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Abstract: Background: The ongoing technical innovation is fully involving transportation sector,
converting the usual mass-transit system toward a sustainable mobility. Make-or-buy decision
are usually adopted to assess different solutions in terms of costs-benefits to put in place strategic
choices regarding in-house production or from an external supplier. This can also be reflected
on maintenance operations, thus replicating a similar approach to transport companies involved.
Method: A decision-making model by means of a multi-criteria analysis can lead make-or-buy
choices adapted to maintenance. A brief introduction into the actual mobility context is provided,
evaluating global and national trends with respect to the mobility solutions offered. Then, a focus is
set on maintenance approaches in mobility sector and the need of a make-or-buy decision process is
considered. The decision-making path is developed through a multi-criteria framework based on
eigenvector weighing assessment, where different Key Performance Indicators (KPIs) are identified
and exploited to assess the maintenance approach at stake. Results: A comparison among different
scenarios considered helped in identify the solution offered to the transport operator. In particular, for
the case study of interest a −35% decrease in maintenance specific cost and −44% in cost variability
were found. Reliability of the fleet was kept at an acceptable level compared to the reference in-house
maintenance (≥90%) while an increase in the Mean Time Between Failure was observed. Conclusions:
For the purposes of a small company, the method can address the choice of outsourcing maintenance
as the best. Finally, a general trend is then extrapolated from the analysis performed, in order to
constitute a decision guideline. The research can benefit from further analysis to test and validate
that the selected approach is effective from the perspective of transport operator.

Keywords: decision-making; multi-criteria; planning; maintenance model; strategy; mobility

1. Introduction

The transportation sector is undergoing a deep renewal thanks to technical innovation,
environmental policies and the development of sustainable solutions. The advent of new
players on the market, together with the effects of pandemic led to redefine mobility [1].
Smart mobility must be intended as both individual and collective transportation system.
Public transport is being reshaped in a people-oriented perspective, providing a customer-
centered service starting from design, management and decision-making phases. Public
transport is also creating personalized mobility services through data-driven transport
solutions mediated by the application of Artificial Intelligence (AI). This is reached through
offering new solutions, such as Mobility as a Service (MaaS) or on-demand ride-sharing
services as valuable examples. In such an active context, Transport Operators (TOs) play a
very important role, which goes beyond the usual realization of public transport governance
and extends to the regulation and management of the entire urban system. While mass
public transport will still act as a backbone around which sustainable mobility solutions will
flourish, the variety of complementary solutions is enhancing the complexity of passenger
transport market.
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As a consequence, enormous changes were reflected also in mobility sector. TOs need
to develop helpful strategies to adequately respond to unforeseen setbacks. General trends
are influenced by three main causes:

• Global—growth in passenger demand, socioeconomic inequality, transformation of
urban topology.

• Behavioral—flexible work/smart-working, travel safety, re-organization of travel patterns.
• Technology and Market—spread of e-commerce, digital process, integrated micro-

mobility, market share for private companies.

The European Green Deal approved in 2020 collects efforts by the European Commis-
sion to reach carbon neutrality of EU in 2050, with −50% reduction in Green-House Gases
(GHG) until 2030. According to recent evaluations, the transportation sector is the principal
emitter of CO2 [2]. Figure 1 depicts the partition of GHG emissions for each transportation
system. A comprehensive strategy for a sustainable and smart mobility must be imple-
mented to increase the adoption of sustainable and alternative fuels in road, maritime and
air transport and set the emission standards for combustion-engine vehicles [3].

Figure 1. Overall emissions for transportation.

The pandemic represented a re-defining moment for mobility in metropolitan areas,
highlighting the importance of health, environment as well as travel speed, convenience
and consumption. Despite that, moving the sight to rural areas, mobility is commonly
perceived as a problem, since network is not extended. Few available connections to large
cities force local citizens to use private vehicles. In addition, the public transport sector
is also experiencing shortage of personnel. In a future perspective, public transportation
should replace the today’s use of private cars and carefully consider exploiting service in
surrounding areas. This switch requires strong changes that must be adopted in parallel
not only in citizens habits and mindset but also in the overall organizational system. Within
this framework, the public transportation can potentially play a trailer role to realize
these changes. In this context, maintenance is a crucial aspect for TOs as it contributes to
achieve the targets set [4]. In fact, maintenance processes can significantly impact on the
system conditions, such as availability and accessibility and safety for the customers [5].
Optimal maintenance contributes to increase service quality standards, while technological
innovations enable a more efficient management of maintenance resources, both economic
and environmental.

In the present paper, the development of a multi-criteria framework applied to mainte-
nance processes is proposed. The scope of the presented analysis is to improve the decision
quality by adequately supporting the choice through exploring and comparing a set of
incompatible alternatives aiming to increase the quality and convenience of maintenance
operations. Different methods retrieved within literature are presented in Section 2 while
maintenance approaches are recalled in Section 3, followed by the presentation of the
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actual maintenance practices currently diffused in the public transportation context. The
methodology is then provided in Section 4, where all Key Performance Indicators (KPIs)
are identified. Results are then presented and critically discussed in Section 5 to be eligible
for a feasible implementation in a real environment. As a final step, a generalization is
extrapolated starting from the results obtained, aimed to provide a synthetic guideline
for TOs.

2. Literature Review

Decision-making models are focused within the literature as valuable methods to assist
decision-makers in choosing the suitable approach or scheme to be adopted. In particular,
the problem is addressed to handle with risk assessment, maintenance strategy and time
interval of inspection. A proper method is proposed to realize Selective Maintenance
Problem (SPM) or Selective Parallel Maintenance Sequence Planning (SPMSP) through
a multi-objective optimization algorithm to establish the optimal maintenance sequence
for multi-state systems [6,7]. For each scenario, parameters—i.e., workers skills or initial
budget—are forced to vary in order to evaluate the best alternative in terms of reliability.
The technique here adopted is based on a sensitivity analysis, being thus able to find
the best trade-off between component costs, repair duration and labor costs to ensure
the highest reliability [7]. Also, Monte-Carlo Simulations can be applied to assess the
resilience of maintenance under variable loading conditions [8]. A step-by-step calculation
are performed to assess the reliability of the system or failures. This is applied evaluating
case studies between no maintenance and all components are maintained. The mean system
reliability increases as the budget increases, but these improvements do not vary at the
same rate as the budget increments. Absolute values are difficult to be dealing with, a
sensitivity analysis can help maintenance managers consider the trade-off between the
system reliability improvement and maintenance budget spending. Hybrid approaches
can be adopted to correctly consider quantitative and qualitative criteria [9,10]. In a Delphi
methodology, a panel of experts is chosen and a first-attempt survey is answered regarding
qualitative criteria. The second step analyses the results and provides a second-attempt
questionnaire, adjusted on the basis of the previous. This iterative process is stopped when
a general consensus is achieved among the experts. This method joins a proper Multi-
Criteria Decision Making (MCDM) method such as Analytical Hierarchy Process (AHP) or
Preference Ranking Organization Method for Enrichment Evaluation (PROMETHEE). In
this case, the target is to establish the best maintenance approach among a predefined set
of alternatives. A cooperation between Bayesian approach and PROMETHEE is evaluated
dealing with a “replacement-time” problem. The best-fitting intervention timing and repair
frequency for components is established according to three criteria [11]. The context is
related to a decision problem for a general company involved in maintenance operations;
the output results make the intervention frequency vary with a different span according
to the dominant criterion weighted. Relevant KPIs defined are in common among the
different papers considered such as maintenance costs and time. However, to prompt out
a generalized framework to assist a TO in the most effective and convenient decision, a
sensitivity analysis is required to analyze the impact on the set of criteria produced by a
variation in the relative weight of a single criterion.

Problems related to a decision-making can be divided as follows:

• Multi-Criteria problem (MCDM), the preferred solution is selected within an initial
set of predefined alternatives.

• Multi-Objective problem (MODM), exploited to identify the best solution through an
optimization method during a design process.

Methods for MCDM can be categorized according to the following distinction:

• Weighting assessment, which includes eigenvectors, weighted least square and en-
tropy methods, all based on a pairwise comparison matrix P as recalled in (1) where wi
are the relative importance coefficients and i = 1 . . . N the number of criteria. Weights
can be calculated according to a normalized eigenvector w (2), through minimizing a
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Lagrangian function L (3) or evaluating an entropy level vector e, whose values εk are
evaluated according to (4) [12–17].

• Unique criterion methods, most diffused are Analytical Hierarchy Problem (AHP)
and Analytical Network Problem (ANP), where the problem is modeled according
to a two level hierarchical disposition or to a network respectively. The latter re-
sults as a generalization of the former alternative, turning into an origin-destination
paths [18–20].

• Outranking methods are able to evaluate existing preferences or incompatibilities
between alternatives through pairwise comparisons. If the set of features considered
provides enough elements to state that an alternative a is at least as good as b, therefore
“a is outranking b”. Most diffused methods are Preference Ranking Organization
Method for Enrichment Evaluation (PROMETHEE) [21], based on feature comparison
or ELimination Et Choix Traduisant la REalité (ELECTREE), which operates a sorting
of the alternatives based on outranking relationships [22].

P =
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w1
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. . .
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...

. . .
...
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. . .
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3. Case Study

A make-or-buy decision framework addresses relevant aspects to set up a strategic choice
between in-house production or outsourcing purchase from an external supplier [4,23]. It is
a strategic decision when a company faces low production capacity, limited experience,
lack of expertise or variable demand [5,24]. This allows to compare all costs and benefits
resulting from the two (or more) alternatives. Table 1 collects the main indicators that
contribute to evaluate the best-fitting strategy for the company to adopt.

Table 1. Characteristics of make-or-buy approaches.

In-House Costs Outsource Costs

Production Purchasing

Work overtime Sales taxes

Quality control Ordering

Warehouse stock expenses Inventory

Waste disposal Shipping

Usually, the choice to convert an in-house production into an outsourcing purchase is
driven by [25]:

• reduction of overall costs and capital investments,
• increase of competitive advantage.

This decision is based on the core business of the company itself and production costs
and quality can lead to outsourcing [26]. The whole framework contributes to reduce risk
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exposure of the company [27]. The role of know-how is crucial for a company [28]. The
level of expertise can be classified into:

• key (or core), related to the main business of the company and contributing to gain
competitiveness;

• lateral, developed for critical processes but not linked to the competitive advantage,
and potentially useful to start new businesses;

• special, necessary but available externally.

Thus, in-house manufacturing fits better based on key and lateral levels of expertise,
while outsourcing is preferred for special levels required [29]. A similar approach can be
adopted by TOs as extended also to maintenance for vehicle fleet [30].

A general scheme for classification of maintenance approaches is reported in Figure 2.
Maintenance embraces all functional inspections to establish the necessity to repair or
replace a component. For TOs, this is important to maintain or restore the functional
condition to reach the highest grades of safety, reliability, regulatory compliance and
warranty coverage for the running vehicles, thus extending the useful life of the equipment
minimizing downtime and costs [31]. Maintenance approaches can be classified as:

• Cyclic (or preventive), aimed to maintain the functionality of the component and
includes a-priori all operations that must be performed in a given age or time horizon.

• Corrective, which includes all operations needed as a consequence of a malfunction.
• Monitored, based on measurement activities and data collection and analysis, subdi-

vided into:

– Condition-based, where a continuous monitoring is performed to detect unac-
ceptable working conditions.

– Predictive-based, where the analysis of periodic measurement data through math-
ematical models is capable to estimate the expected wear for a given component
or system.

Figure 2. Maintenance models.

Differences between the previously recalled approaches are collected hereafter in
Table 2.

A decision framework similar to manufacturing activities but regarding maintenance
can be described according to the following distinction and recalled in Figure 3:

• In-house maintenance;
• Outsourced maintenance, based on an agreement between the supplier and TO to pro-

vide a set of predefined activities at a fixed price [32]. In particular, it is divided into:

– Global-service, includes all maintenance activities [33].
– Full-service, includes the main maintenance activities, excluding tyres and tech-

nology maintenance.
– Light-service, it excludes the replacement of highly-expensive components, both

in terms of cost and time needed for the process.
– Package service, usually involves scheduled maintenance activities for frequently-

consumable components.



Logistics 2024, 8, 55 6 of 18

Generally, an outsourced maintenance involves a series of activities provided by
the vehicle manufacturer to the TO within a given time period, as established during
the purchase phase. The agreement establishes a maintenance fee—usually expressed in
e/km—for a specific duration. From the TO’s point of view, this solution enables to:

• first to provide cost planning, avoiding volatile repair costs;
• secondly, benefit from original spare parts, thus ensuring maximum reliability.

Table 2. Comparison between maintenance approaches.

Preventive
Maintenance

Corrective
Maintenance

Monitored Maintenance

Predictive-Based Condition-Based

Frequency of
intervention

Time and/or usage
horizon

Malfunction/failure
occurred

Estimated by a
mathematical

model

Based on
thresholds and
measurements

Drawbacks

Possibility of
collateral damage

during
maintenance
interventions,

Long shutdowns High installation costs

Replacement of
serviceable items

Possible damage to
other equipment

Unpredictable maintenance periods,

High operative
costs

Reduced components monitored

Benefits
Fixed costs

Less degree of
complexity and

organization

High degree of organization, lower
operative costs

Reduced
shutdowns

Reduced number of interventions,
decreased influence of human error

Figure 3. Maintenance decision framework.

On the other hand, the manufacturer aims to obtain the highest possible profit from
the maintenance service provided and sold [34]. However, the cost estimation does not
solely depend on the market, but it is extrapolated from the vehicle life cycle. Outsourc-
ing maintenance acts therefore to prevent any possible unforeseen risk the vehicle may
experience at a competitive cost and through highly specialist maintenance operators, thus
ensuring a higher reliability, safety and economic value of the vehicle [35].

4. Methodology

In this section, the rationale and the overall strategy of the methodology are pre-
sented. The decision-making path is set up through a multi-criteria approach to provide
make-or-buy evaluations for maintenance process of a bus fleet. This consists of defining
relevant KPIs to address the topic. Based on the classification of methods and the literature
background analyzed in Section 2 regarding the subject, an eigenvector-based weighing as-
sessment is chosen to investigate the most convenient maintenance approach to be adopted.
In particular, this must be reflected in providing to TOs a valuable short-coming decision
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whether allocating maintenance internally or outsourcing it. Table 3 reports the average
score meaning [19]. A flowchart to briefly illustrate the process is also provided in Figure 4.

Table 3. Scoring scale.

Score Value Meaning

1 Features i, j are equally important

3 Feature i is slightly more important than j

5 Feature i is more important than j

7 Feature i is strongly more important than j

9 Feature i is predominantly important than j

2, 4, 6, 8 Intermediate values of importance

Figure 4. Methodological approach for make-or-buy maintenance choice.

The identification of both technical and managerial KPIs is fundamental to set up
a decision-making model [36]. This helps to compare and evaluate both maintenance
solutions—i.e., full-service and in-house. KPIs include all those metrics needed to monitor
the performance of a given activity within a given business sector. There is not a unique
framework to define performances for every company. Therefore, a specific analysis must
be performed carefully to identify all parameters providing the correct indications on
directions and results achieved by each strategy [37,38]. A generic KPI must be:

• Measurable (i.e., repeatable and reproducible), allowing comparisons over time and
different contexts.

• Specific, related to a particular aspect.
• Relevant, the information provided must be useful to the evaluation process.

To guarantee the deepest framework to be exploited by the decision-making, KPIs
can be:

• quantitative, can be numerical and/or statistics,
• qualitative, can be verbal.

Quantitative indicators allow assumptions to be tested through the systematic data
collection and analysis, while qualitative allow ideas, remarks and return of experiences
to be considered in depth. All KPIs were calculated through historical data referred to
2022, in order to have a deep sight of the company’s situation. In fact, the choice was made
by trying to combine the analytical approach, which is based on the pure calculation of
indicators, with the empirical one, which aims to best highlight how the solution adopted
influences the business environment. KPIs were identified to encompass all areas involved
in maintenance processes by TO, from economic to service aspect, like evaluation of
operational aspects and the quality of maintenance activities. Particular care was set to
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endorse this last aspect, in order to increase the customer satisfaction, an indicator that can
rapidly change in the perceived service quality by the passengers.

As far as quantitative KPIs, the following indicators were identified:

• Maintenance costs Cm,
• Cost variability σ,
• Availability rate A,
• Mean Time Between Failure (MTBF).

Maintenance cost is defined according to the analytical expression reported in (5).
It depends on the total maintenance cost sustained by the company for spare parts Csp,
working operators Cw and if needed outsourced operations Cout. The total economic
amount is put in relationship with the average distance traveled by the fleet ∆s.

Cm =
Csp + Cw + Cout

∆s
[e/km] (5)

Cost variability σ is calculated as the standard deviation of Cm. The objective of this
KPI is to highlight the costs distribution and unpredictability, distinguishing between
internal and external maintenance costs as shown in (6). Only the absolute value of the
standard deviation is considered. This indicator quantifies the deviation of maintenance
costs from the expected value µ.

σ =
√

s2 =

√
1
N ∑

i
(Xi − µ)2 [e/km] (6)

Availability rate A is one of the main and most important KPIs for evaluating the
actual configuration. This parameter determines the level and quality of the transporta-
tion service provided. The availability rate of a vehicle is therefore calculated according
to (7) as the rate between the available days NDa and the total working/service days ND
considered within the timespan. Only the days in which the vehicle is out of service for
ordinary and extraordinary maintenance are taken into account—i.e., both when mainte-
nance is scheduled and corrective. This allows to observe whether there are differences
in the level of availability between the two maintenance solutions. In fact, this indicator
helps to determine the quality of the work performed: generally the level of maintenance
quality decreases, as the number of unserviceable days increases. Consequently, a higher
availability rate corresponds to higher quality maintenance.

A =
NDa

ND
· 100 [%] (7)

The last quantitative indicator is represented by the Mean Time Between Failures
(MTBF); this KPI is able to evaluate the expected usage between two subsequent failures of
a system during normal service. Therefore, it is computed as the average distance before a
failure occur as reported in (8). This definition depends on what is considered as a fault.
In this analysis, a failure is meant as any maintenance intervention, whether planned or
corrective. The MTBF accounts for the number of failures N f occurred in the considered
usage range.

MTBF =
∆s
N f

[km/fail] (8)

Both A and MTBF carry an important remark on the quality of maintenance performed.
The important distinction between the two indicators is that A is evaluated on a temporal
basis, while MTBF is related to a distance-based evaluation. The output of these last
parameters vary based on the vehicle model, age and the total number of kilometers. As
a general consideration, an outdated vehicle shows lower values for A and MTBF than a
younger vehicle.

For what concerns qualitative KPIs, the following are considered in this present work:
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• Flexibility,
• Readiness,
• Assets,
• Control and monitoring.

By definition, qualitative KPIs do not provide a specific numerical value as output, but
rather a qualitative judgment that attempts to reflect the meaning. These KPIs are usually
implemented when dealing with a Multi-criteria decision problem, in particular for all
characteristics of the problem that can not be modeled through an analytical relationship,
thus a numerical meaning can be associated to a precise verbal definition or evaluation. In
this present case, this kind of KPIs are considered to assess the solution proposed.

Flexibility is commonly intended as the ability to adapt/change within the business
systems [39]. It is related to organizational structure and models of the company, being
nowadays a fundamental aspect for the competitiveness of a company on the market. Two
different flexibility types can be distinguished [39]:

• The state flexibility is the stability of the system to work despite changing oper-
ating conditions.

• The action flexibility is the ability of the system to react to changes, in particular
moving from an operational state to another with short transients and low costs.

Readiness addresses the maturity of a technology, process or supplier at the instant
of its selection. It can be evaluated according to a rating range from 1 to 9 , from “basic
principles observed and reported” to “actual system tested in an operational environ-
ment” [40–43]. Readiness is exploited to help in decision-making process concerning the
technology transition and development. For what regards maintenance activities, the
readiness depends on several factors, such as the organizational structure of a supplier or
the company.

Assets are resource featured by economic value that an individual, a corporation, a
company or a country owns or controls aimed to produce profits or benefit. An asset is
everything that can generate cash flows, reduce expenses or improve sales in the future,
regardless of whether it is a physical (an equipment, a building) or a non-physical item (a
patent). Fixed assets have an expected life greater than one year, such as plants, equipment,
and buildings and are fundamental to lead the decision between realizing in-house or
outsourcing maintenance processes.

The last qualitative KPI to be considered is related to monitoring and control. The
target is improving the efficiency and effectiveness of the performance through constantly
providing all relevant information, hence to constitute a detailed picture of the activity.
Monitoring and measurement of performance is probably the longest phase in the whole
performance management cycle. In this wake, the purpose is to control the overall per-
formance throughout the whole period between target setting and evaluation. From the
company perspective, this phase is designed to support the achievement of corporate
goals. Nevertheless, monitoring and measurement provides valuable inputs for any further
development or adjustment of the activity.

In order to establish meaningful comparisons between a full-service and in-house
maintenance solutions, a multi-criteria decision analysis is considered. The impacts of each
alternative can be expressed numerically by both quantitative and qualitative expressions.
To formulate a decision-making process, it is necessary to calculate the different KPIs
evaluating several scenarios, which represent different business situations. In this context,
7 different real scenarios are evaluated, each featured by a different maintenance model,
vehicle fleet, kilometers-per-vehicle traveled in one year, the average age and the year when
the service started. Table 4 collects all information related to considered scenarios.

Within the scenarios adopting the full-service approach, vehicles with close mileages
were taken into account. Deviation in this case is reduced, about 0.05 e/km. In details,
all “young” vehicles falling within the first two years of a full-service contract where the
mileage is an order of magnitude lower than in the other years, were excluded. First, the
quantitative KPIs are computed. Then, a score is assigned to each KPI based on a threshold
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scale as reported in Table 3. Each score is then multiplied by a weighting coefficient, based
on the importance of the indicator seen from the company’s perspective. On the other hand,
for qualitative KPIs, the score is assigned based on the company’s experience and impact.
Therefore, the total weighted average score is calculated for each scenario considered.
Secondly, each qualitative KPI is accounted to evaluate the effectiveness of the solutions.

Table 4. Scenarios for multi-criteria decision making process.

Scenario N° of Buses km-per-Vehicle/Year Average Age Start of Service

1 109 45,000 4.8 2006

2 175 50,000 3.7 2018

3 58 40,000 5.4 2007

4 28 45,000 13.4 2004

5 110 30,000 13.8 2004

6 51 35,000 10.3 2018

7 67 30,000 13.6 2007

Thus, the final decision moves from the numerical evaluation of KPIs to assess the
solution for maintenance. However, the decision model does not limit only to the ranking
of the alternatives, but aims to comment or justify the results obtained, so to highlight the
advantages and disadvantages of the two solutions.

5. Results and Discussion

As far as pure quantitative KPIs are concerned, Table 5 collects all threshold values set
to assign a score to each alternative; Figure 5 depicts the general overview of the evaluation
performed while for each KPI performances of scenarios are evaluated graphically in
Figures 6–9. The seven scenarios considered are described in details by Table 6.

Scenarios 1 and 2 featured by an outsourced full-service maintenance approach are the
most performing cases. On the contrary, in-house scenarios 6 and 7 show higher cost per
kilometer. In general, a direct comparison between outsourced and in-house maintenance
approaches states in favor of the former, where the overall costs are low. However, it is
interesting to notice that Scenario 4 is described by high maintenance costs despite an
outsourced approach adopted. This case represents a mixed type of maintenance which
includes more interventions within the fee. This explains why this peak occurs.

Table 5. Scoring and threshold for KPIs.

Score
Maintenance Cost Variability Availability MTBF

[e/km] [e/km] [%] [km/fail]

1 Cm ≥ 0.350 σ ≥ 0.250 A ≤ 80% 1000–1500

2 0.325–0.350 0.225–0.250 80–82% 1500–2000

3 0.300–0.325 0.200–0.225 82–84% 2000–2500

4 0.275–0.300 0.175–0.200 84–86% 2500–3000

5 0.250–0.275 0.150–0.175 86–88% 3000–3500

6 0.225–0.250 0.125–0.150 88–90% 3500–4000

7 0.200–0.225 0.100–0.125 90–92% 4000–4500

8 0.175–0.200 0.075–0.100 92–94% 4500–5000

9 0.150–0.175 0.050–0.750 94–96% 5000–5500

10 0.125–0.150 0.025–0.050 96–98% MTBF > 5500
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Table 6. Quantitative KPIs for Multi-criteria analysis.

Scenario
Maintenance Maintenance Costs Variability of Costs Availability MTBF Score

Approach [e/km] [e/km] [%] [km/fail] [-]

1 Outsourced 0.200 0.089 92 4934 7.25

2 Outsourced 0.204 0.055 91 4599 7.25

3 Outsourced 0.222 0.095 95 3175 6.75

4 Outsourced 0.251 0.072 92 2140 5.25

5 In-house 0.313 0.137 90 2126 4.00

6 In-house 0.326 0.116 84 2161 3.25

7 In-house 0.330 0.147 93 1609 4.00

Outsourced-average 0.209 0.076 92 4294 6.5

In-house-average 0.321 0.135 90 1980 4.25

Figure 5. Ranking of quantitative KPIs with 25% weighting coefficients.

Figure 6. Sensitivity analysis on KPIs weighting coefficient for maintenance costs.
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Figure 7. Sensitivity analysis on KPIs weighting coefficient for cost variability.

Figure 8. Sensitivity analysis on KPIs weighting coefficient for availability.

Figure 9. Sensitivity analysis on KPIs weighting coefficient for MTBF.
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The differences between the considered scenarios appear to be insignificant at a first
sight. This wrong impression is given by the evaluation of specific costs indicators. How-
ever, the differences in total cost is significant, since a bus travels more than 104 km/year
on average. Just for instance, if a bus fleet composed by 100 vehicles is considered, with a
distance covered of 50,000 km/(year · bus), accounting for a delta specific cost of 0.1 e/km,
the total cost difference projected at the end of the year is 500,000 e/year. Furthermore,
comparing all scenarios with the best-performing cases (Scenarios 1 and 2):

• Scenario 4 reports +25% e/km;
• Scenarios 5, 6 and 7 show a maintenance cost at least +50% e/km.

Variability of costs also impacts on the global evaluation of scenarios. This KPI is lower
in scenarios 1, 2, 3 and 4 all featured by full-service maintenance. Conversely, scenarios 5, 6
and 7 present the highest values for cost variability, observing that in the case of in-house
maintenance is more expensive as expected. Despite that, for outsourced maintenance it
is necessary to consider some influencing factors. First of all, the contract agreement for
outsourcing maintenance excludes few inspection activities, thus causing reductions to the
contractual mileage fee. Furthermore, the mileage rate is distributed among the bus fleet,
meaning that not all vehicles show the same mileage in the same scenario.

As far as the availability rate is concerned, results are very similar between the different
scenarios, since the deviation observed is minimal. However, there is the case of Scenario
6 whose availability rate is much lower than the others −10% if compared with the best
case. Actually, this represents an outlier; in fact, there are no significant deviations between
scenarios adopting an outsourced or an in-house maintenance approach.

The MTBF can be seen as the consequence of the previous KPIs. In fact, it depends
on both the distance traveled by the vehicles and its availability rate. Thus, again the
cases with the best MTBF are Scenarios 1 and 2, as depicted in Figure 9. In addition, since
the MTBF indicator is calculated as the ratio of inspections and the number of kilometers
traveled within the period considered, the outsourcing approach is the best performing.

For setting up a multi-criteria approach, first the scoring criteria for each quantitative
KPI must be established. An overview is provided in Table 5. An initial assessment is
provided in Figure 5 where all quantitative KPIs are weighted equally among them—i.e.,
25% of relative weight. It is immediately noticeable that scenarios featured by an outsourced
maintenance approach show also higher scores. The green average line underlines how
an outsourced maintenance approach is highly performing with respect to the in-house
approach, as Scenarios 1, 2 and 3 show since are characterized by this approach. In
particular, it can be noted that:

• the maintenance cost scores are in favor of outsourcing approach identified by Scenar-
ios 1, 2 and 3;

• cost variability is distributed among the cases;
• availability rate is best-performing on Scenario 3, followed by Scenario 7 while Sce-

nario 6 obtained the lowest score;
• MTBF scores follow the path obtained for maintenance costs, with Scenarios 1 and 2

best-performing.

A sensitivity analysis is then performed where a different relative weight is assigned
to each KPI, thus observing how the results vary. In particular, 9 different steps were
evaluated, with an +5% increase of the weighting coefficient for each quantitative KPI
considered with respect to the others. Therefore, the analysis is performed to evaluate how
the progressive relevance of each indicator impacts on the remaining KPIs and hence on
the final output.

Results point out a knee-curve trend, enclosing in the first branch Scenarios 1, 2 and
3 while the second branch includes all remaining scenarios. Different behaviors can be
observed depending both on the scenarios and on the KPI’s weight increase. As a general
trend, Scenarios 1 and 2 behave in opposite way with respect to the others. Moreover,
scenarios 1 and 2 are best-performing, improving their overall scores with the exception of
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availability A, as Figure 8 depicts. Conversely, remaining scenarios suffer a general score
deterioration, in particular Scenarios 4 and 7 experience a down-scoring from 5.2 to 3.9
and from 4 to 2.8 respectively for maintenance cost case (Figure 6). The only exception
is represented by the outlier Scenario 6, which behaves as Scenarios 1 and 2 in Figure 8.
In addition, benefits are found when weight increase in cost variability σ is accounted as
prompted by Figure 7. The choice between the two maintenance approaches also depends
on the weight assigned by the company or decision-maker to each KPI. In this way, the
decision-making model developed is exploited by the company itself to assess if the choice
is capable to fulfill and satisfy all its needs and targets.

Discussion

Based on the analysis for the quantitative indicators, the qualitative KPIs are evalu-
ated. For what concerns flexibility, two different discussions can be set. The first aspect to
underline is related to the company’s internal structure; scenarios with in-house mainte-
nance approach—i.e., Scenario 5, 6 and 7—can show potentially a high level of flexibility
if the managerial and organizational levels are sufficiently developed. However, if the
pure flexibility of each approach is considered during a choice, for example for a new
batch of vehicles, outsourcing allows for more flexibility. In fact, the company would not
train staff and could easily manage a change by trying to include its requirements in the
contract signed with the supplier. This last aspect is not always agreed by the supplier. For
these reasons, Scenarios 1, 2, 3 and 4 are characterized by less flexibility in this case study.
Scenarios with a higher score are described by a more organized structure, i.e., maintenance
hubs with a high seniority. For this reason, qualitatively Scenarios 5 and 7 are preferable in
terms of flexibility.

Consequently, if readiness is endorsed, the best-performing scenarios are the one char-
acterized by in-house approach, since the knowledge of the vehicle maintenance process is
very high. Similar levels are reached by outsourcing scenarios, given the competitiveness
of the full-service maintenance activities. What is needed to have an adequate and high-
quality service is the level of expertise of both the company and the supplier. Therefore,
Scenarios 5, 6 and 7 are the best-performing cases. Nevertheless, the outsourcing scenarios
also present a competitive level of preparedness given by the overall score.

From the point of view of assets, it is clear that Scenarios 5, 6 and 7 obtained the
highest scores because the hubs already own a number of resources that enable to carry out
in-house maintenance process, especially for what concerns the allocations of equipment
needed. The outsourcing scenarios, on the other hand, do not hold any asset, as all activities
are performed by the vehicle supplier. Consequently, the in-house maintenance approach
requires allows for significant assets to be owned, while the outsourcing approach does not
require, either in terms of personnel or real estate.

Finally, in-house maintenance scenarios are more suitable for control and monitoring
activities, since the control structure is integrated directly within the company and con-
trolled by the company itself. When operations are outsourced, it is more complex to act
control, since the process parameters are usually not disclosed by supplier nor can be accu-
rately monitored by the company. Consequently, in-house scenarios score higher in terms
of control activities, since the whole maintenance is performed in-house by company’s own
operators. When maintenance is outsourced to a supplier, the verification phase on the
supplier for all maintenance operations performed as required by the customer needs the
creation of a dedicated internal structure. Furthermore, the internal management of the
control structure can better define priorities and evaluate performances.

In conclusion, the benefits and drawbacks are listed in Table 7. As a final task, a
generalization can be derived from the results still obtained. Outsourcing approach is
feasible and competitive when dealing with a young vehicle fleet—i.e., when the average
vehicle age is low. This allows a sensible reduction in both operational (OPEX) and capital
expenditures (CAPEX), since the maintenance activities are performed upon fee payment
within maintenance hubs owned by the TO. In addition, all maintenance equipment that
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must be installed in maintenance hubs owned by TO itselfu are absorbed by in-house
maintenance costs. Moreover, also MTBF indicator is higher for outsourcing approach
chosen. Cost variability σ is also limited with respect to in-house maintenance since costs
are defined a-priori upon contract agreement. Conversely, availability rate is higher for
in-house. Limitations of outsourcing maintenance approach are mainly related to the
agreement and contract clauses, which act as constraints against any change of the agreed
conditions. It is also evident that, without a support structure, outsourcing does not
guarantee flexibility, as all operations would be performed and defined by a supplier. On
the contrary, in-house maintenance guarantees more flexibility, but strongly limited to (or
depending on) internal expertise.

Table 7. Comparisons between maintenance approaches.

Outsourced In-House

Maintenance costs Cm ! %

Cost variability σ ! !

Availability rate A % !

Mean Time Between Failure
(MTBF) ! %

6. Conclusions

In this paper, a make-or-buy choice focused on maintenance processes was examined
as seen from the perspective of the Transport Operator. This is needed to increase robust-
ness of the company against unforeseen or unexpected cost rise. Moreover, the benefits
generated through an accurate maintenance approach chosen can be transferred in a higher
customer satisfaction, given higher reliability of the fleet and high-quality maintenance.
Different approaches were presented in deep detail, showing advantages and drawbacks
both technical and economical for choosing an outsourced maintenance in place of an
in-house approach. This evaluation was based on a framework of identified KPIs with the
interest of the company to achieve its market targets and economic plan and contractual
clauses and signed agreements, which are the main limitations of the work. The outsourc-
ing approach is suitable when a new technology is introduced and the actual know-how
hold by the company is not adequately developed. It guarantees lower maintenance costs,
but defined and agreed upon TO and supplier at the beginning of the vehicle life cycle.
Maintenance is therefore regulated solely by a fee within a contract. On the other hand,
an in-house maintenance approach shows strengths and benefits for the company when
the technological know-how is very consolidated and developed, turning into a core factor
for the company’s core-business. It also allows a closer and accurate control of process, as
well as greater flexibility in the vehicle life cycle and fleet management. The analysis was
developed assigning a score to each KPI for all scenarios considered and a preliminary rank
of the alternatives was performed. Moreover, a sensitivity analysis was also performed
to evaluate the impact of variations in the weighting coefficients on each scenario, thus
reinforcing the final choice. The choice of maintenance approach depends on multiple
factors, since maintenance process involves directly all business areas, from the economic
to the service through the management, financial, assets and investment areas. From an
economic point of view, outsourcing provides to the company cost security, thus protecting
against unforeseen changes or extraordinary situations (−35% in specific maintenance
cost-per-km). In addition, benefits are carried in a reduced cost variability (−44%) and
higher Mean Time Between Failures (+116%) and comparable reliability rates ('90%). Con-
versely, the in-house approach can be settled when TOs need to monitor maintenance KPIs
directly and hold available space where to allocate maintenance equipment needed. Levels
of reliability for vehicle fleet is comparable to outsourcing case, but on the other hand an
increase in maintenance cost-per-km and its variability must be accounted. As a future
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development, results here presented can be extended to a full-electric bus fleet—or other
technologically-new power supply—to assess whether the results obtained are still valid
for new technologies developed, thus to carry further interest to the findings here reported.
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