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Abstract: Traditionally, industrial services have been mainly transaction-based, i.e., the equipment
user pays the service provider for getting a job done or providing assistance and support for
equipment operations. Recently, a trend has emerged of increasing the relational perspective of
these services, which are becoming more oriented towards customer value and service performance
levels. Among these emergent industrial services, performance-based services represent an
opportunity for equipment manufacturers to transform their service offerings towards more relational
and customer-oriented services. The purpose of this work is to study the design of a generic
performance-based maintenance service under a novel perspective given by systems engineering.
This paper is intended to serve as a starting point to fully understand this type of services and
to develop a method that can support equipment manufacturers who wish to advance their
service offerings.
Keywords: industrial services; performance-based services; outcome-based services; maintenance
services; systems engineering; IDEF0

1. Introduction
The extension of a product lifetime is one of the key strategies to achieve sustainability in the
manufacturing industry [1]. From the viewpoint of manufacturing facilities and equipment, this
means considering the extension of a piece of equipment’s life cycle—regarding its life expectancy
and potential second and consecutive lifecycles—as a crucial element to reach more sustainable
operations, as well as a business opportunity for equipment providers. More attention is given to the
use phase and the end of equipment working life, including maintenance and remanufacturing
as levers [2]. For example, new business concepts related to the provision of better customer
support and advanced services have arisen in recent years that include the responsibility of
equipment maintenance [3,4]. Thus, maintenance has acquired a more central role in industrial
services provision. New business concepts have influenced the evolution of industrial services,
from being just an add-on for equipment acquisition to becoming part of integrated solutions [5].
This trend has been further emphasized due to the increased focus on technological innovations in the
servitisation of manufacturing. There is great opportunity for leveraging on emerging technologies to
enhance service design and innovation [6,7], e.g., Industry 4.0 [8,9], cyber physical systems [10] and
e-maintenance technologies [11]. These technologies bring promising additional features to industrial
service provision.
Equipment-based services include a wide range of possible types of services regarding their
coverage of equipment life cycle phases, and their scope, i.e., the range of activities performed/included
in the service offering. According to Kumar et al. [12], services delivered by a maintenance provider
can include: assistance in defining product specification; assistance during the installation and
commissioning phase of a product/system; assistance in defining the operational strategy; field
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service; remote diagnostics; on site diagnostics and repair; online and phone help desk; optimization
of logistic support; and assistance in product end-of-life (EOL) management. This non-exhaustive
list of maintenance-related services is presented to illustrate with examples that maintenance services
are delivered along the whole equipment life cycle, considering services in the beginning-of-life
(BOL) phase such as ‘assistance in defining product specification’, services in the middle-of-life
(MOL) phase such as ‘remote diagnostics’ and services in the EOL phase such as ‘assistance in EOL
management’. However, these maintenance services represent a transactional perspective. A more
relational perspective of maintenance services brings up other types of industrial services which are
characterized by a measure of equipment performance levels, such as performance-based contracting
(PBC). PBC approaches are reshaping the conventional after-sales service model [13]. Initiated in
the aerospace and defense industry, they have now been introduced into other sectors such as the
transport, automotive, machinery and equipment manufacturing industries [14–16]. This type of
maintenance service enhances the in-service phase and requires a better understanding of equipment
usage conditions by the service provider [17]. As Goldstein et al. [18] mention, even simple services
involve a large number of decisions to bring the new service from the idea stage through design phases
to a deliverable service. This brings challenges to service design and raises the need for decision
support methods and tools that help equipment manufacturers and service providers.
The purpose of this work is to study the design of a generic, performance-based maintenance
service (PBMS) under the perspective given by systems engineering (SE). According to Davies [19],
a systems approach involves a careful, phased process. To this end, the steps suggested by the
Generalised Enterprise Reference Architecture and Methodology (GERAM) [20] for the definition of a
systems life cycle are applied in order to obtain the best possible design of the system under study, i.e.,
the PBMS system. The main contribution of this work is to demonstrate how SE can be an effective
approach to design industrial services. Establishing a systematic approach for industrial service
design supports the advancement of this relevant research area for service science, and contributes to
the development of tools and methods for service design, organizational design and organizational
transformation, which are key priority areas for service research [21,22].
2. Background on Maintenance Services
Early references to maintenance services as a subject of study take the perspective of the company
acquiring the services as part of an outsourcing strategy. Contracting out maintenance activities
responded to a desired to focus on core activities and contracts were signed with several types of
companies: the equipment manufacturer, a service provider that is dependent on the equipment
manufacturer or an independent service provider [12,23]. This was especially interesting in cases
of high equipment complexity and uniqueness [24,25]. Benefits and value of the service were
initially investigated from the perspective of the company contracting-out maintenance tasks, i.e., the
equipment user [26]; whereas more recent research has also included the analysis of value for the
service provider [27–29]. Traditionally, contracting-out maintenance activities have been done through
several types of contracts, ranging from those in which the customer indicates what maintenance
activities or interventions to perform in the equipment to lease contracts that last for a specific period
of time [30]. Among these types, performance contracts are those based on the contractors’ guarantee
of a certain level of performance that may include, for example, equipment availability, failure rates,
response time or time to restoration. A key element in this type of contract is the relationship between
both parties involved [16,31].
PBC approaches, which are gradually gaining importance in different industrial sectors, have
experienced increased attention in academic research. However, there is still no consistent terminology
for this type of service approach [32]. PBC is also referred to as outcome-based contracting (OBC) [33,34],
functional product [35,36], Total Care Products [37], full service offerings [38] and performance
contracting [39]. Related generic service-based business concepts, including performance-based
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solutions, are also referred to as integrated solutions, functional sales, servicizing, product service
systems (PSS) and product-life extension services [3,40].
A common characteristic of all of these terms is that the customer purchases a specific performance,
result, and/or output, and the service provider, which is frequently the equipment manufacturer,
offers all the support and actions necessary to achieve the target outcome [37,40]. Therefore, the
responsibility on ensuring that the correct maintenance activities and intervention are performed to
achieve the desired outcome is transferred to the service providers through the PBC [17]. For example,
service providers can select the mix of preventive and corrective actions that retain adequate control of
the service demand and optimize the service operations [41]. This means more capacity to plan and
control the necessary resources for maintenance actions for the service provider. Industrial customers
gain different types of value from PBC approaches [38]. The expected benefits of performance-based
services include a reduced cost of ownership for the equipment as well as better equipment reliability
and environmental performance [42–44].
This type of service is typically adequate for capital-intensive, complex goods with long life time
expectation, requiring considerable efforts to maintain and where the consequences of its breakdown
are severe and disruptive [40]. Industrial customers primarily appreciate two aspects related to this
type of contract: the reputation of the service provider and the level of detail on the maintenance
activities included in the service agreement [38]. This indicates that the trust and expertise of the
provider are key in PBC, as well as information sharing. The service agreement would describe the
main content of the service offering, the responsibilities of each party and the expected performance
levels to be achieved during the service delivery [5]. Payment methods in PBC reflect the high variety
of performance measures required by different customers and the differences in business contexts
in which these type of services emerge. The variety of payment methods is also possible due to the
measurement of the equipment performance levels, which makes it possible to connect the payment
to the desired levels of performance. Specifically, payments can be made via a budget provided to
the service provider or based on the actual results achieved. Hypko et al. [14] define two approaches
within the actual results payment method in PBCs: pay-on-availability or based production outcomes,
e.g., pay-per-unit or pay-per-use. These latter approaches support the shift towards more relational
services that focus on what is valuable for the customer [45].
Although the benefits seem to be multifold, there are concerns about the extent to which these type
of services are actually used in practice [32,40]. This calls for further research on this particular type of
industrial maintenance services and effective methods and techniques to develop more appealing and
value-added PBMSs that leverage fully on their envisaged benefits.
3. Materials and Methods
The systems thinking approach seems adequate for industrial services design for several reasons.
It can address the complexity of technical service systems in a systematic manner and, additionally, its
application to service system design has been linked with enhanced environmental and social benefits
while indirectly contributing to economic benefits [46]. The main aspects of systems thinking are
related to gaining a bigger picture and appreciating other people’s perspectives [47]. Thus, getting
a higher level of abstraction that includes relationships between things and incorporating several
stakeholders’ viewpoints are intended to be useful means to obtain a holistic view of the systems of
interest, which are defined as “sets of activities which could be described as being organized around a
single/particular purpose” [48]. These elements could be hardware, software, equipment, facilities,
personnel, processes, and procedures [49]. The value added by the system as a whole, beyond that
contributed independently by the parts, is primarily created by the relationship among the parts,
i.e., how they are interconnected [50]. This seems adequate to study more relational services such as
performance-based service types.
One commonly-used approach to systems thinking is based on a quantitative modeling approach
to systematic analysis. This “hard systems” approach reflects a functionalist view that focuses on
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system designs and provides the clarity of analysis that can be applied by using an unambiguous
expert definition of objectives and other properties. Therefore, given a set of defined system objectives,
a system can be engineered to achieve the objectives [48]. Aligned with this vision, SE is considered
as an interdisciplinary approach to enable the development of successful complex systems [51]. It is
defined as the art (technical leadership) and science (system management) of developing an operable
system that meets the requirements within imposed constraints while keeping a holistic and integrative
approach [52]. It seems an appropriate approach for PBC analysis [53].
An important perspective brought up by SE is the system life cycle concept to enable the
development of a comprehensive solution “from requirements determination through operations
and system retirement by assuring that domain experts are properly involved, that all advantageous
opportunities are pursued, and that all significant risks are identified and mitigated” [54]. A system
life cycle is described as an abstract functional model that represents the conceptualization of a need
for the system, its realization, utilization, evolution and disposal [55]. This concept, fundamental to SE,
can be applied to different types of systems to improve their design or uncover hidden aspects of the
system life cycle. For example, it has been applied by following the standard ISO/IEC/IEEE 15288
to assess the impact and potential of additive manufacturing [56]. Life Cycle Processes contribute
directly to the creation of products, systems, or services, reflecting the lean view of an overall lifecycle
within which functions serve, as opposed to the more traditional paradigms that allow each function
to suboptimise around its own operations [57]. By defining the system life cycle, a framework to meet
the stakeholders’ needs in an orderly and efficient manner is created [54]. SE standards include specific
processes to deal with the identification of stakeholders’ needs and requirements [55].
System life cycle stages indicate the major periods, decision gates and milestones associated with
the system life cycle [55]. The life cycle stages proposed by GERAM are defined as [20]:

•
•
•
•
•
•

•

Identification stage, where the contents of the system in terms of its boundaries and relation to its
internal and external environment are determined;
Concept stage, that considers the conceptual development of the system in terms of its mission,
vision, values, strategies, objectives, operational concepts, policies, business plans and so forth;
Requirement stage, where the operational requirements, its relevant processes and its functional,
behavioral, informational and capability are described;
Design stage, that supports the specification of the system considering all its components, their
task description and resources needs;
Implementation and build stage, where the activities necessary to build the system are carried out;
Operation and change/re-engineering, where the system operation is monitored, controlled
and evaluated and operation-related resources are managed to assure that the system can fulfil
its mission;
End of Life, that considers the necessary activities to recycle or disposal the system and its
components at the end of its useful life.

Though several systems life cycle stages have been proposed in the literature, the main phases
remain similar in each proposal. For example, the proposal from the International Council on Systems
Engineering (INCOSE) [54] defines the following stages: concept, development, production, utilization,
support, retirement. For this work, the stages described above and proposed by GERAM [20] have
been preferred for the application of SE to PBMSs as the specification of the change/re-engineering
activities would bring a necessary feedback loop during later application stages. Additionally, the last
stage proposed by GERAM [20] also provides a wider scope for value recovery activities at the end of
life of the system. Other standards mainly refer to retirement plans and procedures for the system [58].
The inclusion of value recovery activities, e.g., reuse, remanufacturing or recycling, is more aligned to
the circular economy perspective of industrial equipment [59].
Among all life cycle stages, this work focuses on the first four stages which are taken as a starting
point to assess the usefulness of the SE application to PBMS systems design. Further stages will be

Processes 2019, 7, 59

5 of 14

considered in later extensions of this work. The three initial stages have been performed by using a
sound modelling technique, the Integration Definition for Function Modeling (IDEF0). This technique
makes it possible to include contextual and requirements information without needing an in-depth
description, which was important for this illustrative application. IDEF0 has been previously used
successfully to define and describe the links between elements and stakeholders in other types of
industrial services [60]. The fourth life cycle stage used a graphical language that is used for specifying,
visualizing, constructing and documenting systems, the Unified Modelling Language (UML). UML
enables the representation of different elements with enough level of detail to support the design of
technical services during the specification phase [61]. These techniques have been selected due to
their background in engineering systems design and desired characteristics. Other techniques used in
service design are rooted on marketing and management domains, e.g., based on a service-dominant
logic [62]. Examples of specific techniques used in different stages of service design are service
blueprints or customer journeys [63,64], TRIZ (Theory of Inventive Problem Solving) and QFD (Quality
Function Deployment) [65,66]. Several reviews of approaches, methods and tools can be found in the
literature [67–69]. The selected techniques to be applied in this study are briefly presented herein.
IDEF0 represents the functions, activities or processes defining a system in a structured manner.
It consists of a series of hierarchical diagrams that progressively decompose the system under study.
The following set of rules are used for the decomposition of the system [70]: (i) a process is modelled
as a sequence of activities that form a diagram; (ii) in a given diagram (parent diagram), any activity
can be further decomposed; (ii) all sub-activities of the one decomposed create another diagram (child
diagram) and so on. An IDEF0 representation model includes two types of components: functions
and data or objects. The functions are represented by boxes in the diagrams, while the data or objects
are represented by arrows. The arrows in an IDEF0 diagram depict four types of data or objects [70]:
(1) Input arrows refer to data or objects that are transformed by the function into outputs; (2) Output
arrows are used for data or objects produced by a function; (3) Control arrows represent the conditions
required to produce the outputs in a correct manner; and (4) Mechanism arrows represent the means
needed to perform a function.
The use of IDEF0 to represent system processes permits both an almost indefinite decomposition
of its processes/activities in connected diagrams through a hierarchical approach, and the possibility to
highlight different types of processes/activities by coloring the boxes as proposed by Macchi et al. [71].
This brings numerous possibilities to the description of PBMS systems, as it could serve, for example,
to differentiate activities performed by the different parties during the service provision.
UML as a graphical language has proven to be successful in the modelling of many large and
complex systems [72]. It consists of thirteen kinds of diagrams that can represent either static or
dynamic aspects of the system. The diagram used here is the known as “class diagram”, and supports
the description of key information related to different objects of the system, as well as the relations
between them. The class diagram defines the name, attributes and methods related to each type of
object of the system. It also indicates its role within the system, and a cardinal number identifies the
type of relation between connected objects.
4. Results
4.1. Life Cycle Stage 1: System Identification
As mentioned before, a generic PBMS is studied in this work. The PBMS features described
are inspired on participatory observations of various industrial maintenance services provided by
a multinational company in the electronics and electric goods sector that is both an equipment
manufacturer and an independent service provider. The observations, which lasted for two years,
relate to both roles of this company: servicing its own goods and servicing other manufacturers’ goods.
The identification of the system describes its content and defines its boundaries and environment.
This also includes the identification of stakeholders relevant to the system under study. The boundaries
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Definition for Function Modeling (IDEF0) high‐level diagram for performance‐
based maintenance service (PBMS).
based maintenance service (PBMS).
The inputs for the PBMS system include equipment operational conditions (I1) and industrial
user requirements (I2) which come from a deeper knowledge on the customer needs and requirements
The inputs
for the PBMS system include equipment operational conditions (I1) and industrial
related to the equipment performance and context. The outcomes of the PBMS system are mainly
user requirements
which
come
from availability
a deeper
ononthe
customer
twofold: the(I2)
expected
and agreed
equipment
levelknowledge
(O1) and feedback
the equipment
use needs and

requirements related to the equipment performance and context. The outcomes of the PBMS system
are mainly twofold: the expected and agreed equipment availability level (O1) and feedback on the
equipment use (O2) that can be of great value for the service provider and the equipment
manufacturer. The resources needed have been identified as transport means (R1), spare parts (R2),
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(O2) that can be of great value for the service provider and the equipment manufacturer. The resources
needed have been identified as transport means (R1), spare parts (R2), service provider workforce
(R3) and call center of the service provider (R4). The controls for the PBMS system operation are
environmental regulations (C1), service provider internal procedures (C2), safety standards (C3) and
maintenance standards (C4). The latter includes standards such as EN 17007 [75] and EN 15341 [76].
The EN 17007 [75] provides a generic description of maintenance processes, their characteristics,
necessary inputs, expected outputs and the interactions between different processes. The EN 15341 [76]
provides a comprehensive list of maintenance measures and key performance indicators. These
standards will be fundamental for the service offering definition and the planning of maintenance
actions and interventions during the service delivery.
4.2. Life Cycle Stage 2: System Concept
The high-level function identified in the previous step needs to be decomposed into several
lower level tasks. An important characteristic of PBMSs is that the service provider is in charge
of the selection of the most adequate maintenance strategy and the definition and execution of
maintenance plans. It is crucial for the service provider to perform these activities efficiently. In order
to identify the tasks to deliver the high-level function, the understanding of new service development
processes and the steps suggested in previous works have been essential at this PBMS life cycle stage.
Johnson et al. [77] suggested the NSD (New Service Development) process cycle, which represents a
progression of planning, analysis, and execution activities. Aurich et al. [78] propose the following
steps for service development: service planning, service conception, service preparation and service
realization. Yang et al. [79] considers service requirement, service deployment, service processing
and service retirement as key aspect within a service process model. Based on these proposals, the
second-level tasks are defined integrating some of the above approaches together with the maintenance
management tasks needed. These tasks are described as:

•

•

•

•
•
•

The requirement analysis concerns the formulation of customer needs to be integrated into the
service offering. A specific focus is given to identify the functional requirements of the equipment
as they are considered the basis for designing maintenance-related services [80]. This analysis
would also take into consideration different viewpoints in relation to the system under study,
i.e., the viewpoints of relevant stakeholders and their needs and requirements in relation to the
system. A set of tasks to perform this identification and analysis of stakeholders specifications
have been proposed in the ISO/IEC/IEEE 15288 standard [55].
The service offering definition consists of the identification of different service packages that
could be proposed to the equipment user and the development of the service agreement between
both parties. This is a crucial part of the negotiation process as many difficulties may arise
while performing this task. Difficulties in this stage may include the identification of risks and
uncertainties and definition of responsibilities to tackle them, and the specification of boundaries
and roles of different actors [81–83].
The maintenance planning activities are related to the design of the preventive maintenance plan
adapted to the particular equipment conditions and operational requirements, as well as the
necessary resources to perform the maintenance activities planned.
The maintenance scheduling activities would program in a short-term perspective the necessary
maintenance activities and resources according to the maintenance plan.
The maintenance execution is a personnel intensive task. Special attention is paid to the staff
delivering the service as it could vary the results of the service [84].
The service monitoring and evaluation task consists of the assessment of the actual outputs of
the service provision to understand whether the requirements have been fulfilled as stated in the
service agreement. An example of possible measure of maintenance planning and scheduling
effectiveness is the percentage of compliance with the maintenance plan [85].
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4.3. Life Cycle Stage 3: System Requirements
The requirements of the PBMS system have been identified by realizing a functional analysis to
decompose the high level function and to characterize in further details its second level tasks. Thus, for
each task identified as part of the system concept, a functional study based on IDEF0 was performed.
This has permitted us to define intermediary inputs and outputs for the different tasks that had not been
identified during the identification of system boundaries done in the first stage. Moreover, the resource
type ‘service provider workforce’ is divided into two types: service development personnel (R3-S), that
designs and agrees the service offering with customer, and maintenance execution personnel (R3-M),
that performs the maintenance activities onsite and has knowledge on equipment current conditions.
Figure 2 shows the functional analysis of the second-level tasks. It is worth pointing out that the
intermediary inputs/outputs have not been represented by a code but by naming them. All other
codes
those
introduced initially in Figure 1.
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4.4. Life Cycle Stage 4: System Design
The system structure has been defined by using an UML class diagram, where all objects inside
the system are identified by a set of attributes and methods. Five objects were identified at this stage:
transport, workforce, spare part, activity, call center. The UML class diagram explains their relations
and attributes and is shown in Figure 3.
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the site where the service needs to be performed, as well as trucks/delivery vans for spare parts that
could be shipped independently.
The object ‘Workforce’ considers the staff involved in different types of jobs: (i) the service
development personnel, which define the PBMS and plan the maintenance activities to be performed;
and the maintenance execution personnel, which perform the maintenance activities related to the
PBMS on the equipment user site.
The object ‘Call center’ receives emergency requests from industrial users that may lead to
the performance of a corrective maintenance action. As mentioned before, the task managing the
equipment user emergency calls is designed to be outsourced to a third party. This is done to provide
an example of the integration of third party activities into the service provision and how it could be
illustrated in the process mapping.
The object ‘Activity’ includes all the second-level tasks identified as part of the system
requirements and presented in the previous Figure 2.
The object ‘Spare part’ considers the replacement materials to be used in maintenance
actions that needs to be either onsite or delivered on time for the performance of the scheduled
maintenance activities.
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5. Discussion
Customer support entails all activities which ensure that a product is available for trouble-free
use to consumers over its useful life span [86]. In the context of industrial equipment, the consumer is
the industrial user of production equipment that is interested in obtaining the required outputs
from the equipment but without having worries or responsibilities regarding its maintenance.
This is aligned with a more relational approach for industrial services, as discussed in servitisation
literature. Therefore, this customer support approach has been integrated into industrial services
by enlarging the scope of maintenance services towards a more customer-centric and relational
perspective. Performance-based contracts are then understood as support services focusing on
equipment performance targets as a main measure for establishing service levels. The required
performance level or performance aspect, i.e., reliability, availability, etc., would depend on the
particular context of the equipment user, i.e., the customer of the PBMS.
The presented application, inspired by observations of real-life industrial cases, introduced the
case of a generic PBMS aiming at providing equipment availability as main service level measure. In
cases that consider multiple values of the required performance, or when it is not clear what values
the service could be based on, a multi-criteria decision method may be adequate to raise the voice of
different stakeholders of the system. For example, the AHP method can support the definition of the
relative priorities or weights (reflecting the given importance) assigned to the criteria that characterize
a decision [87], and has been used previously to assess the values of other engineering systems, such
as e-maintenance platforms [88]. The involvement of key stakeholders in the design process has been
pointed out as main element in service design [89]. Suggested stakeholders to be involved in this
prioritization from the equipment user side are plant managers, production managers and maintenance
managers, while the stakeholders suggested from the service provider side are service development
managers and maintenance execution personnel.
This work represents a starting point for a system-level analysis of PBMS design by adopting
a structured process based on the SE approach. It contributes to advancing the research field of
industrial service design. Further development of this work could set the basis to investigate effective
methodologies to support the design of PBMS that improve the provider-customer relationship.
This would help addressing the implementation and execution problems of PBC [90]. Novel design
methods should target improvements in the dyadic or network relationships to foster this type of
advanced services, thus enhancing information sharing and potentially increasing the level of detail
on the PBMS system discussed during service agreement stages, which is a key feature for these type
of services, according to Stremersch et al. [38].
Further research and extensions of this work will continue the decomposition of the second-level
tasks identified within this work, reaching a third or fourth level description of the activities to be
performed. This will bring greater insight into the challenges of the design process that maintenance
service providers are actually facing.
Another line for further research is the analysis of life cycle stages 5 (implementation and build
stage), 6 (operation and change/re-engineering stage) and 7 (end of life stage) for the PBMS system.
During the actual implementation stage, the second-level task defined as ‘service monitoring and
evaluation’ will provide insights for the future application of system changes/re-engineering actions
to enhance the PBMS outcomes in a continuous improvement approach. This will also take into
consideration the evolution of the viewpoints, needs and requirements of the PBMS stakeholders.
The life cycle stage 7 concerns the EOL of the manufactured good, in this case, industrial equipment.
Further work regarding this stage will evaluate different EOL strategies for the physical resources of
the PBMS, e.g., the industrial equipment (whenever the end of the service happens at the end of the
equipment useful life), and the strategies and actions needed for an orderly termination of the service
contract. Well-planned and relational-focused withdrawals from the industrial service contracted are
seldom investigated in the literature, and represent a substantial gap in PBC research [90].
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Finally, further research will extend the PBMS design towards to integration of technologies in
both the service design and the service delivery. Information Technologies, Internet of Things and
Industry 4.0 can play a fundamental role in equipment life cycle management and in the servitisation
process of manufacturing companies, including the successful implementation and delivery of more
advanced services [8,91–93].
Funding: This research received no external funding.
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