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Abstract: Aviation’s global aftermarket is expected to grow 22% in 2023, topping $94 billion, 
and will reach $125 billion by 2033 with a 2.9% compound annual growth rate. Besides that, 
the aircraft maintenance industry operates in a highly dynamic and competitive environment 
where ceaseless development is a requirement to ensure continuity, profitability, and 
sustainability. Hence, and based on the actual technological level and so striving for higher 
level advancement and introduction of new technologies and processes in this area, a 
significant number of research and development projects are under way or in the pipeline. 
With so many new ideas and innovations, it is hard for the upper management to make 
informed decisions and be sure that those decisions are what the company needs. Usually, 
these decisions are mainly made from one or a set of managers’ points of view. However, the 
decision might not be suitable from a scientific point of view due to the numerous factors, 
data, and concerns that are very hard to spot without a numerical perspective. Hence, it is 
important to create a scientific strategy to prioritize these new ideas or items based on 
accurate factors and indications to give a vision of what is the most needed idea to adopt by 
the company. This is what the present paper is focused on. A case study investigation was 
made herein, where after collecting all the proposed ideas and development areas from the 
assigned managers and decision-makers, a prioritization was made. The ideas were ranked 
based on a novel hierarchy model which was developed to govern the development process 
of the maintenance repair and overhaul activity in the optimum and effective way to reach 
the set expectations. It means that the companies can have a scientific tool to point at the 
development direction that they should follow, and their focus will be shed on the most 
essential activities at hand and aim to get the most value towards the fulfilment of the upper 
management goals and stakeholders’ vision. The proposed framework has assessed three 
different groups of aircraft maintenance development concepts based on a set of picked 
criteria and concludes which out of the three should be pursued next for more development. 
The results taken from the created framework showed that the "Development and 
Digitalization of the Operational Process for MRO Applications" topic is the most interesting 
one with 34 scores, which is higher than the second one by 21%. The proposed solution not 
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only showed the reliability of this framework to give good decision support but also showed 
that it could build a suitable, unified structure and procedure to follow while determining the 
company’s future development direction. 

Keywords: Aircraft maintenance repair and overhaul; Management strategy; Roadmap Item 
Prioritization; Decision Making 

1 Introduction 

The aviation industry in the shape it is now is the outcome of years of human 
engineering and development, with aircraft serving as the lifeline of modern 
transportation and connectivity. Maintaining and assuring the safety and 
dependability of these aircraft with their complex components and systems is a 
constant challenge. This is where aircraft Maintenance, Repair, and Overhaul 
(MRO) comes in, playing a huge and critical role in ensuring that aircraft stay in 
optimum condition throughout their operating lifespan [1]. However, in the ever-
changing aviation market and aircraft technology [2], MRO companies need to be 
flexible enough to adapt to new ideas and methodologies to keep services of high 
quality, efficiency, and accuracy. 

MRO in the context of aviation refers to all activities and actions taken to keep 
aircraft airworthiness, such as inspections, repairs, component changes, and system 
updates [3]. It is the backbone of aviation safety and efficiency, ensuring that 
aircraft function consistently while meeting severe regulatory requirements from 
both the manufacturers and authorities [4]. Achieving one single flight requires 
many man-hours of maintenance labour, which often goes unseen to passengers but 
is extremely indispensable. 

Aircraft design and manufacturing science have developed quite a lot in the past 
few decades, the proof of that is the countless research articles in different fields, 
which include many developments in electrification [5], [6], sustainability [7] [8] 
[9], noise reduction [10], the propulsion system [11] and its components [12] for 
example. 

Based on [13] MRO demand expanded 18% in 2022. The compound annual growth 
of global maintenance, repair, and overhaul services is expected to grow 22% in 
2023, topping $ 94 billion, which is a mere 2% below its 2019 peak. It will reach $ 
125 billion by 2033 expectedly at a compound annual growth rate of 2.9%. 

The developments of the aeronautical sciences and technologies together with the 
increasing need/business for the MRO services, force the concerned companies to 
reach for cutting-edge technologies and innovations. And since maintenance goes 
hand in hand with aircraft design, it needs to keep pace with the aircraft evolution. 
It is no longer enough to use basic and standardized approaches and procedures, 
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MRO is growing into a highly complex sector that employs modern data analytics 
[14], predictive maintenance [15], robotics [16], digitalization [17], and automation 
[18] to enhance efficiency and reduce downtime. 

However, in a sea full of new ideas, picking the correct development direction or 
idea is not as easy as it looks. The management needs to be up to date with the actual 
situation in the scientific and industrial world at once, plus, they need to be aware 
of all the pros and cons that one idea could have. This is why, it is important to pick 
the highest-ranking idea and correctly manage the allocation of human and financial 
resources that will bring additional profit and success to the company rather than 
wasting those resources on a direction that the work environment is not ready for. 
Hence, upper management must make well-established decisions regarding which 
concepts or projects to invest in. 

This paper focuses on concept evaluation, highlighting the importance of 
prioritization in the aircraft MRO field, and it sheds light on a specific case study 
conducted in a modern MRO enterprise. The goal of this study is to create a 
framework on which companies can rely while picking a direction that is most 
aligned and suitable for their own internal development that will lead to further 
international strength and presence in global MRO markets. 

The next chapter of this study will begin by introducing how will a company gather 
ideas relying on the industry’s future innovation, then it will establish the vision, 
explaining in detail the concept generation and how items are selected for the 
roadmap. Afterward, the criteria, on which the items or concepts will be ranked off 
are defined, finally, the framework for the ranking is created, and the result of the 
assessment is announced. The created framework although used on a specific MRO 
study case and MRO enterprise can be a promising tool that can be developed 
further to be used as a universal decision-support tool for upper management and 
innovation teams. 

2 MRO Roadmap 

When aviation first began, the maintenance culture was quite limited, if not "non-
existent," because there were few sensors aboard the aircraft and therefore a 
minimal amount of data and information available. Maintenance was ignored as 
efforts were focused primarily on aircraft development. As time and 
electrification/digitalization progressed, more sensors were placed on the aircraft 
structure and airframe, resulting in a greater amount of data that may be used to 
create Knowledge-Based Maintenance (KBM) [19]. 

Due to the need for cleaner and more ecologically friendly for the next decade, 
innovations are shifting to low-emission and hybrid-powered aircraft.  
The maintenance costs will be reduced when conventional and electric-powered 
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propulsion systems are integrated since the operational time over a given period will 
be reduced, and therefore the intervals between inspections may be extended. MRO-
related culture is predicted to receive more attention [20]. 

Since the MRO technology needs to follow the aircraft technology, it is crucial to 
keep in mind that all concepts and idea proposals should align with the MRO 
roadmap. 

Figure 1 depicts the technology roadmap for MRO activities in the aeronautical 
sector. This roadmap essentially specifies the elements of the direction, from which 
numerous projects may be initiated. The roadmap contains various groups and 
product items, which can be updated based on the actual economic situation from 
time to time in one hand, and then year by year, and according to business values, 
items are picked from this roadmap to be evaluated and ranked, and only when the 
Business Cases are available and Return on Invest (ROI) is sufficiently high to be 
approved, can these items be started to be developed. 

 
Figure 1 

Technical roadmap of MRO activities in the aeronautical sector [20] 

3 Prioritization Strategy 

Concept or project evaluation means the critical examination of collected and 
proposed maintenance ideas and strategies. Although innovative ideas are generated 
long before any design or engineering work is done, they can come from either the 
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management or the engineers and technicians, companies need to take into 
consideration many aspects to make the best decision about what projects will be 
started. These aspects are the outputs of the market study, the customer experiences 
and specifications, the product features, the product-market fit, the cost, ROI, the 
profit, the sustainability, among many others, which are needed to support the 
decision about the concepts to be initiated, and this is why developing a 
prioritization strategy becomes essential [21]. 

Prioritization has existed in our daily life routine since we started having more 
responsibility. Effective prioritizing is essential for development since one can only 
discover what works and what doesn't, what is worth doing and what is not, by 
putting things to the test in real life after detailed examination. Similarly, 
organizations and bigger enterprises perform some sort of prioritization process 
[22]. 

Additionally, there are many improvements, developments, new products, and 
services available in the market, so it can be a bit overwhelming to pick and choose 
from the numerous ideas. Therefore, there is an emphasis on the importance of 
finding a system to create this hierarchy of importance. Finding this kind of system, 
will not only maximize the profit and the sustainability, but it makes the job easier 
and will also increase transparency so that every employee understands what the 
plan is to follow, and what types of ideas should be supported and sought after in 
the first place. 

In this case study, Aeroplex of Central Europe (ACE) [23] was approached in 
cooperation with the Budapest University of Technology and Economics (BME) 
[24] in order to find the most important project to develop under the framework of 
a Ph.D. research. 

3.1 Generation of Concept from an Industrial Point of View 

The five-step process was used as a reference when building the prioritization 
framework as indicated in Figure 2. 

 
Figure 2 

The five-step process prioritization framework 
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The first step to generate a selective concept system for prioritization is to complete 
deep literature research in order to collect all available innovations in the field of 
MRO including the vision of aircraft manufacturers. The ideas ranged from 
implementing new technology for maintenance to improve current procedures or 
implementing cost-cutting efforts, to create totally new maintenance methodologies 
by integrating robotics. 

It was challenging trying to prioritize every proposal as it was a wide spectrum of 
ideas and solutions, which is why it was necessary to do a grouping for the ideas 
under three main categories as indicated in Figure 3. 

 
Figure 3 

Grouping of MRO innovation project proposals as an output of the scientific literature research 

Therefore, the topics of the research work have been categorized into the following 
three main groups, and these concepts will be evaluated instead of each individual 
idea: 

• Development and Digitalization of the Operational Process for MRO 
Applications 

• Technology Development for Inspection and Detection, 

• Technical Developments in Maintenance, Repair, and Overhaul. 

To make sure that these ideas were relevant in the scientific world and aligned with 
the MRO roadmap, a cross-check was made from the scientific literature studies 
and investigations. And indeed, every study that was found fits perfectly under one 
of these three groups. There are several studies that investigate planning [25] and 
scheduling problems [26] that can be included in topic 1 Development and 
Digitalization of the Operational Process for MRO Applications. Even research that 
concerns digitalization [24], Augmented Reality (AR) new maintenance manuals 
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[28], Virtual Reality (VR) new training material [29], speech recognition to aid 
technicians [30], and even applications [31] and software development [32]. As for 
the second concept, the literature is full of novel ideas that help with the detection 
and inspection of the aircraft structure. Some researchers proposed using robots for 
visual inspections [33] [34] [35], or to perform fuel tank inspections instead of 
humans due to the health hazards [36], and other studies that incorporated drones 
for structure inspections [37] and many more. The third concept includes various 
repair innovations such as using machine learning for predictive maintenance [38], 
new ways to do aircraft structural health monitoring [39], digital twins [40], 
intelligent troubleshooting [41], integrating new eddy current sensors into the repair 
patches [42], and many more studies like these. 

So, it seems like these three concepts apply even to the studies found in the 
literature, and based on that it will be enough if the evaluation would only focus on 
them. 

Each concept must be rigorously evaluated, considering criteria definitions that 
match the company’s set goals and future vision such as practicality, cost-
effectiveness, safety concerns, and the potential to improve the maintenance 
process’s reliability and dependability for example. 

3.2 Criteria Definition 

The project prioritization is a complex problem. There are three main methods for 
the project prioritization in the scientific literature as 1. Scoring Model, 2. Project 
Prioritization Matrix and the 3. Payback Period [43]. A technique for project 
prioritization based on the opinions of subject matter experts is the scoring model. 
All that is involved in the scoring process is assessing various project components 
and then giving each one a numerical value scale. This model is the most general, 
it considers all aspects needed for decision making with special care for the R&D 
sector. The mentioned list of criteria in [43] is limited. Hence, an MRO industry-
related specification list is developed in the framework of the present research. 

The ideal strategy to define the prioritizing criteria is to begin by identifying the 
company’s key development drivers and determining with them which concept out 
of the three to focus on. 

Having a straightforward and structured set of criteria for ranking the project and 
research proposal allows one to make more consistent and better selections than 
merely depending on perceptions and individual opinions. Hence, the criteria were 
chosen that describe the greatest ability to have impact for the future of the 
enterprises, as shown in Figure 4. 

The next step was to create an evaluate spectrum or scale for the 13 criteria, this 
enabled to have enough variation between the results. An example of the evaluation 
spectrum can be identified in Figure 5. 
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Figure 4 

Prioritization criteria for the concepts 

 
Figure 5 

Evaluation spectrum 

4 Assessment of the Results 
The evaluation itself is the next step of the priority process. The votes were made 
by all partners involved in the project. Following the ratings and summarising the 
results, the prioritization is made. The ranking of the concepts is done based on their 
strategic value and expected impact. Concepts that, besides the others, promise the 
most advantages, whether in terms of increased safety, operational reliability, profit, 
sustainability, or cost savings, were prioritized. It is worth mentioning that given 
the frequently restricted resources available, not every concept could be pursued 
concurrently, so the accepted budget determines the number of projects to be 
started. 
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Based on the detailed assessment using the mentioned criteria, the results are found 
in Figure 6. 

As a summary of the assessment, concept one, entitled “Development and 
Digitalization of the Operational Process for MRO Applications” has received the 
highest mark 34 and so the priority level amongst the others (see Figure 7), so it has 
been selected to be the most important from the industry point of view today. Thus, 
it has been nominated to be the topic of the development project to work out. 

 
Figure 6 

Concepts assessment results 

 
Figure 7 

Assessment result chart 
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The expected benefit from selecting this concept and so to promote sustainable 
development are saving cost, time, and capacity due to the paperless 
documentation/administration based on 

• reduction in the material and energy consumption, 
• decrease in human error, 
• less employees required to manage and deliver work packages, 
• smaller size of the space for storing documents, 
• better project/task/cost transparency, 
• improved communication, and 
• higher flexibility of the workplaces (e.g.: open office, home office). 

Additionally, the capacity, the cost, the investment, the inventory, the tools, the 
workplace, the asset use, and the incoming task planning can be optimized more 
quickly, accurately, and frequently. 

Whereas concept “Technology Development for Inspection and Detection” was in 
the middle with 28, and concept number three “Technology Developments in 
Maintenance, Repair, and Overhaul” ranked the lowest with 23 points, meaning 
these two concepts didn’t bring the highest value from the company’s perspective. 

After the assessment procedure comes to the realization of the concept and 
execution of the project in the most efficient way in accordance with the company's 
set goals and visions. Following that is the plausibility check, verification, and 
validation of the outcomes and the realisation of the above-mentioned benefits are 
going to be compared with the actual situation using the baseline version of the 
process. 

As these results are unique, company-dependent, and are under a confidentiality 
agreement in most of the cases, there are no similar topics published in the scientific 
literature according to the best knowledge of the authors. 

Conclusions 

The need for services in the field of aircraft maintenance, repair, and overhaul is 
increasing continuously. Although there is quite a development in the MRO 
industry today, there is still a potential for more technological and procedural 
advancement. Also, there is a gap in utilizing the latest innovations as much as it 
would be. This can also be proven by the fact that processes are rather based on 
human intervention instead of digital solutions. 

Aircraft MRO is a vital and active part of the aviation sector. It guarantees that 
aircraft are safe, airworthy, and reliable throughout their operating lifespan. 
However, as aviation technology advances, the necessity for effective concept 
appraisal and prioritizing becomes even more critical. Stakeholders may 
strategically manage resources by carefully reviewing and prioritizing maintenance 
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ideas, keeping aircraft at the forefront of safety and performance while navigating 
the ever-changing skies of the aviation business. 

Based on the detailed literature research in the field of MRO innovation, and on the 
higher number of the project proposals, grouping was made for the given 
developments and concept ideas. Three groups have been identified as follows: 
“Development and Digitalization of the Operational Process for MRO 
Applications”, “Technology Development for Inspection and Detection”, and 
“Technical Developments in Maintenance, Repair, and Overhaul” for 
distinguishing the innovations. Then, it was important to identify specifications that 
can be used to prioritize these roadmap items. The specifications were made based 
on the identified criteria items which were picked to be in accordance with the goals 
and vision of the upper management. As a practical implication, the present work 
offers a direction also for managers of the MRO sector in structuring and applying 
this hierarchy for prioritizing processes aimed at organizational efficiency. 

It was concluded that the concept titled “Development and Digitalization of the 
Operational Process for MRO Applications” ranked noticeably the highest 
compared to the other two. It means for the time being the improvements of the 
operational processes are the direction to be realised while considering the 
company’s future steps. Hence, for future developments, the company needs to 
establish a project plan, which includes a project description with clear goals, 
members and roles of the steering committee, achievable outcomes, and a timeline 
with milestones according to the official process description. 

According to the prioritization framework and the criteria that it was based on and 
taking into consideration the high score of 34 points that the “Development and 
Digitalization of the Operational Process for MRO Applications” concept reached, 
it is safe to say that if the company follows that road, a major decrease in cost, time, 
and capacity will be realized. Hence, following the detailed investigation and 
analyses of the recent process, a new digital framework is going to be developed in 
the future in the form of a development project and Ph.D. research to improve the 
operational characteristics that are aligned with the results achieved. 

Digitalization in this context means not only data transferring, handling, and storing 
but using them to find the best solutions for planning using the theories of the 
Internet of things, big data, machine learning, business analytics, blockchain, data 
processing, and artificial intelligence for example. The outcomes of this project 
development are expected to be in line with the regulation of quality insurance, 
which includes the expectations of aviation authorities and manufacturers. And of 
course, the provided solutions are going to be verified and validated based on 
different examples and test scenarios. 

The benefit of the developed digital solution must be proven with the recently used, 
rather manual-based process management and planning activities by using KPIs 
(Key Performance Indexes). 
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