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Return on Investment from the Use of Product Configuration Systems
— A Case Study

Product configuration systems (PCS) are increasingly being used in industrial
companies to enable the efficient design of customized products. The literature
describes substantial benefits that companies have achieved from the use of PCS,
such as reduced resource consumption, reduced lead-time, improved quality, and
increased sales, which should lead to a significant return on investment (ROI).
However, there is little detailed quantification of the benefits, costs, and ROI
from using PCS in the literature. Thus, the true value of PCS remains unknown.
Hence, this study quantifies (1) the benefits in terms of reduced man-hours,
improved quality of specifications, reduced lead-time, and increased sales and (2)
the costs of development, implementation, and maintenance of PCS. Based on
this, the ROI is calculated. The analyses presented in this study are based on a
world-leading company in pump manufacturing. This study verifies the benefits
of PCS that are described in the literature. Further, it contributes to the field by
introducing a method to quantify the related benefits, costs, and ROI. Finally, the
article illustrates how PCS can be used in companies having product portfolios

consisting of a standard to engineered products.

Keywords: information systems, mass customization, product configuration

system (PCS), cost-benefit analysis, case study



1. Introduction

In today’s business environment, customers are increasingly demanding customized
products that can be delivered within a quick turnaround time and at competitive prices
[1]. In response to the emerging challenges, mass customization strategies have received
increased attention from both industrial practitioners and researchers in recent decades.
Mass customization refers to the ability to provide customized products and services
with flexibility and at a cost similar to that of mass-produced products [2]. To enable
the successful implementation of mass customization, companies need to develop a
solution space that can enable robust process design and navigational choice over the
existing systems [3]. One way of achieving mass customization is by designing more
modular products for which a product configuration system (PCS) is used in the
customization process [2]. A PCS is used to support design activities throughout the
customization process, during which a set of components and their connections are pre-
defined and constraints are developed to prevent infeasible configurations [4].

The literature describes numerous benefits of implementing a PCS to support
specification processes. A specification process can be defined as a process that is
concerned with generating different product specifications (e.g., quotes, sales prices, bill
of materials, CAD models), which normally involves employees from different
departments [1,5]. Companies utilizing a PCS demonstrate better capability in terms of
offering a variety of products, improving product quality, simplifying the customer-
ordering process, and reducing the complexity of both processes and products, in
addition to increased product profitability [6-10]. Further, a PCS facilitates knowledge
sharing, uses fewer resources, optimizes product designs, performs less routine work,
ensures timely delivery, reduces the time required to train new employees, and
augments the product related and experience related benefits perceived by customers

[1,11-20].



The literature confirms that companies can achieve a positive return on
investment (ROI) from using PCS [21-24]. However, while the literature explains both
the benefits and the ROI from using a PCS, further research is needed to understand the
process leading to this value creation and to perform a comparison of the benefits (e.g.,
reduced man-hours and lead-time, improved quality, or increased sales) and the cost
(e.g., the development, implementation, and maintenance) of the PCS. ROI is used to
measure the ratio of cost to benefit, and it is a performance measure that is employed to
evaluate the efficiency of a number of different investments [25].

The aim of this article is, therefore, to provide more understanding of the value
creation from implementing and utilizing a PCS and to provide an operational method
to evaluate this value creation. More specifically, the objective of the article is to
analyze the benefits and costs so that ROI can be calculated. Additionally, the process
changes and the product coverage of the PCS are elaborated based on a case company,
which is a global manufacturing firm with a product portfolio consisting of a standard to
engineered products. To address these issues, the following research questions are

developed:

RQ 1: How to quantify the costs, benefits and ROI from developing,
implementing and utilizing PCS?

RQ 2: What are the costs, benefits, and ROI from developing, implementing and
utilizing a PCS?

To answer the research question, this article first determines whether prior
research quantifies the benefits, costs and ROl of developing, implementing and
utilizing a PCS. Additionally, the literature is reviewed to identify the different

production strategies in companies making both standard and engineered products and



how a PCS support these activities. Next, a case study was conducted at Grundfos,
which is a global company producing industrial pumps that utilize a PCS to support its
sales and specification processes.

The remainder of this paper is organized as follows. Section 2 presents a
literature review, and Section 3 describes the research method. Section 4 contains the
main results of the case study analysis. Finally, Section 5 discusses these results,
generates the conclusions, and provides a direction for future research.

2. Literature review

In this section, the literature background for the study is presented, first, in terms of the
PCS and different manufacturing strategies. Second, the benefits, costs, and ROI are
elaborated. Finally, based on the relevant literature, we establish our research focus.

2.1 PCS and product structure

The configuration task can be described in terms of a pre-defined set of components,
which are described by a set of properties (attributes) and their values, connections of
the components (parts), and constraints to prevent infeasible configurations [4,26]. A
PCS can be implemented both to support the end-user of the product and/or as an
internal tool to increase efficiency by improving the dialogue with the customer and
automating the generation of product specifications [1,5,15,17,27,28].

In line with the configuration task, companies need to define parts/modules and
constraints that ensure that only allowed combinations can be selected. Product
architecture can be defined as (1) the arrangement of functional elements; (2) the
mapping from functional elements to physical components; or (3) the specification of
the interfaces among interacting physical components. [29]. The highest degree of

modularity occurs when each functional requirement can be directly connected to one



module and where there are few interactions between the modules, making it possible to
change specific modules without affecting other parts of the design [30].

The customer-order-decoupling point (CODP), distinguishes between the work
carried out before and after the customer places the order and is commonly defined to
classify companies’ order fulfilment strategies [1]. Thus, the CODP can also be defined
in terms of the separation of decisions made under uncertainty from decisions are made
based on customers’ demand, where the position of the CODP determines the optimal
balance between productivity and flexibility in companies [31]. The literature discusses
configure-to-order (CTO) versus engineer-to-order (ETO) strategies, where CTO
strategies are based on combinations of modules/components according to the rules
defined in the PCS, whereas ETO denotes orders for which it is necessary to go beyond
the modules/components and rules defined in the PCS when designing customized
products [1,6,32]. Many companies however operate in a span between CTO and ETO
strategies where it can be a challenging task to find the appropriate degree of
standardization and automation [33-36]. Wikner and Rudberg [35] elaborate on the
CODP, which focuses on the production dimension, by adding the engineering
dimension. Different archetypes of ETO companies (i.e., complex ETO, basic ETO,
repeatable ETO and non-competitive ETO) can be defined based on engineering
complexity (man-hours used for engineering of a product) and volume (units of
products sold on yearly base) [34]. Another classification of ETO companies is
presented by Gosling et al. [36] based on customer penetration concepts where nine
potential subclasses are proposed.

2.2 Economic value creation from implementing and utilizing a PCS

The PCS literature describes numbers of benefits from using these systems. In
particular, three benefits are widely discussed and considered to be directly linked to

cost savings: (1) a reduction in resource consumption (man-hours) and lead-time, (2)



improved quality of product specifications, and (3) increased sales. Second, previous
works that have addressed the cost in relation to a PCS, which is defined based on the
cost of developing, implementing, and maintaining the systems, is reviewed. Third, the
literature that has addressed the ROI related to a PCS is elaborated.

2.1.1 Cost savings related to the benefits of implementing a PCS

Previous works have shown that the use of a PCS results in reduced man-hours and
lead-time when generating product specifications [6,17,21,23,24,37-50]. Even though
this benefit is the most commonly mentioned and quantified in previous studies, the
literature does not explain the extent to which reduced man-hours and lead-time result
in direct cost savings. Table 1 summarizes the studies that quantify the reduction in
man-hours and lead-time due to the utilization of a PCS.

Table 1. Works that quantify a reduction in man-hours and lead-time due to the
utilization of a PCS

Research Work

Method

Contribution

Forza and Salvador
[24]

Forza, Trentin and

Salvador [40]

Haug, Hvam and
Mortensen [41]

Heiskala, Paloheimo
and Tiihonen [42]

Hvam et al. [45]

Hvam [46]

Case study of one
company

Case study of one
company

Survey

Case study of two
companies

Case study of one
company

Case study of one
company

- The PCS reduced the amount of time required
for manned activities in the tendering process
from 5-6 days to 1 day.

- The average time needed to make an offer was
reduced from 1-2 days to a few hours, and for
technical specifications, from 2.5 days to a few
minutes.

- On average, the lead-time required to generate
proposals was reduced by 83.7%.

- The man-hours in the configuration process
were reduced by up to 78.4%.

- The average selection time was reduced from 2
hours to 6 minutes.

- The throughput cycle was reduced from 6 days
to 1 day.

- The lead-time required to generate tenders was
reduced from 15-25 days to 1-2 days.

- The amount of time required for engineering in
the quotation process was reduced from 5 weeks
to 1-2 days.

- The real working time for preparing offers and
production instructions was close to 0.




Hvam [47]

Hvam et al. [48]

Case study of one
company

Case study of four

companies

- The delivery time was reduced from 11-41 days
to 1 day.

- The resources required to generate the
quotations were reduced by 50%.

- The lead-time required to generate an offer was
reduced by 94-99%.

-The resources needed to create product
specifications were reduced by 50-95%.

Improved quality due to more accurate product specifications is another benefit

of a PCS that is frequently described in the literature [6,8,17,21-24,37-51]. This

improvement in quality can be attributed to the reduced number of errors in product

specifications. Table 2 summarizes the research that quantifies improvements in quality

as a result of utilizing a PCS.

Table 2. Literature that quantifies improvements in data quality due to the use of a PCS

Research Work

Method

Contribution

Forza and Salvador [6]

Forza and Salvador
[24]

Heiskala, Paloheimo,

and Tiihonen. [42]

Hvam [46]

Sviokla [23]

Yu and Skovgaard [51]

Case study of one
company

Case study of one
company

Case study of two
companies

Case study of one
company

Case study of one
company

Case study of one
company

- Errors in configurations declined to almost 0.

- The correctness of product information
increased to almost 100%.

- Quality of specifications improved from 60% to
100%, and specifications were always ready for
manufacture (without errors).

- The pricing accuracy improved from 80% to
100%.

- The number of assembly errors was reduced
from 30% to less than 2%.

- The accuracy of product specifications improved
from 65-90% to 95-98%.

- The configuration accuracy reached 100%.

Previous research also describes how increased sales can be achieved, as

salespersons are able to respond to all customers due to the increased throughput

enabled by a PCS [43,44,47,48]. Although increased sales is mentioned as a benefit of

utilizing a PCS, this impact remains largely unaddressed. The literature has also not

quantified the relationship between a PCS and increased sales.



2 2.2 Cost elements in relation to a PCS
Few researchers have addressed the cost elements related to a PCS. Forza and Salvador

[6] mention that a high investment in terms of man-hours might be needed to introduce
PCS into a company. According to Hvam [47], the cost of developing and implementing
a PCS in a case company is approximately USD 1 million, with operating costs of USD
100,000 per year. These costs are compared with the usage of the PCS that generates a
budget and detailed quotations, with an estimated total sales price of USD 500 million.
However, Hvam [47] does not link the benefits of utilizing a PCS to the actual cost; the
cost is compared to the sum of the total sales price in the quotations generated by the
PCS. Table 3 summarizes the previous research quantifying the cost elements related to
a PCS.

Table 3. Literature that quantifies the cost elements related to a PCS

Research Work Method Contribution
Hvam [47] Case study based on The overall cost of developing and implementing
one company a PCS is approximately USD 1 million, and the

operating cost is around USD 100,000 per year.

2.2.3 Return on investment from using a PCS
Few researchers have elaborated on ROI in relation to a PCS. Barker et al. [21] do not

discuss the ROI but rather the net return of the system, which is estimated to be in
excess of USD 40 million. In another study, Fleischanderl et al. [22] report that the PCS
in a case company achieved a positive ROI within its first year of operation. Finally,
Forza and Salvador [24] describe how small enterprises can benefit from implementing
PCS, where not only a rapid ROI but also a competitive advantage can be anticipated.
Table 4 summarizes the research that quantifies the savings accrued from the use of a
PCS.

Table 4. Literature that quantifies the return on investment from the use of a PCS

Research Work Method Contribution




Barker et al. [21] Case study based on - Overall net return of the PCS is over USD 40

one company million.
Fleischanderl et al. [22]  Case study based on - Using the PCS to support the complete
one company configuration process was shown to reduce

products lifecycle costs by up to 60%.

- The PCS had a positive ROl within its first year
of operation.

Sviokla [23] Case study based on - Savings were estimated at USD 15 million, plus
one company. other savings from previous years, given that an
expensive testing phase is not required.

2.1.3 Summary

Thus, a number of works in the literature have quantified the benefits of a PCS
including the reduced man-hours, lead-time, and quality of product specifications.
However, the research does not link those benefits to the actual costs accrued in these
companies. Only Hvam [47] mentions and quantifies the cost of PCS development and
implementation. Further, in terms of ROI, only Barker et al. [21] quantify the net return
while Sviokla [23] quantifies the savings; however, they do not break down the net
return, into cost savings and cost elements. Thus, the quantification of costs and benefits
from using PCS remains unaddressed in the literature, as does the ROI. To understand
the circumstances under which companies can achieve this ROI, this article also
elaborates on the process changes undertaken and the product coverage of the system in

the case company with regard to CTO and ETO products.

3. Research Method

To examine the benefits, costs, and the ROI of PCS, this article presents a case study
conducted at Grundfos. The company operates worldwide and has a mixed product
portfolio varying from standard to engineered pumps. The company has used a PCS
since 2001, which allows analysis of the long-term ROI from using a PCS. Further,
access to the company and its data allow this analysis to be performed within an

industrial setting. For the analyses presented in this article, two product families are



selected. The analyses examine cost and benefit data. The overall cost is divided into
development, implementation, and maintenance costs. The development took place over
a two-year period, and the implementation is considered as a one-time pay-off when the
system is launched. Further data on the benefits and maintenance costs are considered
after the system became operational and are gathered over a five-year period.

The main strength of case research is that a phenomenon can be studied in its
natural settings, allowing why, what, and how questions [52,53]. This motivates the use
of case research to answer the presented research questions in this study of “how” and
“what.” Further, a case study is defined as “a study that investigates a contemporary
phenomenon (the ‘case’) in depth and in its real-world context, especially when the
boundaries between phenomenon and context may not be clearly evident” [54]. The
phenomenon investigated in this study is the ROI of a PCS, and the context is global
manufacturing company producing both standard and engineered products. Further, case
studies enable a deeper understanding of the relationships among the different variables
and phenomena that are not fully examined or understood [53], which motivates the
selection of case study approach for this research.

Single cases allow a phenomenon to be studied in more detail, but the main
disadvantage is a lack of generalizability [52]. However, this limitation can be
overcome through the use of using multiple cases, to evaluate whether the findings are
distinctive to a single case or consistently replicated over several cases, although this
may not allow as in-depth study of the phenomenon since more resources are required
[52,55]. Thus, as this is defined as an explorative study, the focus is on obtaining an in-
depth understanding of the case company and the utilization of the PCS. To this end,
multiple data sources are used in this research to triangulate the data and overcome the

limitation of using only one data collection method [56]. Further, the literature reflects



on the quantification of the benefits relating to reduced man-hours and lead-time that
allows comparison to other previous studies to validate the results presented (see Tables
1-4). The majority of the studies focusing on the benefits from utilizing PCS are based
on single case studies (see Tables 1-4). Thus, by selecting a single case study design

allows for comparison of the obtained results demonstrated in the literature [57].

3.1 Data gathering

Multiple data sources were used, where both quantitative and qualitative data is
gathered to allow for triangulation [56]. Quantitative data is retrieved from e.g., internal
systems at the company and from project reports and is supported by qualitative data,
which is gathered based on interviews with managers (9), specialists (5) and engineers
(6) at the company. Table 5 shows the data required and the sources used to gather data

in this study.

Table 5. Required data and sources of data

Context area Unit of Data to be collected Source of information
measurement

- Process flow before and after the | |nterviews
implementation of the PCS for
standard and non-standard
products respectively.

Process flow
descriptions

Time required to Man-hours The man-hours used for the Interviews
different steps of the .

generate rent step Project reports

specifications and specification process before and

the overall lead- after implementing the PCS.

time The overall lead-time (from

customer asks for proposal until
the specifications have been
generated) before and after
implementing the PCS.

Quantity of sales No. of Sales quantity of products ERP system
products sold supported by the PCS (i.e. light
ETO products and CTO products).

Data supporting who uses the
PCS (i.e. if the user of the PCS is
from the LSO or CSU).

Extent of reduced Seven No. errors in the specifications Interviews
errors in generated | different error | from the PCS and specifications




specifications types made without the PCS Study of the quality of
respectively. the specifications
Increase in sales - Indications if the PCS stimulated | |nterviews
increased sales at the company.
Cost of the PCS Man-hours Man-hours used for developing, Interviews
(development, implementing and maintaining .
. . Project reports
implementation, the PCS and cost of the software. ) P
and maintenance)

The interviewees included employees from the following departments: the local sales
offices (LSO), customer support unit (CSU), production, distribution, development and
engineering, product management and product data management. Employees from the
different departments are interviewed to capture different perspectives within the
company — some employees are interviewed more than once. Even though the
interviewees belong to different departments (context area), the same questions
guidelines are used. The semi-structured interviewing approach is adopted in this
research to allow adjustments during the interviews and thus capture additional
information or perspectives. Table 6 lists the departments from which the employees

have been chosen to be interviewed and the questions asked.

Table 6. Questions guidelines and employees addressed for interviews

Department (No. Questions
of employees

interviewed)

Context area

LSO (2)
CSU (2)

Before and after implementation of the PCS the following
questions are asked

Process flow
descriptions

(Before and
after
implementing
PCS)

Development and -

engineering (1)
Production (1)
Distribution (1)

What is the input/ output for the specification
processes?

What are the main process steps?

Who is responsible for each process step?

How are the shifts of responsibilities in the
process flow?

What IT support is used in the specification
processes and how is it used?

What are the main challenges within the process
flow (e.g., feedback loops, missing information,
need for corrections etc.)

Time required
to generate
specifications

LSO (2)

CSU (2)
Development and
engineering (1)
Production (1)

The following questions are asked for the process flows
before and after the implementation of the PCS.

What are the different specifications generated
by your department (e.g., proposals, BOM,
component workflow (list of operations)?




Distribution (1)

How many full-time employees are involved in
your department for making these specifications?
How much of their time do they spend on
generating the specifications?

What is your time estimation for the man-hours
and lead-time used for making the specifications
[please give min and max time used and the
distribution]

Extent of
reduction in
errors regarding
generated
specifications

CSU (3)
Development and
engineering (1)
Production (1)
Distribution (1)
Product data
management (1)

In your opinion, do the specifications generated
by the PCS have fewer errors than when you
previously made the same specifications without
the PCS?

In your opinion what is the reason behind the
improved/decreased numbers of errors when
supported by the PCS?

What would be the reason for the difference
between the errors in specifications generated
manually and by the PCS (e.g., would product
complexity be an influencing factor?)

Increase in sales

LSO (2)

CSuU (2)

Product data
management (1)

Is the level of customer satisfaction affected by
the lead-time?

How important is lead-time when it comes to a
request for proposal turning into actual sale?

Cost of the PCS
(development,
implementation,
and
maintenance)

Product data
management (3)

Development

How many people are working on making the
PCS?

How much time of their time did they spend on
the development?

How many months were spent on the
development of the PCS

Implementation

How many people were involved in implementing
the PCS?

How much time of their time did they spend on
the implementation?

How many months were spent on the
implementation of the PCS

What is the cost relating to software and
licences?

Maintenance

How many people are involved in the
maintenance of the PCS per year?

How much of their time do they spend on the
maintenance activities per year?

Additionally, two workshops were held for the main stakeholders from the departments

previously mentioned. The first workshop aimed to introduce the purpose of the study

and get input on how the data gathering should be scoped and organized. In the second

workshop, the findings were presented, discussed, and verified by representatives from

those departments. Table 7 summarizes the employees that attended and the agenda for

the two workshops.



Table 7. Workshops guidelines and employees attending the workshops

Departments No. employees Agenda

LSO The manager and | Workshop 1: Introduction of the research aim
Ccsu 1-2 employees 1. The scope of the study

Development and from each - Timeframe

engineering department. - Product families

Production 2. Benefits to analyse

Distribution In total 16 3. Cost structure

Product data employees in 4. Involvement of different employees
management Workshop 1 and 5. Discussions and feedback

Product 18 employees in

management Workshop 2 Workshop 2: Summary of the main findings from the

research project
1. Process flow (before and after implementation of the
PCS)
2. The realized benefits from the PCS
a. Saved man-hours
b. Reduced errors when generating the
specifications
c. Increased sales
3. The cost of development, implementation and
maintenance
4. Further initiatives to improve at the company

3.2 Data analysis and validation

Based on interviews, the process flows before and after the implementation of the PCS
are drawn up in order to provide a more fundamental understanding of the process
changes when implementing a PCS and to set the presented analysis into context.

The sales numbers are extracted from the company’s ERP system for each of the
years analyzed for both product families. Only the sales numbers of those products
which are supported by the PCS, i.e. CTO and light ETO products, are presented in the
analysis. Thus, sales numbers of standard and heavy ETO products are not included
since the sales process for these products is not affected by the PCS. Further, the
classification of CTO (configured either by LSO or CSU) and light ETO products are
available for only one particular year. Hence, the same ratio between the years is used
across the entire 5 year period. This can be justified because the ratio is rather constant

between years, even though the sales number differs.



To determine the lead-time and man-hours with respect to time saved in the
sales process, project reports and interviews are used. The activities within each of the
departments (LSO, CSU, production, distribution, and development and engineering)
are first identified, and then the minimum and the maximum times are assigned. This is
done to account for the different factors that can influence time consumption, for
example, the experience of the salesperson and complexity of the orders. To calculate
the costs and the benefits, two assumptions are made, regarding an hourly rate of 50 €
and a workweek of 37 hours. The hourly rate is based on the internal rate used at the
company, and a 37-hour workweek is a standard in Denmark, where the company’s
headquarters is located. These numbers might not be generalizable outside of Denmark,
and to repeat this analysis in companies located in other countries would require
adjustments to these assumptions.

The quality of the specifications is measured only for the CSU at the company’s
headquarters, where analysis was only available for one year. Thus, a comparison
before and after the implementation of the PCS was not possible. The analyses include
returns of defective products from the production lines, which are divided into seven
categories of causes: test data, basis data, error reported, name plate data, bill of
materials, other errors, and operations. Each time an error is noticed, it is registered,
whether the entry is created manually or by the PCS. Additionally, interviews are used
to validate whether the PCS supports improved data quality and increased sales.

Internal validity is achieved by combining data and information from multiple
sources that allow for crosschecking i.e. more quantitative data (e.g. based on material
taken from internal systems at the companies or project reports) was compared to the
information derived from the interviews [57]. Finally, workshops are used to verify that

both the scope of the research and the obtained results are acceptable by different



stakeholders at the company. External validity is achieved by introducing protocols to
allow for replication and the results are further validated by comparing the obtained
results to the ones reported in the litterature [57].

4. Results

4.1 Background
The case company introduced in the study, Grundfos, has a world-leading position in

pump manufacturing. The company’s headquarters are located in Denmark and employs
over 16,000 employees worldwide, with an annual production of more than 16 million
pumps. The company offers high-quality solutions that can be fit to different industries.
The company first introduced its PCS in 2001, where SAP is used as a platform to build
the PCS. The market environment is highly competitive, and thus delivery time and cost
are critical. The main motivation for implementing the PCS was to reduce the time
required to respond to customer inquiries and thereby increase the company’s overall
competitiveness.

The main advantage of the PCS and the main goal is that we have reduced the

time for creating an offer for a new product, and for creating production

specifications from days to minutes. (Lars Hansson, Senior Manager, Product

Data Management and Technical Marketing)

The PCS is used internally at the company by both the LSO and CSU at the
company’s headquarters. The LSO operate globally and are responsible for all
interactions with customers during the sales process. In total, 43% of the LSO have
access to the PCS, which allows them to configure products to a greater extent without
having to contact CSU at the company’s headquarters. In cases where the LSO do not
have access to the PCS, CSU performs the configuration while the LSO interface with

the customer.



Prior to the implementation of the PCS, the company improved the
standardization of the product families analyzed in the study, and thus they were good
candidates to be supported by the PCS. Both of the product families have predefined
configurations, referred to as CTO products that are fully supported by the PCS. In
cases where the customer’s requirements exceed the coverage of the PCS, the CSU
department creates the product specifications manually. Depending on the degree of
customization, products are manually created either partially or fully. In the case of
partial manual creation, CSU use data from similar configured products in the PCS, and
only a few attributes are created manually. The result is referred to as light ETO
products. Fully manual creation applies when the customer’s requirements are very
specialized and cannot be supported by the PCS. These are termed heavy ETO products.
Finally, the company also offers standard products, which are classified as a predefined
range of configured products that can be selected from.

4.2 Changes in the product specification process

This section elaborates on the product specification process before and after PCS

implementation.

4.2.1 The product specification process before PCS implementation

Before the PCS was implemented, the generation of product specifications involved two
different scenarios, which are defined based on standard and ETO products. The first
scenario relates to standard products (Figure 1). In this case, a customer orders products
that are available on the company’s homepage and in different product catalogues
through one of the LSO. If the customer is unable to find the product he or she needs,
the sales office makes recommendations. For standard products, all product

specifications are available.
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Figure 1. The product specification process for standard products

In the second scenario, customers order non-standard products, including light
and heavy ETO products (Figure 2). This requires the involvement of CSU in the sales
process, which can result in time-consuming interactions between the customer, LSO,
CSU, and the customer. In these cases, the product specifications are generated

manually, with the involvement of the engineering and production departments.
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and Engineering Production
csu Light ETO Department
Delegates tasks Supports C3U Makes
to engineering Heavy ETO component
Customer L350 = > . >
and production Evaluates the workflow
oo | [ G ||
local sale — customer’s T‘ pow
office requirements Proposes a
l : solution and
Clarifies generates the [«
Accepts the solution with | products
solution or customer B specifications
requests for
modifications Yy
h J
Decides whether
to buy the
product or not

Figure 2. The product specification process for non-standard (light and heavy ETO)
products before PCS implementation

The time taken to respond to the customer is one of the main criteria based on
which customers decide whether to order a product. A large number of orders processed

by the CSU department at the company’s headquarters was causing a severe bottleneck



in the product specification process, due to which customers had to wait up to weeks to
receive a response. To address these challenges, the company decided to introduce a
PCS to support the product specification process for light ETO products. As the PCS
did not affect the product specification process for standardized and heavy ETO
products, this study will not further discuss these product types.

4.2.2 The product specification process after PCS implementation

The PCS supports the configuration process for light ETO products, which are further
divided into light ETO and CTO products. The CTO products were introduced as a part
of the standardization project of the product families, which was done prior to the
implementation of the PCS. This section presents two scenarios, namely, the
configuration process for CTO products and that for light ETO products.

CTO products are configured either by the LSO or CSU. The LSO that have
access to the PCS can independently configure the products, generate product
specifications, and send them to the customer. However, in cases where the LSO do not
have access, the customer’s requirements are sent to the CSU, which configures the
product via the PCS. The CSU then sends the product specifications back to the LSO,
which forwards them to the customer. Figure 3 illustrates the product specification

process for CTO products when supported by the PCS.
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Figure 3. The product specification process for CTO products after PCS implementation



In the case of light ETO products, the customer requirements exceed the solution
space of the PCS. In such cases, the LSO require the assistance of the CSU. The CSU
can accordingly delegate the necessary tasks to other departments. The product
specifications are created partly manually and partly automatically with the support of
the PCS. Figure 4 describes the product specification process for light ETO products

supported by the PCS.
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Figure 4. The product specification process for light ETO products after PCS

implementation

4.3 Quantification of the benefits and costs of using the PCS

This section will quantify the benefits and costs of the PCS to calculate the ROI of the

system.

4.3.1 The main benefits of using the PCS

This article quantifies the benefits pertaining to resource consumption and lead-time,
improved quality of product specifications, and increased sales from using PCS based
on a five-year period, as explained in Section 3.

The impact of applying the PCS on resource consumption and lead-time

To estimate the impact of PCS implementation, the quantity of products sold over a

five-year period is compared to the amount that would have been sold if the PCS were



not implemented. To quantify the resource consumption, it is evaluated both when the
process was and was not supported by the PCS. The time spent configuring different
products can vary due to a number of factors, such as employee experience and product
complexity. Therefore, the minimum and maximum times required to generate the
product specifications are considered in the calculations presented in this section
(Appendix 1). Table 8 presents the time required to create the configuration and
generate specifications for different products.

Table 8. The time required to respond to customer orders for CTO and light ETO

products

Product types CTO CTO Light ETO
Responsible for the configuration LSO Csu Csu

Sales offices (hours) 0.39 0.19 0.19
CSU (hours) - 0.27 1.10
Development and engineering (hours) - - 0.54
Production (hours) - - 0.38
Distribution (hours) - - 0.07
Total man-hours (hours) 0.39 0.46 2.28
Quotation lead time (days) 2 5 9.5

The cost savings are calculated by comparing the time consumption of different
products before and after the PCS implementation. Since all CTO products were treated
as light ETO products prior to implementing the PCS, the time required to generate
specifications for these products is used to calculate how much time the product
configuration would have taken if not supported by the PCS. To make the calculations
more conservative, the analysis assumes that no savings are gained in the case of light

ETO products, as they are only partially supported by the PCS. Table 9 shows the total



average resource consumption (man-hours) when the configuration process was and

was not supported by PCS.

Table 9. Man-hours required to respond to customer orders before and after PCS

implementation

With PCS Without PCS
Product types CTO CTO Light ETO Light ETO
Responsible for the LSO Ccsu Ccsu Csu
configuration
Average time per order 0.39 0.46 298 298
(hours)
Total quantity sold over a
five-year period (pieces) 175,699 66,553 23,960 266,212
Total time spent on orders
over a five-year period 68,815 30,503 54,669 607,407
(hours)
Weighted average of the
total man-hours spent on 153,088 607,407

orders over a five-year
period (hours)

As Table 9 shows, the resource consumption for generating quotations reduced
significantly; 453,419 man-hours (75%) were saved due to the implementation of the
PCS over a five-year period. Thus, the company saved 22,670,971 € in direct salary
costs in the customer order process over the five-year period. PCS implementation also
impacted the lead-time for generating quotations, as shown in Table 10.

Table 10. The quotation lead-time (days) before and after PCS implementation

With PCS Without PCS
Product types CTO CTO Light ETO Light ETO
Responsible for the LSO Csu Csu Csu
configuration
Average lead-time (days) 2 5 9.5 9.5
Total quantity sold over a 175,699 66,553 23,960 266,212

five-year period (pieces)



The weighted average of the
guotation lead-time per 3.4 9.5
order (days)

As shown in Table 10, the average lead-time for generating quotations reduced from 9.5
days to 3.4 days, which means that 6.1 days (64%), on average, were saved per

quotation generated when the PCS was used.
Improved quality of product specifications

To measure whether the quality of the product specifications improved after PCS
implementation, the number of errors were measured based on the returns of the
production lines, which are dived into seven categories: test data, basis data, error
reported, name plate data, bill of materials, other errors, and operations. The errors were
then divided based on whether they were caused automatically by the PCS or manually
by the employees. This analysis covers all the product specifications generated by CSU
at the company’s headquarters. This department is responsible for generating quotations
both fully automatically (CTO), partially automatically (light ETO), and fully manually
(heavy ETO). Manual work is required when the requirements exceed the solution space
of the system (light ETO = partially manual and heavy ETO = fully manual). Figure 5

presents the results of the analysis for a one-year period.
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Figure 5. The number of errors reported over a year caused by manual errors and by the
PCS

In most cases (except in August), the specifications generated by the PCS have
fewer errors per month than those that were generated manually outside the PCS. When
the requirements exceed the solution space in the PCS, the specifications must be
generated manually. This comparison, therefore, has limitations, as the complexity of
the products is higher when the specifications are generated manually. Specialists
(employees from sales and production) from the company confirmed, through
interviews, that the PCS leads to higher data quality due to a standardized and guided
structure. Moreover, the specialists explained that the errors in the specifications
generated by the PCS were not caused by the system itself but, in most cases, by the
incorrect input.

“It is more efficient to maintain configured products and the configurator

ensures global alignment (which improves quality of product data). At the same

time, the configurator makes it is more efficient to release product updates for
sale globally.” (Lars Hansson, Senior Manager, Product Data Management and

Technical Marketing)

Therefore, it can be assumed that if the PCS did not support the generation of
specifications, the number of errors would be even higher.

Increased sales due to faster response times

Time and cost are critical factors, based on which customers decide whether to purchase
from a given company. Thus, it is assumed that increased responsiveness in the
customer order process can lead to increased sales. Increased responsiveness is
measured by the productivity of employees and the lead-time in responding to a

customer’s order.



The findings show that responding to the same number of orders over a five-year
period (266,212 pieces) would require 153,988 man-hours with the PCS and 607,407
man-hours without the PCS. Thus, the PCS helps achieve a productivity increase by a
factor of 3.94. Consequently, it can be assumed that 3.94x more resources became
available to handle additional customer orders. As previously explained, before the
implementation of the PCS, the CSU became a bottleneck in the sales process due to the
high number of orders being processed by the department. However, after the PCS was
implemented, the number of orders that reached CSU reduced significantly, resulting in
significantly faster response times (from 9.5 days to 3.4 days, or by 64%). This should,
in turn, lower the threat of losing customers to a competitor due to insufficient response
time. Even though there is no solid evidence that the use of the PCS led to increased
sales, this assumption is supported by the study findings. The PCS reduced lead-time in
sales and order handling as well as the workload on the salesmen for making quotations.

According to specialists at the company, this has led to increased sales.

4.3.2 The cost of developing, implementing, and maintaining the PCS

This section elaborates on the cost associated with the development, implementation,
and maintenance of the PCS. A number of different stakeholders are involved in
development and implementation; after developing the PCS model, it needs to be tested,
training sessions need to be held, and licenses must be acquired in advance. Finally,
both the system itself and the product data need to be maintained to ensure that they are
up to date and aligned with the company’s offerings.

To render the calculations comparable with those previously described for the
benefits, the maintenance cost was calculated over a five-year period. In addition to the

maintenance cost, the development cost, which is spread over a two-year period, and the



cost of implementation, was considered. Table 11 presents the individual costs of the

PCS, which are discussed in detail later in this section.

Table 11. The cost associated with developing (two-year period), implementing, and

maintaining the PCS (five-year period)

Cost elements associated with the PCS Amount Unit
Development

Weekly workload 88.8 Man-hours

Duration of development (over a two-year period prior to PCS

implementation) 2 Years
Total 9,235 Man-hours
Total 461,760 €

Implementation (Training and Software)
Estimated total 300,000 €
Maintenance of the PCS

Weekly workload 92,5 Man-hours

Duration of maintenance 5 Years
Total 24,050 Man-hours
Total 1,202,500 €

Maintenance of product data

Weekly workload 34 Man-hours

Duration of maintenance 5 Years
Total 8,840 Man-hours
Total 442,000 €

Total cost of development, implementation, and maintenance 2,406,260 €

Cost of development and implementation

There are several roles and responsibilities associated with the development and

implementation of the PCS. However, most of the workload was handled by two

product configuration engineers, who spent 80% of their time on development, and a



product data engineer supervisor, who spent 20% of his time. Other responsibilities
required less than 10% of the employees’ weekly workload, but when considered
together, one person was required to spend 60% of his or her time on the project.
Therefore, in total, about 88.8 man-hours per week were spent in developing the PCS
model over a two-year period. The development took two years, requiring a total of
9,235 man-hours.

PCS implementation also requires that the necessary training is conducted for
the users of the system. One person was responsible for conducting training on both the
PCS and the ERP system at the company. The cost of implementation and software,

including licenses, maintenance, and upgrades, was estimated to be around 300,000 €.

Cost of maintenance

Besides the work required for development and implementation, another factor that
should be considered is the data maintenance of PCS models, which includes both the
PCS model and the product data.

Two full-time persons plus one part-time person who spent 50% of his or her
time were assigned the task of maintaining the PCS models. The weekly workload was
therefore estimated to be 92.5 hours; over a five-year period, an estimated 24,050 man-
hours were spent on software maintenance.

Data maintenance mainly covers product-specific data at three different levels:
the sales offices, production sites, and distribution centers. At each level, there is at least
one product data engineer working in close collaboration with the configuration
engineers, as product-specific data is constantly updated. The amount of work required
to maintain the data at the sales offices and distribution centers was relatively low,
estimated at 0.5% of the total workload for each location. In this case, the production

facilities had to allocate additional resources for data maintenance. An estimated 34



man-hours per week were required to maintain product-specific data. In total, around
8,840 man-hours were required over the five-year period.

4.3.3 The realized return on investment for the PCS

By comparing the direct cost savings due to reduced man-hours to the direct cost of
developing, implementing and maintaining the PCS, it can be concluded that the PCS is
highly beneficial for the company within the five-year period analysed. The realised
ROI for the PCS can be calculated based on the findings presented of the benefits and
the costs of the PCS. In Table 12, the main findings of the case study are summarised,

and the ROI is calculated for both one year and five years after implementation.

Table 12. ROI from applying PCS over a five-year period

Cost saving and cost factors associated with the PCS Amount Unit
Reduced man-hours in the ordering process 75 %
Cost savings based on saved hours over a five-year period 22,670,971 €
Cost of development, implementation and maintenance over a five-year period 2,406,260 €
Total cost savings over a five-year period 20.264.711 €
Realised ROI

ROI (one year after implementation) 316 %
ROI (five years after implementation) 842 %

Other benefits that could not be quantified

Lead time savings (average) 3.4 Days
Lead time savings (average) 64 %
Increase in sales output through PCS 3.94 X

5. Discussionsand conclusion

This study aims to first propose a method to calculate the value creation from utilizing a
PCS by providing answer to the research question How to quantify the costs, benefits

and ROI from developing, implementing and utilizing PCS? and second to provide



empirical evidence based on a case study to answer to the research question What are
the costs, benefits, and ROI from developing, implementing and utilizing a PCS?

Comparing benefits based on the reduced man-hours to the cost of developing,
implementing, and maintaining the PCS, the PCS was found to be highly beneficial for
the case company across the five-year period analyzed. Furthermore, this study provides
insight on how a PCS can be used in companies producing both standardized and highly
engineered products.

The analyses revealed that the case company saved 453,419 man-hours over a
five-year period by utilizing the PCS, which corresponds to a 75% reduction of man-
hours used in the sales process. This is aligned with other research, which has also
reported significant time reductions in manned activities [e.g., 24,40,44,47]. Further, the
lead-time for responding to customers was also reduced from 9.5 to 3.4 days, on
average, or by 64%. Other researchers have also quantified this improvement, reporting
a significant reduction in lead-time [e.g., 39,40,47]. Additionally, improved quality of
the product specifications when supported by the PCS, as well as increased sales, were
identified as benefits of utilizing the PCS.

The direct cost was divided into three groups: the costs of development,
implementation, and maintenance. The development of the PCS was performed over
two years and cost 461,760 €, with total implementation costs of 300,000 €. The
maintenance was divided into the maintenance of the PCS and of the product data. Over
a five-year period, the cost of maintenance was estimated to be 1,202,500 € for the PCS
and 442,000 € for the product data. Thus, in total, the cost of the PCS for the two
product families considered in the study was 2,406,260 €. PCS-related cost is discussed
by a few researchers [6,47]. Hvam [47] calculates the cost of development and

implementation of a PCS to be $ 1 million and operating costs to be about $ 100,000.



However, in that study, the development cost is higher while the maintenance cost is
lower compared to the analysis presented in this study. Several factors could explain
this difference, including ongoing development in the maintenance phase, the
complexity of the data that need to be managed, and changes in the product design. As
in Hvam [47], the cost elements are not broken down, and this makes it difficult to find
the underlying difference.

Based on the findings presented in this study it can be concluded that the PCS is
highly beneficial for the company: Over a five-year period, the company saved
20,264,711€, with an 842% ROI for the PCS. Further, if the previously described
benefits of PCS use were interdependent, even greater value creation would be possible.
There are several examples of how these benefits can interact: First, fewer errors in
product specifications would lead to additional savings in resource consumption and
reduced lead-time, as errors would not have to be corrected. Second, using a PCS can
enable employees to engage in a better dialogue with customers, which would also
reduce resource consumption and lead-time. In this case, fewer resources would be
required to work on the product specification, creating additional time that could be
used to undertake specialized orders and improve the product platform. Third, reduced
lead-time could also result in increased sales because this reduces the risk of the
customer going elsewhere since time is a competitive factor. In this manner, higher
value creation can be identified from the use of a PCS; in other words, actual value
created by the PCS might be even higher.

Companies with a product portfolio consisting of a standard to engineered
products could therefore potentially enjoy significant benefits and positive ROl by using
a PCS, in addition to improving the standardization of their product range by supporting

the product specification processes for CTO and light versions of ETO products. This



study illustrates how a PCS can be used to partially support a company’s product
portfolio. This is consistent with the literature, which indicates that it might not be
economically feasible to have the PCS supporting the most complex products,
especially if the sales volume is low [6,32]. Based on the different archetypes of ETO
companies as defined by Willner et al. [34] the company studied can be defined as
repeatable ETO that should be characterized by high standardization and design
automation.

This research constitutes the first step towards analyzing and quantifying the
ROI of using a PCS. The authors recognize the limitation of the study, as it is based on
a case study of one company, which may lead to findings that are too narrow in their
application [58]. Thus, it is not argued that the ROI of the PCS in this study is
generalizable. But, on a more conceptual level, this study shows that PCSs can be
highly beneficial, which is aligned with the literature. The approach to the PCS setup
and the configuration platform (SAP) should be applicable to other manufacturing
companies making both standard and engineered solutions. Further, the article detailed
how the benefits, costs, and ROI from implementing and utilizing a PCS can be
calculated, which can be used in other companies. Thus, the findings presented in the
study should support increased maturity of the PCS research area by shedding light on a
less explored area of the PCS or the cost side and lay a foundation for further studies to
analyze this based on other companies.

In order to find a benchmark for the ROI, further studies are needed, in addition
to criteria related to the circumstances under which the benchmarking is valid. This
could e.g., include analysis of differing ETO companies [35,36,59] to see if the benefits
realization from PCS would differ across those types. Another aspect that might be

interesting to further study is the relation between the benefits realization companies



achieve and the maturity of the companies working with design automation. Based on
Willner et al. [52], the maturity of an organization is increasing based on the level of
standardization of products and processes. This could be directly linked to the expected
realized benefits associated with the utilization of a PCS. It is expected that the more
mature the organization is; the more benefits it can gain from the PCS utilization. Even
though Willner’s research focuses on ETO companies, the underlying principles can
also be used for manufacturers ef having more diverse product portfolios i.e. varying
from standard to ETO products. Further studies should therefore focus on combining the
benefit realization to the maturity level of the manufacturing company, regarding both
standard and ETO products. This would be beneficial not only to the research
community, but also to practitioners, as based on the maturity model, it would reveal the
expected benefits.
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Appendix 1

Resource consumption (man-hours) used to respond to customers’ orders

CTO CTO Light ETO
Responsible for the configuration LSO Ccsu Ccsu
Min Max Min Max Min Max
Distribution 50% 50% 50% 50% - -
Sales offices (hours) 0.20 0.58 0.13 0.25 0.13* 0.25*
CSU (hours) - - 0.20 0.33 1.00*%*  1.50**
Development and Engineering (hours) - - - - 0.08* 1.00*
Production (hours) - - - - 0.03***  7.00***
Distribution (hours) - - - - 0.05* 0.08*
Total man-hours weighted average 0.39 2.28
(hours)
* Distribution min 50% max 50%
*x Distribution min 80% max 20%
Fokk Distribution min 95% max 5%
Lead-time of generating quotation
CTO CTO Light ETO
Responsible for the configuration LSO Ccsu Ccsu
Min Max Min Max Min Max
Distribution 50% 50% 50% 50% 50% 50%
Quotation lead time (days) 1 3 3 7 7 12
Quotation lead time weighted 2 9.5

average (days)
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