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a b s t r a c t   

The commissioning of newly developed, complex engineer-to-order (ETO) products, such as plants, 
buildings, and ships, entails the testing and validation of installed systems prior to operation. Challenges 
related to the delivery of such commissioning services are manifold, including high levels of uncertainty and 
challenging information management. In this paper, the question of how configurator technology can be 
developed and utilised for the specification of commissioning services is investigated. Specifically, while 
several studies have demonstrated the significant benefits of applying configurators to support product 
specification processes in ETO companies, none have explored their usefulness in relation to commissioning 
services. Thus, based on the literature pertaining to commissioning services and product configuration, a 
five-step approach to the development of commissioning service configurators is developed. The approach 
was tested in a case company, resulting in the creation of a commissioning configurator. The approach was 
well received by company employees. Moreover, its use resulted in a commissioning service configurator 
that reduced the service specification time by more than 70% and the number of people required for the 
specification by 40%. Other identified benefits included a reduction in planning efforts, improved utilisation 
of expert knowledge, and improved resource allocation. 

© 2022 The Author(s). Published by Elsevier B.V. 
CC_BY_4.0   

1. Introduction 

Highly complex products (such as power plants, ships, buildings, 
and chemical processing facilities) are designed, engineered, and 
manufactured as one-of-a-kind products following the engineer-to- 
order (ETO) approach (Alfnes et al., 2021; Joergensen et al., 2010). 
This involves new products being designed based on specific cus-
tomer requirements, resulting in tailor-made products that are un-
ique and complex with low production volumes. Compared to mass 
production, the ETO approach has some implications with regard to 
the testing of new products. Specifically, newly designed mass- 
produced products are prototyped and tested before serial produc-
tion begins to ensure that manufactured products can be operated 
safely and function as intended, which is not the case in ETO con-
texts. Given the one-of-a-kind character of ETO projects, newly de-
veloped products cannot be tested as elaborately. Instead, the 
development process of ETO products requires the delivery of a 

‘commissioning service’ after manufacturing, and installation is 
completed before being operated by the customer. Examples of ETO 
commissioning services include the testing of systems in newly built 
cruise ships before their initial launch and the optimization of pro-
duction processes in newly built chemical plants prior to commer-
cial production (Killcross, 2012). 

There are different interpretations pertaining to what commis-
sioning services involve (Lawry and Pons, 2013). One of the most 
commonly used definitions refers to a commissioning service as a 
comprehensive and systematic conversion of a newly built or rebuilt 
facility into an integrated, operational unit (Killcross, 2012). In other 
words, the aim of commissioning services is to bring the plant into 
operation and to verify and document the facility’s safety and per-
formance. This includes activities such as the verification of installed 
equipment, integration of subsystems, adjustment of flow rates, 
pressure testing, leak testing, temperature calibration, briefing of the 
customer’s workforce, verification of safety systems, and preventive 
maintenance (Bahadori, 2014; Brito et al., 2016; Grauf, 2012; 
Ostrove, 2019; Simon et al., 2013). The specification of a commis-
sioning service entails decisions regarding the selection of necessary 
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commissioning activities, their related resource and time require-
ments, and their effective and efficient order of execution. 

The planning and execution of commissioning a highly en-
gineered mechanical product involves many challenges, such as high 
degrees of complexity and uncertainty, staffing problems, a tendency 
to be under-resourced, and inadequate data availability and quality 
(Cagno et al., 2002; Covey et al., 2010; Kirsilä et al., 2007; Lawry and 
Pons, 2013; O’Connor and Mock, 2019; Simon et al., 2013). To address 
such challenges, the present study investigates the feasibility of 
using expert systems to support commissioning service specifica-
tions. In this context, it should be noted that while planning systems 
can support the creation of a timeline for the commissioning service, 
they do not support service configuration processes. Thus, in order 
to enable the automated selection and configuration of activities for 
the commissioning service based on product specifications, we 
consider the application of configurations systems. Specifically, 
configurators are a mature type of expert system with knowledge 
bases, including a fixed set of components and rules for how they 
may be combined, which are utilised to configure a customised 
product while preventing infeasible configurations (Haug, 2008; 
Myrodia et al., 2017; Zhang, 2014). 

The application of configuration systems in industry has pro-
duced a multitude of benefits, such as improved variant generation, 
increased efficiency, reduced person-hours, shorter lead times, and 
optimised products (Ardissono et al., 2003; Becker and Klingner, 
2015; Hvam et al., 2008, 2013; Kristjansdottir et al., 2018a, 2018b). 
Furthermore, configuration systems contribute to knowledge pre-
servation and knowledge consolidation within organisations, sup-
port increased insights into the impact of non-standard 
customisation and improve product and process quality due to more 
accurate specifications (Ardissono et al., 2003; Haug et al., 2019a; 
Hvam et al., 2013; Johnsen and Hvam, 2019; Kristjansdottir et al., 
2018a, 2018b). On the other hand, applications of configurators to 
support commissioning services has not been reported in the lit-
erature. The basic idea of using this technology in the context of 
commissioning service specification concerns using it to assemble 
the most effective set of commissioning activities based on product 
design characteristics, as well as to estimate resource and time re-
quirements based on past service designs. As an example, a pressure 
test of a valve may only need to be included in a commissioning 
specification if the particular type of valve is part of the product 
design, and the time and resource requirements for the pressure 
testing depend on the number of valves and their location and 
accessibility in the plant. 

Despite the apparent potential of applying configurators in the 
design of commissioning services, this has not been explored in 
previous studies. Specifically, searches carried out in the Web of 
Science and Scopus databases did not identify any studies con-
cerning the utilisation of configurators for improving the planning 
and delivery of commissioning services and their inherent com-
plexity and uncertainty. By comparison, the literature contains many 
studies on configurators in other contexts, which have demonstrated 
a variety of benefits (Haug et al., 2019a). However, such benefits 
cannot be transferred directly to the context of commissioning ser-
vices. This is because other than products, services are (1) process- 
related, meaning they include time-relevant aspects such as a tem-
poral order of execution of its elements; (2) often include softer or 
human interfaces, resulting in a need for flexible service specifica-
tions; and (3) are characterised by the co-creation of value between 
service providers and customers (Bask et al., 2010; Rexfelt et al., 
2011; Vargo and Lusch, 2004). Based on the preceding discussion, 
the following question is raised: 

How can commissioning service configurators be developed and 
implemented in engineer-to-order companies? 

The paper is organised as follows. An analysis of existing pub-
lications regarding the development of product and service 

configurators, as well as specific commissioning characteristics, is 
presented in Section 2. Based on these insights, an approach for the 
development of commissioning configurators is proposed in Section 
3. Following a description of the research methodology in Section 4, 
the results of applying the approach in a case study are presented in  
Section 5 and subsequently discussed in Section 6. 

2. Development of configuration systems for commissioning 
services 

The aim of this research is to create and test an approach for the 
development of configuration systems when commissioning highly 
engineered products. In the following, the potential for applying 
configuration systems for commissioning services is explored, and 
existing publications that propose approaches for the development 
of product configurators are reviewed. Furthermore, less researched 
process and service configurators are described and compared to 
product configuration systems. 

2.1. The potential for applying configurators in commissioning services 

There is agreement in the literature that commissioning has a 
significant impact on the success of projects and should be viewed as 
the most critical of all project stages (Almasi, 2014; Cagno et al., 
2002; Haller et al., 2003; Lawry and Pons, 2013; O’Connor et al., 
2021). However, few studies have focused on the commissioning 
phase in the product development process, especially those re-
viewed and published in renowned scientific journals. Existing re-
search has often focused on providing tools for practitioners (such as 
checklists and templates) rather than developing holistic or in-
tegrative models using a higher level of abstraction (Lawry and Pons, 
2013). Furthermore, the proposed solutions are often specific to a 
sector, commissioning phase, or engineering domain (O’Connor and 
Mock, 2019). 

Given the complexity and uniqueness of the product, the ac-
companying commissioning service is inherently complex, with a 
high degree of uncertainty (Cagno et al., 2002; Covey et al., 2010; 
Kirsilä et al., 2007). Therefore, commissioning requires deliberate 
project planning and a sound methodology rather than ad hoc ex-
ecution (Brito et al., 2016; Grauf, 2012; Lawry and Pons, 2013; 
O’Connor et al., 2021). However, project time schedules are often 
built from the first day, with little attention to the late, uncertain, 
commissioning phase. This results in commissioning activities being 
squeezed into the end of a project’s schedule. Accordingly, existing 
studies suggest employing expert knowledge and considering rea-
listic dimensions of the commissioning service in the early stages of 
project planning (Brito et al., 2016). 

In addition to shortcomings in the planning of the commis-
sioning phase, the resource structure of commissioning services 
poses another challenge. Commissioning requires many different 
skills for the successful conversion of a physical product into an 
operational unit (Tribe and Johnson, 2008). However, staffing pro-
blems and a lack of on-site experienced personnel are characteristics 
of the commissioning phase (Mock and O’Connor, 2019; O’Connor 
and Mock, 2019; Simon et al., 2013). Moreover, the commissioning 
phase generally tends to be underresourced in project planning 
(Lawry and Pons, 2013). To overcome issues related to understaffing 
or a lack of required skills during commissioning, resource-loaded 
commissioning planning is required, which includes the allocation of 
resources early in the project and their inclusion in the initial 
contract (Lawry and Pons, 2013; O’Connor and Mock, 2019). 

As discussed previously, operational issues (such as deficits in 
planning and resource allocation) play an important role in com-
missioning. However, underlying data problems and inadequate in-
formation management pose challenges for ETO companies in 
general and for their commissioning processes in particular (Bertram 
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et al., 2020; Foehr et al., 2015; O’Connor and Mock, 2019). Moreover, 
documentation during commissioning is often neglected due to the 
hectic execution and insufficient planning of commissioning ser-
vices, leading to knowledge management issues and decreased 
learning effects over time. Accordingly, the potential for applying 
configurators to address such challenges is explored in this paper. 

2.2. Strategies for the development of product configuration systems 

Configuration systems have been the subject of research and 
industry attention for many years. Therefore, many of these systems 
have been applied in industry, leading to insights into their suc-
cessful development. Based on these experiences, multiple authors 
have proposed approaches for the development of configuration 
systems. 

Haug et al. (2012) presented a six-step model. The first step 
‘elicitation’ concerns the task of collecting information regarding the 
product to be configured, followed by the second step of translating 
the gathered information into an analysis model. This model facil-
itates visualisation of the product structure and is used to optimise 
the product, if necessary. The third step entails formalising the 
analysis model into a format that would enable its implementation 
in the configuration system, leading to the creation of the design 
model. Following formalisation, the design model is implemented in 
the configurator. It should be noted that both the analysis and design 
models might need documenting, and the final configuration should 
be synchronised with the documentation system. In a subsequent 
publication, Haug et al. (2019b) proposed a 5-step approach con-
sisting of project scoping, configurator specification and develop-
ment, organisational implementation, operation, and maintenance. 

Hvam et al. (2006, 2008) proposed a 7-step approach for the 
development of a product configuration system, starting with pro-
cess and product analyses. Based on these analyses, an analysis 
model is created and configuration software is selected, followed by 
programming the configuration system and implementing it within 
the company. Furthermore, they extended configurator development 
by including maintenance and further development of the system. 

Forza and Salvador (2006) proposed an approach that included a 
micro-analysis concerning the evaluation of implementation alter-
natives, system design and implementation planning, actual system 
implementation, and launch. However, they stressed that pre-
liminary and macro analyses should be performed prior to config-
urator development. The purpose of these analyses is to assess the 
need for a configuration system in the company, as well as the 
potential scope of the development project. 

It is apparent that the discussed models follow a similar ap-
proach, covering the scoping of the configurator development, an 
initial analysis of the specification process (and its subject), model-
ling the knowledge base, its implementation in the configuration 
software and an operation with potential maintenance and doc-
umentation activities (see Table 1). In the following section, these 
five steps are explored in more detail to provide insights into how a 
commissioning configurator could be developed. 

2.3. Stages of product configurator development and implementation 

To provide a basis for the development of an approach for the 
development of ETO commissioning service configurators, tasks that 
are typically involved in configurator projects (see Table 1) are 
summarised in the following subsections. 

2.3.1. Scoping of the configuration project 
Determining the focus of a configuration project is central to the 

success of the ensuing development project (Haug et al., 2019a). 
Moreover, to understand a company’s need for a configuration 
system, a global investigation should be conducted, allowing for the 
analysis of different configuration problems within the company 
(Forza and Salvador, 2006). During this process, identifying the ap-
propriate level (such as detail, part, family, or solution space) for 
applying the configuration system is an important aspect to consider 
(Haug et al., 2019a; Shafiee et al., 2014). In addition, scoping the 
development project should incorporate evaluating development 
costs. The main cost factors are identified as the cost of software 
acquisition and licensing, in addition to working hours spent on the 
development of the configurator (Haug et al., 2012, 2019a). Fur-
thermore, depending on the circumstances, it might not be eco-
nomically feasible to implement a configurator, especially for highly 
complex products with a solution space that is difficult to predefine 
(Forza and Trentin, 2006). 

Other important aspects of scoping are clarifying stakeholder 
requirements and formulating aims and requirements for the spe-
cification process in question (Haug et al., 2019a; Hvam et al., 2008; 
Shafiee et al., 2014). Moreover, Cao et al. (2006) identified that 
flexible business processes, a flexible organisation, and flexible en-
terprise resources are detrimental to the success of development 
projects. Furthermore, the development of a configuration system 
requires both industrial and configuration expertise, resulting in the 
need to include product, knowledge representation, and config-
urator software experts during development (Aldanondo et al., 
2000; Haug et al., 2012). 

2.3.2. Product and process analysis 
After determining the scope of the configuration project, an 

analysis of the specification process and the subject of the config-
uration (e.g., the product) is conducted to identify the correct in-
formation to implement in the configurator (Haug et al., 2012). The 
specification process can be analysed using flow charts, IDEF0 
standard or similar techniques (Hvam et al., 2008). Furthermore, an 
examination of the current process should lead to a redesign of the 
specification process when considering future configuration systems 
(Forza and Salvador, 2006; Hvam et al., 2008). 

To facilitate the process and product analyses, the knowledge 
engineer should collect relevant information. This entails activities 
such as the identification of all relevant sources of knowledge (such 
as domain experts and IT systems), collection and categorisation of 
identified information and the translation of gathered information 
into an analysis model (Haug et al., 2012, 2019a; Shafiee et al., 2014, 

Table 1 
Scope of established product configurator development approaches.       

Haug et al. (2012) Haug et al. (2019b) Hvam et al., (2006, 2008) Forza and Salvador (2006)    

Project scoping  Preliminary analysis Macro-analysis Scoping 
Elicitation 

Translation 
Configurator specification Process analysis 

Product analysis 
Micro-analysis Analysis 

Formalisation Configurator development Object-oriented modelling 
Object-oriented design 

System design and implementation 
planning 

Modelling 

Implementation Organisational 
implementation 

Programming 
Implementation 

System implementation and launch Implementation 

Synchronisation 
Documentation 

Operation 
Maintenance 

Maintenance 
Further development  

Operation, documentation, and 
maintenance  
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2018). The purpose of the analysis model is to form a basis for future 
discussions on the design of the configurator. Moreover, the analyses 
can be performed using different frameworks, such as the product 
variant master (Hvam et al., 2008). It should be noted that process 
and product optimisation might occur during the analysis phase to 
prepare for the modelling of the knowledge base (Haug et al., 2012). 

2.3.3. Modelling of the knowledge base 
In essence, creating an expert system is a modelling activity 

(Haug et al., 2012). However, product modelling is perceived as the 
main challenge of the configurator development project (Forza and 
Salvador, 2002). In particular, unclearly defined product families can 
present a challenge, particularly for complex products offered by 
engineering companies (Petersen, 2007). 

The subject of the modelling activities is the knowledge base of 
the configurator, which determines the solution space of the con-
figuration outcome. Accordingly, the modelling process can be per-
ceived as a cyclic course of refinement, modification, and completion 
of existing models based on new observations (Studer et al., 1998). 

The selection of a suitable technique is an important aspect of 
modelling, with product variant masters (PVM) and class diagrams 
being the most commonly used tools, which offer different ad-
vantages and limitations (Haug et al., 2012). Class diagrams allow a 
more formal and rich description of the system, while PVMs are 
easier to learn and review for stakeholders with limited skills in 
software development and conceptual modelling (Haug et al., 2009, 
2010; Haug and Hvam, 2007). Furthermore, configuration software 
should be selected by either choosing a commercial configurator 
software shell or pursuing in-house development (Forza and 
Salvador, 2006; Hvam et al., 2008). Haug et al. (2012) identified the 
most commonly used configuration software shells as Configit Pro-
duct Modeler, Baan Product Configurator, Oracle Configurator, Tacton 
Configurator, and Cincom Knowledge Builder. Modelling the 
knowledge base using the preceding product and process analyses 
results in the definition of a design model, which would then be 
implemented in the chosen configuration environment (Haug 
et al., 2012). 

2.3.4. Implementation of the configuration system 
After modelling the knowledge base, the configuration system 

should be implemented, although changes to the design model 
might occur during the implementation phase (Haug et al., 2012). 
The main activities in the implementation of the configurator are 
programming and testing the system (Forza and Salvador, 2006; 
Hvam et al., 2008), with testing being the most important (Myrodia 
et al., 2017). Forza and Salvador (2006) stressed the importance of 
building up a system by testing and upgrading the constituent parts 
until it works at full capacity. The training of future users of the 
system is another important aspect of implementation (Haug et al., 
2019a; Hvam et al., 2008). 

When designing the configuration system, the process can be 
performed either top-down (selection of high-level components 
followed by further refinement) or bottom-up (selection of fine- 
grained components matching specific requirements) (Becker and 
Klingner, 2015). However, whichever way the system is set up, it is 
important to start using the configurator gradually and then extend 
its use to other functions and products (Forza and Salvador, 2006). A 
related aspect of configurator implementation is the significance of 
change management (Hvam et al., 2008). In particular, the in-
troduction of a new (disruptive) system to facilitate a significant 
adaption of the product specification process should be handled 
with care. This should inform and include relevant parties from the 
beginning to counter any fears of redundancies and any resistance to 
changing work routines (Haug et al., 2019a; Myrodia et al., 2017; 
Zhang et al., 2016). 

2.3.5. Operation, documentation, and maintenance 
The implementation of a newly developed configurator within an 

organisation is neither the easiest nor the last step in introducing the 
configurator. To create a durable system, documentation of the 
analysis and design models (in addition to their software im-
plementation) plays a key role in the development of the config-
uration system. The most common programs used for the 
documentation system are MS Visio, MS Excel, MS Word, CAD pro-
grams, Lotus Notes, and Product Model Manager (Haug et al., 2012). 
However, maintaining documentation requires time and effort, re-
sulting in insufficient documentation in many applied configurators 
(Shafiee et al., 2017). 

The configurator should not be static. Rather, it constitutes an 
evolving system in need of continuous updates (Haug et al., 2019a; 
Hvam et al., 2008). Due to changing product components, changes to 
the specification process, or updated configuration constraints, the 
knowledge base should also be adapted continuously to ensure that 
the configuration operates as intended (Felfernig et al., 2000). Fur-
thermore, the scope of the configurator and its integration with 
other IT systems might be subject to change (Haug et al., 2019a). 
Similarly, with regard to documentation, recent studies have found 
that product evolution presents a major challenge to the prolonged 
use of configurators (Zhang et al., 2016). 

2.4. Process and service configurators 

Product configuration and process planning share many simila-
rities, with the main difference being the neglected sequence of 
components in the product configuration (Schierholt, 2001). A pro-
cess can be defined as a partially ordered set of activities, ordering 
constraints, and information exchanges between activities that 
create value by transforming an input into a more valuable output 
(Cao et al., 2006; Ciuksys and Caplinskas, 2007). By comparison, a 
service is not clearly defined in the literature, although it can be 
considered a process (Carlborg and Kindström, 2014; Guillon 
et al., 2021). 

Throughout the literature search, no comprehensive approaches 
for the development of service configurators could be identified that 
were similar to the approaches for product configuration (as dis-
cussed in Section 2.1). However, various studies contained in-
vestigations into aspects of service and process configuration that 
could be employed for the development of a commissioning service 
configurator. One such example was by Hellström et al. (2016), who 
defined three main design criteria for a service configurator: (1) it 
must address a specific problem, (2) it must consider uncertainty 
and the co-creative nature of services, and (3) it must be based on a 
modular service architecture. Furthermore, service intangibility re-
sults in the requirement of including the service delivery process in 
the configuration problem (Edvardsson et al., 2005; Guillon et al., 
2021; Lovelock and Gummesson, 2004). Generally, three types of 
information should be available for the successful development of a 
service configurator: the context (including the market state, cus-
tomer profiles, the company state, and stakeholder requirements), 
the technical solution (or service itself) and the delivery process 
(Guillon et al., 2021). 

In addition to Hellström et al. (2016), other researchers have 
emphasised the need for modular service design and a modular 
service architecture to develop service configurators (Aldanondo and 
Vareilles, 2008; Harmsel, 2012; Hellström et al., 2016; Liu and Xu, 
2009). This service knowledge should be structured to ensure de-
pendencies are as visible as possible by using visualisation techni-
ques, such as process graphs (Cao et al., 2006; Schierholt, 2001). 
Based on an analysis of the service or process domain, a feature 
model can be created that describes variability and commonalities 
within a family of services or processes (Ciuksys and Caplinskas, 
2007), thereby creating the knowledge base for the configuration 
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tool. The feature model consists of a set of operations, a set of re-
sources necessary to deliver the service and a set of various con-
straints, including the execution order of the included activities and 
constraints related to stakeholders and the environment (Aldanondo 
and Vareilles, 2008; Ciuksys and Caplinskas, 2007; Tiihonen et al., 
2014). Here, the main difference from product configuration pro-
blems is the need to model the stakeholders, environment, and 
service delivery process in the knowledge base of the configurator 
(Tiihonen et al., 2014). However, this leads to challenges due to the 
large number of complex variabilities, especially for large-size 
models (Asadi et al., 2014). Furthermore, services and their ‘human 
touch’ include many soft or human interfaces, requiring the defini-
tion of flexible or soft constraints in the knowledge base. Compared 
to products, this complicates the creation of fixed modules (Bask 
et al., 2010). 

The configuration of a service can be performed by stepwise 
specialisation of the knowledge base by deleting parts that are ir-
relevant to the chosen customisation goal (Asadi et al., 2014; Ciuksys 
and Caplinskas, 2007; Czarnecki et al., 2005). Tiihonen et al. (2014) 
defined two general approaches to process configuration: (1) re-
ference process configuration, where a reference process captures 
common process variations that are subsequently customised or 
extended; and (2) constraint-based process configuration, which 
relies on the specifications of process properties. In this context,  
Becker and Klingner (2015) proposed a 3-step approach for the 
configuration. This entailed importing, adapting, and configuring an 
existing process model in addition to exporting the configured 
process model. Similarly, Benevolenskiy et al. (2012) proposed con-
structing general models, searching for patterns, adapting and con-
figuring the models and exporting the final workflow. However, it is 
rare for configured process models to satisfy all the requirements of 
a service customer, resulting in delta requirements (Asadi et al., 
2014; Rabiser et al., 2010). Therefore, the configured service should 
be customised to meet the remaining delta requirements. 

While the previously discussed literature provides many valuable 
insights, there are no answers regarding how ETO commissioning 
service configurators can be developed and implemented. Moreover, 
a comprehensive framework supporting the development and im-
plementation of service configurators (especially commissioning 
configurators) could not be identified in the literature. Thus, sub-
sequent sections develop such an approach by utilising the insights 
gained from product and service configurations. 

3. An approach for the development of commissioning 
configurators 

The aim of this paper is to develop and test an approach for the 
development of commissioning configurators. Given the lack of ex-
isting methods for the development of service or commissioning 
configurators, the proposed approach is based on the previously 
discussed product configuration development approaches. 
Furthermore, it uses the commissioning literature to adapt each of 
the identified steps so that they consider the special characteristics 
of commissioning services. The resulting five-step approach is pre-
sented in Fig. 1 and is explained in detail in the following sections. 

3.1. Scoping of the commissioning configuration project 

The appropriate level of implementation for the commissioning 
configurator should be determined. Depending on the commis-
sioning environment, it could be beneficial to include only a part of 
the entire commissioning service in the configuration tool. However, 
to reap the full benefits of standardisation and configuration, the 
entire commissioning service (or even the portfolio of multiple dif-
ferent types of commissioning services) should be within the scope 
of the configuration system. 

Following the insights of Haug et al. (2019a) and Shafiee et al. 
(2014), stakeholders of importance for the commissioning config-
uration are identified. These include users of the final configurator 
(sales personnel, project managers, and planning experts), stake-
holders in charge of delivering the configured commissioning ser-
vice (commissioning engineers and managers, construction 
managers, operations liaison, and checkout crew, as described in  
Tribe and Johnson, 2008), and stakeholders in charge of developing 
and maintaining the configuration system (software developers, 
configuration experts, and knowledge managers). In addition, the 
co-creation aspect of services (Guillon et al., 2021; Rexfelt et al., 
2011; Vargo and Lusch, 2004) should be considered by including 
customers and potential third parties (such as suppliers) in the 
stakeholder analysis. Furthermore, to establish successful change 
management, all identified stakeholders and their requirements 
should be included in the development of the commissioning con-
figurator from the beginning. 

Another aspect to consider is the costs involved in developing a 
configuration system (such as software acquisition and licensing or 
software development) and the person-hours required to maintain 
the configurator. Moreover, given the often insufficient commis-
sioning documentation (O’Connor and Mock, 2019), costs may arise 
from extensive knowledge collection throughout the organisation. 

3.2. Commissioning service analysis 

The commissioning service analysis includes an analysis and 
redesign of the commissioning specification process, in addition to 
an analysis of the commissioning service itself. Both analyses require 
knowledge collection in the organisation. To gather information re-
garding the commissioning service, stakeholders should be con-
sulted (such as commissioning engineers and managers). In addition, 
it can be beneficial to consult experts involved in the phases leading 
up to the commissioning (such as manufacturing experts or in-
stallation personnel) as well as experts involved in activities fol-
lowing the commissioning service (such as service and maintenance 
engineers). 

The commissioning specification process describes the steps 
taken to design a new commissioning service based on customer 
requirements. Moreover, the current specification process should be 
mapped in the context of the entire development project using vi-
sualisation techniques, such as flow charts or graph models. 
Furthermore, a new specification process (including the desired 
configuration) should be designed accordingly. In addition, this 
configuration process should consider commissioning uncertainty 
(Cagno et al., 2002; Hellström et al., 2016; Kirsilä et al., 2007) by 
performing an iterative commissioning configuration. The iterative 
approach involves an initial configuration of the commissioning 
service at the beginning of the development project and a detailed 
configuration closer to the delivery of the commissioning service 
(when more information is available). Furthermore, to handle delta 
requirements (Asadi et al., 2014; Rabiser et al., 2010), each config-
uration should include a customisation step (to fulfil specific cus-
tomer requirements) and an adaption step during service delivery 
(to handle commissioning uncertainty), as shown in Fig. 2. An ex-
ample of a configuration process for commissioning services is 
presented in the case study in Section 5. 

The analysis of the commissioning service will provide an over-
view of the elements that make up the service, the stakeholders 
(including how they interfere with the commissioning procedure), 
and the general structure of the commissioning service. This analysis 
will result in an analysis model that forms the basis for the knowl-
edge base (see Section 3.3). 

Given the process-related characteristics of commissioning ser-
vices (Carlborg and Kindström, 2014; Guillon et al., 2021), the ana-
lysis model allows visualisation of the commissioning service. This is 
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achieved by using process modelling techniques such as IDEF0 (In-
tegration DEFinition), UML (Unified Modelling Language), or BPMN 
(Business Process Modelling Notation). The analysis model can be 
used to optimise the current structure of the commissioning service 
(to align it with future configuration processes), mitigate risks in-
volved in the commissioning, reduce the effort required for com-
missioning delivery and to standardise procedures. Furthermore, a 
modular structure of the service is a requirement for successful 
configuration (Aldanondo and Vareilles, 2008; Harmsel, 2012; 
Hellström et al., 2016; Liu and Xu, 2009). Therefore, the analysis 
model should be modularised when optimising commissioning 
services. Moreover, the resulting analysis model (or modular com-
missioning architecture) should include a set of operations that are 
carried out during service delivery, the resources necessary to de-
liver the commissioning service, and constraints, such as the op-
erations’ execution order and relations to stakeholders and the 
general service context (Aldanondo and Vareilles, 2008; Ciuksys and 
Caplinskas, 2007; Tiihonen et al., 2014). 

3.3. Modelling of the knowledge base 

As discussed in the previous step, the purpose of the analysis 
model is to allow visualisation, analysis, and optimisation of the 
commissioning service and to build a reference model for the con-
figuration task. However, the analysis model is not necessarily in a 

format that can be used as a knowledge base for implementation in 
the configuration tool. The ultimate goal of modelling the knowledge 
base is to formalise the analysis model for implementation in the 
configuration software. 

To create a knowledge base, a modelling technique must first be 
selected. Given the large number of stakeholders in the commis-
sioning configuration (see Section 3.1), the selected modelling 
technique should be understandable without extensive technical 
expertise and experience while also being implementable and 
maintainable in the configuration software. An example of an ap-
propriate modelling technique would be to use database systems or 
a tabular format, such as Microsoft Excel. Furthermore, soft/human 
constraints should be defined to guide users through the customi-
sation step, which follows configuration based on hard/technical 
constraints (Bask et al., 2010). 

The selection of configuration software for the implementation of 
the commissioning configurator is another aspect to consider when 
choosing a modelling technique. One aspect to consider in this 
context, is how well the modelling logic in configurator shells fits the 
configuration problem in focus. Specifically, existing configurator 
software shells focus on the configuration of fixed product modules, 
which are organised in tree structures. Thus, given the process-re-
lated service design of the analysis model (Carlborg and Kindström, 
2014; Guillon et al., 2021), these shells might not be applicable for 
service configurators. To the best of the author’s knowledge, no 

Fig. 1. Approach for the development of commissioning configurators.  

Fig. 2. Commissioning configuration process. 
(Adapted from Asadi et al., 2014). 
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software is available specifically for the configuration of commis-
sioning services. Accordingly, existing configurator software shells 
could be modified for use in the commissioning domain, or the 
software could be developed in-house. 

3.4. Implementation of the commissioning configurator 

Implementation of the configuration system entails program-
ming, testing, and releasing the software tool for operational use. 
However, programming and testing the software might require 
changes in the knowledge base. Accordingly, it is important to keep 
the underlying analysis model up-to-date to facilitate future main-
tenance and development activities. Furthermore, the configuration 
approach (top-down or bottom-up) must be selected and im-
plemented. 

When releasing the developed configuration software, it can be 
beneficial to release an initial version of the commissioning config-
urator before gradually implementing and extending the config-
urator features. Furthermore, future users and stakeholders 
identified in the scoping step of this approach need to be trained in 
the use of configuration software. 

3.5. Operation, documentation, and maintenance 

The knowledge base and underlying analysis model should be 
documented and kept up-to-date to facilitate future maintenance 
efforts and to reflect any changes in the configuration software. 
Moreover, the commissioning software (or its knowledge base) will 
have to change for four possible reasons: potential changes in the 
commissioning specification/configuration process; changes in the 
way commissioning services are delivered (i.e., via the introduction 
of virtual commissioning solutions in the future); changes in the 
scope or software implementation of the configuration tool; and 
continuous adaption of the knowledge base due to information re-
ceived from delivered commissioning services. 

3.6. The proposed approach versus product configuration approaches 

The proposed approach for the development of commissioning 
service configurators follows the same general 5-step structure as 
existing approaches for product configurator development. 
However, these steps were adapted given the differences between 
products and services (especially commissioning services), as 

described in the previous sections and summarised in Table 2. In the 
table, it can be observed that during the initial configurator project 
scoping, only small adjustments (such as an extended stakeholder 
analysis and potential additional costs) were considered. The major 
differences between commissioning service and product configura-
tions lie in the analysis and modelling of the knowledge base as well 
as the design of the configuration process, which allows shaping the 
configuration task to specific commissioning service characteristics. 
Furthermore, the implementation of the software will probably re-
quire the development of configuration software instead of utilising 
existing commercial configurator software shells. However, the op-
eration and documentation phases did not indicate any major dif-
ferences from existing product configuration approaches. 

4. Research method 

The aim of this research is to assess whether a configurator can 
be used to support the commissioning of complex products. 
Accordingly, a case study was conducted to evaluate the proposed 
approach for the development of commissioning configurators. Case 
studies enable a deeper understanding of the relationships between 
different variables that are not fully examined and present a suitable 
method for theory testing (Iacono et al., 2011; Meredith, 1998). In 
this study, a single case company was selected for testing the de-
veloped approach, which allowed an in-depth study of the research 
phenomenon to be conducted (Voss et al., 2002). When conducting 
case study research, data can be collected through different techni-
ques, including structured and unstructured interviews, personal 
observations, collecting objective data, and surveys (Voss 
et al., 2016). 

4.1. Case company 

The case company designs and delivers processing plants to a 
global customer base in the food, chemical, and pharmaceutical in-
dustries. The company follows the ETO approach, where each new 
plant is uniquely designed to fit specific customer requirements. 
Each development project goes through the following phases: sales, 
high-level plant design, component engineering, component pro-
curement, assembly and installation, commissioning, and handover 
to the customer. Following the installation of the physical facility, 
the aim of commissioning the processing plant is to ensure the safe 
and purposeful operation of the installed plant. The typical 

Table 2 
Differences (and their origins) between existing approaches for product configurator development and the proposed approach for commissioning service configurator devel-
opment.    

Commissioning service configurator development 
phase 

Differences compared to product configuration [origin in service or commissioning characteristics]  

Scoping of the commissioning configuration project  - Inclusion of customer and third parties in stakeholder analysis [service value co-creation (Guillon et al., 
2021;Rexfelt et al., 2011;Vargo and Lusch, 2004)]  

- Potential costs for extensive knowledge collection [insufficient commissioning documentation (O’Connor and 
Mock, 2019)] 

Commissioning service analysis Commissioning service  
- Process flow structure rather than tree structure, resulting in the use of process modelling techniques instead of 

PVM or class diagrams [process-related service characteristic (Carlborg and Kindström, 2014;Guillon 
et al., 2021)]  

- Include a set of operations, a set of resources, a set of constraints, stakeholders, the environment, and delivery 
processes in the model [service characteristics (Aldanondo and Vareilles, 2008;Ciuksys and Caplinskas, 
2007;Tiihonen et al., 2014)] 

Commissioning service specification  
- Additional customisation step [service delta requirements (Asadi et al., 2014;Rabiser et al., 2010)]  
- Requirement for multiple commissioning configuration iterations and further adaption during service delivery 

[commissioning planning uncertainty (Cagno et al., 2002;Kirsilä et al., 2007)] 
Modelling of the knowledge base  - Definition of soft/flexible constraints [high number of soft/human service interfaces (Bask et al., 2010)] 
Implementation of the commissioning configurator  - Need for development of configuration software [process-related service characteristic (Carlborg and 

Kindström, 2014;Guillon et al., 2021)] 
Operation, documentation, and maintenance  
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commissioning activities include the testing the installed equip-
ment, checking and adapting the predesigned automation software, 
and verifying and documenting the plant’s performance. Previously, 
the company experienced many of the commissioning challenges 
highlighted in the literature. These included insufficient specifica-
tion of the commissioning services, neglecting future commissioning 
efforts and resource requirements during early project planning, and 
the need to gather knowledge from many commissioning experts 
whenever a commissioning service needed to be designed. 

4.2. Data collection and analysis 

The case study was carried out in two phases. First, to assess the 
approach’s feasibility and usefulness for the support of commis-
sioning highly engineered products, it was applied in the case 
company to guide the development of a commissioning service 
configurator. The development phase took place over a period of 13 
months in 2020/21, during which the researchers attended company 
meetings and workshops to gather participatory observations from 
people involved in the configurator development process (see  
Table 3). Based on these observations, the researchers used meeting 
notes to deduce general observations and experiences. Although the 
researchers participated in meetings regarding facilitation and 
consultation with respect to the developed approach, they did not 
participate actively in the application of activities to mitigate influ-
encing the process. 

Second, to evaluate whether the application of the proposed 
approach resulted in the creation of a useful configurator, the de-
veloped configuration software was utilised for the specification of 
commissioning services. Accordingly, the configurator was applied 
over a period of 6 weeks in 2021 in one company project. To assess 
any advantages or shortcomings of the developed commissioning 
configurator (compared to a traditional commissioning service 
specification), semi-structured expert interviews and workshops 
were conducted in the case company. The aim here was to quantify 
the current commissioning specification process and create a 
benchmark for the comparison of the newly developed configurator 
(see Table 4). Furthermore, a semi-structured expert interview was 
conducted with the users of the applied configurator. To mitigate 
bias, anyone included in the application of the configurator was not 
involved in its development. Workshops and interviews were ana-
lysed by organising statements according to the types of effects to 
which they referred and were subsequently distilled into generalised 
descriptions. 

5. Case study: Industrial application of the approach 

In the following subsections, the experiences of using the pro-
posed approach for the development of a commissioning 

configurator in the case company are described. This is followed by 
evaluations of the proposed approach and the developed config-
urator. 

5.1. Scoping of the configuration project 

Based on the insights provided by company experts (a commis-
sioning manager, digitalisation manager, and configuration experts) 
in four meetings, the implementation level for the configurator was 
decided—a commissioning service for the most sold processing 
plant. Subsequently, commissioning services for other plants would 
be added to the configuration tool. 

The project manager would be the main user of the configurator, 
who was responsible for planning and delivering the entire pro-
cessing plant. By comparison, delivery of the configured commis-
sioning service would be undertaken by the project manager in 
conjunction with commissioning experts. The commissioning en-
gineers and managers were also responsible for maintaining the 
knowledge base. In addition to these internal stakeholders, external 
parties were identified, including the service customer and suppliers 
of specialised systems (such as plant safety systems). 

5.2. Commissioning service analysis 

To build the knowledge base of the configurator, the commis-
sioning service needed to be modelled, analysed, and modularised. 
The creation of the models was accomplished through 17 modelling 
workshops and meetings that involved 8 company employees with 
different roles: project managers, commissioning mangers, com-
missioning engineers, the head of site execution, a global project 
planner, and an installation manager. 

The resulting modular commissioning model was stored in 
Microsoft Visio as a process model, inspired by the Business Process 
Diagrams of BPMN. Fig. 3 presents the model as well as an excerpt 
that includes three modules (the full model cannot be published due 
to company confidentiality). It can be observed that each commis-
sioning activity was modelled as one module with a clearly defined 
purpose, interfaces, and attributes (such as the activity’s duration 
and required resources). As indicated by the three main columns, the 
model’s main structure resembled typical commissioning phases 
carried out by the case company: installation qualification (IQ), op-
eration qualification (OQ), and process qualification (PQ). Further-
more, the last few activities of the preceding installation phase were 
included in the overview to provide details regarding the transition 
from installation to commissioning. The installation qualification 
was further decomposed into different plant subsystems and in-
cluded different testing procedures for each subsystem (such as the 
I/O tests and pressure tests shown in Fig. 3). The first phase (IQ) 
concluded with an internal validation of the installed plant, which 

Table 3 
Data collection in phase 1 of the case study.       

Phase Data collection aim Data collection method Attendees Duration  

Case study 
(Phase 1) 

Determine usefulness of approach in 
scoping phase 

Participatory observations during 
meetings 

1 Commissioning manager 
1 Digitalisation manager 
2 Product configuration 
experts 

4 meetings 
(30–60 min each)  

Determine usefulness of approach for 
analysis and modelling 

Participatory observations during 
meetings and workshops 

1 Commissioning manager 
3 Commissioning engineers 
1 Global project planner 
1 Project manager 
1 Head of site execution 
1 Installation manager 

17 workshops/ meetings 
(30–90 min each)  

Determine usefulness of approach for 
implementation planning 

Participatory observations during 
meetings 

1 Digitalisation manager 
2 Software developers 

5 meetings 
(30–60 min each)  

Determine usefulness of approach for 
implementation 

Semi-structured interviews with 
experts 

1 Software developer 16 interviews 
(30–60 min each) 
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was conducted in collaboration with the customer. The operation 
qualification concerned the testing and finalisation of the plant’s 
automation software, thereby connecting the different plant sub-
systems functionally. This second commissioning phase was de-
composed into different automation sequences, such as cleaning 
procedures, production sequences, and safety functions. The third 
phase (process qualification) concerned the utilisation of the plant 
for production purposes. This included production ramp-up and test 
runs under different circumstances, sampling, adjustment of soft-
ware parameters (to enable optimal operation of the plant), and 
training of future plant operators. The process qualification phase 
concluded with the handover of the operational plant to the cus-
tomer. 

Analyses of the existing commissioning specification processes 
revealed that these needed to be adapted to allow for the config-
uration of commissioning services. Historically, the commissioning 
specification process was carried out in three steps over the course 
of a plant development project, as shown in the top of Fig. 4. During 
the sales phase of a new plant, an initial specification of the service 
was carried out with the aim of estimating the commissioning effort 
as well as its general alignment with other project activities. Usually, 
a commissioning plan for a previous development project with a 
similar context (project scope, geographical location, and involved 
customer) would be used as a template to create an initial schedule 
when using the standardised modular commissioning model (see  
Fig. 3) as a guideline. The initial specification resulted in a list of 
high-level commissioning activities, including a preliminary sche-
dule. In the second step, a detailed commissioning schedule was 
designed when most of the other project activities (design, en-
gineering, procurement, manufacturing, and installation) were fi-
nalised, and a detailed product specification was available. The aim 
was to create a detailed schedule that included all commissioning 
activities based on the plant design developed throughout the de-
velopment project. This was achieved by using the initial commis-
sioning specification, previous commissioning schedules, and the 
standardised commissioning model. The detailed specifications re-
sulted in a commissioning schedule that incorporated a detailed list 
of activities. During the delivery of commissioning services, changes 
to this commissioning schedule could arise, resulting in a final 
specification at the end of the commissioning service delivery. 

The redesigned commissioning configuration process (see Fig. 4 
bottom) followed a three-step approach, similar to the current 
specification process. This included (1) the initial configuration 
during the sales phase based on a preliminary product concept, (2) a 
detailed configuration before the start of commissioning delivery 
based on detailed product specifications, and (3) an adaption of the 
designed commissioning service during its delivery. It should be 
noted that each step involved configuring the commissioning service 
based on the knowledge base (see Section 5.3), as well as the cus-
tomisation of the configured service. Ultimately, the final commis-
sioning service design was fed back into the knowledge base to 
ensure that new commissioning service aspects and innovations 
were integrated in the design of future commissioning services. 

5.3. Modelling of the knowledge base 

The modular commissioning model, which was stored as a pro-
cess flow chart in Microsoft Visio, required formalisation to work as 
a knowledge base in the configuration software. Given the diversity 
of employee backgrounds, the final modelling technique needed to 
be easily comprehendible without excessive technical knowledge. 
Furthermore, the knowledge base needed to be accessible to many 
different company employees without the need to install additional 
software on their computers. Therefore, Microsoft Excel was selected 
for formalising the modular commissioning model, resulting in a 
dataset that could be directly utilised by the configuration software. Ta
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Fig. 3. Screenshot of the modular commissioning model developed in the case company.  

Fig. 4. Current commissioning specification process (top) and redesigned commissioning configuration process (bottom) in relation to the general plant development project.  
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During the formalisation process, the information stored in the 
analysis model (as described in Section 5.2) was translated into a 
tabular format that could be utilised by the configuration software. 
In this knowledge base, each commissioning activity (configuration 
module), such as I/O testing of electrical equipment and flushing of 
pipes, was represented by one row. The entire knowledge base in-
cluded 204 modules in total (see excerpt in Fig. 5). Furthermore, 20 
external modules were defined to describe customer deliveries ne-
cessary for the delivery of the commissioning service. These external 
modules described the value co-creation between commissioning 
provider and customer and cover deliveries such as the provision of 
water and electricity on site and the cleaning of equipment prior to 
their commissioning. 

Each configuration module (commissioning activity) existed in a 
multitude of variants, distinguished by the attributes ‘resource’ and 
‘duration’. For example, the I/O testing of a valve may require dif-
ferent personnel (resources) based on the type of valve or take a 
different amount of time (duration) due to better or worse accessi-
bility of the valve. The attribute ‘resource’ was comprised of the 
number of resources necessary and their roles. In total 11 roles were 
defined, including commissioning engineer, automation engineer, 
project manager and electrical supervisor. The ‘duration’ attribute 
described the estimated time required for the delivery of the com-
missioning activity in hours or working days. Further 'duration' at-
tributes were included to provide estimates for best case and worse 
case scenarios. Both of these were calculated and assigned auto-
matically by the configuration software based on product specifi-
cation information (extracted from BOM), contractual information 
and manual inputs. 

In order to enable to automatic selection of activities during the 
configuration process, interfaces between the modules and product 
specifications (BOM) or contractual agreements were defined. These 
describe whether a module selection depends on the existence of a 
certain product specification. As an example, the module ‘CIP of bag 
filter’ only needed to be selected if the product specification includes 
a bag filter. Similarly, the estimated duration for the module ‘CIP of 
bag filter’ would be calculated based on the number of bag filters in 

the product design. In the commissioning service analysis, 22 pro-
duct specifications, such as ‘number of bag filters’, were identified of 
importance for the design of the commissioning service. 

Additionally, interfaces between the modules were defined to 
describe the execution order of activities. For each module, these 
interfaces were modelled as lists of activities/modules that need to 
be executed prior to or following the delivery of the module. The 
lists included one to 36 modules as predecessors or successors. 

The interfaces and attributes described above resulted in the 
definition of rules and constraints for the configuration task, in-
cluding both soft constraints that could be overridden by the user 
and hard constraints that were fixed. In total, 5382 hard constraints 
and 5603 soft constraints described the rules necessary for the 
specification of commissioning services in the case company. 
Examples of hard constraints included the execution order, module 
requirements (e.g., external deliveries), and plant design informa-
tion, while the soft constraints included information regarding de-
fault module selection in the configurator, module duration, and 
resource allocation information. 

5.4. Implementation of the commissioning configurator 

In configuration projects, standard software shells are often 
employed (Haug et al., 2019). However, in the present case, the 
analyses indicated that these were not suitable given the process 
characteristic of commissioning services (compared to the ag-
gregation structure of products). Furthermore, the case company had 
in the past gained experiences in the use of common configurator 
software shells. For the application for commissioning service spe-
cification however, relevant domain experts such as commissioning 
managers and project requested the development of a novel con-
figuration software to better capture their way of working and to 
simplify future maintenance efforts. The aim of developing the 
configurator in the case company was to develop a commissioning 
service configurator that could be extended in the future if the initial 
evaluation proved successful. Accordingly, the company decided to 
develop the required configuration software itself. The 

Fig. 5. Excerpt of the formalised knowledge base structured into metadata, soft constraints, and hard constraints.  
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implementation of the configurator resulted in an automation of the 
commissioning service design decisions such as: the selection of 
activities based on product specifications (BOM) and contractual 
obligations; the allocation of resources and time requirements to the 
selected activities based on product design information; the order of 
execution; and the creation of a commissioning delivery timeline. 

One software developer executed the implementation of the 
commissioning service configurator. The development of the con-
figurator took approximately 300 h and included activities such as 
coding, research concerning suitable software solutions, and status 
meetings. During the implementation phase, the configurator was 
coded and tested using the model-view-controller (MVC) software 
design pattern, as shown in Fig. 6. In the view, the user of the con-
figurator could provide project details concerning the plant design, 
project timeline, and contractual agreements with customers and 
suppliers. Subsequently, the controller utilised the retrieved input 
information to adapt and configure the commissioning service 
model using the commissioning service configurator. The resulting 
configured commissioning service was then presented to the user for 
additional customisation. Following customisation, the resultant 
commissioning service specification was exported as a Microsoft 
Excel file in a format that could easily be imported into Microsoft 
Project Professional (the software most commonly used by project 
managers and commissioning engineers in the case company). This 
detailed commissioning service was designed in such a way that it 
allowed further adaption of the schedule within Microsoft Project 
Professional. The high-level Python web framework Django was 
chosen for developing the configuration software. 

Screenshots of the user interfaces are shown in Fig. 7. Here, user 
interfaces (A, B, and C) allow inputting information for the config-
uration. User interface A requires the input of general information 
concerning the plant development project (such as the estimated 
commissioning start date, project title, and a selection of plant 
subsystems present in the plant design). User interface B allows the 
user to provide further plant subsystem details, which the config-
urator would use to generate a detailed commissioning service 
specification. An example here is inputting the number of valves 
included in a certain subsystem to enable the configurator to cal-
culate the estimated duration for the valve I/O testing for that spe-
cific subsystem. User interface C captures design-unrelated 
contractual information specifying customer demands (such as 
whether the customer wants to be involved in certain activities and 
details regarding external deliveries). In addition to A, B, and C, user 
interface D provides an opportunity for customising the configured 
commissioning service further, such as by manually changing 

estimated durations (or required resources) for certain activities or 
by including and excluding activities completely. 

During the programming of the commissioning configurator, a 
fictional, fabricated commissioning service specification with known 
inputs and outputs was used for automation testing to verify the 
configurator’s functionality. Furthermore, the developed commis-
sioning service configurator was applied in one project (as described  
Section 5.6) to evaluate its performance. 

5.5. Operation, documentation and maintenance 

As described previously, the modular commissioning model 
(analysis model) was documented in Microsoft Visio, while its for-
malised version (knowledge base) was documented in Microsoft 
Excel. Changes to either the analysis model or the knowledge base 
that arose during implementation of the commissioning config-
urator were replicated in both models to maintain internal con-
sistency. 

Commissioning experts in the company were responsible for 
maintaining the knowledge base. Moreover, final commissioning 
specifications were used to update the content of the knowledge 
base to implement learning effects for the improvement of future 
configurations. Importantly, the configuration software and its MVC 
design pattern allowed for changes in the knowledge base (model) to 
be implemented without necessarily requiring changes to the con-
figurator software (controller or view). In general, the software was 
designed to allow for future extensions with other types of com-
missioning services. 

5.6. Evaluation of the developed commissioning configurator 

The case study demonstrated that it was possible to use the 
proposed approach to develop a functioning commissioning service 
configurator. The developed first version of the configurator was 
applied in one ongoing project in the case company to assess its 
performance compared to the current method of specifying com-
missioning services. Table 5 presents an overview of the application 
results. 

The current commissioning specification process was quantified 
by seven company experts, as described in Section 4.2. Compared to 
this specification process, the application of the developed config-
urator resulted in a specification time reduction of 71% and a de-
crease in required resources (company employees) of 40%. 
Furthermore, in addition to the list of commissioning activities, 
dates, and durations (which is currently the result of the 

Fig. 6. Developed configuration software architecture following the MVC design.  
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specification process), the configured commissioning specification 
included additional resource allocation information. In other words, 
the use of the configurator significantly reduced the time and re-
sources associated with commissioning specification processes 
while increasing the outcome’s quality. 

Based on a demonstration of the first version of the configurator, 
the same seven company experts were asked to quantify their ex-
pectations for a further developed commissioning configurator that 
considered the following: coverage of a larger scope within the 
company’s portfolio, extended training of future users, and 

integration with existing IT systems. The experts expected a further 
specification time reduction of 81% compared to the current speci-
fication process and a decrease in the required resources of 60%. 

5.7. Evaluation of the proposed approach 

Besides the evaluation of the configurator, information specifi-
cally pertaining to the use of the proposed approach was also col-
lected. Table 6 displays the collected experiences of employees who 

Fig. 7. Screenshots of the user interface for the configuration (A, B, C) and customisation (D).  

Table 5 
Results of testing the developed commissioning configurator.       

Existing commissioning specification 
process 

Configurator- supported commissioning 
specification process 

Expectations for effects of further developed 
configurator  

Required documents Sales contract, P&ID Sales contract, P&ID Sales contract, P&ID 
Required resources 5 employees 3 employees (−40%) 2 employees (−60%) 
Specification time 43 h average 12.5 h (−71%) 8 h average (−81%) 
Specification detail List of commissioning activities including 

dates and durations 
List of commissioning activities including 
dates, durations and resources 

List of commissioning activities including dates, 
durations, and resources 
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were involved in the development and/or testing of the commis-
sioning service configurator. 

6. Discussion and conclusions 

This study raised the question of how commissioning service 
configurators can be developed and implemented in ETO companies. 
To address this question, the literature was initially used to create an 
approach for the development and implementation of commis-
sioning service configurators. This approach was tested through a 
case study in an ETO company. 

6.1. Implications for research 

The present study produced two main contributions: (1) an ap-
proach to support the development and implementation of com-
missioning service configurators, and (2) a demonstration of the 
feasibility of applying configurators in relation to commissioning 
services. For the first main contribution, the presented approach was 
largely based on well-researched approaches for the development of 
product configurators, while also considering commissioning service 
characteristics. Specifically, given the differences between products 
and commissioning services, the analysis and modelling steps of the 
commissioning service configurator development were inherently 
different from product configuration approaches. Thus, the proposed 
approach extends academic knowledge regarding configuration 
systems (Forza and Salvador, 2006; Haug et al., 2012, 2019b; Hvam 
et al., 2006, 2008) by successfully exploring a novel application of 
expert systems for the commissioning of highly complex products. 

With regard to the second contribution (demonstrating the fea-
sibility of applying configurators for commissioning services), the 
proposed approach was utilised to develop and implement a com-
missioning service configurator in the case company. The resulting 
configuration tool was utilised by the company for the configuration 
of commissioning services. The use of the configurator led to a sig-
nificant reduction in commissioning specification efforts and re-
sulted in a commissioning service design of increased quality. This 
was achieved by automating the commissioning work and storing 
organisational commissioning knowledge in the configurator and its 
knowledge base. This approach overcame the information manage-
ment issues that are characteristic of commissioning services. The 
application of the configurator demonstrated that expert systems 

(such as configurators) can be used to support the planning and 
execution of commissioning services with high complexity and un-
certainty. Furthermore, the configurator enabled the generation of a 
detailed commissioning specification by the end of the engineering 
phase, which is a requirement for successful commissioning 
(O’Connor et al., 2021). Accordingly, the study extends the literature 
on commissioning service processes (Lawry and Pons, 2013; 
O’Connor and Mock, 2019) by demonstrating the potential for their 
automation. 

6.2. Implication for practice 

The approach offers guidelines for practitioners to support the 
structured development of a support tool for the design of com-
missioning services. By using a case study, the evaluation of the 
proposed approach proved useful and helpful to support practi-
tioners in their efforts to develop a commissioning service config-
urator. Moreover, the approach enables practitioners to identify the 
necessary steps and activities for successfully developing a config-
urator. Within each step, the approach offered guidance regarding 
the tools and methods to be utilised for the planning and execution 
of the configurator development project. The case also demonstrated 
that companies can achieve significant reductions in specification 
time and resources. However, based on the case studied, there could 
be even greater benefits related to the increased quality of com-
missioning specifications, as this reduces the risks of expensive de-
lays during service delivery and the need for extensive 
troubleshooting. 

6.3. Limitations and future research 

The present study involved a set of limitations and generated 
opportunities for future research. First, the application of the pro-
posed approach was limited to implementation in one case com-
pany. Despite its success, the approach should be tested in more case 
companies to further evaluate its feasibility and usefulness 
(Meredith, 1998; Voss et al., 2002). 

Second, the study focused on proposing a holistic approach for 
the development of commissioning configurators that encompassed 
the whole development process from project scoping to operation 
and maintenance. Accordingly, details regarding the steps of the 
development process (such as the detailed design of modular service 

Table 6 
Evaluation of the proposed approach for the development of commissioning configurators.    

Approach phase Evaluation  

Scoping of the configuration project  - The approach helped identify and engage relevant stakeholders.  
- Early identification and inclusion of relevant stakeholders led to increased acceptability of the developed tool.  
- Limiting the configurator scope to one family of commissioning services with possible future extensions resulted 

in an efficient development process. 
Commissioning service analysis  - The inclusion of different departments, roles, and perspectives in the commissioning service analysis helped 

build a comprehensive analysis model.  
- The use of Microsoft Visio allowed uncomplicated discussions, modifications, and sharing of the analysis model.  
- The use of the process modelling technique (BPMN) enabled the participation of employees without advanced 

technical expertise in the analysis and modelling of commissioning services.  
- The resulting analysis model provided a good overview of commissioning services.  
- The redesign of the specification process into multiple iterations of configuration, customisation, and adaption 

proved useful. 
Modelling of the knowledge base  - The tabular format of the knowledge base enabled it to be accessed by the implemented configuration 

algorithm.  
- Formalisation of the knowledge base in Microsoft Excel allowed for easy sharing within the organisation.  
- The inclusion of soft constraints enabled the customisation of the configured commissioning service 

specifications.  
- Necessary changes in the structure of the knowledge base during implementation can be carried out easily. 

Implementation of the commissioning 
configurator  

- The chosen MVC software architecture enabled independent development, testing, and modification of 
software parts.  

- Automation testing using a fabricated case proved helpful during software development. 
Operation, documentation and maintenance  - The implementation of an MVC software architecture allows for easy maintenance of the knowledge base.  

- The formalisation of the knowledge base in Microsoft Excel allowed for easy maintenance in the organisation. 
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architectures) were beyond the scope of this paper. Here, readers are 
referred to relevant studies published by Voss and Hsuan (2009),  
Pekkarinen and Ulkuniemi (2008) and Böttcher and Klingner (2011) 
for details on modular service design. Nevertheless, future research 
may investigate this topic in relation to commissioning services. 

Third, despite the resulting reduction in specification time and 
effort (as demonstrated by the case study), the main benefits of the 
commissioning configurator should lie in the increased quality of the 
commissioning specification. This would result in a decreased risk of 
expensive delays during service delivery and the need for extensive 
troubleshooting. To investigate these effects, longitudinal studies 
may be conducted to gain a deeper understanding of the relationship 
between the use of configurators and the reduction of expenses 
during commissioning service delivery. 

Finally, the approach was developed to support commissioning 
service design. However, it could potentially be used for the speci-
fication of other ETO services, such as installation or maintenance 
services. Accordingly, future research efforts should focus on ap-
plying the proposed approach to similar service domains or devel-
oping comparable frameworks for the application of configurators 
for the specification of other ETO services. 
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