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Introduction

3

Servitization, understood as the 
process of creating value by adding

services to products (Baines et al., 2009), is
strongly connected to sustainability

(Goedkoop et al., 1999; Mont, 2002)

Maintenance function has an envisaged
role for achieving sustainability: 

contributing to longer equipment life 
cycles and more sustainable operations

(Garetti, 2011).

OEM  >>>  Service Providers

Industrial user

B2B 

market

Product-related services: Maintenance, repair and overhaul as well
as availability contracts (Baines et al., 2011)

The main research motivation is to investigate how industrial maintenance can 
be an enabler of more sustainable manufacturing operations through its role in 

the provision of industrial services.
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Research Questions
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Findings & Contribution
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Sub-
Question 3

Sub-Question 
2

Sub-Question 
1

Main 
Research 
Question

Value analysis of innovative tools and applications categories

1. Definition
of value

dimensions

2. Definition
of rating scale

1. 
Visualisation

of results
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Sub-Question 
3

Sub-
Question 2

Sub-Question 
1

Main 
Research 
Question

Proposal of a framework for maintenance value

within sustainable manufacturing

 It represents the three-dimensional space of
maintenance contribution to sustainable
manufacturing.

 Specific contributions in a concrete case
would address some part of the
framework, as being context-dependent.
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Sub-Question 
3

Sub-Question 
2

Sub-
Question 1

Main 
Research 
Question

Main finding of the exploratory survey

A. Distribution of maintenance contracts

RESEARCH-PRACTICE GAP:

Performance-based contracts (7%) are among the less extended forms of maintenance service 
contracts, although according to literature are those providing higher value.

Potential benefits of performance-based 
services:
• reduction of material intensity (Roy, 

2000), 
• control process quality and higher 

potential for environmental sustainability 
(Tukker, 2004), 

• reduction of cost of ownership and higher 
levels of availability and reliability 
performance (Jin et al., 2011).
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Sub-Question 
3

Sub-Question 
2

Sub-Question 
1

Main 
Research 
Question

Framework for maintenance value

within sustainable manufacturing

Focus on performance-
based services

Integration of maintenance
value as driver for service 

offerings design
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Sub-Question 
3

Sub-Question 
2

Sub-Question 
1

Main 
Research 
Question

Proposal of value-driven design methodology for performance-

based maintenance services

Based on a set of guiding questions 

Sustainable Value Tree Rating AHP

Value-driven FMEA

Service offering 1 (SO1) Service offering 2 (SO2) Service offering 2 (SO3)

Direct maintenance activities VDA (SO1) VDA (SO2) VDA (SO3)

Total Value of Direct Activties SO1 0,00 3,66 7,12

Indirect maintenance activities VIA (SO1) VIA (SO2) VIA (SO3)

BASIC PACKAGE

Total Value of Indirect Activties SO1 - 

Basic Package 18,41 40,34 76,45

ADVANCED PACKAGE

Total Value of Indirect Activties SO1 - 

Advanced Package 79,66 96,32 99,50

Analysis of provider’s portfolio and 
service alternatives, according to 
scores obtained above.

Operational value Performance measure Units 

Production efficiency Production rate items / h 

Lead Time h 

Work-in-progress items 

Production effectiveness Actual production / planned production % 

Manufacturing cycle time h 
OEE % 

Output quality No. defects or rework Items with defects 
or needing rework 

Quality rate % 

Scrap production rate % 

Utilities efficiency Water footprint m
3
 

Energy efficiency % 
Energy consumption MWh or KJ 

Air consumption m
3
 

Material efficiency Mass-flow of different materials used Kg 

Significant spills (number and volume) Kg or m3 

Air emissions reduction Carbon footprint  

Global warming CO2 eq. Kg 

Land conservation Soil erosion Kg 
Environmental safety Environmental damage caused by failures % 

Environmental damaged caused by 
maintenance (or lack of maintenance) 

% 

Potential environmental damage (near miss) 
caused by failures 

% 

Environment-related non-conformities % 
Human safety Injuries caused by failures % 

Injuries caused by maintenance (or lack of 
maintenance) 

% 

Potential injuries (near miss) caused by failures % 

Output safety Non-compliance with regulations on health & 
safety impact during output life 

% 

Technical knowledge Multi-skilled maintenance personnel % 

Average resolution time h 

 

Measures selectionService offering selection

Description of 
business & strategic 
context of the 
industrial user 

Which is the industrial user’ s sector? 
Which is the company/plant size? 
Which is its main target market? 
What are its main products? 
How is their demand (constant, variable, seasonal,..)? 
Which are the main strategic priorities and goals? 

Description of 
production process 
in the plant under 
concern 

How is the functional chart of plant departments/functions? 
Which is the concrete position of maintenance function in the functional chart? 
Which type of production process is there in the plant? 
Which is the plant layout and the main processes in each plant area? 
Which are the environmental and safety standards implemented in the plant? 
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Implications for servitized manufacturers:
The methodology can be used as a means to engage 

with the customer, which could be keener to contract 
further services once a small collaboration is done.

Implications for industrial users:
They  could benefit of the method as being

a means to support service selection.

Conclusions & Further Research

18

Value-driven
design 

methodology

Current
practice

analysis on 
maintenance

services

Technological
composition + 
value analysis

method

Framework 
maintenance
value within

sust mfg + 
MBM concept

Further Research:

Further testing of the proposed methodology in different contexts: 
OEMs + different users’ operations.

Enlargement of methodology scope by addressing also the service 
delivery planning.
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