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Abstract: An increasing attention of both academics and practitioners is outlined in the research for an efficient and reliable 
definition and measurement of environmental performance parameters related to processes and operations, as sustainability 
can enhance differentiation strategies to gain competitive advantage. Furthermore, the diffusion of servitization 
phenomenon led companies to propose more product-service solutions, which often combine higher resource efficiency 
with the reduction of environmental impacts. However, there is still a need for a systematic framework and standardization 
of the existing methodologies and tools, which could help industrial service providers to support the implementation of 
differentiation strategies in order to finally gain competitiveness. 
This paper proposes an analysis about measuring environmental performance in two service sectors: the first one regards 
the maintenance support service in the manufacturing sector and the latter focuses on logistics providers managing direct 
and reverse flows. After describing the main criticalities affecting the two service processes, a systematic framework for 
choosing the proper method to measure the environmental sustainability level has been proposed. The first obtained results 
could be the starting point for further research on the topic. 
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1. Introduction  

Environmental performance is becoming increasingly 
relevant in the evaluation of a company’s performance. 
The interactions of company’s value creation processes 
with the ecosystem, through the offer of a product or 
service, cannot be reduced only to compliance with 
customers’ requirements and economic outcome: social 
implication and environmental impacts of all the related 
activities, along the whole product or service life cycle 
constitute a relevant side of direct business effects. Thus, 
sustainability should be an integral part of the concept of 
value creation, which means that business processes needs 
to be measured on three dimensions: economic, social and 
environmental. For the completeness entailed in the 
concept of sustainability, Gunasekaran and Spalanzani 
(2012) state that sustainability at a strategic level should be 
considered similar to agile manufacturing, lean production 
and business process reengineering, which are functional 
to reach objectives of efficiency and efficacy. With this 
perspective, a predominant trend is pushing companies to 
reduce their overall environmental impacts through more 
or less important changes, involving their operational, 
tactical or strategic levels, going from small procedural 
variations to deep reengineering processes. This 
orientation towards a sustainable economy is mainly 
driven by market pressures, thus by the need to increase 
competitiveness, and by regulations (Colicchia et al., 
2013). 

In this context, the servitization phenomenon, which is 
leading manufacturing companies through a transition 
from pure product-based offerings towards product-
service systems, can be seen as a way to reach higher 
resource efficiency and a reduction of environmental 
impacts, as well as higher customization resulting in 
differentiation strategies that allow to increase long-term 
competitive advantages (Parida et al., 2014), thus, 
contributing to switch from a mono-dimensional vision 
focused mainly on the economic value of the business to 
one based on the three pillars of sustainability. This is 
happening also in the industrial sector, where industrial 
PSS offerings are becoming more and more diffused as a 
more sustainable way to improve company’s profitability.  
It is then clear the main reasons why the scientific 
research in the last years is strongly focusing on methods 
and tools to evaluate, support and spread sustainability in 
the industrial sector: companies, as well as the scientific 
community, need a framework to support the transition 
from a profit-centric concept to an integrated vision of 
the business and its interactions with the environment and 
society. This paper starts from these considerations, 
studying the connections between industrial PSS and 
sustainability, focusing concretely on environmental 
performance metrics for field and logistic services.  
In the remaining part of the paper, after a short 
introduction to environmental performance measurement 
in section 2 and a brief discussion about industrial PSS in 
section 3, two case studies are presented (section 4) and a 
brief literature review about methodologies for the 
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evaluation of environmental sustainability is reported in 
sections 5 and 6. Finally, section 7 reports a proposal of a 
systematic framework to define environmental metrics for 
logistic and field service sectors. Discussions and 
conclusions about the cases are drown in the last two 
sections, as well as envisaged lines for further research.  
 
2. The importance of environmental performance 

measurement 
Several motivations can be found behind the intent of a 
business to measure its environmental sustainability, from 
the need to evaluate and report performance to the aim of 
identifying inefficiencies in the process, to the 
establishment of new objectives (Björklund et al., 2012). 
In all cases, to manage the environmental dimension of 
their businesses, companies need to implement a loop of 
activities that could be represented following the Deming 
Cycle (Figure 1: The Deming cycle applied to 
environmental management ). These activities should 
include: 

- a planning phase, when the company points out 
pictures the situation “as is”, measuring its current 
environmental performance, and sets an 
improvement strategy based on defined targets; 

- an operative phase, where the strategy is implemented 
through the interventions previously defined; 

- a control phase, necessary to test the real efficacy of the 
strategy adopted and measure the distance from the 
targets; 

- an action phase, when continuous improvement 
concept is applied as changes are made to improve 
the results.  

 

Figure 1: The Deming cycle applied to environmental 
management  

In this scheme, the environmental performance 
measurement assumes a critical importance, being a 
crucial activity both in the planning and in the control 
phase. For this reason, different tools and methodologies 
have been developed in the last decades to measure the 
environmental performance of a process, a product or an 
organization (Čuček et al., 2012; Herva et al., 2011), but 
just a few of them have been applied to industrial services 
and PSS. Moreover, the relationship between the object of 
the environmental analysis (it might be a product, a 
process, an organization or a service) and the choice of 
the most fitting methodology it is not so clear.  

3. A brief discussion about industrial PSS 

IPSS, defined by Johansson and Olhager (2004) as “the 
supply of after-sales services, including tangibles such as 
spare parts and consumables, related to the maintenance 
of industrial goods”, are being widely studied and several 
authors have proposed their classification method with 
the aim of providing a general framework for the 
comprehension of this relatively new and fast growing 
field. As observed by Tukker (2013), the scientific 
contribution about PSS in the last decade focused on 
three areas of research: (i) PSS conceptualization and 
terminology, (ii) PSS design methodologies, (iii) business 
and environmental (dis)advantages of PSS.  
Regarding conceptualization, Parida et al. (2014) classified 
IPSS in four main categories, based on a business model 
logic, also according to the degree of focus on services: 
basic and maintenance services, more product-oriented, 
R&D and functional services, defined as result-oriented. 
Another study, done by Kohtamäki et al. (2013), analyzes 
the most relevant classifications of IPSS according to 
service dimension and proposes a new taxonomy, 
according to which services are divided in six categories: 
maintenance, R&D, customer, finance / insurance, 
performance and procurement. Although there is not yet a 
shared vision about IPSS classification, next to the well-
known Tukker framework, which identifies three main 
categories of PSS (product-oriented, use-oriented, result-
oriented) (Tukker, 2004), we can notice a tendency to 
identify service classes according to their operational 
phase (Parida et al., 2014; Kohtamäki et al., 2013). 
This study can be framed in the third area highlighted by 
Tukker (2013), particularly on environmental performance 
measurement. Starting from two industrial cases, one 
from the maintenance sector and the other related to 
functional services, we aim to answer to the next question: 
How to choose the most effective method for measuring environmental 
sustainability, when the object in analysis is an industrial PSS?  
To answer this, a literature analysis about environmental 
performance measurement in reverse logistics and 
maintenance has been conducted, and a framework to 
select the most appropriate tool has been proposed, based 
on the main strengths and weaknesses of the 
methodologies selected and on the identification of 
specific operational and organizational needs. 

4. The industrial cases: main issues 

Two cases have been evaluated as a starting point for this 
study, one in the field service sector and the other one 
regarding reverse logistics, both of them considering the 
implementation of an industrial PSS. The objectives of 
both cases are related to the resolution of an industrial 
problem at a strategic level of analysis, with two possible 
scenarios. Each scenario entails an environmental impact, 
which has to be evaluated in order to gain more inputs for 
the further decision-making process related to the best 
solution to be implemented in each case. 

The first case concerns maintenance field service for 
machine tools. The development of ICT-based 
applications enables new opportunities to provide field 
maintenance services that can bring benefits to both, the 
owner of the machine and the service provider. The case 
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under study considers an Original Equipment 
Manufacturer (OEM) that brings up two alternative field 
service offerings to its customers based on different 
maintenance policies. The first service offering involves 
the provision of corrective maintenance whenever the 
machine stops working or the owner detects a sign of 
quality loss. The second one is based on the assessment of 
machine health condition, thus involving a condition 
based maintenance approach leading to a reconfiguration 
action that allows the machine to continue working 
providing quality outputs, but at reduced speed. To 
evaluate the best option for each customer, an economic 
and environmental impact analysis should be performed 
for each customer’s specific case, in order to determine 
which are the visible and hidden maintenance costs and 
how to measure the main environmental impacts to 
consider in each service offering. The first one assures a 
machining speed but may incur in some quality losses and 
unavailability penalties, while the second one would assure 
the output quality and machine availability though 
compromising the machining speed. These issues affect 
the customer’s business model and his choice regarding 
the field service offerings, according to the economic and 
environmental performances, which seem to be the 
adequate input to take the best decision. 

The second case is about reverse logistics, in particular 
pallet management. When a company needs to transport 
and ship goods, pallets represent the most wide spread 
tool used to move items in order to optimize 
transportation costs (Gnoni and Rollo, 2010). One critical 
decision affects the reverse logistics of empty pallets and 
two approaches are considered here: the first one is a 
simple one-use approach, in which the business delivers 
the goods and the pallets, without getting them back. In 
the second one pallets are recovered through a reverse 
logistics process, so that they can be used again for further 
shipments. Each alternative determines different 
economic and environmental consequences. Even if 
economic outcomes have been analyzed by a few authors, 
(Lacefield, 2004; Ray, Michael and Scholnick, 2006; Gnoni 
et al., 2011), studies about the environmental impacts 
evaluation of the two options are still lacking. It is well 
known that, in the big picture, the reuse policy instead of 
final disposal has to be preferred from an environmental 
point of view. On the other hand, if the frequency of 
shipment is low enough, a reverse logistic process could 
end up being less environmental and economically 
convenient than a throwaway policy.  

In the two cases considered, the selection of an adequate 
environmental performance measurement methodology is 
essential to evaluate the outcomes of the alternative 
scenarios under different conditions and quantify their 
environmental gains or losses. 

5. Measuring sustainability in the reverse logistic 
and maintenance sectors: a brief state of the art 

Gunasekaran and Spalanzani (2012) remark that there are 
many attempts of defining performance measures and 
metrics (PMM) for sustainable business development in 
manufacturing and services, but a clear framework 
involving the strategic, tactical and operational levels is 

still lacking. In particular there is still the need for an 
integrated methodology for measuring and reporting the 
environmental impacts of operations and processes 
(Colicchia et al., 2013). As an example, Meier et al. (2013) 
propose a framework based on KPI to measure the 
performance of industrial services, but they only focus on 
the economic dimension through some process efficiency 
indicators, not considering at all the environmental side. 
Only few papers deal with environmental performance of 
industrial services, especially considering reverse logistics 
and maintenance industrial services. 

An empirical study by Colicchia et al. (2013) investigated 
how environmental sustainability is enhanced by logistic 
service providers, including reverse logistics as well as 
packaging management sectors. The three companies 
cases studied reveal that methodologies used to measure 
the environmental performance were mostly focused on 
carbon efficiency (Carbon Footprint, GHG emissions). 
CO2 emissions have been considered as main indicator of 
environmental sustainability also by Björklund et al. (2012) 
in their study about the environmental performance 
measurement in a supply chain: they analyzed the 
performance of a reverse logistics system for drinks 
bottles, but considered only marginally other emissions 
and energy use. Other two studies in reverse logistics 
systems were based on carbon emissions: Kannan et al. 
(2012) proposed a mixed integer linear model to minimize 
the total cost in a case study from the plastic sector, 
including CO2 emissions, while Accorsi et al. (2014) 
studied the environmental impacts associated with the life 
cycle and reverse flow of reusable plastic containers in a 
multi-scenario analysis, using the LCA methodology to 
calculate CO2 emissions. LCA has been used in other two 
examples of reverse logistics systems: the first one is a 
case of lead-acid batteries recovery chain (Daniel et al., 
2003) also supported by the application of the analytic 
hierarchy process (AHP) for the evaluation of different 
scenarios (Daniel et al., 2004). In the second one, LCA 
helped to shed a light on the environmental gains of 
returnable industrial packaging compared to disposable 
one (Silva et al., 2013). The same two performance 
metrics (i.e. CO2 emissions and LCA results) have been 
applied also to evaluate the environmental outcomes in 
some case studies in the field maintenance sector. The 
effects of preventive maintenance on energy consumption 
of machine tools have been modeled by Yan and Hua 
(2010) together with the assessment of carbon emissions, 
according to the Climate Registry standard. Calvo and 
Domingo (2013) introduced a new indicator to facilitate 
maintenance management in industrial plants: CO2 
emissions (ton)/Production (ton) were used to evaluate 
the efficiency of maintenance in a paper manufacturing 
plant, based on a report from the Spanish Ministry of the 
Environment. Macchi et al. (2013) considered the life 
cycle energy consumption to compare the environmental 
and economic performance of preventive and corrective 
maintenance policies through a system dynamics model. 
Finally, another study proposes a framework for an 
economic and ecological analysis of three maintenance 
policies (failure-based, block-based and use-based), 
through the integration of life cycle costing and life cycle 
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assessment, validating the model through the case study of 
a cutting tool (Van Horenbeek et al., 2014).  

This first literature analysis reveals that, among all the 
methodologies available, most authors prefer to estimate 
environmental impacts related to maintenance activities or 
reverse logistic flows through the use of a carbon 
emission indicator, either calculated as carbon footprint 
(CF) based on ISO family 14040, or as CO2 emission 
referring to less widespread standards. A few studies used 
LCA, which allows considering multiple environmental 
impact categories, both in single assessments analyses and 
comparative studies. The reasons behind the more spread 
use of carbon indicators compared to other methods 
might be found on one side in the high relevance that 
public and governments give to climate change and GHG 
emissions, on the other side to the simplicity and 
immediacy of CF, which makes this metric more easily 
understandable by people and useful to compare different 
studies (Accorsi et. al, 2014). Nonetheless, LCA is 
considered as the base to calculate carbon footprint, and it 
has been used in literature as a tool to evaluate the overall 
environmental impacts of a process. 

6. Other possible methodologies to measure 
sustainability in the industrial service sector 

The state of the art so far showed that LCA and CO2-
based indicators are currently the most spread tools for 
environmental assessment in the reverse logistics and 
maintenance sectors. The possibility to adopt other 
known tools to reach the same objective is explored in 
this study. Thus, other methodologies have been analyzed 
according to two criteria: (i) the existence of an 
international standard defining their use, which guarantees 
a certain comparability of scenarios and results, and (ii) a 
life cycle perspective, characteristic that allows accounting 
the environmental impacts from cradle to grave. 
Following these principles, two more methods have been 
selected: the Ecological Footprint (EF) and the Water 
Footprint (WF). 

The EF methodology evaluates the biological capacity of 
the planet required by a given human activity or 
population, measuring the amount of productive land 
required, including the demand for food, crops, timber, 
energy, space for infrastructure and the area needed to 
absorb carbon emissions generated (Fang et al., 2014). It 
gives an indication of the combination of different 
impacts, allowing to consider all the impact categories 
defined by the ISO 14044 standard (European 
Commission, 2012). Standards have been provided by the 
Global Footprint Network (2009) and the European 
Union (European Commission, 2012). The WF provides 
single-impact information about a product/service. It 
indicates potential environmental impacts related to 
freshwater on the base of an LCA, identifying the total 
volume of water consumed or polluted over the full 
supply chain of the good/service, considering also the 
current state of the hydrological basin from which the 
water is taken (Hoekstra and Hung, 2002). Standards for 
the WF are available: in addition to the Water Footprint 
Network standard (Hoekstra et al., 2011), the ISO 14046 
has been published in July 2014. Both these metrics, as 

footprints, describe somehow the burden posed by human 
activities on the environment, translating this pressure in 
traditional units of measure (i.e. global hectares, volume). 
This makes them highly comparable and easy to 
understand also for the public, just like the CF, which is 
the main advantage of footprint indicators. 

Table 1 summarizes the main strengths and weaknesses of 
the methodologies considered, derived from different 
studies (Čuček et al., 2012; Herva et al., 2011; Fang et al., 
2014; Jeffries et al., 2012). 

Table 1: Main strengths and weaknesses of the selected 
methodologies  

Method Impact 
categories 

Strengths Weaknesses 

CF Global 
warming 

Intuitive 

Easy to 
communicate 

Single impact 
category considered 

EF All ISO 
14044 
impact 
categories 

Intuitive 

Comparable to 
the available 
area 

Methodology 
continuously 
improving  

Single score 
index 

Multiple 
dimensions 

Problematic 
conversion of data 
to area units 

Limited availability 
and high uncertainty 
of data 

Geographic 
specificity 

WF Resource 
depletion - 
water 

It provides a 
broad 
perspective on 
water 
management 

Easy to 
communicate 

Environmental 
impacts related to 
water used are not 
calculated 

Lack of data and of 
uncertainty studies, 
above all in industrial 
processes 

Geographic 
specificity 

Single impact 
category 

LCA All ISO 
14044 
impact 
categories 

Exhaustive 
analysis, more 
categories 
considered 

Different 
perspectives 
accounted 

It requires extensive 
databases 

Time consuming 

Not immediate 
interpretation 

 

7. The framework proposal 

Considering the literature analysis presented in section 5, 
we can state that environmental impact measurements in 
the selected industrial sectors are mostly run for two main 
aims, both coherent with the Deming cycle drawn in 
section 2: (i) the evaluation of a process environmental 
efficiency or (ii) the comparison of alternative scenarios 
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for decision-making. The industrial cases presented in 
section 4 can be also included in the second group.  

The choice of a proper measurement methodology needs 
to be related not only to the purpose of the analysis, but 
also to some other key points that can be classified in two 
dimensions, the technical / operational dimension and the 
contextual / organizational dimension, as proposed in the 
decisional framework drawn in Errore. L'origine 
riferimento non è stata trovata.. 

 

Figure 2: Decisional framework for selecting an 
environmental performance measurement methodology 

The operational level refers to the PSS provision 
processes and its technical requirements. The first input 
for the choice of the appropriate tool should come from 
an analysis of the PSS provision processes, their main 
activities and their actual environmental impacts that need 
to be monitored. This step allows selecting the main 
impact categories reflecting the actual critical impacts of 
the process in analysis, thus orienting the choice towards a 
methodology able to measure them. 

On the other side, several choice factors not depending 
on technical requirements of the industrial process exist, 
to which we refer as “organizational dimension”, that is 
the context in which the problem has to be faced, with its 
constraints and main drivers. As an example, we propose 
some possible influencing elements usually driving the 
decisional process in reality, determining the feasibility of 
the analysis: 

1. Users: if the analysis is run not only for internal 
purposes, but also to communicate the results to 
other actors (e.g. public institutions, customers, 
partners,…), this will probably push the 
company to adopt a more simple and easily 
understandable method; 

2. Resource availability (human, material and 
economic), as more complex tools require more 
skilled human resources;  

3. Time availability, as some methodologies (e.g. 
LCA) can be considerably more time consuming 
than others;  

4. Main focus of the analysis: some tools can be easily 
integrated with economic evaluations, unlike 
others (a CF can be used to account the carbon 
emissions that will be translated in monetary 

terms, or a LCA can be integrated with a life 
cycle costing – LCC). 

Other significant contextual elements could be found, 
depending on the context, but this research goes beyond 
the aim of our study. 

8. Discussion 

This preliminary study represents the basis for further 
analyses about environmental performance measurement 
in industrial services. The first critical point can be found 
in the small number of studies found in the state of the 
art; this research gap has been remarked by several 
authors (Gunasekaran and Spalanzani, 2012; Colicchia et 
al., 2013). Also the choice to focus only on standardized 
and widely known methodologies could be seen as a 
limitation, but section 5 underlines that very few of the 
many existing tools for environmental impacts 
measurement are actually used in industrial contexts.  

Focusing specifically on the framework proposed in 
section 7, we did not specify how to analyze the provision 
processes in order to define the operational context. In 
this phase, different tools can be used by the company, 
according to the degree of analysis desired. Additional 
research could be carried out to better draw this step and 
study more in depth the connections between PSS 
providing processes and impact categories definition. 
Moreover, more specific research regarding the influence 
of the organizational context on the feasibility of the 
methodologies’ application can be an interesting 
contribution for the extension of this framework. 

Finally, the two industrial cases presented have been used 
as a starting point to understand the dynamics behind the 
decisional process about environmental measurement in 
the industrial sector, but the framework has not been 
implemented to give them a possible solution. This could 
be the focus of a further study.   

9. Conclusions 

The study carried out presents a possible framework to 
select the most fitting environmental performance 
measurement methodology in an industrial PSS context. 
Starting from two industrial cases, in which the focus was 
the environmental comparison of two alternative PSS 
approaches for decision making at a strategic level, the 
state of the art analysis in current literature revealed how 
mainly two methodologies have been applied in this sector 
so far. Considering other standardized and consolidated 
tools, their main strengths and weaknesses and the impact 
categories on which they are based, a decisional 
framework has been built with the aim to drive companies 
in the choice of the most appropriate instrument for their 
analysis, according to the process characteristics and to 
the organizational context. Further researches are 
suggested for the extension of the framework and its 
application to case studies. 
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