
Available online at www.sciencedirect.com

2212-8271 © 2014 Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the International Scientific Committee of “The 6th CIRP Conference on Industrial 
Product-Service Systems” in the person of the Conference Chair Professor Hoda ElMaraghy”
doi: 10.1016/j.procir.2014.01.005 

 Procedia CIRP   16  ( 2014 )  32 – 37 

ScienceDirect

Product Services Systems and Value Creation. Proceedings of the 6th CIRP Conference on Industrial 
Product-Service Systems 

A framework for value co-creation through customization and 
personalization in the context of machine tool PSS 

 Pankaj U. Zinea,*, Makarand S. Kulkarnib, Rakesh Chawlac, Arun K. Rayd  
aIndian Institute of Technology, Delhi, New Delhi, INDIA 
bIndian Institute of Technology, Delhi, New Delhi, INDIA 

cMicromatic Machine Tools Private Limited, Gurgaon, Haryana, INDIA 
dEndurance Technologies Private Limited, Aurangabad, Maharashtra, INDIA 

  

* Corresponding author. Tel.: 91-11-26596317; fax: 91-11-26582053. E-mail address: zinepu@mech.iitd.ac.in 

Abstract 

In this paper, a hybrid PSS business model is considered for discussing the framework for value co-creation through customization and 
personalization. The framework consists of a business model, an engagement model which leads to value creation through customization, and a 
detailed service execution plan which offers opportunities for value co-creation through co-design, co-production and co-delivery, leading to 
personalization. The conventional approaches for PSS design do not explicitly address the aspect of customization and personalization through 
co-creation activities. The expected benefits for the provider and other stakeholders will be in terms of knowledge co-creation and ensuring 
enhanced customer experience through personalization. 
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1. Introduction 

In the machine tool PSS environment, the business 
offering activity should be such that it bids enough flexibility 
and customers should be able to extract desired value out of it 
as per their requirements. The business models for PSS can be 
product oriented, use oriented, result oriented [1-2] or 
alternatively there can be hybrid models in which the usage 
and service responsibilities can be shared by the system 
stakeholders in a phased manner as per their competencies 
and requirements. For any of the business models which the 
customer and service provider has accepted, the customer and 
the provider both, should be benefited and be able to create 
value for themselves. Value for the stakeholders may not be 
achieved just by participation. It will require the PSS to be 

designed such that it offers opportunities for value co-creation 
for the involved stakeholders. The traditional PSS design 
approaches do not explicitly address this need. The present 
paper attempts to develop a framework that not only offers 
flexibility for the customers to choose the services by 
customizing the provider offering as per their specific 
requirements, but also leads to personalization through 
offering opportunities for value co-creation for the 
stakeholders by engaging them in the business activities as per 
their competencies. The framework will help customers and 
providers to extract the desired value by co-designing, co-
producing and co-delivering the services. The value co-
creation opportunities by customers and providers in the PSS 
environment are explained with examples. Rest of the paper is 
organized as follows. In section 2, literature related to PSS 
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and value co-creation is briefly summarized. The framework 
for value co-creation through customization and 
personalization is discussed in detail in section 3. A brief 
discussion about the study findings in the participating 
industries is given in section 4; followed by conclusion in 
section 5. 

2. Literature review 

The traditional boundary between manufacturing and 
services is becoming increasingly blurred [1]. The literature 
indicates that industries are seriously considering 
‘servitization’ as a competitive strategy. The manufacturing 
industries have realized that to improve profitability it is not 
enough to sell just a product; the real impact on profitability 
comes from exploiting downstream opportunities [3], by 
providing the customers with an access to newer business 
models like PSS. The PSS approach enables companies to 
provide customers with offerings that continuously deliver 
value and create a strong competitive advantage [4]. The 
Product service system for machine tools aims at selling the 
functionality (machining capability) of the machine tools or 
the end result rather than the machine tools by the 
manufacturer [5]. The importance of flexibility is discussed 
by Ritcher et al. in the context of designing industrial PSS 
(IPSS) as a solution to the uncertainties involved in long term 
customer-provider relationship [6]. Ulhmann et al. presented 
an approach for flexible implementation of IPSS using service 
oriented architecture [7]. Both [6,7] have focused on 
modularity aspects while designing and offering the IPSS but 
did not considered customer involvement for offering 
flexibility. The customers’ participation in designing and 
delivering services, to some extent, has been studied by 
researchers. The requirement for co-design of products and 
services in PSS development context has been emphasized by 
Baxter et al. [8]. Ordanini and Pasini [9] described the 
customers’ role as value creator through co-production in the 
service context. To offer a better PSS, Geng et al. [10] 
proposed an approach driven by a user task model. The 
approach emphasized the importance of customer’s early 
participation in design process for increased value creation. 
Annamalai et al. [11] elaborated in detail the procedural steps 

for the designing a PSS process for better value creation. The 
approach would help the PSS provider to manage the 
activities efficiently and effectively for better value creation 
and customer satisfaction. The value creation and the co-
creation experiences by customers are elaborated through 
DART model by Prahalad and Ramaswamy [12-13]. They 
also discussed customization and personalization aspects for 
value co-creation. Morelli [14] presented the overview on 
service system design with a focus on value co-production 
through case studies. Hara et al. [15] proposed a model of 
value creation through customer involvement in design-of-use 
(configuration design before use) and design-in-use (adaptive 
design during use). The value co-creation concept in the 
context of PSS for machine tools is not explicitly addressed as 
observed in literature. This paper attempts to address the issue 
by discussing opportunities for value co-creation for the 
involved stakeholders in PSS environment. 

3. The framework 

The meaning of value and the process of value creation is 
shifting from the traditional product and firm centric view to 
personalized customer experiences. Customers today are more 
knowledgeable, informed and connected due to 
communication technologies. They are more demanding and 
seemed unsatisfied [12]. They want things to happen their 
way, and not the way the providers are offering. Customers 
are increasingly looking for opportunities to create value for 
themselves along with the firms/providers. Focusing on these 
aspects, a framework (Fig. 1) is proposed for value co-
creation leading to customization and personalization by the 
individual customers.  

The framework consists of three main stages. First, a 
business model, which can be a single phase or multiphase 
depending on the context. Second, an engagement model 
(with business stakeholders as the actors) which leads to value 
creation through customization. And finally, a detailed service 
execution plan which offers opportunities for value co-
creation through co-design, co-production and co-delivery 
leading to personalization. The framework is explained in the 
context of machine tool PSS in the following subsections. 

 
Fig. 1. The framework for customization and personalization through value co-creation  
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3.1 Business model  

The business models for PSS are usually classified as 
product oriented, use oriented, and result oriented [1-2]. 
However, it is possible to have hybrid models in which the 
usage and service responsibilities can be shared by the system 
stakeholders based on their competencies and requirements. 
The hybrid model proposed in this paper is based on an 
industrial survey conducted in the Indian machine tools sector 
to find the feasibility and applicability of PSS business 
concept. It was observed during survey that most of the 
machine tool manufacturers were not very much in favor of 
the PSS business concept as it requires a shift from the 
conventional machine selling business model. They were 
interested in business models which eventually would lead to 
selling of their machines. To address this need, the hybrid 
PSS model is proposed. 

In this paper, the framework is discussed based on 
consideration of a hybrid PSS model consisting of three 
phases namely, PSS operation phase, PSS transition phase and 
the system handover phase as shown in Fig. 2. 

 

 

Fig. 2. Hybrid PSS model 

 In the first phase i.e. PSS operation phase, all the 
activities related to usage and maintenance of the machine 
tool, and quality control are taken care of by the PSS provider. 
The user has the responsibility to make provision for space 
and the electricity and would pay to the provider on cost per 
piece basis. This would be done for a specific period, say one 
year, during which the provider develops and establishes the 
process.  

 In the second phase i.e. PSS transition phase, the 
ownership of the machine tool and responsibility of its 
maintenance would remain with the provider, thus the 
provider will offer the availability of the machine tool for 
production. The customer would be responsible for usage 
(production) and quality control activities. The customer 
would be actively involved in the remaining business 
functions and would be in a learning stage. This would be 
done for some duration, say six months.  

 In the third phase i.e. handover phase, the ownership of 
the machine tool and responsibilities for other activities like 
usage, maintenance and quality control would be transferred 
to the customer. It is expected that during the first two phases 
the customer would learn and develop the required skills for 
proper usage and maintenance of the machine tool from the 
provider. Depending upon the requirements, the customer 
may ask for support in some of the activities and services 
from the provider, for which the provider would be paid on 
service offering basis. This would continue on mutual 
understanding between the customer and provider for the 
period of contractual agreement. After that, the customer may 

or may not take the support services from the provider, thus 
resulting into a conventional business. 

3.2 Engagement model 

 It is the core of the framework where the actors are the 
business stakeholders who interact and share responsibilities 
for various activities. It involves activities including 
identifying engagement components, deciding engagement 
structure, developing engagement contract, identifying service 
components, allocating service responsibility, and offering 
flexibility for service customization.  The activities are further 
elaborated in the following subsections. 

3.2.1 Engagement components 

 To identify the appropriate engagement components, it is 
first necessary to identify business functions. These functions 
would help to identify appropriate engagement components 
(activities) and the allocation of accountability for these 
activities in terms of Ownership (O), Responsibility (R), and 
Cost (C) amongst the customer and the Main Service Provider 
(MSP). The engagement components would also help to 
decide the engagement structure. For the hybrid machine tool 
PSS model under consideration, three business functions viz. 
operation, inventory and equipment are considered. 
Accordingly, the engagement components are identified under 
each function (Table 1). 

Table 1: Business function and engagement components 
Business function  Engagement component (activities) 

Operation 

Production planning, Operator, Operator 
training, Process design, Inspection and 
quality control, Tools and tooling 
management etc. 

Inventory 
Raw material procurement, Raw 
material holding, Spares, Spares holding, 
Consumables, Consumables holding etc. 

Equipment 

Equipment capacity, Corrective 
maintenance, Preventive maintenance, 
Regular up-keep, Inspection, 
Configuration change, Up-grade, 
Overhaul etc.   

 
3.2.2 Engagement structure 

 The engagement components identified would help to 
decide the engagement structure that would vary according to 
the business model phases, which could be single or multiple. 
In the hybrid PSS business model under consideration, there 
are three phases as mentioned earlier (Fig. 2). The 
engagement structure would be different in each of these 
phases. For example, the engagement structures for the 
transition phase for three business functions identified 
(operation, inventory and equipment) are shown in Table 2, 
Table 3 and Table 4 respectively. The engagement structure 
would also include the information about sharing of 
accountability for various involved activities (engagement 
components) between the provider and the customer. This 
would be done based on customers’ skills, competencies and 
requirements in mutual understanding between the customer 
and the MSP.  

PSS operation phase 
PSS Transition 

phase 

Usage (availability) 
based PSS 

Handover phase 

Product oriented 
model 

Result oriented PSS 



35 Pankaj U. Zine et al.  /  Procedia CIRP   16  ( 2014 )  32 – 37 

 Table 2: Engagement structure for ‘operation’ function 

Function Engagement components 
(Activities) 

Accountability Allocation 
Customer MSP 

O 
P 
E 
R 
A 
T 
I 
O 
N 

Production planning R, C  
Operator O, R, C  
Operator training  R, C 
Process design O, C R 
Inspection & QC O, R, C  
Tools & tooling management  O, R, C 
Rejected material disposal O, R C 

R = Responsibility, C = cost, O = ownership 

Table 3: Engagement structure for ‘inventory’ function 

Function Engagement components 
(Activities) 

Accountability Allocation 
Customer MSP 

I 
N  
V 
E 
N 
T 
O 
R 
Y 

Raw material procurement O, R, C  

Raw material holding  R, C  

Spares  O, R, C 

Spares holding  R, C 

Consumables  O, R, C 

Consumables holding  R, C 

Table 4: Engagement structure for ‘equipment’ function 

Function Engagement components 
(Activities) 

Accountability Allocation 
Customer MSP 

E 
Q 
U 
I 
P 
M 
E 
N 
T 

Equipment capacity  O, R, C 

Corrective maintenance  R, C 

Preventive maintenance  R, C 

Regular up-keep R, C  

Inspection  R, C  

Configuration change  O, R, C 

Up-grade  O, R, C 

Overhaul  R, C 

3.2.3 Engagement contract  

 The decision on the engagement structure would lead to 
the development of an engagement contract. It would be a 
formal document capturing the engagement structure for 
different business phases in the form of functions, activities 
and accountability allocation of activities. Engagement 
contract would also help in identifying the service 
components that would address the activities under a function.  
 
3.2.4 Allocation of engagement components   

 To offer the services to the customer, the MSP alone 
would not have the competency to perform all activities 
related to business functions. For example, to carry out 
‘configuration change’ activity, the MSP would not have the 
competency but the machine tool manufacturer would be able 
to do it. Therefore, the MSP would further allocate such 
activities amongst the stakeholders other than the customer 
i.e. to MSP, machine tool manufacturers (principal), module 

providers (MP) and third party service providers (TPSP). 
Along with competency, the other criterion for such allocation 
would be the cost for performing the activity. These 
stakeholders would perform the service activity on behalf of 
the MSP according to the engagement contract. As an 
example, the engagement component allocation for the 
operation function of the transition phase is shown in Table 5.  

Table 5: Service component allocation for transition phase 

Function Activities Accountability Allocation 
Customer MSP Principal MP TPSP 

O 
P 
E 
R 
A 
T 
I 
O 
N 
 

Production 
planning R, C     

Operator O, R, C     

Operator 
training  R, C    

Process design O, C  R   

Inspection & 
QC 
 

O, R, C     

Tools & tooling 
management  R, C O   

Rejected 
material 
disposal 

O, R C    

3.2.5 Service customization  

 The service customization involves offering flexibility to 
the customer to choose service components (SC), service 
mechanisms (SM), service levels (SL) and service frequency 
(SF) in consultation with the MSP. The customers can choose 
the appropriate SCs, SMs, SLs and SFs as per their specific 
requirements. The ‘service components' are the services 
which addresses the activities under business functions. A 
‘service mechanism’ is a structured way in which a particular 
service can be offered and delivered to a customer. There can 
be multiple service mechanisms to deliver a service 
component. The ‘service level’, most of the times, refer to the 
response time for a service delivery by a service provider 
based on the service call by the customer. The ‘service 
frequency’ refers to the number of times the service is 
demanded/consumed by the customer. As an example, service 
mechanisms, service level and service frequency for a service 
component ‘corrective maintenance’ is shown in Table 6. 

3.3 Detailed execution plan 

 The engagement model can be used by the MSP to 
prepare a detailed service execution plan. This would provide 
opportunities for value co-creation in terms of three aspects 
viz. co-design, co-production and co-delivery. The value co-
creation by customers through any one or all the three aspects 
would lead to personalization as the customers would be 
actively involved in the process and create/extract the desired 
value as per their specific requirements. The value would also 
be co-created by the service provider. The three aspects of 
value co-creation are discussed through an example of a 
detailed execution plan for engagement component ‘operator 
training’ shown in Fig. 3. 
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Table 6: Service components with service mechanism, service level and service frequency

Sr. 
No. 

Service component 
& its description 

Value addition 
to User 

Service mechanism Service level Service 
frequency 

01 Corrective 
maintenance: 
Breakdown service 
support with fault 
identification, 
diagnosis, 
repair/replacement 
and testing and 
verification i.e. 
bringing back the 
system to its 
operational state. 

Minimize 
downtime 

SM1: Technology enhanced web service 
User will be offered with access to the Provider’s web support. 
From the available solutions of commonly observed failure modes 
and corrective actions, User may try to extract recommendations/ 
guidelines/ corrective action about the repair/ replacement based 
on the failure symptoms of the machine.  

Not 
Applicable 
(N/A) 

SF1:  
As per 
requirement 

SM2: Technology assisted web service 
On User’s requisition (phone/mail/web login query), the Provider 
with User supplied information about the symptoms of the failure, 
using his expertise and/or web support, provides and 
communicates a solution to the User by mail/ phone. Accordingly, 
User’s workforce will carry-out the corrective action.  

SL1: < 8 hrs. 
SL2: < 16 hrs. 
SL3: < 24 hrs. 
SL4: < 48 hrs. 

SF1:  
As per 
requirement 

SM3: On-call service 
User calls the Provider for breakdown maintenance support and 
provides the primary details about failure symptoms & other 
relevant information of the machine. The Provider, based on User 
supplied information, arranges to send expert to User’s premises 
to diagnose/ rectify fault and carry out repair/ replacement action 
to restore the machine in operational state.  

SL1: < 8 hrs. 
SL2: < 16 hrs. 
SL3: < 24 hrs. 
SL4: < 48 hrs. 

SF1:  
As per 
requirement 

 

 

 

 

 

 

 

 
Fig. 3. Value co-creation opportunities explored in detailed execution plan 

The co-design happens when the customer actively 
participates in the design/planning of processes and activities 
belonging to one or more engagement components. For 
example, a customer’s involvement in deciding and designing 
the training contents would result in co-design and the 
customer would be able to personalize the service as per 
specific requirement there by extracting the desired value.  

The co-production evolves when the customer 
participates in the preparation/arrangement/management of an 
activity along with the provider. For example, the customer’s 
involvement in preparing training material, training modules 
would result in co-production. 

The co-delivery happens when the customer actively 
participates in the execution of an activity along with the 
provider. The activity will be partially done by the customer 
in association with the provider. Referring to Fig. 3, the 
customer’s active involvement in delivering the training 
contents would lead to co-delivery. Examples of the three co-
creation aspects are captured during this study from the 
industries participating in this research and discussed below. 

Endurance Technologies Private Limited (ETPL), which 
is one of the emerging auto component manufacturers in 

India, creates value for itself through co-design by designing 
the maintenance plans and by co-producing the maintenance 
training manuals for their equipment along with their 
suppliers. This includes co-designing preventive maintenance 
(PM) schedule, PM checklist, service centre design (facility 
design) etc. Co-production involves preparing maintenance 
training manuals for executing training schedule. The process 
is depicted as a detailed execution plan for PM in Fig. 4. 

In this example, the value for ETPL is that, they are able 
to personalize the maintenance service as per their 
requirement which has resulted in low down time, reduced 
service cost and enhanced availability leading to higher 
productivity. It also helped boost the morale of the operators. 
The value for provider is through improved customer 
experience leading to customer loyalty. 

In another example, ETPL has a ‘process design’ contract 
for their grinding process with a grinding wheel supplier. 
ETPL co-designs the process by getting actively involved 
with the expert from the supplier. The activity resulted in 
value for ETPL in terms of improved process design and 
machine up-gradation resulting in improved quality and high 
productivity. 
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Fig. 4. Detailed execution plan for preventive maintenance exploring co-design and co-production 

For supplier, the value gain is in the form of knowledge 
enhancement, improved customer satisfaction, customer 
loyalty, etc. As can be seen from this example, the co-design 
has happened with one of the module providers (grinding 
wheel supplier).  

4. Discussion  

The existing co-creation theory aims for value creation 
through customers’ participation in the business activities. 
The proposed framework offers opportunities to the involved 
stakeholders for value co-creation. The customers can avail 
the flexibility and customize the service offerings as per their 
individual requirements. Through active involvement and 
participation, the customers can personalize the service 
offerings and extract the desired value. The observations 
made during the present study in the participating industries 
reveals that the co-authors (from industries) were able to co-
create value along with their service providers and suppliers 
through co-design and co-production. The value addition was 
comparatively more when they considered the co-design and 
co-production aspects. The enhanced value has lead to 
increased productivity and the higher morale of the personnel 
involved. It should be noted that the co-design would take 
place only if the customer has some amount of domain 
knowledge, thus it becomes a prerequisite for the value 
creation through the co-design aspect. Also, in all three 
aspects of co-creation, the value for the provider will usually 
be in terms of improved customer experience due to offering 
personalized services leading to improved customer 
satisfaction and customer loyalty. 

5. Conclusion 

The conventional approaches for PSS design do not 
explicitly address the aspect of customization and 
personalization through co-creation activities. This framework 
attempts to address this issue by two ways. First, it offers 
flexibility for customers to choose service components 
(engagement activities), service mechanisms, service levels 
and service frequency as per their requirements and thus 
allows for customization of provider offerings. Second, it 
helps the customer to personalize the PSS offering through 
co-creation in the form of providing opportunities for co-
design, co-production and co-delivery. The customer can have 
benefits in terms of increased quality, better processes, 
improved productivity, higher people morale, better service 
experience and satisfaction. The benefit for the provider and 

other stake holders will be in terms of knowledge co-creation 
and ensuring customer loyalty through enhanced customer 
experience. 
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