decade, in both general aviation and commercial air
transportation sector. This has naturally imposed certdianges in the MRO field as
well, that is now facing a challenge of findingrfect ways of predicting custoer
demands and responding to them more rapidly and effectively (pwc, 2017). To be
able to provide such a quick response to their client, an MRf@rozation has to
ensure that there are no disruptions within the supply chain and that all spare parts
are available on time when needed. To put it differently, the management of an
MRO company has to work with an immense amount of data and information to
eelE 3Z 8§ 3Z E ]+ o]Pvuvd BSA v S8Z }Ju% vC[e &E]A]3] W
e Hangar capacity scheduling (ensure that there would be enough space to
take in the incoming aircrafts for a required time period)
e Information in regards to the existing inventory (lead time expiry date,
number of available units in stock etc.)
e Procurement information (supplier invoices, purchase orders, payment
information etc.)
e Work Orders (ensure that the necessary equipment, tools and components
are available for overhaul)
e HRinformation and task scheduling (ensure that there is sufficient

workforce to perform the overhaul activities at a given time frame)
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(Jalil et al., 2017)
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achieve a smooth flow of processes through the supply chain, there has to be a
substantal level of integration: alignment and coordination of activities from the
main suppliers for the MRO industry all the way to the customers demanding
maintenance services. Integration would reduce delays, eliminate redundancy,
minimize the occurrence ofreors and maximize the agility of the chain through

more effective planning and forecasting (Rai et al., 2006).

As it has been discussed prior, this degree of integration and efficiency could be
achieved through IT solutions and digitization of the sypm@twork. The field of
commercial aviation has experienced dramatic changes in regards to IT
development: online booking platforms, online chénkcargo and baggage

handling system etc. while the maintenance sector has remained intact and still
relies reavily on the systems developed in the late 20th century. It is quite surprising
how an industry which is so strictly regulated, globally standardized and more or less
homogenous, has not taken the full advantage of IT solutions that would facilitate
reporting and execution of maintenance tasks and make them significantly more
efficient and costffective. Experts agree that one of the potential reasons is the
fact that the aviation industry has entered its maturity stage long before the
business IT suppostystems, which has caused a huge gap between them. Even
today, a vast majority of programs created for MRO service providers is managed
using a simple PC or a small server (Sahay, 2012).

There are only a few seriousR® systems on the markdtom simpleones that

could be installed for several thousand dollars to the exquisite custom built systems

suitable for large MRO service providers willing to invest millions in their IT

Tiiou
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options, such as Ramco ERP that operates both on SaaS (SedtveaBervice)

mode and on Cloud platforms as well, which covers a wide range of functions such
as HR management, Enterprise Asset Management (EAM), CRM, Supply Chain
management, advated planning, analytics, process control and financial

management, making it an optimal solution for large organizations. Ramco Series 5
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Suite is another option more fit for smaller organizations. It offers assistance in
maintenance planning, hangar managent, keeping technical records etc. It is
available on Cloud, which does not impose any maintenance or implementation
costs and it also minimizes the expenses for the overall IT infrastructure. What is
more, an application has been developed for managemccess the system on their
mobile devices (Ramco, n.d.). Other software developers such as Swedish company
IFS (Industrial and Financial Systems) are also offering digital solutions for aviation
MRO organizations that would help manage warehouse, assetk orders,

component or complex assembly MRO by integrating and streamlining all company
activities (IFS, n.d.). Similar solutions have been presented by other key players in
the industry such as Infor, IBMEZOffice Inventory etc. (SoftwareAdvicel@))

however, majority of the currently available technological solutions are mainly
focused on optimizing and improving internal activities and operations, but do not
offer the ability of connecting with suppliers, distributors or any other important
entiS] « Jv 8Z eu%%oC Z JvU AZ]1 Z P Jv]v] 8+« 38Z o | }(]vs P
information asymmetry among the stakeholders results in low MRO working
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In fact, according to the global survey cootkd by the PwC consulting agency in
2017, only 25% of the participating aerospace companies stated that they have
invested into some degree of digital business models. Although managers and
leaders are aware of the importance that data sharing and \vityiliihposes, most
Ju% v] ¢ *3]Joo0 Z A ¢} 00 Z Z} [ %% E} Z 3} & v oC3] X
of data and constant flow of information has little value if it is not analyzed and put
to a greater use, yet today 74% of aerospace companies lack austd@nd
defined approach to data analytics, leaning on individumployees and their skills
instead. Only around 16% of the survey participants stated that they consider their

data analytics capabilities to be at advanced level (pwc, 2014) .

Interestingly, however, many software developers have started exploring the
blockchain and its potential use in the MRO field by collaborating closely with largest
organizations in the aviation industry. One of the latest examples of such

collaboration is betweeiRamco Systems and the Engineering and Maintenance
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division of Air France KLM, that are collectively working on a system that would
facilitate transactions and repairs of spare parts. Apart fRamcoMicrosoft has
also been developing the blockchain architecture which would be compatible with
their Azure cloud. IFS Labs is in the pursuit of developing a distributed ledger that
luo Jvs PE § A]sz }u% vC[e ZW ¢Ce3 uatiyr/d U uposd]v §]
which specializes in IT and communication solutions for aviation, is jumping on the
blockchain trend as well. These recent changes in the aviation computer systems
have shown that experts do see an immense potential in the blockchain technology
and howit can be utilized in the supply chain management: tracking spare parts,

asset management, financilnsactions management etc. (Canaday, 2017

There is no doubt that the digitization will completely change the landscape of the

aerospace industry ijust several years. It still may be considered a novice, but it is

more than evident that companies do not lack ambition or awareness about digital

slopd]live v 3Z ]JE v (]8X /v ( 8U}v A EPUSZC %0 Vv 3} ]v
annual revenue in digzing their operations in the following 5 years which implies

that the competitive environment would change tremendously in less than a decade

(pwc, 2017).

3.10 Summary and Conclusion

Literature review conducted suggests that aviation MRO sector does irfdee

lot of inefficiencies which have been indicated in the previous segments. These
problems are largely caused by the overall lack of integration between the members
of the supply chain, meaning that there is no proper alignment and coordination of
eacZ %o ESC[e &S]A]3] X

Emerging digital and information technology might impose an effective solution for
correcting these issues and optimizing the aviation MRO supply chain in the long
run. Demand unpredictability could be solved using the 10T techn@odyBig Data
analytics, which enable the real time exchange of data coming from multiple
sources, including suppliers, aircraft itself, RFID tags or barcodes attached to spare
parts etc. Mining of this data would provide MRO organizations with accurpit-u

date information, consequently enhancing decision making process and improving
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inventory forecasting. The problem of fragmented supply base, which causes
increase in lead times and delays in spare parts delivery, could potentially be
reduced by introdcing Additive Manufacturing to the aviation maintenance sector.
Urgently needed spare parts could be produced relatively quickly with 3D printers,
instead of relying on the distributors to send the required components to the MRO
facilities. Blockchain anidtegrated cloud systems could also help streamline the
process of spare parts procurement, by integrating all suppliers into a network
where information is shared with everyone simultaneously, instead of having to
communicate with each party separateAmother obstacle to everyday MRO
activities are slow and expensive transactions, which could potentially be eliminated
by utilizing the key capabilities of blockchain technology. Transactions would be
executed faster, without a bank as an intermediary. Wkamore, with the

]S v }( Zeu &S }VSE Se[ Jeenv } E <p]E } pu vs S]}tv v
could be completely automated, resulting in decrease in delays and human factor
errors. Another potential use of blockchain, as well as the |0T, issfabkshment
of intelligent tracking systems that could be used to mark the original serviceable
parts and track their movement from the point of origin to consumption andse
(in case of rotable inventory), facilitating the process of fraudulent corapbn
detection. In other words, this approach could represent a potential solution for

counterfeit spare parts that are circulating the MRO market.

However, as it has been emphasized alreadgspite the fact that digital

technologies have a lot of potéal for solving the current issues in the aviation

maintenance sector, literature suggests that these strategies have not been

&« €& Z VIMPZ (E}u §Z pe]v ¢ ¢S v %}]vSEX ~dZ JP]S 0 " %o?
infant steps, and the most of its potentidl & A ou & 3§]}v €E u ]Jve pv o Ju
(Buyukozkan & Gocer, 2018, p. 157). Studies conducted on digital supply chains so

far largely focus on DSC enabling technologies, instead of the concept as a whole. No
research suggests the proper framework for DS@Idgwnent nor does it give clear
managerial guidelines for its implementation. What is more, papers mainly

concentrate on benefits of DSC without addressing the problems or barriers that

might arise in digital environment. A vast majority of studiesiadestry reportsor

white paperspublished by consulting agencies, software developers etc. There is a
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considerable lack of reliable and proper academic papers (Buyukozkan & Gocer,
2018). Hence, implementation in the fighés been limited thus faand the sory of
complete supply chain integration has remained largely theoretical. Majority of
companies still rely on traditional approaches and simple ERP systems, especially the
small and medium size enterprises. Interestingly however, big corporations seem to
see potential in the blockchain revolution as some of the major airlines as well as
aviation software developers have already made substantial investments towards

the R&D of blockchain in MRO.

4 Case Study

4.1 Case description

The subject of a case study dstor the purpose of empirical research part of this
% %o E ]+ N' " edthbgHed il200# Serbialt predominantly specializes in
maintenance, repair and overhasérvices infGeneral Aviation sector, particularly in

the following aircraft types:

e Light aircraft{Cessna and Piper): used for the purpose of aerial surveying,
light cargo operations, sightseeing, passenger transportation (airtaxi), flight
training etc.

e Businessdts

e Agricultural aviationused for cropdusting and aerial firefighting

e Sport aviation

e Helicopters

A~ Al §]}v_ciddy hetHorized to perfornpreventativeline maintenancet

types A and B; as well as scheduled base maintenance activities in the C category.
Apart from providing the MRO services for whole aircrafts, the company also offers
overhaul services of various individuatcaaft components, which involvengines,

turbines, radio and electric equipment (avionics).

dz Ju% vC e ZYo & }( 1}SZ }u 8] v Jvs Ev 3]}v o A] 3]}

certificates, which include the license issued under the Civil Aviation Directorate of
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Republic of Serbia and EASA.145.0718fcaite obtained by the European Aviation
Safety Agency, whose aim is to ensure that a company operates under conditions
that comply with prescribed standards and provides a good quality service which is
in line with the EU requirement#n addition to brmal certificates, the company also
holds a license from OEMs of aircrafts and aircraft components they work with, such

as: Piper, Lycoming, Continental Motors, Inc., Pratt & Whitney etc.

dz A E35](] 8]}v Z » o00}A A~ A Al HiNentsSiotjusto JE 3 A]
from the eastern European region, but also EU countries, such as Austria, Hungary,
Slovakia, Germany etc. Regular customers are aeroclubs, indigidcraft owners,

other businesses and governments of Serbia and Montenegro.

4.2 Operatiorns

The first part of the casstudy would focus on description and analysi®pérations
within the company for the purpose ajaining more insight into what the daily

challenges of a typical MRO business as wgibtential impediments to eftiency.

4.2.1 Supplier evaluation

Logistics department of the company is in chargemaintaining the relationship
with suppliers and regulating all the formalities in terms of procurement,
documentation handlingpayment, delivery etc. However, in order for supplieos t
get approved, logistics manager has to consult quality manager of the company who
evaluates whether they satisfy technical requirements. Suppliers must be able to
show proof of spare parts origin and quality, usually granted under the license of
aviation authorities such as CAA of a country, FAA in case of the United Sates or
Ay Y (8Z hX [(8Z e« }E E <po](] E E u3U A AA]
final choice based on price, terms of payment, location of the supplier and delivery
time.Ms. Matov] U §Z o0}P]*8] « uv P & }( ~ ~ A] 8]}v_ +8 & « 8Z § §
and delivery time are of crucial importance for the company, since providing the
timely service for the customer is critical in the aviation MRO industry and there is
very little room fo delays.This physical remoteness of the suppliers, however, poses
difficulties in achieving this goal. For instance, ~ A] §]§ working a lot with
spare parts and engines produced by American manufacturers, but it would be too

risky and inefficiento rely on suppliers located in the Statds.is not solely the
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guestion of long distance in terms of delivery of physical goods, but according to the
interviewee, even the simple things such as time differences copdesent an
impediment to communicaion between the partiesFor this reason, the company

has signed a contract with a distributor from Belgium which acts as a hub for
components made in the US and delivers them to the MRO service providers across
Europe. She has also indicated how makihg tight choice of suppliers and
maintaining the good relationship with them is largely beneficial in the long run. The
company would often be offered discounts and more flexible terms of payment

since they have a status of loyal and frequent customer.

Sippliers which include OEMs and authorized distributoese monitored on
continuous basis in terms of the condition and quality of parts delivered, which is
the responsibility ofthe Quality manager, as well as accompanying documentation
and timely delivey, performed by logisticenanager. Thushicase of spare parts
procurement, steady collaboration and communication between technical and

logistics departments is a necessibys. Matovic says

4.2.2 Orders

As stated in the exposition,ethnical staff and logistics department are both
involved in the procurement procesMaintenancemanager receives information
from both line and base maintenance divisions about the upcomingkweoders,
which isthen used to make a lisbf required spareparts, materials or toolsThe
maintenance manager would then input the orders into the storage software and
0 0 SZu <+ 18Z & Zv}@Eu o[U ZEt-Zdna} Ghe Z0giEi¢s vS ~ K'e]
department when they should proceed with procurement process. Any
specifications, such as quantity and requested parts manufacturer should also be
stated in the order.The logistics department has an access to information about
current invenbry in the storage and if théems requested are available, they are
released fom the warehouse and automatically reordered. In case, however, that

components are not in stoakhen requested procurement takes place.

For standardparts and equipmenproduced by different manufacturerésuch as
gaskets, bushings, nuts, screws angs;arings etc.that are used on continuous

basis,Ms. Matovic claims that*' ~ A] §]}v_ o @upplerg forindividual
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items and there is no need to pladeFQ (Request For Quotatioipwever, if there

is an expensive piece of equipment that is frequently in use, there is obviously a
need to evaluate all the options available and choose the best offer according to
either price or delivery time, depending on the urgency of the situatlorthe case

of AOG, which has to be resolved as quicklypassible, the company opts for
suppliers that guarantee the fastest delivery and good quality of products.
Obviously, the associated procurement costs would be much higher than usual, but
as Ms. Matovic states, the situation of AOG is classified agpriopty which
requires immediate treatmenand therefore, postponement is not an optiowhat

is more, custorars are also willing to pay a higher prigéhich also paitlly
compensates for the extraxpenses. The interviewee has also indicated that, even
though the AOG does not occur that frequently, it still represents an issue for
virtually every MRO provider because there is little that could be done to be

prepared for such an emergency.

ANE}S A v 8Z u}e8 *}%Z]*3] & § Zv}o}PC }Jot e&ryC }pHO Z 0 %o

possible technicdhilure that may occur and cause AOG. What if there is an external

( 8} E *%}ve] o U epz « A 8Z E }E PE}uv uP v <} }lvM

*u Z §Z]addsNlk. Dabic, employed as a mechanic in the company.

Mr. Luke, the quality managerstates that in some cases, when it is absolutely
necessary, the company opts for cannibalization stratgggviously discussed in the
literature reviewX ~' ~ A] §]}v_ ajrBrafts bfivarious different types, mainly

Cessna andPiper. When the situation demands, certain components are removed

from the currently noroperating aircrafts and installed into the AOG as the last

E *}ES }%S]}vX /S8 ulPZs§ Jv }JVA v] v§ (JE §Z }u% vGU
interests come first.However, even in this caseaccording to the exposition,
airworthiness of he component has to be examines well as logbooks to make

sure that it has not been involved in some accidents during previous flights, heavy
landing or any other activity that could hawe negative impact @ *% & % ES[°
serviceability. Mr. Lukic claims that the company has never faced any issues due to

the implementation of this strategy and says how this is a rather common practice in

aviation.
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Justin-time delivery isunfortunately, not a feasible optiorfior ~' ~ A] 3§ ¥ince
suppliers are scattered around Europe and customs also represent an immense
obstacle. From the interview with Ms. Matovic as well as personal observation
during thetemporary employmentthe conclusion is thathe process of import is
quite lengthy and formality drivent includes a list of documents that need to be
exchanged between the MRO provider, the supplier and freight forwarder: pro
forma invoice, commercial invoice, bill of lading, airway bill, paekin o] % U ~Z] %0 % &E[*
Export Declaration (SED), Inspection Certificate, Insurance certificate etc. The main
issue is the fact thatdue to different requirements of each country, as well as well
as lack of standardization of documents, these filssallycanrot be transferred
electronically. The originals arescanned manually and saved into the comypan
records which is a rather cumbersonprocess, especially in the case of large
shipmentsthat contain an immense amount of papers and certificates of different
kinds. All the required documentation is then sent from the logistics department to a
so called Custom Clearing Agent, a third party companBelgrade in orderto

handle the shipmentand forward them to the company

rdzZ E Z A v vuu E} wheh the Fleight has been kept by the
authorities simply because there was some information missing from the supplier,
error in documents, additional fee that had to be paid and soWith bureaucracy,
thereis usually*}u %o %0 E u]e+]vP U _ €. .Que O th¢ fact #ahdemand
for spare parts is rather di€ult to forecast andthat import process takes a
considerable amount of time, she states how the company has to rely on larger

safety stocks$o be able to complete the work in timely manner

4.2.3 Incoming Inspection

K 8} ue]A JE po $]}v }( }usparedarfsinite ndarket g
company has established a system of inspecting the upcoming parts that are
delivered by the suppliers. The logistics manager would perform visualcinspén
order to determine if there are any external damages to the inventory and if the
guantity correspond to the order. If specified by regulations, certain components
would be sent to assigned workgh® for functional test before thegould be filed
and put intoa warehouse. Part of the incomingspection also involves inevitable

paperwork. According to Ms. Matoviadistics department has to make sure that all
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the required documentation has arrived along with the package, especially if spare
parts are ordered from a distributor and not directly frothe manufacturer. As
stipulated in the exposition, his documentation involves: Identification of
Manufacturing Source, EASA/FAA approved certificates, Design Holder license in
case the part comes from RMA source and Conformity Certificate in case of raw
materials. What is more, if the imported inventory is a component that had been
previously sent to overhaul or calibration, there is additional documentation
involved: Release Certificate, workshop repdrom the overhaul provider aseill

as Airworthiness ApprovalChemical inventory, such as: adhesives, primers or

+ OJvP u 8§ E] o* & XU o0°} }u Al3Z uvp( SHE EJ[* *% (]
conditions under which the inventorghould be storecand recommended shelf life

for the items. Expiry dates have to be input into the software system and respectful
items labeled with a special cattat signals the storage personnel how the items
should be handled

If all requirements are fulfilled, inveéory is handed to the storage keeping staff,

otherwise it islabeled with a red card and@ vS§ §} e} 00 ZYUu €& vsS]v [ E}}u

where it has to be further examined by the Quality Manager who would make a final
l*1}v AZ 8Z € 8§Z % E 3§ Accortlijdtto Mr. LKicy thé Xompany has
not had an incident with counterfeit components so far and states how this

represents much bigger issue in air transport sector rather than General Aviation.

The same procedure applies in the case of tooling and eaerp which is used for
maintenance purposes. The logistics department has to ensure that the equipment
comes with all the necessary documentations and licenses, especially in case of
measuring instruments that have been sent to calibration to a tpady certified

laboratory.

As it could be seen, even the takeover of inventory is a {tm@suming process

mainly due to all the formalities that ought to be fulfilled:

N U%O0}C o }(3V Ju%o ]Jv }uIos iteedH Avedéryote a
headache, bt that is a rule and we cannot go againstAtiation isgenerally highly

regulated field and for an obvious reason. It is too late to fix the mistakes once that
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aircraft is in the air. However, some changes would have to made to make the

process moretime ((] ] v3U_ « Ce DEX >ul] U §8Z Yu 0]SC D v P EX

However, Ms. Matovic states that choosing a good supplier and maintaining a
professional and fair relationship with them alsosha great impact on efficiency
He ]85 Z 0% 8} 3 0]*Z SEuUE 3SA v ZA} % ESZ] «X N~ A]
suppliers they haveeen working with ér several years and erfectly accustomed
to their practices and policiesSimilarly, the supplienwould trust the company as a
customer due to financial reliability, lack of incidents and the fact that collaborating
A1sz ~' ~ AlakdYring them a substantial and secure amountpoéfit on

annual basis.

ANv o« A E A *Z] %o u egilal @Byal sygplEr @ inspection
process is not as rigorous and lengthy, since we trust the company when it comes to
validity of cetificates, quality of goods and so omhis shortens the procurement
process sigificantly and gets the job done faster_ « Ce De+X Dd &jdsjthatv
such level of trust takes time to establish anduld neverbe achievedwith all
suppliers due to communication isssi@andespeciallyack of transparencyShe has
also emphasized further on the suppheunstomer relationbkip indicating that in case

% E} o u E]e U ~totld Bd s8ig that their loyal supplier would react

immediately, decreasing the delay in maintenance of an aircraft.

4.2.4 Storing and inventory management

As stated in the previous section, itemsathave passed the inspection are sent to
the warehousewhere they are stored, along with all the relevant technical

documentation based orstoring requirements specified by the manufacturer.

Simultaneously, using a bar code scanner all the componentsfilace into a

software, where each part has its tracginumber and could also be explorasing

§Z u vp( SUE E[* % ES vpu EU % Eerevisualsd @harsl} | o} S]}vX
copy, as well as electronic log book embedded into the software, for cestare

parts known as rotables. It is important to have an insight in how many times they

have been used, in which aircraft, for how many hours etc. since they have to be

discarded after a certain time of usage as stipulated by the manufacttitgs

information is also crucial for the procurement purposes.
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Ms. Matovic stresses how vitilis to have a software for tracking the movement of
spare parts within the company, especially because the logistics department has no
influence on operations in hangarkh MRO companies, inventory does not come
only from external sources, but also énhal. There are occasions when spare parts
are taken from the warehouse, but end up not being used and having to be
returned. In addition, certain components are subject to overhaul or calibration for
measuring instruments. In other words, they have tot&eporarily taken out of the
storage. What is more, in case of damaged aircrafts that are no longer operational,
some parts could be taken out and after official confirmation of serviceability put
into warehouse forfurther use on another aircraftAccordng to the interviewee,
these actions may have an impacn how and when the logistics handles
procurement with the outsidesuppliers. tegnce, it is of great importance that
technical and logistics department are connected and share the same information in
order to improve efficiency and imimize unnecessary costshd most optimal way

to achieve this integrationaccording to herjs through the use of a computer
systemso that each departmentfahe company isaware o§Z }3Z & %o ESuU vS][e
actions Howeer, only the logisticsstorage handling workers and maintenance
managers have an access to the system to ensure the maximum safety and

reliability.

According to Mr. Dabic, egular technicians employed in the maintenance
% ESU vS He SZ Z (S au[idértifyPthe current status of spare

partscirculatingaround the hangas or workshops

e Green card indicates a serviceable part which is ready to be installed

e Red card indicates unserviceable rejected parts that are either ready for
repair or tobe scrapped, the decision is up to a quality manager

e tZ]S§ E Jv] & Z35 u%}E EC E ulA o[ }( *% E % ES §
aircraft that is currently a work in progress. It could be removed for testing
purposes, or simply to be able to physicallycess another part of the

aircraft while maintenance activities are taking place

All cards have to be signed by an authorized manager to be considered valid.
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4.2.5 Technical Record Control

As stated in the expositionyery time a new aircraft is brought to hgar space for

base maintenance activities, a new Work Pack is opened. Before any maintenance
work commences, however, senior technician would complete the preliminary
Jved%o 3]}v v AE]S *} d¢d 1Zo]B[ AE] Z ]v] § -+ 00 3Z ( 8-
and maintenanceequirements on the aircraft, bus also used to procure necessary
spare parts from the warehouse. As the work continues, any additional maintenance
activities that tookplaceare added, describing all the parts and materials that were
used (along with the parts number, batch, quantity and other information retrieved
from the card label)services that have been performed, time it took etc. To simplify

it, Work Pack basically explains the scope of work done on a particularfiaifidres

pack is used to determine the price charged to clients, but also in case of regular

LeSlu Ee ]& ]e pe (O 8E 1 }( ]E E (5[ }v ]E]IVIA @ 8Z C «a

NZ Ppo E o] v8e Z A 8Z ]E& }Av pv]<p A}EI }JE E vpu E AzZ] Z
work packs every itie the same aircraft comes for an obligatory checkup. We like

§ZJvl }( 18 + 8Z Z]E E (3[+ u ] o & }E [ v &Z]s Z]*3}E]
actually help us prepare better and anticipate the maintenance requirements during

8Z (}00}A u% ¥s MuRakic.

In case of Line Maintenance that occurs outside of the hangar facilities, all the
% E(}JEU A}EI J* (Jo Jvs} d Z >}Pe % E]}E 3} ]E E (5[* %o (

However, the Work Pack system has not bédly computerized yet andaccording

to Mr. Dabic,]s *8]o0o % E(}Eu pe]vP §Z Z% v fornfseate E[ %o % E} -
filled out manuallywhile maintenance is taking place. Later on, after the Work Pack

has been approved by the Maintenance manager, the respective Work Reittheis

scannedor typed using Excednd saved electronically. Up until several years ago,

technical records haveeen kept in an archive for mimum 3 yearshefore they

would be discarded, but this was largely inefficient, as Mr. Ivosevic states, since it

was taking up a lobf space, it was difficult to find the required documents no

matter how organized it was, and it was, more than anything, rather ctstkeep

thesephysical records.
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4.3 Modern technology in supply chain

During the interview with Mr. Ivosevic, Mr. Luknd Ms. Matovic, the topic of
supply chain digitization was discussed. The purpose of discussion was to find out
how informed the intervieweg were about this phenomenoif,they think that DSC

has a potential to improve the supply chain integration iratigh MRO significantly

and how All the participants seem to be aware of the web technologies toatd
enable digitization in the supply chain, and that weneviouslydiscussd in the
literature reviewportion of the paper However, interviews havalso revealedthat,

while all three participantswvere largely familiarwith Cloud computing and 3D
printing, they were considerably lacking knowledge in the area of Big Data, 10T and

especially Blockchain technology.

Mr. Ivosevic has shared that the compasyirdeed, taking steps towards digitizing

§Z |E }% & 3]}veX /v ( 38U ~' A~ Al 8]}v_ Z +«+ & vsoC (Jo v
funding since they would be working collaboratively with a group of software

developers from Faculty of Mathematics in Betigan creating and implementing a

new system for MRO providers that would not only help internal operations, but

also stimulate integration between MRO providers and their suppliers.

" E HMHEE vS0oC o0}}I]vP Jv8} %}S vs] o }%udwten{}E Ju% o u vS§]
mainly in order to achievanuch fasterand more transparentommunication with

our supplierdd ¢« Ce DEX /A}e A] X dZ }u% VC J* Z}%]VvP 3Z & §Z]-
delays and replace phones and emails as main communication wdath enable

only one-on-one conversationsApart from networking, the company is considering

utilizing the Cloud for the purpose of data storage, but Mr. Ivosevic expresses his

skepticism towards Cloud Service Providers. He has explicitly stated that he does not

liketheid }( Z AJvP Ju% vC[e }v(] v3] o JV(}@EuU 3]}v 3} CE Ju A
where they do not really have control of it. However, the affordability of Cloud as a

solution is the main incentive for continuing with this upgrade.

At A}po v[3 Z A 3§} ZpeBplewhdE virfuhlly costs nothing compared to
Z AJvP }JuE }Av « EA & A]3Z]v §Z }ubewew€r, be hagédlpocU_ Z + CeX
stressedhow implementing the Cloud platform for communication and information

sharing is a job that requires collaboradi efforts between them and their key
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suppliers, hence it would take longer timatil it actually comes to lifeMajority of
their suppliers still rely largely on emails, fax and other simple business practices and

seem to show reluctance to change.

N %Ee}v 00C 0] A 5Z 5 ]85 ]eU Vv}S ipes uss & }( Z ]JS5U pus o-
e CeU A/ 8Z]vl 3Z 8§ u i}E]SC }( uv P Es }V[3 IVIA AZE }E Z
opinion is that, although majority of companies are perfectly aware that digitization

and overall incorporation of IT in daily activities is becoming a necessity, managers

know that this will spin the organizational culture completely.

A 1P]18]1 8]}v Aloo v}s Z vP Jand Qroaurpwientevery single
employee in the company woulcekaffected. And people are normally afraid of such
radical changes because they are unsurthefoutcome and whethethey would be

o 8} Zvo JSU_ Z 5§38 X

When it comes to 3Dprinting, Mr. Ivosevic revealedhat this topic has been
discussed in t& MRO circles for a while and staté®w he, himself, sees an
immense potential in thisechnology since it could lower the necessity of keeping
extra inventories in stoclkand reliance on suppliers and their fast delivemhis
would, according to him, be especially useful in the case of Md@ever, he also

expresss his thoughtsn regards to feasibility of this approach:

Mhile these are great news for MRO coms, spare parts manufacturers and
distributors might not kenefit from the implementation of this technology. A lot of
S§Zuul u}lv C }v §Z *]Je }( HEP v8 v [P }E &+ (E}u DZK % C

Mr. Lukic has also shown his concern in regards to safety of the 3d printed spare
parts, saying that a system would hateebe establishedor licensing purposes and
to control the production and quality of these componentt this point in time,

additive manufacturing cannot be applied since it would be illegal to do so.

In terms of Big Data, none of the three participarseemed enthusiastic about its
potential application in the company. Their overall impression is that Big Data is a
technology that might be potentially useful for large companies that operate on
global scale and have an immense amount of suppliers asimers, but for SMEs

it does not do much.
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As far as Internet of Things is concerned, Mr. Ivosevic indicated how this technology
has a vast potential to improve the efficiency of MRO activities due totiraal

data, since receiving this piece of inforrmat could help MRO provide to be
prepared in advance. Thepuld anticipate what maintenance activities would have

to be donebefore the aircraft arrives tohe facility. He has shared how something
similar actually akady exists, called wraft HealthManagement- a monibring
systemthat captures the data about the aircraft in which it is installed. According to
the interviewer, this is currently heavily reseled topic in the field. The goal is to
allow the real time transfer of data from the sensan the aircraft to the MRO staff

}v 82 PE}uv X ,}JA A EU 3Z ]vs EA] A [+ }%]Vv]}v ] 8Z & §Z]« &
collaboratively implemented between aircraft operators and their MRO plergi. In
addition, because it is still on the ris@,is quite expensive, more than smaller

organizations would be able to afford.

Interestingly, all of the participants have expressed lack of understanding when it

comes to blockchain technology and its possible applications within aviation MRO.

Interviews haveind 8§ §Z § §Z § Bu Z o} | Z Jv[ ]85 o( ]* u JvoGC =<} ]
Bitcoin, cryptocurrencies and financial sector among the participants. None of the

interviewees were aware of the possibilities of its implementation in the

maintenance industryMr. Lukichas also stated how he believes that majority of

people who are not part of the IT industry, including himself, have a hard time

understanding how this whole technology actually works.

NSZTvl 18 ]+ 3] eayndw add tumusing This all soundsery nice and
(MSUE]*S] U usd /[u «pvEryldeg #me onts itlis actually applied. You
Alpo Z A 8} Z vP 8Z VS]E <Ce3 uX dZ & } *Vv[5 Z %% V }A

Matovic.

The questions about the technological enablers were follotwethe discussion with
Mr. Ivosevic on what are the next steps in regards to digitization in the company. He
has stated how anyone who is serious about their business must be aware that
digitization is inevitable. Halso « ]| $Z § ]v o« }( AN BK] 33k
started small, without much capital available to work wiimd was established in a

developingcountrywhere the term digitization is still not very well known
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were oldschool and preferred doing thiP+ $Z ZP}} }o A C[_U Z o ]Ju-

However, the company soon started experiencing rapid growth and collaborating
with the customers from all over Europe and it became certain that changes will
have to be madesoonto be able to keep uand retain the clientsThe firststep is
modernizing the worforce that would be able to understand the necessity of these
technological changes and essentiallyspesses sufficient education. According to
the interviewee, ight people and mindseare necessary for radical stedStarting

from 2016,~' ~ A] 3hhve been collaboratingith Aviation Academywhich is

a school perating under EASA certificate, as well as Faculty of Mechanical
Engineering in Belgradélhe conpany offers internship opportunities forhéir
students and retains the best ones. Mr. Ivosevic states how this approach allows
them to have an access to a pool of skilled, educated employmesalso to keep

the fresh workforce that is generally more kmedgeable about modern

technology.

e often joke how young generatioean teach us more thanw8 Z §Z uU_ §Z

interviewee says.

Apart from the internal alterations, aording to him, it isalsovery important to
work closely withthe suppliers, beause integration cannot be achieved if not all
parties are engaged in the procesas. His opiron, this is the biggest issue and
obstacle towards digitization at the moment, espdigigfor companies that work
with a relatively large number of suppliers thare not in close proximity to the
company itselfWhat is more, he says that it is also difficult for suppliers that work
with a lot of clients to adhere to all of them. According to Mr. Ivosevic, for this whole
integration approach to work, everyone ihe chain would have to rely on more or

less same system and protocols.

He alsobelieves, that big companies would handle the Research and Development
and smaller ones would follow, since they do not own enough capital nor other
resources to invest intough innovations, but rely on the finished produonstead
However, he personally did not express much concern, since, compared to the Air

Transport category, General Aviation is more or less a niche market where
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competition is not so strongnd dynamic Thus, it is not as urgent to adapt to the
changesas it is among big atarriers and company can afford to take small steps

towards digitization.

5 Discussiorof the Results

This section would idcuss and compare the conclusiavithdrawn from the
literature review, as well agindings of theempirical research conducted through
thorough examination of exposition, temporary employment in the company and
the execution ofnterviews, in order to answer the research questions proposed in

section 1.

5.1 Key driversof inefficiencies in Aviation MRO supply chains

Literature review has indicated, which was confirmed by the case stilmt,

demand unpredictability is, indeed, one of the key drivers of inefficiencies in the

supply chain of MRO service providers. Dugh®uncertainty in regards to quantity

}( * %o % ESe E <u]E u vse 3Z § Alpo v (JE u Jvs v v
Al 81}v_ 1 Y olP 38} 1 % e+ ( 8C 3} 1 ]v 18« A & Z}u- 8} o

upon the arrival of the aircraft to the hangar. ¢ase necessary components are not

available, the company either opts for ordering frohe supplier that grant$astest

delivery or the cannibalization strategy, both of which are largely inefficient and

drive up the expenses for the company.

Secondly, all the formalitieassociated withimport practices of spare parts are
causing the company to lose an immense amount of time on verifying the validity
and credibility of documentation that comes alongside the shipment. In addition, the
company las dealt with issues related to shipments kept in confinement by the
customs due to errors in transactions or documentation handling. These delays
make operations extremely inefficienthe analysis of relevant literature has also

confirmed that MRO provigs, indeed, struggle with slow and costly transactions.

What ismore, A v §Z}uPzZ ~' ~ had ndfjaced any difficulties so far when

it comes to counterfeit spare parts, the fact that they still circulate the market
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implies that the company has tadhere to strict inspection guidelines. This, in turn,

causes more paperwork and, as a result, even more delays in operations.

Related to this issue, both Ms. Matovic and Mr. Ivosevic have spoken about
importance of trust among the supply chain membewever, without proper
communication and transparency, this trust cannot be achieved. Miscommunication
V ul]*SEpeS u CU P ]JvU E + ((]1VvClv }u% vC[e 3]A]S8]

V}ISZ E % &} ou ]J* §Z ( 8§ 8Z §$ u i}E]SC }( }u% VC[e *H% %o0]
VIAZ @ v €& 5Z }u% VvC[e ( ]0]3] U pu3 u}e30C Jv it 3 Ev uGE
the US. This prolongs the delivery process and aggravates the communication. In
addition, it also limits the collaboration opportunitiedt is apparent that
geographical sildetween different parts of the supply chain does, indeed, occur
This drives inefficienciesin daily activitiesbecause information cannot be shared
excessively nor in timely manner be able toachieve the optimal performance of
both parties According ¢ the analyzediterature, the silo effectseems to be an
issuethat majority of the MRO providers are facing due to lack of integration in their

supply chain.

5.2 How can digital solutions help correct the inefficiencies?

Considering the fact that the castudy company has not implemented any of the
discussed technologies yet, answer to this question would be mainly provided
SZEIUPZ Jv(}EuU §]}v P Jv  (E}u Jvd EA] A <[ }%]v]}ve v =« }v

published sources.

The issue of demand unpredictabilias it has been emphasized before, is difficult
to handle due to the nature of the aviation industry itself. Hoee Mr. Ivosevic has
implied that the Aircraft Health Management system is working @plving this
particular problem and could be enhancedth the 10T approach to be able to
transmit data to groundstaff as the sensors measure As it ha been discussed in
Section 3.7.3Big Data analytics could also have an impact on enhancing demand
forecasting by providing an access to a pool of usifigrmation from suppliers,

customers, RFID tags etc.
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The problem of slow transactions could petentially solved by implementinthe
technology that would allow faster and more effini data exchange ' #

Al 8]}v_ ]+ UEE v30C A} Eofaklokd systtaothal would increase
the speed of communication. This technology would create a platform where e
procurement would be possible, which significantly facilitates negotiation,
information tracking and sharingand creates the space where angpany could
communicate with multiple suppliers instead of having to contact them separately
Formal requirements related to all the previously addressed certificates, documents
and licensegould only besolved by global standardization which would enabie
companiesto electronically transmit these files. For example, blockchain allows
automation of transactions with mmimum to none human involvement, as

previously discussed in the literature review.

Trust issues between the members afipply chain could be solvedas the
interviewees have suggestedyy increasing transparency andommunication
efforts. For this reason, they are currently working on the said Cloud platform which
would provide more insight into transactionslowever, eva higher degree of
transparency and security of information could be achieved through blockchsiii

has been explained in Section 3.7.5

Lastly,academic sources have revealed, @hd intervieweesalso agreed that 3D
printing would help deal witliemoteness of supplierand demand unpredictability
by allowing them as an MRO service providerZd EvS[ $Z ]E }Aken% E

neededinstead of waiting on gupplier to ship them.

As stated earlier, although manage}§ ~' ~ A] &i@ familiar vith 3D printing

and Cloud Computing; they are not sufficiently educated in the area of Blockchain,
Big Data and IoTThe potential reason behind it might be the fact that Cloud
computing and 3D printing have been present for a while and heavily discuesed n
just in academic sources, but also in commercial media outhzisever, the werall
impression is that the company has recognized the importance of digitization and is
taking stepby-step approach towards implementation of more technological
elements,as well as building the right organizational culture to be able to withstand

these changes in the future.
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6 Conclusion

In conclusion, it is apparent that MRO service providers are dealing with challenges
and inefficiencies on daily basis. Some of gneblems are the result of the poor
internal management activities such as the silo effect, while others are difficult to
handle since they essentially stem from external fordesuch as legal formalities
and constraints, or even the nature of the intlysitself, for instance inability to
accurately forecast the demand for the sparertsa As the industry continues to
grow these issues would become more prominent and important since they would
hinder not only efficiency, but also profitability of MROganizations.With the
development of information technology, new web solutions have emerged that have
a potential to fix these inefficiencies within the MRO supply chain by providing
speed, transparency, connectivity, flexibility and intelligent optimaatiT his lowers
human involvement and enables more analytical approach to decision making. By
digitizing the supply chain activities and connecting the parties together in one
network, total integration would be achieved where information and data are
shamed in real time, allowing every entity to be prepared in advance and respond to
demand accordingly. However, in order for efle digital solutions to be
implemented and used to their full potential, certain changes have to be made, on
small scalet adaptingorganizational culture, to big scale ones that are in the hands
of legislators t standardization of trade documentation or system for counterfeit
spare parts tracking. Nevertheless, academics and leading consulting agencies are
convinced that digitizatiors inevitable and that organizations should act accordingly

to be able to stay in the game.

6.1 Limitation

Conclusions and remarks made in this paper should be taken with caution. The
literature review does rely for the most part on the findindrawn from aademic
sources. ldwever, due to the fact that certain web solutions discussed in this paper
(such as Blockchain) are still in the phase of development are and are largely
unexploited, a considerable amount of information is based on assungtibwhat

might happen in the futureand therefore remains rather theoretical. Secondly, the
methodology used for the purpose of empirical research does have its weak points

which have been addresséa the section 2.4. Moreovebecause the method relies
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on a case sidy of one single company, the conclusions and findings are specific to
that organization and could not be completely generalized for all MRO providers in
the market since their organizational culture may differ, but also simple factors such

as country obrigin might have an impact on how operations are handled.

6.2 Suggestions for further research

According to Buyukozkan and Gocer (2018) digitization of supply chains is still in the
early stage of its development. Hence there is still a lot of roomrdsearch of
potential technological enablers and more importantly, of how they could be
implemented. The article states how the research conducted so far does not really
address the phenomenon from the business perspective madagers are lacking
guidancethat would help them handle digitization appropriately. Therefore, future
research should focus on practical point of view and develop frameworks and
systems for successful implementation of digital solutions, and not just simply
address the benefits andhallenges that characterize the digitization as a new

business approach.
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Appendices

Appendix 1

Interview Guidelines (Ms. Matovic, employed at the Logistics Manager position):

1. What are the main criteria for choosing the suppliers?

2. Approximately how many suppliers do you work with and where are
they located?

3. What channels of communication are usedtween the suppliers
and the company?

4. Has the company ever faced issues with suppliers in terms of late
delivery, false documentation, conflicts etc.?

5. Could you briefly explain the procurement process in the company?
How is it decided which item (spare pawr another component)
should be ordered and in which quantity?

6. Documents handling and formalities related to the import of
inventory seem to prolong the procurement process. Why is this the
case? In your opinion, is there anything that could be done afan
this process more efficient?

7. Iv }u% vVC[e A %}*]S]}vU 18 ] u vS]}v S8Z § *% E %o !
(E}u Z]vs CEV 0 *}upE <[X }po C}p o }E S }v SZ S v
it might affect inventory management and procurement process?

8. How do you keep trackfaotable inventories?

9. How often does the company face the situation where required
spare part is not available? How is this issue handled?

10. You have been in a company for several years now. What changes
have you seen once the inventory circulating witlire company
has started to be tracked using a software?

11. The exposition describes the incoming inspection process and the
procedure for checking the validity and quality of inventory. In your
opinion, how could this process be performed in a more efficient

manner?
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Have you ever had cases where you had to discard items from the
warehouse because they became obsolete?

According to your work experience so far, how effective is the
process of information sharing between different departments in
the company? Wold you agree that internal integration has an
impact on procurement activities? Explain.

How familiar are you with the following technologies: cloud
computing, big data, additive manufacturing (3D printing), Internet
of Things and Blockchain?

Based ornyour knowledge and experience, do you think that these
technologies and digitization might have an impact on MRO

activities? If so, please elaborate.
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Appendix 2

Interview guidelines (Mr. Zeljko Ivosevic, general manager):

1. How familiar are you ith the following technologies: cloud computing, big
data, additive manufacturing (3D printing), Internet of Things and
Blockchain?

2. Based on your knowledge and experience so far, do you think that these
technologies and digitization might have an impanstMRO activities? If so,
please elaborate.

3. A~ A Al 8]}v_ «8]oo 0 EP 0oC & o] * }v }VA v3]}v 0 pe]Vv ee %
as majority of your suppliers (as previously stated by Ms. Matovic). Why is
this the case?

4. [« A~ Al §]}v_ § I]vP vCdigiiz#iecnZ}A & -

5. Would you argue that digitization is a source of competitive advantage
among other MRO providers or is it becoming a necessity?

6. In your opinion, what are the most important factors for successful
implementation of digital solutions?

7. In youropinion, what are impediments to complete digitization of supply
chains? Why are companies reluctant to invest more into DSC?

8. In your opinion, considering the current state of technology, how feasible is

the idea of the total DSC?
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Appendix 3

Interview guidelines (Mr. Nikola Luktquality manager):

10.

11.

The exposition describes the lengthy incoming inspection process and the
procedure for checking the validity and quality of inventory. In your opinion,
how could this process be performed in a meféicient manner?

Has the company ever dealt with an issue of counterfeit spare parts?

Apart from aircraft spare parts, the company also has to source tools and
other equipment, such as measuring instruments. Do same inspection rules
apply for this kindf inventory?

Do you outsource the overhaul and calibration of instruments? What
methods do you use to keep track on their serviceability levels and
warranties?

Ms. Matovic has stated that the company sometimes opts for
cannibalization in case of an urgeAOG. How safe is this method in terms
of airworthiness? And also, what costs does it bring to the company?

How does the company keep technical records of performed woik it
electronic or paper based?

Are technical records of previous work performadged for demand
forecasting purposes?

According to your work experience so far, how effective is the process of
information sharing between different departments in the company?

How familiar are you with the following technologies: cloud computing, big
data, additive manufacturing (3D printing), Internet of Things and
Blockchain?

Based on your knowledge and experience so far, do you think that these
technologies and digitization might have an impact on MRO activities? If so,
please elaborate.

In your opinion, considering the current state of technology, how feasible is
the idea of the total DSC?
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Appendix 4

Interview guidelines (Mr. Stefan Dabienechanic)

1. Ja au je moeyhe npedsudemu 3axmeee 30 00pHasarbe sAemusauye npe
donacka y xaHeap? O6jacHume. (Would it be possible to predict
maintenance requirements for an aircraft prior to its arrival to hangar?
Elaborate.)

2. UWma je ca cayyajem AOG? Koju cee hakmopu moey npoy3poKosamu
U3HeHaO0aH Kedp unu ouimehere? Ha Koju HA4YuH ce KOMIMAHUja HOcu ca
osako ypeenmuom cumyayujom? (What about the case of AO@ Which
factors could potentially cause unexpected breakdowr? How does the
company handle such an urgent case?)

3. [a nu mexHoA04YKO (MexaHu4YapcKo) odeswerbe UMa ymuuyaja Ha KoauyuHy u
pexseHyujy nopyubuHa pesepsHux desnoesa? (Does technical department
have an impact on quantity and frequency of spare parts procurement?)

4. Ha Koju HauuH oOpxcasame KOMYHUKAUUjy ca so2ucmuxkom? Je au ukada
buno npobaema npPoy3poKOBAHUM MPEHOCOM Mo2pewHuUX UHpopmayuja?
(What channels do you usdo share information with the logistics
department? Has the company ever faced issues or costs due to
miscommunication between departments?)

5. Bawa KonezuHuya je HarnomeHyna 0d je 00 8esauUKe 8AXCHOCMU npamumu
wma ce dewasa ca 0es108UM HAKOH WMO Hariycme cKknaouwme. Kako
MexaHU4YapcKo ocbsve pasasHaje cmayc pobe Koja yupkyauuwe y xaHeapy?

Ja au nocmoju nocebaH cucmem? (Your colleague has stated how it is very
important to track inventories once they are released from the warehouse.
How does the technical staff diffentiate between the status of spare parts
circulating in hangars?)

6. Ha Koju Ha4yuH ce nonyraesajy u 4yeajy mexHu4KkuU nodayu moKom mpajara
pemoHma nemunuue? (Which approach do you use for filling out and storing

technical records of aircrafts that are subjectrhaintenance?)
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