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RESEARCH ABSTRACT

Environmental sustainable development topic is increasingly at the centre of international interest.
During the last decades, environmental issues have evolved from pollution and depletion of natural
resources towards globimlsues such as climate change. Industrial organizations are exposed to risks
that could undermine their market competitiveness: operative risks, financial risks, compliance risks and
Market risks. In this global context, industries need of a robust Emeental Strategy for improving

their competitiveness and proactively manage related risks and opportunities. In the last years, the
concept of life cycle environmental management has increased its importance stressing the need of
organizations manage allgtenvironmental impacts generate by their activities and products along all
values chains with a life cycle perspective. The management of life cycle performance is a
multiperspectiveissue and requires the use of multiple Environmental Management Ed4IS) to

be addressed. The scientific community has responded developing many methods for multiple EMTs
use.

From scientific literature review several limits of current method for multiple EMTs use emerged that
are circumscribable in six different criticafeas: 1. environmental impact assessment, 2. Resources
consumption assessme8tperformance evaluatiod. ecoinnovatia (Eco Design, Eco Efficiency}.
strategic decision making and 6. strategy & management. These limitations do not allow cotopanies
have a robust and complete management of its life cycle environmental performance and therefore limit
the opportunity to develop strategies that reduce the environmental impacts of the organization and its
products.The present research focuses on theetbpment and application at industrial level of a new
method to combine environmental management tools (EMTS) to improve the life cycle environmental
performance of industries. To do so the specific objectives of the research were the develop of a new
method to combine EMTSs to overcome identified criticalities and test its applicability and effectiveness
to improve life cycle environmental management performameereal industrial case study.

The methodologyof the research took into consideration theviEbnmental Management Drivers
(EMDs), the Environmental Management Barriers (EMBSs), the integration/combination mechanisms,
the available EMTSs, and the limits of already existing methods in the definition of the new method and
the single case study methto address and discuss its applicability and effectiveness at industrial level.
The development of the new method Organizational Environmental Sustainability System (OES2) is
addressed in the first part of the research. The method has been develobmihgoseven different

ISO EMTs: Organizational Life Cycle Assessment (ISO/TS 14072), Product Life Cycle Assessment
(ISO 1404044), Environmental Performance Evaluation (ISO 14031), Ecodesign (ISO/TR 14062),
Ecoefficiency (ISO 14045), Environmental ManagemSystem (ISO 14001) and Communication &
labelling tools (ISO 140224-21). In order to face all identified gaps and improve the operatively
implementation of the method the concept of STEM (Supportive Tools to Environmental Management)
has been introded. Eight different STEMs have been implemented by OES2 method giving operative
support to all implemented EMTs: Multiscale LCA (MLCA), a new mathematical model that carelate

all the assessment scales (organizational, product, process); the Envirorimemttdry Database

(EID) and Environmental Results Database (ERD), that petm@éutomatize the data collection and

the result management processes; the Eco Environmental Keyperformance AnalyZzeKAxcthat

permits to perform the performance evalmatand the performance tracking with a multi scale
perspective, the EcoDesign Simulation Dashboard-(ESD), that permits to provide a work space to
designers to simulate new ecodesign project and compare the environmental performance, the Indicator
of Work Environmental Efficiency (IWEE), that allows to assess the level of ecoefficiency of industrial
processes and provisisolutions to improve the process management, the Strategic Environmental
Decision Making module (SEDM module), that suppahd inceass the use of statistical and
mathematical approaches to support decision making processes, and finally the Environmental



Sustainability Strategy Model (ESSM), that suppthé validation of environmental strategy at product

and organizational level.

The applicability and effectiveness of OES2 mettwmanprove life cycle environmental management
performanceis presented in the second part of the thesis. The industrial application has been conducted
in Acqua Minerale San Benedetto S.p.A., one of thetrimaportant player in the beverage sector in the
world. Six different tests have been performed in order to stress OES2 method in all six critical areas of
environmental management. Results of the applicability of OES2 method have shown the importance
to assess environmental impacts with a multiscale approach, the importance to introduce STEMs in
order to support the operative implementation of EMTs and the importance to combine EMTSs in order
to achieve a comprehensive environmental management approac®EBR methods has improved

the life cycle environmental management performance of San Benedetto S.p.A. in all the six critical
areas.

The research activities were carried out at the Department of Industrial Engineering of the Padova
University and at theompany Acqua Minerale San Benedetto S.praifly production site of Scorze).

The results of the research activities are summarized in 6 chapters.

Introduction introduces the issgeof environmental management and the need to use methods to
combine EMTs The scope of the research, the objectives, the dissertation structure and the research
methodology are described.

Chapterl: first part of material & methods, it reports on the scientific literature review to identify limits

of available methods and reced characteristics to be consider for the development of the new method:
Environmental Management Drivers (EMDs), the Environmental Management Barriers (EMBs), the
integration/combination mechanisms, the available EMTs, and the already existing metinaasble

EMTSs use.

Chapter2: second part of material & methodstéports orthe development of the OES2 methods and

the methodological development of STEMSs.

Chapter3: presents the results of the industrial application tests carried out in San tBeSegeA.
focusing the attention on how the OES2 method permits to solve the identifissrgdife cycle
environmental management performance of the organization.

Chapter4: presents the discussion on the results with referenadready publishedmethods for
multiple EMTs use and objectives of the research.

Chapters: reports on research contributions and perspectives for future researches.

Keywords: Combination oenvironmental management tools, Life Cycle Management, Organizational
Life Cycle Assessment, Industrial environmental sustainakbifityfiscale assessmehtCA applied to

large products portfolio.
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1. Introduction to the research

Environmentalsustainable development topic is increasingly at the centre of international interest
(World Bank, 2017, WMO, 2017; UNFCCC, 2016; UNEP, 2016; EC, 2014; USEPA).2ZRaBman

et al. (2012)defines being environmentally sustainable as doing business in thatagduces waste,
conserves energy and promotes environmental heptgwventing damage to the natural environment.

The environmental sustainability is one of the three pillars on which the sustainability concept is based
on, following the triple bottontine model UNEP, 201} diffused at industrial level (Kannegiesser et

al., 2015). During the last decades, environmental issues have evolved from pollution and depletion of
natural resources towards global issues such as climate change. Climate clamegefithe most
daunting challenges human kind has ever faced (Balint et a., 2017) and requires the adoption of prompt
and effective innovations in industrial sector (De Stefano et al., 2016). This phenomenon is changing
the global climate, producing pestnt mutations such as: global temperature increasing, modification

in rainfall, sea level raising, glaciers melting, increasingxtreme climatic events probability, etc.
(IPCC, 2013). Naturakesources conservation is another key aspect of sustad@lgdmpment (Rimos

et al., 2014) but in the last decades anthropogenic activates have determined resource depletion making
scarce resources such as: freshwater (WWAP, 2012; UNEP, 2008), fossil oil (Brown et al., 2014;
Rozenberg et al., 2010), land (UNE®14; EC, 2012), minerals and metals (Henckens et al., 2016;
Henckens et al., 2014). The last key aspect regarding to environmental sustainable development is the
mitigation of the negative effects related to industrial polluting emissions in the differdéranmental
subcompartments (e.g. air, water, soil). These emission in many cases are responsible of negative
effects on human health (Wang et al., 2016; Tanaka, 2015) and of biodiversity lost (Lafuite et al., 2017,
Cardinale et al., 2012). Several itiobl and scientific initiatives are taking place at international level

to face issues related to environmental sustainability. At political level, the most significant example is
represented by the 21st Conference of Parties (COP21) held in Paris 2ltthés one of the most
significant international event on climate change fighting where 195 countries have adopted the first
universal and legally binding agreement on the world climate. The agreement sets out a comprehensive
action plan to bring the wiat back on track to avoid dangerous climate change by limiting global
warming well below 2°C (EC, 2016). Another significant example can be found in the 2030 Agenda for
Sustainable Development (UN, 2015a; UN, 2015b) and in the 7th Environmental ActioarP(&g\P)

that is the policy document that defines the European Union's policy on the environment until 2020 and
that is the foundation for the programming until 2050 (EC, 2013a). Instead at the scientific level, the
United Nations Environment Program (UREand SETAC (Society of Environmental Toxicology and
Chemistry) are two of the most important organizations that promote initiatives for methodological
improvement, increasing case studies application of environmental management practices. Examples of
initiatives are: Life Cycle Initiative with flagship projects that start from methodological aspects related
to environmental impact assessment to projects on life cycle management (SETAC, 2017); WULCA an
international working group for the creation of a aamsual and consistent framework to assess,
compare and disclose the environmental performance of products and organizations regarding
freshwater use (Pfister et al., 201Apwever, some contradictions at international level exist and the
rescission of cthate agreements by the US on June 2017 is the most relevant evidence where political
coiches overlook the overwhelming scientific evidence on climate change (Savo et al., 2016). According
to somescientiststhe US exit could reinforce the Paris accordhose their facade membership would
weaken the commitment (Kemp, 201However, in this global contexindustrial organizations are
exposed to risks that could undermine their market competitiveness (WEF, 2017).
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Figure 1 The Global risks landscape (WEF, 2017)
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Figure 2 The Global risks perception of future (WEF, 2016)

In fact, it is important to notice as in the global risks landscape elaborated from the World Economic
Forum (figure 1) environental related aspects are among the most impactful and likely (score over the
average). Furthermore, as shows in figure 2, in the next 10 years is foreseen that the relevance of climate
change and water crises (exacerbate from climate change) will inoréasas of impact and likelihood

(WEF, 2016).
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Figure 1 shows as aspects related to environment and resources have a key role for industrial
competitiveness generating diverse types of industrial risks (Gasbarro et al., 2017:TeEkijide. O.,
2017):

9 Operative risks: industrial risks related to access and availability of strategic resources;

9 Financial risks: industrial risks related to energy and resources shock price;

9 Compliance risks: industrial risks related to change in regulation and administrative

procedures;

1 Market risks: industrial risks related to corporate responsibility and reputation on the market.
Operative risks are connected to changes on strategic resources availability and may be the effect of
changing environmental regulation (Pinksalgt2016) or of depletion processes (Mudd, 2010). Current
examples of operational risks are related to access to water in many world regions that have become
scarce in the last years for overexploitation and for climate change effects (WWAP, 2012). In th
specific, Northey et al. (2017) have putted the attention as the access to water is a potdinteal
factor for mineral extraction industries. Another example can be related to access to minerals and metals
such as: leadinc (Mudd et al., 2017), copp (Sieger, 2017), indium (Werner et al., 2017). Financial
risks are instead related mainly to two aspects: increase of production cost and reduction of marginality
due to increase of resources costs (Gasbarro et al., 2017) and to bad societyaeatsss to financial
loans Peutsche Bank, 201RVittneben et al., 2009) or sk premium rates (Busch et al., 2007).
Examples can be related to effects of energy shec
or on United States industries (Leeagt 2002). Another example can be related to effects of other
commodities shock price on Australian industries (Knop et al., 2014) or -pnobyct metal sector
(Redlinger et al., 2016). Compliance risks can have profound impact on business growth and
profitability and can take the form of regulation emissions of products or processes such as carbon taxes
of EU ETS schemes (Fan et al., 2017; Wolf et al., 2011). Examples of compliance risks are related to
resources lead to severe damage to humans, seciti@ the environment during extraction,
combination, use and/or ewdlife, (e.g. tantalum mercury and cadmium) where governments have
introducel various regulations to limit thextraction andndustrial application (Miehe et al., 2016;

Miehe et al., 205). Finally, market risks, are the last mentioned but not the last in terms of relevance.
Market risks are related more often to difficulties in access to market where are established barriers
regarding environmental products performance evaluation (Elilal., 2011). The introduction on
2010 of the French | aw ALe Grenelle de | 6Environ
barrier (Laperche et al., 2013). Another relevant aspect of market risk is related to corporate reputation
(Zeng etal., 2011) that is a valuable asset for customers, institutions, stakeholders and employees and
that can be ruined if the company pursues to use products, processes or practices with a negative impact
on the climate (Lash et al., 2007). This risks peroapiias been confirmed also by other stakeholder
surveys promoted by international institutes that have a central role in development promotion such as
the World Bank (2016) and that have a key role in financial services of loans grating such as Deutsche
Bank (2017).

However, changing perspective, if well managed, the challenge of climate change and environmental
management could represent an opportunity for companies in order to gain competitive advantages
(Cadez et al., 2016). In fact, business exposure to suchanskepportunities may represent a driver

for coping with environmental management (Bui et al., 2017), because, often, the identification of
environmentatelated risks and opportunities is considered one of the first steps for designing and
implementing avironmentalrelated strategies (Weinhofer et al., 2013). Therefore, starting from the
concept that a company's risk may be another company's opportunity, it is clear that early perception of
risks, in a mediuntong time frame, can allow companies to depe§ireen products and processes to

get strategic market opportunities (Liu et al, 2017; Boiral, 2006). These opportunities are related mainly
to: reduction of cost production, increase products differentiation through development and introduction
in the maket of new green products and technologies and improvement of relationships with
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stakeholders (Liang et al., 2017; Liao, 2016, Burritt et al., 2011). The first opportunity is related mainly
to optimization in raw material supply chain and to improvemeoperational ecoefficiency (Gasbarro

et al., 2017). In fact, ecoefficiency promote reduction in resource consumptions (Yang et al., 2016). The
second opportunity is related to the possibility of undergoes changes in consumer needs (Maniatis et al.,
2016) in a market where consumers are increasingly sensitive to environmental sustainability as
underline in the Flash Eurobarometer on attitudes of Europeans regarding green products and
technologies (EC, 2013b). In faatthough the green market representsuati0% of the global market
(Nielsen, 2017)it is in continuously growing over the last ten years (Triodos Bank, 2016). About 26%

of European companies already offers green products, while another 7% are planning to do so in the
next two years (EC, 2015)Iso, the market of green technologies is in strong expansion with a relevant
number of new patents with specific features in climate change mitigation and resource consumption
reduction (Su et al., 2017; Raiser et al., 2017). The third opportunitytpeonthe companies of obtain

better relations with regularity institutions, suppliers, customers and other strategic stakeholders (Phan
etal., 2015). In the last years more often these external and internal factors have become the main drivers
for compaies to undertake green strategies (Gotschol et al., 2014; Min et al., 2012). Considering the
International developments regarding climate change policy previously mentioned (e.g. COP 21, US out
from climate agreement) the ecoefficienewn opportunitypecause it allows organizations, by reducing
resource use, to reduce production costs and environmental impacts (Ge et ake@0¥f;al., 2016).
Therefore, in this global context, industries need of a robust Environmental Strategy for improving their
competitiveness and proactively manage related risks and opportunities {Gapezro et al., 2016;

Jorge et al., 2015). The insertion of the environmental strategy in the general strategy of organization
can generate more or legsuctural effects (Longomt al., 2015) that can be conducted the organization

in pathways of deep modification or substitution of their products (Depping et al., 2017), process
technologies (Sun et al., 2017) and of production localization in the case of multisite organizations
(Validi et al., 2014). In order to manage environmental aspects and to develop environmental strategies
the organizations have increased the need of environmental management tools (EMTs) (Horisch et al.,
2015). These tools from one side, permit to assesalaatvironmental performance and find hotspots,
while from the other side permit to have a-pative perspective to assess with multi scenarios the
potential environmental performances of new alternative productive solutions at product, process and
orgarnzatioral level. In general, the EMTs can be divided in two main class: pradigsited EMTs

and organizatiosl-oriented EMTSs. The first type is represented by tools that are oriented to assess the
environmental performance products and support eco desigesses. The oldest of these tools, such

as MIPS (Material Input per Unit d&ervice) (Ritthoff et al., 2002roduct SFA (Substance Flow
Analysis) (Antikainen et al., 2005) anBroduct EnergyAnalysis (Herendeen, 2004) are oriented to
assess inventorgspects related to data resources consumptions management. The most recent tools
permitinstead to across inventory analysis obtaining an environmental impact assessment analysis. Life
Cycle Assessment (LCA) according to ISO 14040:2006 and ISO 140441&mM&006 a,b) is the most
relevant EMT of this type and in general is the most diffused and practical pothrted EMT (Reza

et al., 2014). Others productiented EMTs based on LCA methodology were born in the recent years
under the need of repoifd cycle assessment results addressing specific area of concern, where the area
of concern is a specific environmental topic identify by the interest of society (e.g. climate change, water
management) (Ridoutt et al., 2016). The most relevant examptees# EMTs are: Product Water
Footprint ISO 1404014 (ISO, 2014), Product Carbon Footprint ISO/TS 14067:2013 (ISO, 2013) and
Product Environmentarootprint (EC, 2013c). Regardirigstead to organizatiahoriented EMTSs,
Environmental Management SystenfEMS) ISO 140012015 (1SO, 2015a), Environmental
Management AuditScheme (EMAS) (EC, A¥), OrganizationalLife Cycle Assessment (OLCA)
ISO/TS 14072:2014 (1ISO, 2014)Environmental Organizatiorrootprint (EC, 2013c), Strategic
Environmental Assessment (SEandEnvironmental Risk Assessment (EREC, 2003)are the most
relevant examples where EMS is the most diffused tool in industries (To et al., 2014) with a total of
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319.324 organizations certified ISO 14001 in the world on 2015 (+8% respect to 2@42QE5b).

Each EMT faces specific organizationés environme
impact assessment aspects, data management and communication aspects. These relationship between
specific EMTs and specific environmental managetraspects is the basic concept on which it was
created the ISO 14000 family of International Standards (ISO, 2009). When an industrial organization
formulates an environmental strategy must to take into account all environmental managements aspects
in order to assess which aspects are priorities for its competitiveness and which are not relevant
(Wijethilake, 2017) Therefore, the coordinated use of several environmental management tools is
fundamental in order to make robust the environmental stratethe afrganization (Lockrey, 2015).
However, industrial organizations have a controversial relationship with environmental management
tools because they do not exploit all possible strategic benefits but limit their use (Rossi et al., 2016). In
fact, oftenEMS was used mainly to ensure regulatory compliance (Johnstone et al., 2009) of LCA was
used to obtain product labels for marketing (Lockrey et al., 2015). Furthermore, very often industrial
organizations implement EMT in a standalone way, obtaining raungprehensive environmental
management strategy. This is mainly due to the fact that they find it difficult to understand what
interactions between EMTs can exploit and what positive effects can obtain. Therefore, in order to
overcome this limit there isie need of the conceptualization of EMTs integration methods (Rousseaux

et al., 2017; Runhaar, 2016). In the past years some authors had propose different integration methods
between EMTSs. In the scientific literature, proposals have been developed ifttegration of LCA

and SEA such as for example in the works of: Bjorklund (2012), Loiseau et al. (2013 and Bidstrup et al.
(2015). However, these kinds of approaches have proven useful for public organizations but are not
oriented to industrial organizatis. In fact, the main applications regard the spatial land planning topic

at municipal level. The integration between LCA and ERA have been proposed for the first time by
Owens (1997) with the objective to support the evaluation during the life cydhemicals in order to
respond to the chemicals | egislation according
consider all stages ofthelitey cl e of the substance resulting fr
if a chemical safety assessménrequired. Industrial application of this method has been proposed by
Sonnemann et al. (2004) and different applicatiomse later realized such as water quality
management (Kobayashi et al., 2015) and in chemical production (Walser et al., At 4host

relevant EMTs integration proposddr environmental management in industrial organizations is
between LCA and EMS. It was proposed for the first time by Finkbeiner et al. (1998) while subsequent
proposals were made by Khan et al. (2002), Rebétzat. (2005) and Lewandowska (2011). Different

case studies have been performed to apply this method at industrial level such as: pulp and paper sector
(Gaudreault et al., 2009), waste recycling sector (Liu et al., 2012) amehbie sector (Manfredi at.,

2013). In addition to the integration between EMTs, many authors agree that to develop an approach
that can robustly support the environmental strategy of an organization, it also serves to integrate tools
that supports the implementation of EMTse$h tools could be support for example data management

and decision making processes. The first type of tools is oriented improve data collection and
understanding at input and output level (Kouzokias, 2016; Eun et al., 2009). In the second type are
included tools oriented to identified more appropriated solutions: Multi Criteria Decision Analysis
(MCDA) (Cinelli et al., 2014), multi objective mathematical models (Validi et al., 2015), other statistical
and simulation tools (Ronnlund et al., 2016; Theodosioal., 2015) are the most important examples.
Despite these attempts of EMTSs in general, currently industrial organizations face criticalities in at least
one of the areas on management of life cycle environmental performance listed below:

Environmental impacts assessment

Inventory resources consumptions assessment

Performance evaluation & performance tiagk

Ecoinnovdion (Ecodesing, Ecoefficiency)

Strategic decision making

(0]
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6. Strategy & management
In fact, no methodological frameworkrf&MTSs integration has been already proposed in order to face
in a holistic way all previous emerged life cycle environmental management areas. Integration of
different tools is heeded to ensure all environmental aspects are appropriately identifieledarid
managed (Guenther et al., 2016; Buttol et al.,, 2012; Lozano et al., 2012). It emerged as natural
consequence of using the most correct tool for each specific environmental management issue.
This introductory chapter is organized as follows:
Secton 1.1: presents a background to the research;
Section 1.2: presents the scope of the research;
Section 1.3: presents the research objectives;
Section 1.4 presents #h structure of the dissertation;

Section 1.5: presents the research methodraibdodology

—a —a —a _—a _a

1.1. Background to the Research

The need of the industrial organizations to address environmental sustainability issues is very increase
in the last years. The Economist Intelligence Unit (EIU) warns that even if global warming is held at
plus 2 dgrees Celsius by 2100, private investors may lose 4.2 trillion USD on the value of their holdings
from the impact of climate change (The Guardian, 2015). The importance of this topic is reflected also
in the trend of scientific research activity that isgiderably grown from the beginning of 2000 to today

and it is more intensive in countries with developed economy (see figure 3).
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Figure 3 Trend of scientific research activity on environmental supply chain management (Rake2@t7)

Therefore, industries have the growing need to create a robust environmental strategy in order to
improve their competitiveness and to managegutively related business risks (Liu et al., 2017).

This is evident in a growing number of leading mukitional companies investing in environmental
sustainability such as: Siemens, Cisco Systems Inc, Philips, Johnson & Johnson, Henkel, Nokia, Intesa
Sanpaolo S.p. A., S c h n e i M RaribaskPeagedt, ICoca Cola,TAdidas, Sky, L 6 O
Eni S.p.A., LG Electronics, Novartis, Microsoft Corp, Wolters Kluwer, HP, Apple, General Mills,
Unilever and BMW (Forbes, 2017). Often it is common to think companies that invest heavily in
sustainability mightricur higher costs and become less profitable but the returns of the 100 most
worldwide sustainable companies suggest otherwise. An investment of $100 in Global 100 companies

in 2005, it would have been worth $28umisa24 t he ¢
percentage points higher than the ACWI benchmark (Forbes, 2017). Many evidences support the
assumption that environmental sustainability can assist firms in gaining-edéiver advantage and
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achieving a longerm sustained competitive advage (Wong et al., 2012; Figge et al., 201Zf)e
corporate sustainability strategy according to the model proposed by Lozano et al. (2015) born to
respond to internal and external factors (see figure 4).

P
Raising e
" Social ™ . _shudent > \;3:|::a>
Slﬂkehulders)\\legmmacy \awiri"f_ss/ Competiters ™

Corporate am:l
brand reputatlan

( expecratmns bench marklng/
’Generatefrestore l }
L st \ corp”’Susg,

~Licen s_e to> Productivi
{ operaie’ )  Profits and ™ \' . WJ/‘ f ¢ Custom_ar \
. operale” . {_ growth ,'_ N . satisfaction ./
f — { Trust ) s ( Quanry‘w T
s N S /‘ l\lnnovah n | .
¢ Employees' ™ . cultu —
. sharedvalu Eaters 'F’ ) re ion >
T Ll \__ 4 I/ F'ollunon | -

PP ]
/" Access ™, Markets

——— il ——._ . prevention /
natural | Altractmg E"d ) INTERNAL’ Eimcs :‘ S— \ expectations /
\_resources alntalnlnglabour/ o “exp g
e e —p e ecauﬂonaﬁ\ i S
T ‘_,_...--—"' ( Stakeholders ) IS \ esources and\
o “expectations. =" Business _postsavin ~—
S i gs/
~Limited ™ y ST Eieanabi ( case /
’operahuns‘ e | Personal ™, ?’ e \ﬂ?\/ \\_f ‘\ S
\areas ./ \gngegement/ . EEEEP s 7 Future ™
T X “Shareholder™, | - l_ suslamabmty \
e L value e marksts
/" Political ™ - —

! —

\_lobbies / _
- L ~“Access to markets™,

I/,Am;@';}'a\_ / \ “._and customers__-~
_partnerships,/ E—
International ™, ) gE e | /g;\\lf?alrlmfelent.
reaties N ] y 80 sl
e irsgulatory CPoluterpaysh EEET EXTERNAL

\press UTE

Figure 4 Corporate Susinability driver model proposed by Lozano et al (2015). Highlighted in yellow the primary drivers
and in green the secondary ones.

Internal factors are more related to the continuous improvement of the organization's competitiveness
and they focus on thienprovement of environmental and economic performance. Instead, external
factors, many times are related to new pressures such as new market needs or change in regulatory which
involve an adaptation reaction from the organization. Therefore, internakterdal factors lead to the

birth and continuously revision during the time of the environmental strategy of an industrial
organization. In general, the environmental strategy has composed by two components: one related to
ecoefficiency strategic intentis and the other one related to the ecobranding strategic intentions
(Journeault et al., 2016). Relating to the ecoefficiency strategic intensions, industries face different areas
of interventions, such as green product design (De Marchi et al., 2013)reewnl process design
(manufacturing (Zhu et al., 2010) and supply chain processes (Beske et al., 2014)). Relating instead to
ecobranding strategic intentions, industries face areas of interventions related to stakeholder relations
(e.g. consumers (Zhao at, 2016), regulatory institutions on environmental (Niesten et al., 2017),
suppliers (Blome et al., 2014), etc.), marketing processes (Pomering, 2017) and to regulatory compliance
(Henri et al., 2010). From the theoretical point in industries it is plessd identified four general
approaches of environmental management strategy: reactive strategy, defensive strategy,
accommodative strategy and proactive strategy.

Approach Posture

Performance

Deny responsibility
Admit responsibility but fight it

Reactive strategy
Defensive strategy

Accommodative strategy Accept responsibility
Proactive strategy Anticipate responsibility

Doing less thamequired (Fight all the way
Doing the least that is required (Do or
what is required)

Doing all that is required (Be progressive
Doing more than is required (Lead tl
industry)

Table 1 Different approaches of environmental management strategy (adapted by Clarkson, 1995)
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Recent studies (Liu et al., 2017; Bui et al., 200/fjethilake, 2017) on industrial management are agree

t hat the approach AProactive environment al ma n e
successfully competitivity gains as it favours continuous improvement (following on PDCA Deming
managementeory Swamidass, 200R)Another key aspect emerged in the last years on environmental
management is the need of assume a life cycle management (LCM) perspective in order to manage the
environmental impacts related to processes indirectly influenced dmniaation manufacturing
activities (Williams et al., 2017). LCM is a business management approach that can be used by
organizations to improve performance of their products and processes and thus the sustainability
performance of the companies and assediaalue chains (UNEP/SETAC, 2009). It is based on the
concept of life Cycle Thinking (LCT) focuses on to identify potential improvements of products,
services and processes in the form of lower environmental impacts and reduced use of resources across
all life cycle stages (EC, 2001). This begins with raw material extraction and conversion, then
manufacture and distribution, through to use and/or consumption. It ends wise,reecycling of
materials, energy recovery and ultimate disposal (see figure 5)

Natural
resources

Incineration and
landfilling Extraction of

raw materials

Recovery \
Recycling of materials and
components \

Disposal Design and
l production

\ Reuse

Use and V4
maintenance Packaging and

\ distribution

Figure 5 Life Cycle Thinking generic diagram (UNEP/SETAC, 2007)

One of the main sign in this direction is the new revision of ISO 14001:2015 (ISO, 2015) on
Environmental Management Systems (EMS) that is the most importandifinsked standard for
environmental management at organizational level. In fact, in the new revision, has been increased the

i mportance of controlling and influencing the wa
manufactured, distribute@onsumed and disposed by using a life cycle perspective that can prevent
environmental impacts from being unintentionally shifted elsewhere within the life cycle. Another
relevant sign is represented by t hentebratedintheof AL ¢
business approach of ALean manufacturingod ( Woma
environmental impacts of organization activities in a life cycle perspective (Caldera et al., 2017). In this
context, these recent evolutionsnce er ge i n ASustainability Supply
approach where the AValue Chainodo concept propos
environmental sustainability aspects (Stindt, 2017; Rajeev et al., 2017). In fact, nowadays entatonmen
aspects along all life cycle stages are new potential positive or negative values of the product in function

of the positive or negative management of these aspects.

Therefore, to establish a robust and comprehensive environmental strategy is n@nadsytse most

task for industries (Walsh et al., 2017; Jabbour et al., 2016). However, successfully adopting of
environmental sustainability strategies is often a challenging task, particularly when firms are
constrained by their limited resources anpatalities (Lee et al., 2008; Wu et al., 2011). Environmental
sustainability has intrinsic difficulties stemming from the fact that it is a mpatspective topic (Alroe

et al., 2016; Lockrey, 2015; Geels, 2011). A qualitative representation of theerspegtives is shown

in figure 6.
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Figure 6 Qualitative example of the multiple perspectives of environmental sustainability (Personal elaboration, 2015)

Many industrial organizations find difficulties in facing holistically all these perspectives mainly
because they do not use all the necessary environmental management tools (Rousseaux et al., 2017). In
fact, many times they base all the environmentaltesiysaonly on one EMT without supporting
approaches involving the combination of more EMTs (Horisch et al., 2015). However, a winning and
successful environmental management strategy can be achieved only considering all the perspectives
(Hallstedt et al., @13). Different environmental management tools having different scopes that support
organization to achieve improvement only on specific aspects of the environmental sustainability.
Combination of different tools is needed to ensure all environmentakaspe@ppropriately identified,
controlled and managed (Guenther et al., 2@tgshlakivsky et al., 2013Buttol et al., 2012; Lozano

et al., 2012). It emerged as natural consequence of using the most correct tool for each specific
environmental managemie Attempts to provide methods for EMTSs integration have been proposed for
example by Khan et al. (2002), Rebitzer et al. (2005), Le Pochat et al. (2007), Gaudreault et al. (2009),
Lozano et al. (2012), Lewandowska et al. (2013), Chiarini (2014), Ruahaki(2016) and Rousseaux

etal. (2017). In spite a large amount of EMTSs, the initiatives of integration have been limited in capturing
the full spectrum of sustainability and its implications for corporations, dsupmtorting the fully
transferto thereality of business processes of sustainability. In most cases they have been partially
linked to each other, leading tltempany leaders and decisiorakers being increasingly confused
about how they could fit together or how they should be used togéthwano et al., 2012). In fact,

these methods have not systematically faced all perspectives of environmental sustainability strategy
leaving critical areas in environmental management. Therefore, there is the need of new method
proposals for multiple EM3 use in order to face in a holistic way all life cycle environmental
management areas. This research contributes in the field of environmental sustainability management
proposing a new method for EMTs combination.

1.2. Scope of the Research

Interest in sustainability grows continuously especially in large organizations and it is evidenced by over
9.400 companies in 162 countries having signed the United Nations Global Compact (UNGC, 2015). In
this context, industrial organizations increasingked to strengthen their environmental sustainability
strategy as the environment management is became one of the pillars in the modern business models. A
robust environmental strategy requires to manage a lot of aspects ranging from regulatory tognarket
passing from aspects related to process efficiency and to product ecodesign. In order to positively
manage each one of these environmental management aspects it is important to use the more appropriate
environmental management tool (EMT). Therefores itlear that an organization must be use more

than one EMT to have a comprehensive approach that it is able to make successful the environmental
sustainability strategy. Methods for EMTs integrations are therefore required and are an important task
of research. However, EMTSs integration methods in environmental management research and practise
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have not already response to all the needs and issues related to environmental sustainability strategy
(Rousseaux et al., 2017; Runhaar, 2016; Sala et al, 20183t Imo method for multiple EMTs use has

been already proposed in order to face in a holistic way all criticalities identified on life cycle
environmental management.

The scope of this research is the development and application at industrial levevefnaethod to

combine environmental management tools (EMTS) to improve the life cycle environmental performance
of industries. The new developed method is contextualizable in the research field of Life Cycle
Management methods. The scope of this researkténded to a real test application in a rmational

industry (figure 7).

Three research phases have been identified. The first research phase has focused mainly on the
identification of EMTs and thscientific gaps (criticalitiespn life cycle envionmental performance
management considering the already published methods for multiple EMTs use. In the second phase the
new method has been methodologically developed, defining features and technical aspects. In the third
phase the new method has beeteteat industrial level and conclusions on results obtained have been
defined.
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Figure 7 Scope research flow chart (Personal elaboration, 2017)

1.3. Research Objectives

In this framework took place the activity of this PhD reseaftie specific objectives of the research
were:

1. The develop of a new method to combine EMTs and solve identified criticalities on life cycle
environmental performance management at level of 1. environmental impact assessment, 2.
Inventory resources consumpts assessment, 3. performance evaluation & performance
tracking, 4. ecoinnovation (Eco Design, Eco Efficiency), 5. strategic decision making and 6.
strategy & management;

2. Testthe applicability of the developed method in a real industrial case study affdctiveness
in overcome the identified criticalities on life cycle environmental performance management.

According with the research objectives and the research phases specific reseatgbctivies have
been identified in order to define the raseh pathwayidentifying the main steps as shown in the
following table.
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Research objectives Scope phase

Sub-objectives (research steps)

Phase 1:
Identification

1 Development of the nev
method

1.1 Identification of environmental management driv
(EMDs)

1.2 Identification of environmental
barriers (EMBS)

1.3 Identification of main available EMTs
1.4 Identification of mechanism for the multiple EM’
use

1.5 Identification of already published methods
multiple EMTs use

1.6 Formulatiorof scientific gaps

manageme

Phase 2:
Development

2.1 Selection of EMTs

2.2 Definition of the structure of the new method -
multiple EMTs use

2.3 Definition of the interfaces between EMTs

2.4 Methodological development of the component:
the new method

2 Test in a real case study 1

the new method Phase 3:

Real industrial testing

3.1 Test of the new method to face all critical areas
life cycle environmental management identified

3.2 Comparison of the new method with alree
published method to idengiimprovements achieved.

Table 2 Research objectives defined.

1.4. Dissertation structure

This dissertation is composed by five inlieked chapters. The following figure shows the structure of

the dissertation.

Dissertation structure

Research objectives
and sub-objectives

Research phases

Introduction

Importance of Industrial Life Cycle Environmental Management

l

N R

¥ Objectives 1 Phase 1: Identification

3 1.1 Sub-Objective

7> 1.2 Sub-Objective
7 1.3 Sub-Objective
¥ 1.4 Sub-Objective
% 1.5 Sub-Objective

» 1.6 Sub-Objective

» 2.1 Sub-Objective
» 2.2 Sub-Objective
» 2.3 Sub-Objective
» 2.4 Sub-Objective

Phase 2: Development

\/

» Objectives 2

— . .
# 3.1 Sub-Objective

Paragraph 1 1 Paragraph 2 Paragraph 3
Chapter 1 Environmental Environmental | Environmental i
Material & management drivers E management barriers I '
methods part1 < = ho-oe- (EMDs]_ b (EMBs) |__ tools (EMTs) |
Scientific Paragraphd | | Paragraph5 |
literature survey Mechanisms for | Already published |
multiple EMTs use | methods 1
"7 .
Chaml er2
Material & methods part 2
The new method for multiple EMTs use: Organizational
Environmental Sustainability System (OES2)
Paragraph 1
Environmental impact Perfﬂrl::;:creae\tlalzuatinn i M@M
Chapter 3 asssssm.ent & resource i & performance tracking | Ecodesign
Industrial consumptions assessment ! £ periormance fracing H
applicability
tests results
Paragraph 4 ! Paragraph 5 Paragraph 1
Ecoefficiency 3 Strategic decision making | Strategy & management
! !
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Real industrial test

l

Chapter 4
Results discussion and SWOT analysis

|

~ > 3.2 Sub-Objective

Chapter 5

Conclusions

R —

Figure 8 Dissertation structure
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Introduction: introduces the issue of environmental management and the need to use methods to combine
EMTs. The scope of the research, the objectives, the dissertation structure and themetbadtiogy

are described.

Chapter 1: first part of material & methods, it reports on the scientific literature review to identify limits

of available methods and required characteristics to be consider for the development of the new method:
EnvironmentalManagement Drivers (EMDs), the Environmental Management Barriers (EMBSs), the
integration/combination mechanisms, the available EMTs, and the already existing methods for multiple
EMTs use.

Chapter 2: second part of material & methods, it reports on thedagenent of the OES2 methods and

the methodological development of STEMSs.

Chapter 3: presents the results of the industrial application tests carried out in San Benedetto S.p.A.
focusing the attention on how the OES2 method permits to solve the idegtifsgdon life cycle
environmental management performance of the organization.

Chapter 4: presents the discussion on the results with reference to already published methods for
multiple EMTs use and objectives of the research.

Chapter 5: reports on reseawdntributions and perspectives for future researches.

1.5. Research method and methodology

In order to satisfy the objectives of this dissertation an applied, quantitative and confirmatory research
was held. The chosen research method, according to resegselisasingle case study. The research
methodology, according to research scope and objectives, is structured in three main stages.

1. Inthe first phase, the method of scientific literature survey has been used in order to satisfy sub
objectives from 1.1a 1.6, identifying the EMBs, EMDs, EMTs available, the mechanisms of
integration and combination and the already published methods for multiple EMTs use, in order
to identify the research scientific gaps;

2. Inthe second phase, have been applied differetitads for the formulation of the new method
for multiple EMTSs use, in order to satisfy sub objectives from 2.1 to 2.4. The first methods are
the shgle EMTs themselves, selecfied the formulation of the new method for multiple EMTs
use. The second methosded regards the choosing of the mechanism through which the selected
EMTs can interact (integration or combination mechanisms (Finkbeiner, 1998)). The third
method is a set of tools used to develop the components of the new method (e.g. LCA software).
In the complex the phases 1 and 2 have permitted to satisfy the first research objective.

3. In the third phase, in order to satisfy the -slijectives 3.1 and 3.2, a method of single case
study has been applied in order to test the new developed method. A 8\e3is method
has been applied in order to clarify the opportunities and threats emerged from the application
of the new method developed. Finally, a comparative analysis with the already existing methods
for multiple EMTs use has been performed in oridegive evidences of the improvements
introduced. This phase has permitted to satisfy the second research objective.

Methods used in the present dissertation and research steps are summarized in e figure

Research is based on primary data collectextitly from company factories studied and secondary data
coming from database recognized by LCA community, statistical data published by authoritative
institution and data published in peer review paper.
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1.6. Case study company presentation: San Benedetto S.p.A.

It is April 10, 1956, when thérst production site of the San Benedetto Group was born in the heart of
Sile Park for the bottling of the mineral waters of Scorze (VE) (Spring San Benedetto and Spring
Guizza). The company takes its hame from the spring name, known since the VenptiblicRes
"Ancient Source of Health" and sought after by Venetian families for its healing qualities.

In a short time Acqua Minerale San Benedetto S.p.A. itis transformed into a small local producer present
in the entire Italian territory, with strong @rests outside the national borders. Today, the San Benedetto
group is active in 100 countries on five continents and it is Leader Group of the Italian soft drink market.
San Benedetto is a "total company”, msjiecialist and mukthannel company worlsiccessfully in

all segments of the neasicoholic beverage market: from mineral waters (San Benedetto, Ancient Source
of Health, Nepi Water, Cutolo Rionero Fonte Atella, Pure Rock, Guizza and Fonte Vivia) to "near water"
(Aquavitamin and San Benedetto lEermula Zero); from soft drinks (St. Benedict and Schweppes) to

tea (St. Benedict and Guizza); from baby products (San Benedetto Baby) to sport drinks (Energade);
from Schweppes to drinks and juices (Oasis, Tropico, San Benedetto Succoso) to apel#|f&{Bger

Spritz and Schweppes).

In the history of San Benedetto there has always been something modern. Something about a new way
of doing business based on the breadth of strategic vision, constantly looking for quality and distinctive
features over theompetition. It is innovation, technological and of service, of product and of process,
thanks to which the San Benedetto has taken a leading role not only in terms of numbers, but also in
terms of ideas and applications that can meet the real needssahwers and of distribution. At the end

of the 70's, San Benedetto introduces the "one way packaging" innovation with the transition from "glass
to make" to "glass to lose", which allows San Benedetto to have a first level expansion national; in 1980
the ottle was born in PET, the first company in Italy to use it in mineral water sector, revolutionizing
the market; in 1993 a completely aseptic bottling plant was produced for the production- of non
carbonated drinks, guaranteeing more and more the safbgioproducts; in 1998 he realized the first
"push & pull" cap completely aseptic and resealable, meeting the demands of an even more dynamic
market and that see the "on the go" consumptions as an integral part of our daily life. All this innovative
creatvity is born in the Company's research and development department. A department dedicated to
the production of PET containers and plastic caps (flat and push & pull) that is able to follow the entire
process of containers developing and bottling procgssdistering patents that have allowed the Group

to be at the forefront even in the PET lightening projects and projects to use of Regenerated PET (RPET).
The current corporate structure guarantees the San Benedetto Group a sizeable productionizapacity: s
factories in Italy, two in Spain, one in Poland, one in Hungary and one joint venture in the Dominican
Republic; 1,953 employees worldwide; 44 lines of bottling in Italy for a production capacity of 4.2
billion bottles per year.

The San Benedetto MinetaVater Group is the absolute leader of the Italian soft drink market.
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CHAPTER ONE: MATERIAL & METHOD PART 1 -
SCIENTIFIC LITERATURE REVIEW

Highlights:
1 Environmental Management Drivers (EMDs)
1 Environmental Management Barriers (EMBS)
1 Environmental Management Tools(EMTS)
1 Theoretical mechanisms for multiple EMTs use
1

Already published methods for multiple EMTs use
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1. Introduction to the scientific literature review
The presentchapter, starting from the description of the theoretical mechanism for built an

environmental management strategy, presents a scientific literature review that explores five interrelated
key aspects of environmental management:

1. Environmental Management Ders (EMDSs);

2. Environmental Management Barriers (EMBS);

3. Environmental Management Tools (EMTSs);

4. Theoretical mechanisms for multiple EMTs use;

5. Already published methods for multiple EMTs use.
These five aspects are fundamental for understanding the caorttextesearch field in order to identify
the specific scientific gaps and to set the features and characteristics of the new method for multiple
EMTs use, as the EMTs multiple use is born largely in order to build a comprehensive environmental
managemens t r at egy . In the specific, the analysis of
permits to catch a comprehensive assessment of the drivers that influenced the environmental
management at industrial level in order to identify the most relevant manatgeeassls. The analysis

of the AENnvironment al Management Barriers (EMBs
nowadays the main issues faced from industries regarding the approaches of environmental
management . Go on, the mag@d mesnts DdolAENVEMDN)ME np &

the most relevant EMTs developed by scientific community in the last twenty years in order to find the
group of EMTs that should be selected subsequently to develop the new method. The analysis of
ATheorehacias mmecpermits to identify the theoreti
EMTs. Finally, the analysis of fAAlready publishe
the methodthat already exist in order to complete the framewor#eatify scientific gaps. As initially

declared in this chapter, these five aspects are interrelated in fact, simplifying, the first aspect sets all
environmental management drivers, the second aspect sets issues relate to environmental management,
the thid aspect sets the EMTs available to manage EMDs and EMBs identified, the fourth aspect sets
the mechanisms in order to perform the multiple use of EMTSs, while the fifth aspect defines EMTs
integrations already used in order identify which EMDs and EMB® leeen already faced. This
interrelation is representable as shown in the following figure:

Environmental Strategy Development

Environmental Management Drivers
(EMDs)

Environmental Management Barriers Environmental Management Tools

(EMBS) \ / (EMTs)

(4) Theoretical mechanisms for multiple EMTs use
(5) Already published methods for multiple EMTs use

1
1
1
I
1
1
: ) (3)
1
1
1
I
1
1
1
Research Scientific Literature Gaps

Figure 10 Key four aspects analysed during the scientific literature review.

1.1. Environmental Management Strategy Development

In recent years, organizations, especially large ones, have increase attention on environmental
sustainability topic (Babiak et al., 2011), introducing radical changes in their environmental strategies
that in many cases of the past resulted poorly de&lopers, 2011). The adoption of an environmental
strategy has become an important consideration for a growing number of organizations worldwide
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(Deloitte, 2012; Kiron et al., 2012; Unruh et al., 20IMHe changes introducing by organizations in

their emironmental management strategies ranges from introducing resefticient technologies,
sustainability reporting schemes, to modifies that regard providing sustainable products and services
(Bamgbade et al., 2017; Siebenhuner et al., 2007). This trebdlgy will increase in the future due to
concerns about climate change, greenhouse gas emissions and biodiversity impoverishment, or the
consequence of more stringent regulations and increasing pressures from stakeholdeBsiilesrer

al., 2012; Delms et al., 2008), leading the organizations to adopt compliance or legithelatsd
environmetal strategies (De March2012; Orsato, 2009).

An environmental management strategy can be defined as the set of coordinated actions established
from the orgardation in order to manage all environmental management drivers that influence
significantly the organization in order to improve in the same time the market competitivity and the
environmental performances of the organization (Bui et al., 2017; Walsh 204a¥;Geibleret al.,

2016). As previously mentioned in the introduction, there are different types of environmental
management strategies but the proactive environmental strategy has recently recognized as the most
promotable for the organization contipigity growth (Wijethilake, 2017; Bui et al., 2017), as it allows

to: efficient use of resources, increased cost advantage, reduced waste and discharge, promotion of social
reputation, improved customer preferences, and generation of new innovativiiiteepé®hupendra

et al., 2015, Phan et al., 2015). From a theoretical point of view Journeault et al. (2016), according to
Mintzberg et al. (1985), identifies that the environmental management strategy is composed of two
different components, namely thatended and realized strategy. The intended component of
competitive environmental strategy refers to the integration of environmental goals and targets into the
organizational strategic intentions in order to gain a competitive position that a firmtbdpégkl in

the future (Journeault et al., 2016). The realized component could be equal to intended component if all
intensions have been satisfying successfully, or it could be different from intended component more and
more in function of the misalignmeentity in goals and targets declared. Moreover, both the intended
components can be divided in two stdmponents: the ecoefficiency intentions and the ecobranding
intentions (Journeauét al., 2016; De MarchR012; Orsato, 2009). First, ecoefficierinient refers to

the creation of a competitive advantage by increasing production efficiency and the level of
ecoinnovation of offered products and services compared to the competitors through the simultaneous
reduction of environmental impacand costéDe Marchj 2012; Orsato, 2009). The ecobranding intent
refers to the creation of competitive advantage by increasing stakeholder engagement and differentiating
the offer through the introducing in the market new-gimndly products and services. Accardito
Journeault et al. (2016) all EMDs related to ecobranding intents are external. Instead, regarding EMDs
related to ecoefficiency intents are generally internal but also some external EMDs related to regulatory
compliance and changes sensibility ate ithe set of ecoefficiency intents. Therefore, it is possible to
notice that ecoefficiency intents are related to EMDs that ranging from managerial aspects, performance
improvement, environmental impacts assessment, ecoinnovation to decision makireg casehof
ecobranding intents, the EMDs ranging from external communication, stakeholders engagement to
market differentiation. Thismethodological framework igccording with the schematic representation
proposed by Klewitz et al. (2014) where EMDs andBE&Mare elements in input to the formulation of

the environmental management strategy (figure 11). In this context emerged clearly the need for the
organization to have a holistic perspective during the environmental strategy formulation identifying
and sucessfully facing all relevant EMDs and EMBs (Journeault et al., 2016; Longoni et al., 2015;
Klewitz et al., 2014, Roehrich et al., 2014; Jabbour et al., 2012). In the following paragraphs have been
shown the results of scientific literature review for identification of EMDs and EMBSs.
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Figure 11 Integrated framework for environmental management strategy formulation (Klewitz et al., 2014).

1.2. Environmental Management Drivers (EMDs)
According to the chapter introduction a fikgtry fundamental point to develop at industrial level an
environmental management strategy is the identification of the drivers that influence environmental
sustainability of organizations (Evangelista et al., 2017; L@p@nero et al., 2016; Lozano et 2015).

The Environmental Management Drivers (EMDs) can be defined as the set of factors, management
perspectives, and needs that influencing the environmental management strategy and that an
organization should assess and manage in order to have a bengive and robust approach to
environmental management for its competitivity enhancement (Ferro de Guimaraes et al., 2017; Lozano
et al., 2015; Granly et al., 2014). Many authors in the last twenty years have studied EMDs and their
relevance in the proce®f environmental strategy development (Lofseznero et al., 2016; Lozano et

al., 2015; Klewitz et la., 2014; Agan et al., 2013; Yen et al., 2012; Zeng et al., 2011; [Bbriialez

et al., 2009). EMDs range from productive operations efficiency, prodoetiesign, impacts
assessment, management and strategy, organisational systems, procurement and marketing, and

cati on wi t h

t

S stakehol

der s o

(Lozano,

Internal environmental management drivers: they can be defined as internal driving forces that

ar e

resul ted

from

companyo6s

i nternal

moti vat

authors pointed out #b internal factors overwhelmingly refer to the existence of internal

preconditions
environmental technological change;

and

features 0

f t he

company,

external environmental management drivers: they can be definériving forces coming from
externalities (Moffat et al., 2006; Branzei et al., 2004; Delmas, 2002). Meanwhile, external
factors stem from the incentives and stimulus derived from a wide range of actors and factors
that exert pressures to which commaiespond; external drivers thus represent interaction with
other institutional, market, and social actors (Del Rio Gonzalez, 2009).
In this part of the literature review research stage moreBthaaientific publications have been analysed
in order to dentify the most relevant EMD§he time span of publication goes from years 2000 to 2017.
The following table shows the results.
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Type
(Internal/external)

Life Cycle
Management Areas

Environmental Management Drivers

(EMDs)

Strategy
subcomponent

References

Internal

1. Environmental
impacts assessment

Environmental Impacts AssessménProduct

Level

Ecoefficiency subcomponen

Manzardo et al., 2016a&pzano,2015; Bidstrupet al., 2015Klewitz et al.,
2014; Tseng et al., 2009; Martena et al., 2008

Environmental

Impacts  Assessmenti

Organizational Level

Ecoefficiency subcomponen

Six et al., 2017t o-laconeFerreira et al., 203 Neppach et al., 201 Resta
etal., 2016; Loss et al., 2016; Martin€&anco, 2016Jungbluthet al., 2016;
Manzardo et al., 2019artinezBlancoet al., 2015aMartinezBlanco et
al., 2015bHellweg et al., 2014

2. Inventory resources
consumptions
assessment

Inventoryresources consumptions assessrme

Product Level

Ecoefficiency subcomponen

Jabbour et al., 2018ja et al., 2017Granly et al., 2014;

Inventory resources consumptions assessine
Organizational Level

Ecoefficiency subcomponen

Resta et al., 2016; Loss et al., 20M@rtinez Blanco, 2016Manzardo et
al., 2015;MartinezBlanco et al., 2015aMartinezBlanco et al., 2015b;
Hellweg et al., 2014

3. Performance
evaluation &
performance tracking

Environmental
performance

performance evaluatio&
tracking at product ar

organizational level

Ecoefficiency subcomponen

Ferro de Guimaraes et al., 2017; Caldera et al., 2017; Pilouk et al.,
Tokolaet al., 2016; Journeault et al., 2016; Jabbour et al., 2016; Grar
al., 2014; Blore et al., 2014; Wu et al., 2011; Henri et al., 2010; Tsen
al., 2009; Lee et al., 2008;

Production cost

increasing

reduction or/and reven

Ecoefficiency subcomponen

Gasbarro et al., 2017; Caldera et al., 2017; Journeault et al., 2016; Je
etal., 2016; Lopefzamero et al., 2016; Galeazzo et al., 2015; Blome ef
2014; Agan et al., 2013; Laperche et al., 2013; Lozano et al., 2013; Ke
et al., 2012; Chen, 2010; Henri et al., 2010; Del Rio et al., 2009; John
et al., 2009; Darnall e.a2008; Ambec et al., 2008; Henriques et al., 20

4. Ecoinnovation

Ecodesign

Ecoefficiency subcomponen

Walsh et al., 2017; Caldera et al., 2017; Shapira et al., 2017; Jourete:
al., 2016; Kucuksayrac, 2013abbour et al., 2016; Longoni et &Q15;
Cuava et al., 2014; Horbacl2014; Bey et al., 2013; Hallstedt et al., 201
De Marchi et al., 2013; Laperche et al., 2013; Pigosso et al., BoiBach
et al., 2012Parnall et al., 2008; Ammenberg et al., 2005; Ward et al., 2

Ecoefficiency

Ecoefficiency subcomponen

Abreu et al., 2017; Journeault et al., 2016; Hojnik et al., 2016; Gasba
al., 2016; Galeazzo et al., 2015; Longoni et al., 2@GHBpedtet al., 2015;
Hallsted et al., 2013; De MarchR012; Borghesi et al2012; Henri et al.,
2010; Porter et al., 2007;

5. Strategic decision
making

Identification of new ecdriendly solutions

Ecoefficiency subcomponen

Hallstedt et al., 2013; Henri et al., 2010;

Investments assessment

Ecoefficiency subcomponen

CostaCampi et al., 2017; Cainelli et al., 2015; Del Rio et al., 2013; Hen
al., 2010; Wittneben et al., 2009; Frondel et al., 2007; Boysse et al., 2(

6. Strategy &
Management

Systematic and procedural

approach

continuous improvement

Ecoefficiency subcomponen

Hojnik et al., 2016; Lozano, 2015; Granly et al., 2014; Horbach et al., 2
Rave et al., 2011; Derimel et al., 2011; Wu et al., 2011; Henri et al., 2
Lee et al., 2008;

Strategy formulation with objectives and targe

definition

Ecoefficiency subcomponen

Journealut et al., 2016; Bensémmel er al., 2015; Granly et al., 201
Guimaraes et al., 2013; Tseng et al., 2009; Henri et al., 2010;

Top management commitment and manage

aspects

Ecoefficiency subcomponen

Buil-Fabrea et al., 2017; Hojnik et al., 2016; Roy et al., 2016; Loza
2015; Granly et al., 2014; Klewitz et al., 2014; Guimaraes et al., 2013;
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et al., 2013; Tseng et al., 2013; Hallstedt et al., 2013; Zeng et al., 201:
et al., 2011; BoBrouwess, 2010; Lee et al., 2003ragonCorrea et al.,
2008;

External

7. Compliance

Regulatory compliance

Ecoefficiency subcomponen

Evangelista et al., 201Del Rio, 2016; Kucuksayrac, 201Borghesi et al.,
2015; Lozano, 2015; Klewitz et al., 2014; Beykt 2013; Veugeler 2012;

Demirel et al., 2011; Meyer et al., 2011; Henri et al., 2010; Darnall e
2008; Ammenberg et al., 2005; Kolk et al., 2004; Zeng et al., 2003;

Governmental aspects compliance (taxes

incentives)

Ecoefficiencysubcomponent

CostaCampi et al., 2017; Del Rio et al., 2016; Chassaget al., 2015;
Veugelers2012; Zeng et al., 2011; Hoffman, 2005;

8. Sensibility to relevant

changes

Changes in price and availability of ra

materials

Ecoefficiency subcomponen

Gasbarro et al., 2017; Masud et al., 201i@; et al., 2017L.ozano, 2015;
Lozano et al., 2013; Yarahmadi et al., 2012; Zeng et al., 2011; Busch
2007

Physical climate changes (e.desertification)

Ecoefficiency subcomponen

Lei et al., 2017; Masuélt al., 2017; Galbreatl2012; Alcamo et al., 2007;

Changes of products on market

Ecoefficiency subcomponen

LopezGamero et al., 2016; Ghazilla et al., 2015; Klewitz et al., 2014;
et al., 2013; Johnstone et al., 2009;

Changes of technologies on market

Ecoefficiency subcomponen

Ghazilla et al., 2015; Klewitz et al., 2014; Yen et al., 2012; Tseng e
2009;

Changes in
awareness

stakehol

Ecobranding subcomponen

Evangelista et al., 2017; Gastmret al., 2016;Kucuksayrac, 208;
Journeault et al., 2016; Lozano, 2015; Bey et al., 2013; Laperche et al.,
Lozano et al., 2013; Darnall et al., 2008; Kaisit al., 2006; Ammenbert
et al., 2005; Busse et al., 2004;

9. Market differentiation

Products differentiation

Ecobranding subcomponen

Journeault et al., 2016; Hojnit al., 2016 ockrey, 2015;Kucuksayrac,
2015 Del Rio et al., 2016; Chassagnon et al., 2015; Horbach et al., 201
Marchi 2012; Orsato, 2009; Johnstone et al., 2009n&ket al., 2008;
Kassins et al., 2006;

Corporate Brand reputation & image

Ecobranding subcomponen

Walsh et al., 2017; Yu et al., 2017; Evangelista et al., 20afninen et al.,
2017;Journeault et al., 2016; Hofnet al., 2016; Lozano, 2015; Joshi et ¢
2015; Bey et al., 2013; Hallstedt et al., 2013; Laperche et al., 2013; Lc
et al.,, 2013; Guimaraes et al., 2013; Johnstone et al., 2009; Tseng
2009; Lash et al., 2007; Kassins et al., 2006; Bansal, @083;

10. Communication and

relationships

Labelling & reporting

Ecobranding subcomponen

Gasbarro et al., 2017; Maniatis et al., 2016; Joshi et al., 26tkrey, 2015;
Guimaraes et al., 2013; Tseng et al., 2009

Competitors benchmarking and trends

Ecobranding subcomponen

Journeault et al., 2016; Hojniét al., 2016; Kucuksayrac, 201Bozano,
2015; Ghazilla et al., 2015; Lozano et al., 2013; Berlin et al., 2011; Tse
al., 2009; Walker et al., 2008; Kassins et al., 2006;

Alliances and partnerships  with

organizaions

othe

Ecobranding subcomponen

LopezGamero et al., 2016; Jabbour et al., 2016; Lozano, 2015; De M
et al., 2013; Lozano et al., 2013; Henri et al., 208éiffert, 2008;

Table 3 Environmental Management Drivers (EMDs) emerffech the scientific literature review.
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For each EMD have been specified the typology (internal or external), the subcomponent of the
environmental management strategy to which has linked, the specific scientific papers rentkthed a

relative EMD category. In fact, the EMDs has been grouped in ten sets that represent homogeneous
categories in order to simplify the understanding of which environmental management perspectives have
involved (see figure below). These categories titute the Life Cycle Management Areas. The
environmental management perspectives can be seen also as the management questions that emerging
when an organization faces the environmental management (Wrisberg et al., 2012).

~ 8. Sensibility to external
7. compliance
changes
———————————————————————————
- ~
’ ~ \

! 1. Environmental impacts 2. Inventory resources 1
I assessment consumptions assessment 1
! 1
! 1
1 3. Performance evaluation & 4. Ecoinnovation 1 Organization 1
| performance tracking Ecodesing & Ecoefficiency 1 ' 1

l ______ el
! 1
! 1
! 1

. L . 6. Strategy and management
l 5. Strategic decision making 8y . e 1
drivers
\ /
N 7/
N e e e o o e o o = o e = -

9. Market differentiation 10. Comrflunlc?ltlan&
relationships

Figure 12 Internal and external Environmental Management Drivers (EMDs) categories that influence an organization
(Personal elaboration, 2017).

This part of the scientific literature review has permitted to identified 25 different EMDs, 13 of them
are internal EMDs the other 12 EMDs are external. 6 of EMDs life cycle management areas are internal
and the other 4 are external. The description ol @&MDs is reported following.

1.2.1. EMDs i Environmental impact assessment
This EMDs category, groups EMDs that regard aspects related to: environmental impacts assessment at
product and organization level. The identified EMDs are following descripted:

Environmental Impacts Assessméreroduct Level:

Organizations in order to improve and make more consistent their approaches to environmental
management have the needs to assess the environmental impacts generated by their activities.
Environmental impactdpllowing the more recent international scientific metrics, can be related to:
climate change, water depletion, human toxicity, fossil depletion, land transformation and others. It is
very important for the competitivity of organizations to assess theczmental impacts of their
products. Furthermorehe product impact assessmisrdn aspect increasingly demanded by the market.

Environmental Impacts Assessmérdrganizational Level:

It is very important to assess the environmental impacts alsoatipagional level in addition to the
product level previously mentioned. In fact, mainly for the complex organizations (e.g. multisite
organizations, organizations with large products portfolio), the assessment of environmental impacts as
organizational leel is need in order to manage their life cycle performance and identify the hotspots at
organizational level that could be different from those that have been identified at product level.
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1.2.2. EMDs 1 Inventory resources consumptions assessment
This EMDs categry groups EMDs that regard aspects related to: resources consumptions assessment
at product and organization level. The identified EMDs are following descripted:

Inventory resources consumptions assessinBnbduct Level:

Organizations in order to bettenderstand their environmental performances have the need of to assess
their consumptions in terms of raw materials, auxiliary materials and energy. All main mass and energy
flows shall be considered. The assessment at product level is need to cimmpatigd resources
consumptions to a specific product in a differentiating way, identifying hotspots. Furthermore, the
assessment of resource consumptions is strategical to identify opportunity for cost reduction.

Inventory resources consumptions assessin@nganizational Level:

It is very important to assess the resources consumptions also at organizational level in addition to the
product level previously mentioned. In fact, it permits of obtain & of the whole organizational
consumptions in otlngo identify hotspots.

1.2.3. EMDs i Performanceevaluation & performance tracking
This EMDs category groups EMDs that regard aspects related to environmental and economic
performance evaluation. The identified EMDs are following descripted:

Environmentaperformance evaluation & performance tracking at product and organizational level:

Many organizations seek ways to understand, demonstrate and improve their environmental
performance. This can be achieved by effectively managing those elements of iigesagiroducts

and services that can significantly impact the environment. The environmental performance evaluation
(EPE) enables organizations to measure, evaluate and communicate their environmental performance
using environmental performance indigatdEPIs), based on reliable and verifiable information. The
tracking of the performance is fundamental aspect to support assertions on environmental performance
and to assess the trend of performance at product and organizational scale.

Production costeduction or/and revenue increasing:

Organizations have the need of assess and successively pyritize interventions that as well as improving
environmental performance, they also promote a reduction of production cost or/and a revenue
increasing: The relatiship between environmental performance and economic performance is a
fundamental point for the financial sustainability of the environmental management activities.

1.2.4. EMDs 1 Ecoinnovation

This EMDs category groups EMDs that regard aspects related to: ecaionothough ecodesign

processes and ecoinnovation through ecoefficiency processes. Defining ecoinnovation is not a simple
task, as the various research studies do not agree on a common definition. Tlhaokation
Observatory (2012) defines ecoinnogati as t he HAintroduction of any
product (good or service), process, organizational change or marketing solution that reduces the use of
natural resources (including materials, energy, water and land) and decreases the frakastilo
substances across the whole-ify c 1 e6. The i dentified EMDs are fol

Ecodesign
Ecodesign is a proactive approach that through the integration of environmental aspects into product

design and development seeks to prevent aéwargironmental impacts before they arise. It provides
a systematic opportunity to anticipate problems and their solutions along the whole product life cycle.
Organizations that take proactive actions in this regard may increase their chances to bentfis fr
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approach. The organizations generally could have different capability levels of ecodesign integration
into management practice (Chrissis et al., 2003). The capability levels can be defined as follows (Pigosso
et al., 2013):

1 Capability level 1 e inamplete: the management practice is not applied or is applied
incompletely by the company;

1 Capability level 2 e ad hoc: the management practice is applied in an ad hoc way, i.e. to correct
a problem or to accomplish a specific task by some individuéifeinoompany, but not yet in a
formalized and systematized way;

1 Capability level 3 e formalized: the application of the management practice is formalized in
documented processes and the infrastructure, responsibilities and resources to support the
practiceare allocated;

1 Capability level 4 e controlled: the application of the management practice is formalized and
controlled, i.e. its performance is measured and monitored throughout time by using
performance indicators;

1 Capability level 5 e improved: the perfnance of the application of the management practice
is continuously improved based on the measurement and monitoring.

The organizations have the need of increase the capability level during the time for improve the efficacy
of the results from eedesignprocesses.

Ecoefficiency
The organizations have increase the need of measure and improve the ecoefficiency of their processes

and products. Ecoefficiency is an aspect of sustainability relating the environmental performance of a
product/ process to ifgroduct/process functional value. Ecoefficiency shall be applied by organization
to main products and processes in order to promote the improvefrenvironmental performance and
costs reduction.

1.2.5. EMDs i Strategic decision making

This EMDs category grougsMDs that regard aspects related to strategic decision making in order to
identify new eccofriendly solutions to environmental management issues faced and for assess the
environmental convenience of new potential investments. The identified EMDs areirigllo
descripted:

Identification of newecofriendly solutions:

Organizations may face many decision making problems during the environmental management
activities. These problems may regard for example: ecodesign, ecoefficiency, process optimization, new
products development, etc. Therefore, organizations have the need to find new solutions that, respecting
the organizational, financial and operative constraints, permit to improve the environmental
performance, or anyway, maintaining it unchanged by avgittie worsening.

Investments assessment:

Organizations may face many decision making problems during the investments assessment. These
problems may regard for example: new technologies acquisition, new production sites acquisition, etc.
Therefore, orgamations have the need to assess the environmental performance of all different
investments in order to take into account also these elements to the strategic decision making process.
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1.2.6. EMDs 1 Strategy & Management

This EMDs category groups EMDs that regaspects related to: strategy formulation, introduction of
continuous improvement concept and to managerial aspects. The identified EMDs are following
descripted:

Strategy formulation with objectives and targets definition:

This EMDs categorys related tathe organizatios need to establish an environmental management
strategy based on goals and targets, short and medium term, achievable and monitorable. Goals and
targets must be coherent with the environmental policy of the organization and with thetiteenp

market context within which the organization operates. The strategy must be developed considering
external and internal drivers and therefore both the ecoefficiency and the ecobranding intents must be
considered.

Systematic and procedural appro&mhcontinuous improvement:
In order to systematize the approach to environmental management the organization have the need of
internalize the PDCA managerial concept. The PDCA model provides an iterative process used by
organizations to achieve continuaiprovement. It can be applied to an environmental management
system and to each of its individual elements. It can be briefly described as follows.
1 Plan: establish environmental objectives and processes necessary to deliver results in
accordance withther gani zati onés environment al policy;
1 Do: implement the processes as planned,;
1 Check: monitor and measure processes against the environmental policy, including its
commitments, environmental objectives and operating criteria, and report the results;
9 Act: take actions to continually improve.
A key element for introduce this concept in organization is the introduction of specific technical
documentation (e.g. procedures, manual, etc.)

Top management commitment and managerial aspects:
Top management shall densirate leadership and commitment with respect to the environmental
management. It is a very fundamental point for the proper functioning of environmental management
activities. Top management shall:
9 taking accountability for the effectiveness of the amwinental management;
1 ensuring that the environmental policy and environmental objectives/targets are established and
are compatible with the organizationds envirc
1 ensuring the integration of the environmental management aet&/iti i nt o t he or gan
business processes;
9 ensuring that the resources needed for the environmental management are available (e.g. human,
financial, technical);
1 communicating the importance of effective environmental management;
1 ensuring that the orgamation achieves the intended outcomes regarding environmental
management;
1 directing and supporting persons to contribute to the effectiveness of the environmental
management;
1 promoting continual improvement.

1.2.7. EMDs i Compliance
This EMDs category groups EMDhat regard compliance aspects related to: environmental regulation,
governmental aspects and fundraising. The identified EMDs are following descripted:
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Regulatory compliance:

The compliance with environmental regulatoryaisvery important need of the organization as it
represents a fundamental operative requirement. The environmental regulatory may be very complex
and it often changes over time. Therefore, the compliance is rather demanding.

Governmental aspects compliancexé®and incentives):

Organizatios have the need of ensure the compliance of specific governmental requirements regards
environmental management in order to be able to access to incentives or tax breaks. Other cases may be
related to governmental prograifesg. Italian green public procurement) or to laws that create market
barriers (e.g. French Grenelle law).

Fundraising:
Organizatios often have the need of respect new compliance requirements in order to access to funding

for projects and to bank loans (e.g. Deutsche Bank).

1.2.8. EMDs 1 Sensibility to relevant changes

This EMDs category groups EMDs that regard capability of to be sensithanges on: raw materials

price and availability, physical climate change, products on market, technologies on market and
stakehol derd6s expectations and awareness. The id

Changes in price and availability of raw iadls:

Organizatios have the need of to identify promptly changes in price and raw materials availability in
order to assess if the business competitivity is potentially in danger, and then apply strategic respond
actions (e.g. raw material substitutistock acquisition of raw materials, financial protection of the raw
material contracts (e.g. use of financial derivatives)).

Physical climate changes (e.q. desetrtification):

Organizatios have the need of to identify promptly changes in climate camditin order to assess if

the business competitivity is potentially in danger, and then apply strategic respond actions. In this case
the perception is along term and it is important for business sensible to atmospheric events (e.g., storms),
climate condions (e.g. temperature, humidity) or to water availability.

Changes of products on market:

Organizations have the need of to identify changes in the characteristics of the competitor products
available in the same market segment. It is fundamentaldier ®0 assess if the products offered by
some organizations have the need of an upgrading to include the new characteristics introduced by other
organizations in their products.

Changes of technologies on market:

Organizations have the need of to identifianges in the performance of hew technologies available on
the market. It is fundamental in order to assess if the new technology may improve the environmental
and economic performance of specific process of the organization.

Changes i n xpectatiors hno bwhrenesss e

Organi zations have the need of to identify chan
fundamental in order to assess if the products/services have need of an upgrading or if there is the need

of new products develp me n t in order to satisfy the new st
environmental performance.
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1.2.9. EMDs i Market differentiation
This EMDs category groups EMDs that regard market differentiafipnoducts The identified EMDs
are following descripted:

Products differentiation:

Organizations have the need to develop new products for differentiating their offers and product
portfolio, insertingecofriendly products. It is an important point to increase the competitivity of the
organization in order tbnd new green market segments.

1.2.10. EMDsi Communication and relationships
This is the last EMDs category and it groups EMDs that regard communication and relationships aspects.
The identified EMDs are following descripted:

Corporate Brand reputation:

Organizations have the need of manage and improve the image of the Brand regarding environmental
topics following thes t a k e hawarahess. Exernal communications initiatives may be supportive in
order to externalize the organizationds initiat:i

Labelling:
Organizations have the need of to use labels in order to promote thé&ileadty productsThe labels

may be very supportive to communicate to stakeholders the environmental performance of products.

Competitors benchmarking:

Organizations have the need of to assess the environmental management strategy of the competitors and
the external commication processes utilized by them. The benchmarking with competitors may be
qualitive and quantitative. The qualitative benchmarking is based on the comparison offtiendbo

initiatives. The quantitative benchmarking is based on the comparisopeoffis environmental
performances (e.¢EF,EPD).

Alliances and partnerships with other organizations:

Organizations have the need of to establish alliances and partnerships with other organization in order
to achieve different possible competitive adtages such as: external communication of initiatives
realized in partnership may be more efficacy with stakeholders, the partnership may be the base for
improving commercial agreements, cost of-&oendly initiatives may be divided on the members of

the partnership and not by one organization.
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1.3. Environmental Management Barriers (EMBS)

Environment is a strategic frontier in which organizations can act proactively and develop competitive
advantages. However, many organizations though try to adopt emeinbal management strategies,
do not achieve gaining competitive advantages because there are barriers that limit the management
efficacy (Echegaray, 2014; Milanez, 2009; Shi et al., 2008; Ar&mnea et al., 2008; Stone, 2006).
The Environmental Managemt Barriers (EMBs) can be defined as the set of unmanaged EMDs, limits
in EMDs addressing, and other factors that inhibit the environmental management strategy not allowing
the achievement of competitive advantadg#ls et al., 2008 Specifically, the tree types of EMBs can
as following defined:
1 EMBs-unmanaged EMDs: this type of barriers is related to EMDs completely not consider and
manage by the organization;
1 EMBs- limits in EMDs managing: this type of barriers is related to issues that the otganiza
faces during EMDs management;
1 EMBs i other factors: this type of barriers is related to other factors that can be intrinsic
characteristics of EMDs or other types of issues.
EMBs constitute therefore the criticalities that often an organization thoésy the environmental
management. Many authors in the last twenty years have studied EMBs and their relevance in the
inhibition of the environmental strategy development process (LGpezero et al., 2016; Lozano et
al., 2015; Klewitz et la., 2014; Agaat al., 2013; Yen et al., 2012; Zeng et al., 2011; Del Rio et al.,
2009). Also, the EMBs can be distinguished in internal and external, and congruently with the approach
used for EMDs identification, the same sets have been used to group EMBs.
In this part of the literature review research stage more@@atientific publications have been analysed
in order to identify the most relevant EMB%$e time span of publication goes from years 2002 to 2017.
The following table shows the results.
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Life Cycle Management
Critical Areas

Type
(Internal/external)

Environmental Management
Barriers (EMBS)

Type of EMBs

References

Lack of Environmental Impatt Product
Level

EMBs - limits in EMDs
managing

Zvezdov et al., 2016; Meinrenken et al., 20Ghazilla et al., 2015;
Bidstrupet al., 2015Finkbeiner et al., 2018Bey et al., 2013Stechenesse
et al., 2012Bretz et al., 1996;

EMBs - unmanaged EMDs

UNEP, 205; Resta et al., 2016; Lossadt, 2016; Manzardo et al., 201!
Alroe et al., 2016MartinezBlancoet al., 2015; Hellweg et al., 201B¢y
et al., 2013; WRI, 201%lift et al., 2000

Lack of Environmental Impact i
Organizational Level
Correlation between product ar

organizational scale not considered

EMBs - unmanaged EMDs

Zvezdov et al., 2018;)NEP, 205; Resta et al., 2016; Loss &t, 2016;
Manzardo et al., 2015Alroe et al., 2016MartinezBlancoet al., 2015;
Meinrenken et al., 2012; Stechemesser et al., 2012.

1. Environmental impact
assessment

Lack of Comprehensive impact assessm
(Multi-indicators)

EMBs - unmanaged EMDs

Williams et al., 2017; Caldera et al., 2017; Stindt, 2017; Alroe et al., 2
Moreno et al., 2015; WRI, 2013;

Lack of Life Cycle Management approach

EMBs - limits in EMDs
managing

Sonneman et al., 201BlilssontLinden et al., 2014Moreno et al., 2015
Finkbeiner et al., 2013kNEP, 2009;

Issues in hotspots identification and «
burdens shifting

EMBSsT other factors

Manzardo & Loss et al., 201¥artinezBlanco et al., 201&inkbeiner et
al., 2014; Draucker et al., 2013gllweg et al., 2014Pelletieret al., 2013;
Downie et al., 2011.

Impact assessment based on invent

indicators

EMBs - limits in EMDs
managing

Alroe et al., 2016; Moreno al., 2015; Lewandowska et al., 2014, Liu
al., 2012; Zobel et al., 2004; Zobel et al., 2002;

Internal

Technical difficulties in large
assessment data management

impac

EMBsi other factors

Badiezadeh et al., 2017Zvezdov et al., 2016Alroe et al., 2016;
Lewandowska et al., 201Burrit et al., 2011

2. Inventory resources
consumptions assessment

Technical difficulties in large inventory dat
management

EMBSs' other factors

Ferro de Guimaraes et al.,12Q Badiezadeh et al., 201Zyezdov et al.,
2016; Riexinger et al., 2016; Kouziokas et al., 2016; Dorn et al., 2(
Ghazilla et al., 2015Vitezak et al., 2014Sarkis et al., 201Bennett et
al., 2013;Magnan et al., 2013; Lewandowska et al., 2011; Henri et
2010;Finkbeiner, 2009Tseng et al., 210; Isenmann et al., 200Byetz

et al., 1996.

3. Performance evaluation &
performance tracking

Lack of OPIs for environmental performant
evaluation related to life cycle managemen:
product and organizational level

EMBs - limits in EMDs
managing

Pilouk et al., 2017Hellono et al., 2017Journeault et al., 2016; Bey et a
2013; Henri et al., 2010;

Difficulties in performance tracking and OP
trends analysis

EMBsi other factors

Riexinger et al., 2016; Dorn et al., 2016; Magnan et al., 28&8ri et al.,
2010;

4. Ecoinnovation

Difficulties in implementation of practica
ecodesign processes and new -BEmdly
alternative solutions comparison

EMBs - limits in EMDs
managing

Restaet al., 2016;Luglietti et al., 2016 Kucuksayrac, 2015Martinez
Blanco et al., 2015; Ghazilla et al., 2015; Lewandowska et al., 2(
Pigosso et al., 2013; Arzoumanidis et al. 2013; Bey et al., 2013; But
al. 2012; Le Pochat et al., 2007; Boks, 2006; Johansson, 2006; Luttrc
al., 2006;

Lack of
assessment

indicators  for ecoefficiency

EMBs - unmanaged EMDs

Journeault et al., 201&proedtet al., 2015Validi et al., 2015Bey et al.,
2013;Jacquemin et al., 201Btenri et al., 2010;
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Lack of use of Decisionmaking Tools Yue et al., 2014Bey et al., 2013; Liu et al., 2012acquemin et al., 2012
(MCDA, optimization, statistical technique: EMBsT other factors Pieragostini et al., 2012;jubas et al., 2011; Marazza et al., 2010; |
5. Strategic decision making etc.) Benedetto et al., 2®; Chen et al., 2009;

Difficulties in the assessment ¢

) . EMBsi other factors Granly et al., 2014; Fleiter et al., 2012; Murillona et al., 2011
environmental performance of investments

Journeault et al.,, 2016; Lewandowska et al., 2014; &ewl., 2013

Unbalanced environmental manageme¢ EMBs - limits in EMDs Pigosso et al.,@13; WRI, 2013; De March2012; MourilloLuna et al.,

strategies managing

2011,
Dlvgrgence between intended and realiz EMBs - limits in EMDs Journeault et al., 201€ngert et al., 2016)VRI, 2013
environmentamanagement strategy managing
Lo Ghazilla et al.,, 2015; Granly et al., 2014; Guimaraes et al., 2
. EMBs - limits in EMDs L .
Lack of Top management commitment . Mollahoseiniet al., 2012; MourilleLuna et al., 2011; Massoud et a
6. Strategy & Management managing

2010; BosBrouwers, 2010; Tseng et al., 2009; Aragdorrea et al., 2008
Lack of Systematic and procedural approc EMBs - limits in EMDs Resta et al., 20163hazilla et al., 2015; Lisi et al., 2015; Pigosso et
for continuous improvement managing 2013; Gond et al., 2012;

Hermann et al., 2017; Campi et al., 2017; Evangelista et al., 2017; Ja
Lack of empl oyees 6 EMBs - limits in EMDs et al.,2016; Kucuksayrac, 261 Ghazilla et al., 2015; Bey et al., 201
responsibilities managing Lozano et al.,, 2013; Demirel et al., 2011; Murillona et al., 2011,
Massoud et al., 2010, Chan et al., 2008; Lee et al., 2008;

Low ability to perceive changes iagulation EMBs - limits in EMDs Elijido, 2017; Hermann etl.a2017;Shen et al., 201Bhupendra et al.,
& Unclear regulation managing 2015 Zhang et al., 2013; Murilkhuna et al., 2011; Luken et al., 2008;
Lack of economic advantages (e.g. tax EMBs - limits in EMDs Hermann et al., 201 Kucuksayrac, 2013uttol et al., 2012Mourillo-

7. Compliance

reduction, incentives) managing Luna et al., 2011; Massoud et al., 2010
Low ability to perceive changes in resourc EMBs - limits in EMDs Hermann et al., 2017; Miehe et al., 2016; WRI, 2013; Mourillo et
availability and price managing 2011;
8. Sensibility to relevant  Low ability to perceive changes of produc EMBs - limits in EMDs Bhupendra et al., 201&hazilla efal., 2015; Zhang et al., 2013; Luken
changes on market managing al., 2008;
External Low abilty to perceive changes ¢ EMBs - limits in EMDs

. . Ghazilla et al., 2015; Lozano et al., 2013; Murillena et al., 2011
technologies on market managing

Difficulty in highlighting the differences ir
9. Market differentiation ~ terms of environmental performance of the

EMBs - limits in EMDs

Laso et al., 2017; Cordella et al., 20L6¢krey, 2015EC, 201®

products respects those of competitors managing
Low stakeholders engagement EMBs - limits in EMDs Lozano et al., 2013; Guimaraes et al., 2013; Moulilioa et al., 2011;
10. Communication and 929 managing Massoud et al., 2010Jolina-Murillo et al., 2009;Tseng et al., 2009
relationshi - - - —
elationships Lack gf a!llances and partnerships with otr EMBs . limits in EMDs Bey et al., 2013Seiffert, 2008:
organizations managing
Rousseaux et al., 2017; Kucuksayra@l5 Rossi et al., 2016; Alroet
Other important . . EMTs selection and EMTSs high variety EMBSsi other factors al., 2016; Ghazilla et al., 2015; Bey et |, 2013; Lozano et al., 2
. 11. EMTsimplementation ) .
evidence Mourillo-Luna et al., 2011; Tseng et al., 2009
High implementation costs EMBs1 other factors Ghazilla et al., 2015; Murilkk.una et al., 2011; Massoud et al., 2010

Table 4 Environmental Management Barriers (EMBs) emerged from the scientific literature review.
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This part of the scientific literature review has permitted to identified 29 different EMBs, 19 of them are
internd EMBSs the other 8 EMBs are external while the remaining 2 EMBs are related to the EMTs
implementation. 6 of life cycle management critical areas are internal and the other 4 are external.
Furthermore, in the case of EMBs there is an additional critiealr@spect the ten used for EMDs. The
eleventh life cycle management critical area is related to issues emerged during the implementation of
the environmental management tools. This aspect is very important because strengthens the importance
of this thesigesearch regarding the need of EMTSs selection. The description of each EMBs is reported
following.

1.3.1. EMBs i Environmental impact assessment
This EMBs category groups EMBs that regard issues in environmental impact assessment. The
identified EMBs ardollowing descripted.

Lack of Environmental Impact AssessmérRroduct Level:

Although the number of organizatiethat had implemented product LCA is increased the industrial
application isyet limited. Furthermore, organizatisthat has applied LCA Ilsaselected one or few
products without investigates the major part of its product portféhiere is the need of develop tools
for the assessment of large products portfolio.

Lack of Environmental Impact Assessmerfdrganizational Level:

Only few organzations assess environmental impacts at organizational level and very few organizations

have applied LCA methodology at organizational level (The case study of this thesis is the first published
application of OLCA). In this context organizatgxuho not krow their life cycle environmental impacts

and hotspot along the value chains. Furthermore, the contradiction between the organizational
environmental performance and the product environmental performance could exist and could be a risk
for the organizatioim terms of reputation.

Correlation between product and organizational scale not considered:

The correlation between the organizational environmental performance and the products environmental
performance is currently unmeasured from organizatiod t is a strong limit into correlate the efforts

that organization promotes at product and process scale to the potential improvement of the life cycle
environmental performance at organizational scale.

Lack of Comprehensive impact assessn{hiiti -indicators):

Many organizations monitor only one environmental impact category (e.g. climate change). It is
fundamental to establish approaches in the organizations able to assess and monitor all the
environmental impact categories considered relew@m scientific community. It is important to
underline that also if the organization monitor many impact categories (for internal environmental
strategy purposes), it may choose of based its external communication strategy only on one impact
category €.g. climate change).

Lack of Life Cycle Management approach:

Often the organization in the environmental management activities and initiatives do not use a life cycle
management approach, focusing only on directly controlled processes (e.g. coreepjottEsgever,

it is common know that an organization generates environmental impacts especially in the upstream
processes (e.g. raw material extraction) and in the downstream processes (e.g. transports, usage phase,
end of life). Considering the LCM condeig fundamental requirement to achieve the environmental
sustainability also considering other concepts such as: circular economic, ecodesign, etc.
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Environmental burdens shifting issues:
Often the organizations keep choices that apparently improvehierenental performance but realty
move the environmental issues under another point of view. These issues as well know with the scientific
term of fAburdens shiftingbo. I n the literature tw
1. Burdens shifting tye one: the choice generates that a part of the environmental impacts are shift
from a life cycle stage to another life cycle stage without a reduction of the whole impact;
2. Burdens shifting type two: the choice generates a reduction of the environmegrdatsron
one specific impact category (e.g. climate change) but an increase of impacts on other impact
categories (e.g. water depletion, human toxicity, etc.)

Impact assessment based on inventory indicators:

Many organizations base impropriety the envinemtal performance assessmamit on the assessment

of inventory indicators (e.g. resources consumptions). However, the environmental impacts categories
represent environmental issues of concern to which life cycle inventory analysis results may bd assign
though the characterization processes. Therefore, choices apparently equal from the inventory analysis
perspective may be very different from the impact assessment analysis perspective.

Technical difficulties in large impact assessment data management:

The environmental impacts assessment at organizational level and for many products generate a very
large amount of results that must be interpreted. This interpretation phase normally requires many time
and implies high cost. Solutions to reduce effdetssl to this activityarerequired.

1.3.2. EMBs i Inventory resources consumptions assessment
This EMBs category groups EMBs that regard issues in inventory analysis. The identified EMBs are
following descripted.

Technical difficulties in large inventory dateamagement:

The inventory analysis with data collection activities at organizational level and for many products
normally requires many time and implies high cost. Solutions to reduce effort related to this aetivity
required.

1.3.3. EMBs i Performance evaluaton & performance tracking
This EMBs category groups EMBSs that regard issues on environmental performance evaluations. The
identified EMBs are following descripted.

Lack of OPIs for environmental performance evaluation related to life cycle manageprexiuat and
organizational level:

The key to a successful environmental management is the proper identification and evaluation of
environmental aspects and their potential impacts because the most significant environmental aspects
play a crucial role in # formulation of effective environmental policy, in terms of the definition of
objectives and targets, therein providing the basis for the entire EMS (P&der 2006). Organizations use
rarely sets of KPI in order to evaluate and monitor environmental perioev@ processes, products,

and whole organizations. This aspect does not permit to the organizations to have a simply and fast
continues assessment of their environmental performance.

Difficulties in performance tracking and OPIs trends analysis
Many organizatios had assessed the environmental performance of products at least one time.
However, often many organizati®wo not continue to reassess the performance of these products
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subsequently. This aspect does not permit to manage the life cyclerenemntal performance of
products. The same considerations can be made for the organizational scale. Furthermore, the
organizatiosloss the possibility to promote market strategies based on environmental performance and
to establish ecodesign processedliercontinuous improvement of life cycle performaatthem and

of their products

1.3.4. EMBs i Ecoinnovation

This EMBs category groups EMBs that regard issues on ecoinnovation especially regarding: ecodesing
and ecoefficiency activities. The identified EMBg $ollowing descripted.

Difficulties in implementation of practical ecodesign processes and alternative solutions comparison

Difficulties in implementation of practical ecodesign processes neviriecally alternative solutions
comparison:
Organizationghat have start ecodesing activities face the issue of link ecodesing activates to other
business activates. Ecodesing activates result often isolated and it is a critical point to transform
ecodesing intentions into real ecodesigned specifications falugi® development. A systematic
application of ecodesing is required. The core gaps regarding ecodesign implementation and
management are:
1 Lack of systematization of existing ecodesign practices in detriment to managerial models;
1 Lack of integration betwee ecodesign and the broad context of product development,
management and corporate strategy;
1 Lack of a roadmap to support companies on continuous improvement of ecodesign
implementation, which can continually drive actions toward higher implementatids;leve
1 Difficulties faced by companies in defining and prioritizing the ecodesign practices to be
employed and in moving from pilot projects to anchoring@esign into business.
Furthermore, many times, organizations face a large number of innovatiortpasjddhe analysis of
alternatives with ecodesign perspective often required a lot of time and resources. Therefore,
organizations have the need of operative tools that permit the fast alternatives comparison and the
identification of the best environmeamisolution.

Lack of indicators for ecoefficiency assessment:

Organizationgarelyassess and monitor ecoefficiency of processes and products. This aspect does not
permit to the organizations to have a simply and fast continuessassnt of their ecoeffency in order

to reduce resources consumptions and economic costs.

1.35. EMBs 1 Strategic decision making
This EMBs category groups EMBs that regard issues on strategic decision making: identification of
optimize solutions, investment assessment. The idaehffidBs are following descripted.

Lack of use of Decision making Tools (MCDA, optimization, statistical techniques, etc.):

Most of times, the environmental management activities generate multi objective problems or decision
making problems. In fact, for example often in a ecodesign processes there is the objective of
environmental performance improvement but there are othjectoles such as cost reduction, or
improvement of some performance characteristic of a product. In other cases, there will be a number of
options and possibilities for improvements and it may not always be obvious, which of them represents

the optimum saltion. Secondly, there may exist more than one optimal solution for improving the
systemdbs performance, in which case the issue b
from a number of optimum solutions. Therefore, there is the need that zatyamiintegrate into
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decision making process on environmental management, specific tools for decision making such as
MCDA, mathematical optimization approaches, statistical techniques, etc.

Difficulties in the assessment of environmental performancevesStments:

Organizations have the need of to assess how new potential investments may influencing environmental
performance of products, processes or whole organizations. In fact, choosinigredly investments

may be an important asset for improve iemvmental performances through new technologies
acquisition and financial support of new ddendly products development.

1.3.6. EMBs 1 Strategy & Management

This EMBSs category groups EMBs that regard issues in strategy formulation and on managerial aspects.
The identified EMBs are following descripted.

Unbalanced environmental management strategies:

Although from a theoretical point of view an environmental management strategy is composed by the
ecoefficiency component and the ecobranding component, magy dirganizations develop strategies
expanding only the ecobranding component, limiting the developed of the ecoefficiency component. In
the extreme <case, when no ecoefficiency intents
washingo. lemviroramental antamagement strategy, both two parts are developed, the
ecobranding component is built on the results generated by ecoefficiency component and when
ecobranding goals have been set the ecoefficiency component works to obtain them.

Divergencebetween intended and realized environmental management strategy:

The competitive environmental strategy is composed of two different components, namely the intended
and realized strategy. The intended component of competitive environmental strategyoréfiers
integration of environmental ambitions into the organizational strategic intentions in order to gain a
competitive position that a firm hopes to build in the future. The realized component refers to the
intentions expressed in the intended comporeffiectively realize by the organization. Many
organization intents to achieve goals and targets regarding environmental management and performance
but do not catch to achieve the major part of them, creating a divergence between the intended
component anthe realized component and losing the major part of potential competitive advantages.

Lack of Top management commitment:

The top management commitment is an essential aspect to ensure the achieving of improvements of
environment performance of awganization and of its products. In fact, companies achieve much
greater success if they are characterized a strong commitment from top management. However, the top
commitment is often low.

Lack of Systematic and procedural approach for continues immpeve

Many times, organizations face the environmental management without internalize the PDCA
managerial concept. It follows that the environmental management activities are not cyclic and do not
favour the continues improvement. In fact, in these casesrivironmental management activities result
spot and unlinked to the business activities of the organization. This aspect in very critical for the
efficacy of the environmental management strategies and the competitivity results.

Lack of e mpduvodefenedsedporsikilitids:

The environmental management is a very complex subject and therefore require that employees have
specific skills. The gener al |l ow empl oyeesd ski
development of practical actie in the organization. In other case, also if there are employees with
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correct skills, without a defined organization of the responsibilities, the environmental management
activities go on with difficulties.

1.3.7. EMBs i Compliance
This EMBs category groups EMBthat regard issues on compliance mainly at regulatory level. The
identified EMBs are following descripted.

Low ability to perceive changes in regulation & Unclear regulation:

Many organizations although have the need of is continuously updatethnges in environmental
regulation, do not control this aspect and undergo different kind of operative issues such as production
stops, heavy fines, etc.

Lack of economic advantages (e.g. taxes reduction, incentives):

Many organizatioasee as barrier environmental management the lack of economic advantages from
taxes reduction or access to incentives. This aspect is very variable at international level from country
to country.

1.3.8. EMBs i Sensibility to relevant changes

This EMBs category groups EMBs thragard the low sensibility to relevant external changes of: price
and resource availability, products in the same market segment and new technologies. The identified
EMBs are following descripted.

Low ability to perceive changes in resources availalalitgt price:

Many organizations although have the need of is continuously updated on price and resources
availabilities, do not control this aspect and undergo different kind of operative issues such as increasing
production cost, production limited by lowsource availability, etc.

Low ability to perceive changes of products on market:

The ecefriendly characteristics of the products on the market may change rapidly especially in market
segments rich of producers. Many organization do not respond protopthese changes losing
competitivity.

Low ability to perceive changes of technologies on market:

Many organization do not monitor continuously the opportunities offered by the innovation produced
by new production technologies available on the marketrier to improve their environmental
performance and their market competitivity.

1.3.9. EMBs 1 Market differentiation

Difficulty in highlighting the differences in terms of environmental performance of their products
respects those of competitors:
The organizatins, although develop new green products, encounter issue that the actual communication

tools often do not permit to communicate effectively environmental performance to consumers.
Furthermore, communication tools developed for benchmarieng EPD)show limits, do not
guaranteeing robust performance comparison and discouraging consequently the consumer confidence.

1.3.10. EMBs 1 Communication and relationships
This EMBs category groups EMBs that regard external communications and relationships. The
identified EMBs are following descripted.
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Low stakeholders engagement

Organizations often do naictivatecommunication processes for stakeholders engagement regarding
environmental performance and commitment. These communication processes may be: external
reporting, product labelling, participation in scientific conferences, publication of literature, etc.

Lack of alliances and partnerships with other organizations:

Organizations often face the environmental management without not share the experience with other
organizations. This approadbesnot able the organizatisto achieve potential competitive adtages

such as: activities cost sharing, sharing of data (e.g. inventory primary data), commercial relationships
improvement, etc.

An organization may search partners along its supply chain or in different market segments with similar
experiences in endnmental management.

1.3.11. EMBs 1 EMTs implementation

The last EMBs category groups EMBs that emerged during the EMTs implementation. This category is
considered separately and has been identified in order to underline the importance of the issue related
to EMTs selection. The identified EMBSs are following descripted.

EMTs selection:

A large amount of EMTs exists and organizations have difficulties in EMTs selection limiting their
application at industrial level. In fact, it is important underline that thgresat variety of EMTs is one

of the most important reason for the low implementation and integration of EMTs at industrial level.
Organizations have need of EMTSs selection guide in order to overcome this important EMB. Respect to
this necessity, the pregelPhD research give an important contribution identifying a new method for
multiple EMTs use that defines also which are the EMTSs to select, proposing roles and ways to use
different EMTs. This aspect is very important because strengthens the importdmsé¢hafsis research
regarding the need of EMTSs selection

High implementation costs:

The implementation of EMTs generates cost for organizations that in some case is high due to
certification cost, the access to external expertise (e.g. academic resquofessional consultants,

etc.) and software purchasing. This aspect often is problematic mostly when the organization focus the
attention mainly on the objective to achieve certifications without focus on the objective of to improve
its performance thaften can generates economic savings which cover extensively the implementation
costs.
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1.4. Environmental Management Tools (EMTS)

In the present paragraph has presented the third part of the scientific literature review. This part focuses
on the enironmental management tools that have been developed from scientific community and that
are in the last decades used by organizations in order to face and manage the environmental management
drivers (EMDs) and overcome environmental management barriel8gEMhcountered.

1.4.1. EMTSs developed by scientific community

In recent decades, the environmental sustainability concept has acquired growing importance, and a
large number of Environmental Management Tools (EMTs) have been developed to promote the
implementation of its principles inside industrial companies in order to improve competitiveness (Zhang
et al.,, 2017; Pigosso et al., 2015). In fadllowing the increase awareness of the international
community on environmental sustainability topic, awgng number of organizations are adopting
different EMTSs in order to assess, monitor and reduce the environmental impacts generated from their
activities while other organizations are facing the need for EMTs selection (Rossi et al., 2016). An
Environmemal Management Tool is defined as toostgpport and improve environmental management

at organization, process and product level. Therefore, the EMTs are tools born in the environmental
management scientific field to solve specifically environmental memagt issues (e.g. LCA, EMS).

In order to better understand the definition of EMT two key definition are required: the definition of
environmental management and the definition of management tool. Regarding environmental
management, starting from Jolly (A® arriving to Barrow (2006) there are many definitiom®st

having evolved over time and through feedback. In the present research, the environmental management
i's defi ned -nmking procassl whch ®gulates the impact of human activities on the
environment in such a manner that the capacity ogétivronment to sustain human development will

not be impaired, through a sustainable exploitation of natural and artificial resources and mitigation of
environmental impacts generated from human activites| abor at ed from Barrow,
environmental management is contextualizable as an approach that seeks to steer the development
process to take advantage of opportunities, try to avoid hazards, mitigate impacts on eco system, and
prepare organizations for unavoidable difficulties by impro\adgptability and resilience (Barrow,

2006). In fact, the survival of an organisation today depends directly on its capacity to be efficient and
competitive. Growing transformations in the world impose changes in industrial management paradigms
and environmantal management can be seen as one of these changes, which brings in itself a series of
opportunities and risks. As a management tool, the definition proposed by Moisdon (1997) can be

considered: fa formalizati on ea$oningithgtdormally Bnisaact i vi
certain number of variables within an organisation, designed to provide information for the different
acts of management, which can be groupeEMTander t

have changed much avéhe last 50 years. From an individualist perspective of production site
preventive measures, companies have moved on to embrace life cycle management (LCM) approaches.
Following 30 years of development, there is today a wide amount of EMTs (RoussehuRQdi7;

Lozano et al., 2012; Unger et al., 2008; Baumann et al., 2002). In fact, in 2002, more than 150 tools
were identified by Baumann et al. (2002) and thirteen years later Pigosso et al. (2015) has listed 350 of
them, the difference between theseo tnumbers is simply an indirect measure of the velocity of
development and diffusion of EMTs. However, EMTs are not equally diffused and applied. Therefore,
this part of the literature analysis has been performed in order to identify the main impouateryol

EMTs. The first analysis step is the classification of EMTs. In the past years different proposal for a
EMTs taxonomy have been done in order to classify the large amount of EMTs (Rousseaux et al., 2017;
Rossi et al., 2016). The taxonomy classifiwatproposed in this research is based on a Aawél
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approach recently proposed by Rousseaux et al. (2017) and on considerations emerged by Rossi et al.
(2016), Brones et al. (2015) and Hernandez et al. (2011). The taxonomy classification levels are:

1 Level 17 Object of analysis: define if the EMT is applicable at organization level, process level
or product level (Rossi et al., 2016; Reyes et al, 2007);

1 Level 27 Normative level: define if the EMT is a normative or not normative tool (Rousseaux et
al., 2017). Where normative tools include texts of standards (for instance, if a company wants a
certification or applicable rules, it will use normative tools to reach its wish or strategy); non
normative tools encompass all other type of texts or methodsathdie needed for improvement
environmental management;

1 Level 31 Useoriented level: define the environmental management perspective for which is used
the tool (Brones et al., 2015; Lonzano et al., 2012; HernaRdedo et al., 2011, Berkel et al.,
1997) The level is composed by five categories:

U Environmental Assessment Analytical toelaventory level: tools oriented to quantitative
analysis of input and output mass and energy flows regarding a product or organization
system;

0 Environmental AssessmeAnalytical tools- Impacts level: tools oriented to quantitative
analysis of environmental impacts characterized in different environmental impact
categories due to input and output mass and energy flows regarding a product or
organization system. The invi@ry level is included in these tools.

i Performance Evaluation and Improvement tools: tools oriented to facilitate management
decisions regarding an organization's environmental performance. Ecodesign and
ecoefficiency tool fall into this category beingpnovement tools;

U Managerial tools: tools oriented to build an environmental strategy based on continuous
improvement. Typically, they are procedural tools that permit to establish goals and
objectives conforming the strategy and to allocate financiahanwhn resources.

0 Communications tools: tools oriented to support process of internal and external
communication. Theyaryfrom product labelling to external reports.

The distinction between environmental assessment tool and environmental improvetaastiased

on Janin (2000) considerations. It is important that although as proposed by Rousseaux et al. (2017), at
the first level EMTs are distinguishable in regulatory and-megulatory tools, the present research
focus only on voluntary EMTs and tlefore excluded the regulatory tools. In the following table are
listed the main EMTs emerged from the scientific literature review. EMTs have been characterized
following the taxonomy scheme previously descripted.
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Level 1 Level 2 Level 3
Relevant Non Environmental Environmental Performance
N° Tools Object of Normative . Assessment Assessment Evaluation and Managerial Communication
references . Normative ) .
analysis Tools Tools Analytical Tools: Analytical Tools: Improvement Tools Tools
Inventory level Impacts level Tools
Environmental Limited, often Limited to inventory
management Guenther et ~ ) = =
1 a oriented to core performance a a
control system  al., 2016 focesso evaluation
(EMCS) P
. - . . Limited to inventory
2 GI.O.bé.lI Reporting GSSB, 2016  Organization a Limited, not in a'Ilfe performance a
Initiative (GRI) cycle perspective A
evaluation
Environmental Limited, often Limited to inventory
3 management ISO, 2015 Organization a oriented to core performance a a
system (EMS) processao evaluation
Enylronmental Roszak et Product & i Limited ‘to
4 Failure Mode and al. 2015 rocess a ecodesign
Affects Analysis v P choices
. Organization Limited to water - .
Water F rint ; Limi im
5 ate ootp ISO, 2014 & product & a consumptions and ted to impacts
(WF) . on water resource
process water quality
Organizational Life
6 Cycle Assessmen ISO, 2014 Organization a a a
(oLcA)
Carbon Footprinfi Product & ~ Limited to GHG Limited to impacts
7 ISO, 2013 a - .
Product (CFP) process emissions on climate change
Environmental Organization
8 performance ISO, 2013 &g rocess a a
evaluation (EPE) P
GHG Protocol - L - .
Pri Lim H Lim m
9 Product and supply WRI, 2013 oduct & a imited to GHG imited to impacts
- process emissions on climate change
chain standards
GHG Protocol -
Organization - . .
10  Accounting and WRI, 2013 Organization a L|m|teq t(.) GHG lelt?d to Impacts
. emissions on climate change
Reporting
Standards
Organization
11  Environmental EC, 2013 Organization a a a a
Footprint (OEF)
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Level 1 Level 2 Level 3
Relevant Non Environmental Environmental Performance
N° Tools Object of Normative . Assessment Assessment Evaluation and Managerial Communication
references . Normative ) .
analysis Tools Tools Analytical Tools: Analytical Tools: Improvement Tools Tools
Inventory level Impacts level Tools
Product
12 Environmental EC, 2013 Pr?gg:;:‘ a a Liaison with LCA a
Footprint (PEF) P
Ecoefficiency Product & ~ ~ ~
13 Assessment (EEA) IS0, 2012 process a a a
14 Ecosystem Service: Busch et al., Product & 3 3 A
(ES) 2012 process
Water Footprint  Hoekstra et Product & ~ Limited tq water Limited to impacts
15 a consumptions and
Network al., 2011 process . on water resource
water quality
Limited, often
16 EMAS . EU, 2aL7 Organization a oriented to core a a
Registration A
processb®d
Ecodesign Limited to
17  Integration Method Le Pochat et a Liaison with LCA Liaison with LCA ecodesign
al., 2007 \
(EDIMS) choices
Methqd for Limited to
Sustainable Byggeth et ~ .
18 a ecodesign
Development al., 2007 choices
(MSPD)
Life Cycle Product & ~ = =
19 Assessment (LCA) SO, 2006 process a a a
Environmental
. ISO, 2001 . =
20 Def:laratlon & 2016: 2006 Product a a
claimsType I, I, 1l
) Organization
CostBenefit = x
21 Analysis (CBA) Pearce, 2006 & product & a a
process
Limited to
22  ABC - Analysis Byggeth et Product & a ecodesign
al., 2006 process .
choices
Typological
23 Environmental Le Pochat et Product & a Liaison with LCA Liaison with LCA
) al., 2005 process
Analysis
Strategic Dalak - . .
Lim not in a lif
24 Environmental Clayto, et Process a IC I;Ted' e?st Ie(ii\:ee a
Assessment (SEA) al., 2005 ycle persp
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Level 1 Level 2 Level 3
Relevant Non Environmental Environmental Performance
N° Tools Object of Normative . Assessment Assessment Evaluation and Managerial Communication
references . Normative ) .
analysis Tools Tools Analytical Tools: Analytical Tools: Improvement Tools Tools
Inventory level Impacts level Tools
25 Carboh Fgotprinﬁ' 1SO, 2004 Organization A Limiteq tg GHG Limited to climate
Organization emissions change
2 Material Flow  Brunner et Product & A A
Accounting (MFA) al., 2004 process
27 Substance Flow Sokkaet al., Product & 3 3
Analysis (SFA) 2004 process
Environmental Risk N ~ Limited to risk
28 Assessment (ERA) EC, 2003 Organization a management
29 E;Zineering ((Iz_)g; Jzzv(\)/gzt, Pg:g;if a Liaison with LCA Liaison with LCA a
Multicriterial
Analysis for
30 Sustalr.lable Benoit et al., Product & a Liaison with LCA Liaison with LCA
Industrial 2003 process
Technologies
(MASIT)
Env!ronmental Lagerstedt, Product & i Limited ‘to
31 Design Strategy 2003 process a ecodesign
Matrix (EEDSM) choices
Design for Limited to
32 environment I1SO, 2002 Product & a a ecodesign
) process .
Ecodesign choices
Environmental Burritt et al
33  Management 2002 " Organization a a Liaison with LCA
Accounting (EMA)
34 Input ¥ output Suhetal., Product & 3 3
analysis (I/0) 2002 process
Materlql Intens‘ny Ritthoff et Product & = =
35  Per unit of Service al., 2002) r0Cess a a
(MIPS) - P
Environmental
36  Auditing (EASO)i ISO, 2001 Organization a a
ISO 14015
37 Total material Bringezu et Product & A A
requirement (TMR) al., 2001 process
38 Environmental Lindahl, Product & A A
Effect Analysis 2000 process
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Level 1 Level 2 Level 3
Relevant Non Environmental Environmental Performance
N° Tools Object of Normative . Assessment Assessment Evaluation and Managerial Communication
references . Normative ) .
analysis Tools Tools Analytical Tools: Analytical Tools: Improvement Tools Tools
Inventory level Impacts level Tools
Environmental Limited, not in a life
39 Impact Assessmen Petts, 1999 Process a ' .
cycle perspective
(EIA)
40 Embodied Energy  Treloar, Product & 3 Limited to energy
Analysis (EEA) 1999 process flows
Technology ~
41 Braun,1998 Process a
Assessment (TA)
Material cycle,
Energy use anc Brezetetal, Product & . .
42 . o a a
Toxic emissions 1997 process
(MET)
Materl.al, Energy, Wenzel et Product & ~ ~
43  Chemical & Others al. 1997 rocess a a
(MECO) " P
Ecological Wackernaget N ~ ~ =
44 f Organization a a a
Footprint (EF) al., 1996 g
45 Ecological Jorgensen et Process A Limited to Limited to
modelling (EcoM) al., 1996 ecological aspects  ecological aspects
46 MET- matrix Brezet et al., Product & A A
1995 process
Environmentally
47 Responsible Graedel et Product & 5 5
Product Assessmen  al., 1995 process
(ERPA)
48 Resource Liedtke et Product & 5 5 5
Management (RM) al., 1994 process

Table 5 List and taxonomy characterization of the mafnvironmental management tools applied in the scientific literature.

o

44

| —



Chapter oneScientific literature review PhD studenfndrea Loss

About fifty EMTs have been identified and although they are the most applied, a lot of other EMTs
exists. Often new EMTs are derived as evolution of otherigqueMEMTSs or from the integration of
EMTs. The previous list focus on EMTs consolidated in the scientific literature.
Despite the many existing EMTSs, their use in companies is still limited (Rossi et al., 2016; Bey et al.,
2013; Zhang et al., 2013 fact, it is important that the so great variety of EMTs is one of the most
important reason for the low implementation and integration of EMTs at industrial level (Rossi et al.,
2016). This aspect has been also identified in the previous paragrapd ttheriBMBs identification.
Furthermore, being know that for a comprehensive environmental management more than one EMT has
necessary (Sala et al., 2013), it is important to note that many EMTs present often overlapping areas in
terms of evaluation and bgrdeveloped as standalone without a specific reference to an integrability
framework many issues during integration processes could emerged. In this context, the great number
of available EMTs associated with a lack of procedures for supporting the amsessgiection and
integration of tools, low knowledge about them, and lack of specialized or trained staff (Rousseaux et
al., 2017) are some the reasons why it is important to rationalize EMTs.
Under the push of the growing number of EMTs, companie®dey facing a new challenge: how can
they select appropriate EMTs for organize suitable environmental activities to improve sustainability
and market competitivity? In this direction, at International level the organization thahleaepe of
to defire and develop the environmental management tools in order to support sustainable development
is the International Organization for Standardization (ISO). ISO established on 1947, is an independent
nongovernmental international organization with a membprsii 163 national standards bodies.
Through its members, it brings together experts to share knowledge and develop voluntary, consensus
based, market relevant International Standards that support innovation and provide solutions to global
challenges. ISGtandards are the tools through which ISO promotes the developed of industrial and
public organization in all relevant competitive topics. Until today about 21.657 standards have been
developed. ISO standards have mainly four key characteristics:
U 1SO standards respond to a need in the market: ISO does not decide when to develop a new
standard, but responds to a request from industry or other stakeholders such as consumer groups.
U 1SO standards are based on global expert opinion: ISO standardsvalepéd by groups of
experts from all over the world, that are part of larger groups called technical committees. These
experts negotiate all aspects of the standard, including its scope, key definitions and content.
U ISO standards are developed throughudti-stakeholder process: The technical committees are
made up of experts from the relevant industry, but also from consumer associations, academia,
NGOs and government.
U ISO standards are based on a consensus: Developing ISO standards is a ebashsus
approach and comments from all stakeholders are considered.
In total, there are about 242 technical committees and the one that focus on Environmental Management
is ISO/TC 207. ISO/TC 207 can be seen as the absolute reference point regarding thendaveibp
tools for environmental management at irtdak level. In fact, it guidest international level the
development of environmental management tools since 1993s and enjoys of a strong international
endorsement. ISO/TC 207 has the scope of the stdindtion in the field of environmental management
systems and tools in support of sustainable development. It is important to note that feedbacks from
organizations show that a standardized tool is more credible (Rousseaux et al., 2017). In the following
table is shown through topics and tools the vision regarding environmental management promoted by
ISO/TC 207.
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Topics

Sub topics

Main relevant ISO standards

Scope

ISO/TC 207/SC 1/WG 7

ISO/CD 14008
Monetary valuation of environmental impacts a

Monetary valuation of . L . Not yet define, standard under development
. . related environmeat aspects- Principles, requirement:
environmental impacts S
and guidelines (Under development)
ISC.)/T(.: 207/SC /WG 8 .. ISO/AWI 14007
Guidelines on determining ) . )
. * Environmental management -- Determining Not yet define, standard under development
environmental  costs  an . N
. ervironmental costs and benefit$Guidance
benefits
ISO/TC 207/SC 1 :ESrS/il}:norgiftgll%ana ement svstermsGuidelines for ISO 14005:2010 provides guidance for all organizations,
Environmental management systems ISO/TC 207/SC 1/WG 9 . 9 4 ) particularly smal and mediurrsized enterprises, on the phas
- the phased implementation of an environmer . . . .
ISO 14005 Revision . . . ~ development, implementation, maintenance and improvement (
- . ) managemergystem, including the use of environmen .
Scope: Standardization in the field o . envronmental management system.
environmental management systems to supt performance evaluation
I N n . n n . . )
the achievement of sustainability ISO 14006:2011 ISO 14006:2011 provides guidelines to assist organization
ISO/TC 207/SC 1/WG 10 ) - establishing, documenting, idgmenting, maintaining anc
- Environmental management systemsGuidelines for ) . - B .
ISO 14006 revision . . . continually improving their management of ecodesign as part ¢
incorporating ecodesign .
environmental management system (EMS).
ISO 14001:2015 specifies the requirements for an environme
ISO/TC 207/SC 1/WG 11 1SO 14001:2015 management system that an organization can use to enhan
Applying ISO 14001 ) environmental performance. ISO 14001:2015 is intended for us

framework to environmenta
aspects by topic areas

Environmentalmanagement systems Requirements
with guidance for use

an orgareation seeking to manage its environmental responsibil
in a systematic manner that contributes to the environmental pill.
sustainability.

ISO/TC 207/SC 2
Environmental  auditing
environmental investigations

and related

Scope: Standardization inthe field of

ISO/TC 207/SC 2/WG 6

ISO 14015:2001
Environmental management & Environmental
assessment of sites and organizations (EASO)

Provides guidance on how to conduct an EASO through a syster
process of identifying environmental aspects and environme
issues and determining, if appropriate, their business consequer

Verification of environmental
and sustainable reports

ISO/AWI 14016

Environmental management-- Guidelines on

Not yet define, standard under development

environmental auditing and relate verification and validation of the environment
environmental investigations component of sustainability reports
ISO/TS 14027:2017 provides principles, requirements and guide
ISO(TC 207/sC 3 . ISO/TC 207/SC 3/WG 5 ISO/TS 14027-2017 for developlng, reviewing, regls.terlng and updatlng PCR'WIt!’]I
Environmental labelling . . Type Il environmenth declaration or footprint communicatio
Development of  product Environmental labels and declaratienBevelopment of ) A
categorvules roduct cateqory rules programme based on life cycle assessment (LCA) according to
Scope: Standardization in the field o gons P gory 14040 and ISO 14044 as well as ISO 14025, ISO 14046 and IS

environmental labelling, including firgtarty

14067.

practices (selfleclaration/claims), and guidin:
principles for thirdparty certification programs
(private and government

ISO/TC 207/SC 3/WG 6
Communication of footprint
information

ISO/DIS 14026

Environmental labels and declaratiors Principles,
requirements and guidelines for communication
footprint information

Not yet define, standard under development
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Topics

Sub topics

Main relevant ISO standards

Scope

ISO/TC 207/SC 3/IWG 7
ISO 14024 Amendmerit Type

ISO 14024:2001
Environmental labels and declarations Type |
environmental labelling- Principles and procedure

Establishes the principles and procedures for developing Ty
environmental labelling programs, including the selection of proc
categories,product environmental criteria and product functi
characteristics; and for assessing and demonstrating compliance
International Standard also establishes the certification procedur
awarding the label

1 environmental labelling

ISO 14021:2016
Environmental labelsind declarations- Selfdeclared
environmental claims (Type Il environmental labelling

ISO 14021:2016 specifies requirements for -delflared
environmental claims, including statements, symbols and grap
regarding products. It further describes sid terms commonly use
in environmental claims and gives qualifications for their use.

ISO 14025:2006
Environmental labels and declarations Type |lI
environmental declarations Principles and procedure:

ISO 14025:2006 establishes the principles and specifies
procedures for developing Type Il environmental declarai
programmes and Type Il environmental declarations.

ISO/TC 207/SC 4
Environmental performance evaluation

Scope: Standardization in he field of
environmental performance evaluation
support of sustainability

ISO 14031:2013
Environmental management --
performance evaluation Guidelines

Environmental

ISO 14031:2013 gives @lance on the design and use
environmental performance evaluation (EPE) within an organiza
It is applicable to all organizations, regardless of type, size, loc:
and complexity.

ISO/TC 207/SC 4/WG 4
Quantitative environmenta
information

ISO/TS 14033:2012
Environmental management -- Quantitative
environmental information Guidelines and examples

ISO/TS 14033:2012 supports the application of standards and re
on environmental management. It provides guidelines on ho
acquire quantitative environmental information and data
implement meiodology. It gives guidelines to organizations
general principles, policy, strategy and activities necessary to o
guantitative environmental information for internal and/or exter
purposes.

ISO/TC 207/SC 4/WG 5
Environmental Technology
Verification

ISO 14034:2016
Specifies principles, procedures and requirements
environmental technology verification (ETV).

The objective of environmental technology verification (ETV) is
provide credible, reliable and independent verification o
performance of environmental technologies. An environme
technology is a technology that either results in an environme
added value or measures parameters that indicate an environr
impact.

ISO/TC 207/SC 4/WG 6
ISO 14063 revision
Environmental communication

ISO 14063:2006
Environmental management --  Environmental
communication- Guidelines and examples.

ISO 14063:2006 gives guidance to an organization on ger
principles, policy, strategy and activities relating to both infeand
external environmental communication. It utilizes proven and-w
established approaches for communication, adapted to the sp
conditions that exist in environmental communication.

ISO/TC 207/SC 5
Life cycle assessment

ISO/TC 207/SC 5/WG 8
Water footprint

ISO 14046:2014
Environmental management- Water footprint --
Principles, requirements and guidelines

1ISO 14046:2014 providesipciples, requirements and guidelines f
conducting and reporting a water footprint assessment as & ¢
alone assessment, or as part of a more comprehensive environi
assessment.
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Topics

Sub topics

Main relevant ISO standards

Scope

Scope:Standardizatiomni the field of life cycle
assessment and related environmer
management tools for products ai
organizations. It includes life cycle base
resource  efficiency and  ecoefficienc
assessment, and encompasses consideratiol
life cycle perspective in thessessment o
impacts from the extraction of raw materials
the final disposal of waste.

ISO 14040:2006
Environmental managementLife cycle assessment
Principles and framework

ISO 14040:2006 describes the principles and framework for life ¢
assessment (LCA) including: definition of the goal and scope of
LCA, the life cycle inventory analysis (LCI) phase, the life cyc
impact assessment (LCIA) phase, the life cycle interpretation pt
reporting and critical review of the LCA, limitations of the LCA, tl
relationship between the LCA phases, and conditions for ussue \
choices and optional elements.

ISO/TC 207/SC 5/WG 11
Life cycle assessment--
Requirements anguidelines

ISO 14044:2006
Environmental managementLife cycle assessment
Requirements and guidelines

ISO 14044:2006 specifies requirements and provides guideline
life cycle assessment (LCA) including: definition thfe goal and
scope of the LCA, the life cycle inventory analysis (LCI) phase,
life cycle impact assessment (LCIA) phase, the life cy
interpretation phase, reporting and critical review of the L(
limitations of the LCA, relationship between the L(hases, anc
conditions for use of value choices and optional elements.

ISO 14045:2012

Environmental managementEcoefficiency assessmer
of product systems- Principles, requirements an
guideline

1ISO 14045:2012 describes the principtegjuirements and guideline
for ecoefficiency assessment for product systems including: goa
scope definition of the ecoefficiency assessment; the environm
assessment; the prodisytstemvalue assessment; the quantificati
of ecoefficiency; intgpretation; reporting; critical review of thi
ecoefficiency assessment.

ISO/TS 14072:2014

Environmental managemesntLife cycle assessment
Requirements and guidelines for organizational life cy
assessment

ISO/TS 14072:2014 provides additionadjurements and guideline
for an effective application of ISO 14040 and ISO 14044
organizations.

ISO/TC 207/SC 7
Greenhouse gas management and relate

ISO/TC 207/SC 7/WG 4

Quantification and reporting o
greenhouse gas emissions a
removals at organizational leve

ISO 140641:2006

Greenhouse gasesPart 1: Specification with guidanc
at the organization level for quantification and reporti
of greenhouse gas emissions and removals

ISO 140641:2006 specifies principles and requirements at
organization leveldr quantification and reporting of greenhouse ¢
(GHG) emissions and removals. It includes requirements for
design, development, management, reporting and verification ¢
organization's GHG inventory.

activities

Scope: Standardization related to th
management of greenhouse gas emissions
removals and related activities. Exclude

ISO/TC 207/SC 7/WG 5
Quantification, monitorig and
reporting of greenhouse ge
emission reductions or removi
enhancements for projects

ISO 140642:2006

Greenhouse gasesPart 2: Specification with guidanc
at the project level for quantification, monitoring ai
reporting of greenhouse gas enwssireductions or
removal enhancements

It includes requirements for planning a GHG project, identifying i
selecting GHG sources, sinks and reservoirs relevant to the pi
and baseline scenario, monitoring, quantifying, documenting
reporting GHG prject performance and managing data quality.

National GHG inventory guidelines that a
responsibility of the Intergovernmental Par
on Climate Change

ISO/TC 207/SC 7/WG 6
Validation and verification of
greenhouse gas assertions &
bodies for use in accreditatio
or other forms of recognition

ISO 140643:2006

Greenhouse gasesPart 3: Specification witlguidance
for the validation and verification of greenhouse ¢
assertions

ISO 140643:2006 specifies requirements for selecting Gt
validators/verifiers, establishing the level of assurance, objecti
criteria and scope, determining the validation/vesifion approach,
assessing GHG data, information, information systems and con
evaluating GHG assertions and preparing validation/verifica
statements.
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Topics

Sub topics

Main relevant ISO standards

Scope

ISO/TC 207/SC 7/WG 8
Carbon footprint of product®
Requirements and guideline
for quantificaion

ISO/TS 14067:2013

Greenhouse gases Carbon footprint of products-
Requirements and guidelines for quantification &
communication

ISO/TS 14067:2013 specifies principles, requirements and guide
for the quantification and communication of tegbon footprint of a
product (CFP), based on International Standards on life c
assessment (ISO 14040 and ISO 14044) for quantification an
environmental labels and declarations (ISO 14020, ISO 14024
ISO 14025) for communication.

ISO/TC 207/€ 7/WG 9
High Level Framework on

ISO/DIS 14080

Greenhouse gas management and related activitie
Framework and principles for methodologies on clim
actions

Not yet define, standard under development

Adaptation

ISO/WD 14090
Greenhouse gases Framework for adaptation tc
climate change

Not yet define, standard under development

ISO/TC 207/SC 7/WG 10
Climate finance

ISO/AWI 14091
Climate Change Adaptation--
Vulnerability Assessment

A guidance to

Not yet define, standard under development

ISO/TC 207/SC 7/WG 11
Vulnerability assessment

ISO/NP 14097

Framework and principles for assessing and repor
investments and financing activities related to clim
change

Not yet define, standard under development

ISO/TC 207/WG 8
Material flow cost accounting i General
principles and framework

Not applicable

ISO 14051:2011
Environmental management-
accounting- General framework

Material flow cost

ISO 14051:2011 provides a general framework for material flow
accounting (MFCA). Under MFCA, ehflows and stocks of material
within an organization are traced and quantified in physical units
mass, volume) and the costs associated with those material flov
also evaluated.

ISO 14052:2017

Environmental management- Material flow cost
accounting- Guidance for practical implementation in
supply chain

ISO 14052:2017 provides guidance for the practical implemente
of material flow cost accounting (MFCA) in a supply chain. MF(
fundamentally traces the flows and stocks of materiathinvan
organization, quantifies these material flows in physical units (
mass, volume) and evaluates the costs associated with material
and energy uses.

ISO/TC 207/WG 9
Land degradation and desertification

Not applicable

ISO/DIS 140551 Guidelines for establishing goo

practice for combating land degradation a
desertification - Part 1: Guidelines and gener.
framework

Not yet define, standard under development

ISO/TC 207/WG 10
Environmentally conscious design

Not applicable

ISO/TR 14062:2002 Environmental management
Integrating environmental aspects into product des
and development

ISO/TR 14062:2002 describes concepts and current practices re
to the integration of environmental aspects into product design
devdopment.

Table 6 Scientific environmental management topics faced by ISO/TC 207 and relative tools developed.
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Only a part of these standards are environmental management tools (EMTSs) to assess and manage
environmental aspects inasmuch some of these standards are born to support and improve the
implementation of EMTs by providing guidance, examples and technical explanations. In fact, for
example 1ISO 14005 provides guidelines for including environmentg&drpgance evaluation conforms

to ISO 14031, in a EMS conforms to 1ISO14001. Another example is ISO 14006 that provides guidelines
for including Eco Design conforms to ISO 14062, in a EMS conforms to 1SO14001. Therefore, it is
possible to distinguish in thelfowing table the 15 different EMTs developed by ISO/TC 207.

Tool category Standard/EMT

1) ISO 14001/Environmental Management System (EMS);

2) 1S014015:2001/Environmental assessment of sites and organizations (E

3) ISO14021/Environmental labels and declaratierig/pe | (Label type 1);

Communicatiortools  4) 1ISO14024/Environmental labels and declaratierig/pe 1l (Label type 11);
5) ISO14025/Environmental labels and declaratieris/pe 11l (Label type III).
6) 1SO14031/Environmental Performance Evaluation (EPE);

Performancevaluation 7) ISO14034/Environmental Technology verification (ETV);

& improvement tools  8) 1ISO14045/Eco Efficiency (EcoE)

9) ISO 14062/Eco Design (EcoD)

10) 1ISO14040 & 1S014044/ Life Cycle Assessment (LCA)

11) 1S014046/Water Footprint (WF)

12) ISO/TS 14072/Organizational LCA (OLCA)

13) ISO 14064;/Organizational Carbon Footprint (OCF)

14) ISO/TS 14067/Product Carbon Footprint (PCF)

15) ISO 14051/ Material flow cost accounting (MFCA)

Managerial tools

Environmental impact
assessmer& inventory
assessmenools

Table 7 EMTs developed by ISO/TC 207.

From this point for all the other part of this PhD research thesis will considered as EMTs only the ISO
tools listed in theoreviouslytable.

1.4.2. Correlation between EMTs, EMDs and EMBs

The EMTs developed by ISO/TC 2017 have different capabilities to respond to environmental
management drivers (EMDs) and to support the overcoming of encountered environmental management
barriers (EMBSs). In order tcsaess for each EMTs these capabilities, the correlation analysis have been
performed in the two following tables. Both tables have been separated in two parts for better visibility
of the reported results. Emerged clearly, that nothing EMTs respond EMBIS and noting EMTs
support the overcoming of all EMBs. In fact, each EMTs have capabilities in specific areas such as:
strategy & management, environmental impacts assessment, etc. Therefore, in order to achieve a
comprehensive environmental managemaateqy, the multiple EMTs use is required (Rousseaux et

al., 2017; Runhaar, 2016; Sala et al., 2013). The identification of the specific areas where each EMTs
can to respond to need EMDs and where they can be supportive in overcoming EMBs is a veagtimport
point in order to favour a correct EMTSs selection for the creation of the new method of multiple EMTs
use.
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. . 2)ISO
Life Cycle Environmental Management ) 3) ISO 14021 4) ISO 14024 5) ISO 14025 6) 1ISO 14031- 7) 1ISO 14034
. 1) ISO 1400 EMS 14015:-
Management Areas Drivers (EMDs) EASO Label Type | Label Type I Label Type Il EPE ETV
Environmental Impacts Assessme
1. Environmental - Product Level
impacts assessment  Environmental Impacts Assessme
i Organizational Level
Inventory resources consumptior .
2. Inventory resources " a
. assessmerit Product Level
consumptions - - -
Inventory resources consumptior Partial, no full life ~
assessment N o . a
assessmeritOrganizational Level cycle perspective
Environmental performance  Partial, generally
3. Performance evaluation & performance trackin: only for main core a
evaluation & at product and organizational level processes
performance tracking  Production cost reduction or/an
revenuancreasing
Liaison. It can
. sustain eco design
. . Ecodesign ) g
4. Ecoinnovation processes, providing
specific procedures
Ecoefficiency
) o Identification of new ecdriendly Limited to new
5. Strategic decision  gg|ytions technologies
making
Investments assessment
Systematic and procedural approa 3 5 A
for continuous improvement
6. Strategy & Strategy formulation with objective: A A A
Management and targets definition
Top management commitment ar A A A
managerial aspects
Regulatory compliance a a
7. Compliance Governmental aspects complian 3
(taxes and incentives)
Changes in price and availability ¢ A A
raw materials
8. Sensibility to relevant Physical climate changes (e. A A
changes desertification)
Changes of products on market a
Changes of technologies on marke a
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Changes in

expectations and awareness a
9. Market differentiation Products differentiation a a a a
Internal
(compulsory) and
Corporate Brand reputation & imag external a a a
communication
(optional)
Self declared
10. Communication and ) environmental Environmental
. . . . Environmental . )
relationships Labelling & reporting label assertions (e.g declaration (e.g.
Ecolabel Blauer EPD)
angel)
Competitors benchmarking an A
trends
Alliances and partnerships wit A
other organizations
Table 8 Correlations between EMTs with EMDs (Part 1)
. . 8) ISO 9) ISO 15) ISO
Life Cycle Management  Environmental Management 120 45 13062’[ 10) ISO 14040 & 11) ISO/TS 14072 12) ISO 14046 13) ISO/TS 14) ISO 14064 1 4)05 1.
Areas Drivers (EMDs) EcoE EcoD 14044- LCA OLCA WF 14067- PCF - OCF MECA
Environmental Impacts Limited to impacts 'L|m|ted to
. impacts on
. . Assessmerit Product Level on water resource .
1. Environmental impacts climate change
assessment Environmental Impacts - . Limited to
- o ~ Limited to impacts .
Assessmenti  Organizational a impacts on
onwater resource .
Level climate change
Inventory resources Limited to water L
. . . Limited to -
consumptions assessmerit consumptions and - a
. GHG emissions
2. Inventory resources  Product Level water quality
consumptions assessmer Inventor r r Limi r L
p vento y. esou ges ) imited tg wate Limited to GHG )
consumptions assessmerit a consumptions and - a
o . emissions
Organizational Level water quality
Environmental  performanc
evaluation & performance
3. Performance evaluatior tracking at product and
& performance tracking organizational level
Production cost  reductior - - - =
a Limited Limited a

or/and revenue increasing

o
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Liaison. LCA is
supp(?rtlve tool for o See LCA but
. ~ environmental SeelLCA but limited . .
Ecodesign . limited to GHG
impacts assessmen to water resources -
. . emissions
during ecedesign
4. Ecoinnovation assessment
' Liaison. LCA is
su i
pportive tool for . See LCA but
- ~ environmental See LCA but limited .
Ecoefficiency a . limited to GHG
impacts assessmen to water resources L
. - emissions
during ecoefficiency
assessment
) o Identification of new eco x
5. Strategic decision friendly solutions a
making -
Investments assessment a
Systematic and procedur:
approach  for  continuout
improvement
6. Strategy & Managemen Strategy formulation with
objectives and targets definitio
Top management commitmer
and managerial aspects
Regulatory compliance
7. Compliance Governmental aspect
compliance (taxes ant
incentives)
Is a supportive tool Is a supportive tool
Changes in price anc for resource for resource
availability of raw materials availability availability
screening screening
_ Physical climate changes (e.
8. Sensibility to relevant ysical ¢l ges (e
changes desertification)
9 Changes of products enarket
Changes of technologies o
market
Changes in
expectations and awareness
Products differentiation a a a a
9. Market differentiation ~ Multisite production x = =
. - a a a
differentiation
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Corporate Brand reputation ¢

. a a a
image
10. Communicatioand Labelling & reporting a a a
relationships Competitors benchmarking an 3 A 3 A
trends
Alliances and partnerships wit
other organizations
Table 9 Correlations between EMTs with EMDs (Part 2)
. . 2)1 " ) .
Life Cycle Management  Environmental Management 1) ISO 14001 120185(.)_ 3) ISO 14021 4) 1SO 14024 5) ISO 14025 6) ISO 14031- 7) 1ISO 14034
Critical Areas Barrier s (EMBs) EMS EASd Label Type | Label Type Il Label Type IlI EPE ETV
Supporting,
Lack of Environmental Impac  systematizes the
Assessmerit Product Level assessment
approach
. ! Supporting,
Lack of Environmental Impac .
. o systematizes the
Assessmenti  Organizational
assessment
Level
approach
Correlation between produc
and organizational scale nc
considered
. . Lack of Comprehensive impac
1. Environmental impacts -
assessment (Multhdicators)
assessment -
Supporting,

Lack of Life
Management approach

Cycle

facilitates the
introduction of
LCM concept
management

Issues on hotspots identificatic
and on burdens shifting

Impact assessment based
inventory indicators

Technical difficulties in large
impact assessment da
management

2. Inventory resources

Technical difficulties in large

consumptions assessmer inventory data management
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Lack of OPIs for environmenta

performance evaluation relate

to life cycle managemenat a
3. Performance evaluatior product and organizatione
& performance tracking level

Difficulties in performance

tracking and OPIs trend a
analysis
Difficulties in implementation .
. . Supporting,
of practical ecodesign process .
; systematizes the
and new ecdriendly
i i alternative solutions assessment
4. Ecoinnovation : S approach
comparison
Lack of indicators for
ecoefficiency assessment
Lack of use of Decision makiny
Tools (MCDA, optimization,
5. Strategic decision statistical techniques, etc.)
making Difficulties in the assessment ¢
environmental performance c
investments
Partially, Partially, Partially,
. contributes in contributes to contributes to Partially, contributes
Unbalanced environmente ) . )
) strategy ecobranding ecobranding to ecobranding
management strategies :
elaboration and strategy strategy strategy component
management component component
Partially, .
. . naw, Partially,
Divergence between intende  contributes in .
. . contributes to
and realized environmente strategy
management strategy elaboration and performance
6. Strategy & Managemen tracking
management
Lack of Top managemen ~ ~ <
. a a a
commitment
Lack of Systematic anc
procedural  approach  fo a a a
continuous improvement
Lack of empl o A
undefined responsibilities
Low ability to perceive change
7. Compliance in  regulation & Unclear a a
regulation
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Lack of economic advantage
(e.q. taxes reduction
incentives)

N.A. N.A. N.A. N.A. N.A.

N.A.

N.A.

8. Sensibility to relevant
changes

Low ability to perceivehanges
in resources availability ant
price

an

Low ability to perceive change
of products on market

an

Low ability to perceive change
of technologies on market

9. Market differentiation

Difficulty in highlighting the
differences in terms  of
environmental performance c
their products respects those
competitors

Partially, issues in
consumers
engagement

Limited to new
technologies

10. Communication and
relationships

Low stakeholders engagemen

a

an
QU
Qi
Qi

Lack of alliances and
partnerships with othel
organizations

11. EMTs implementation

EMTs selection

N.A. N.A. N.A. N.A. N.A.

N.A.

N.A.

High implementation costs

an

Table 10 Correlations between EMTs with EMBs (Part 1)
N.A.= Notapplicable because the aspect is independent from specific EMT.

Life Cycle Management
Critical Areas

Environmental Management
Barriers (EMBs)

8) ISO
140451
EcoE

11) ISO/TS
14072-
OLCA

9) ISO 14062
T EcoD

10) ISO 14040 &
14044- LCA

12) ISO 14046
- WF

13) ISO/TS 14067
PCF

15) ISO
14051-
MFCA

14) ISO 14064
- OCF

1. Environmental impacts
assessment

Lack of environmental Impac
Assessmerit Product Level

Limited to
a impacts on
water resource

Limited to impacts
on climate change

Lack of Environmental Impact
Assessmenti  Organizational
Level

Limited to
a impacts on
water resource

Limited to
impacts on
climate change

Correlation between produc
and organizational scale nc
considered

Lack of Comprehensive impac
assessmerfMulti-indicators)
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. Partially, Partially, limited to Partially, Partially, limited to

Lack of Life Cycle . ~ -

supportive at products a limited to water  products understudy
Management approach .

product level understudy resource and climate change
Issues on hotspot: Partially, Partially, limited to
identification and on burden: supportive at products a
shifting product level understudy
Impact assessment based « = = =

a a a a

inventory indicators

Technical difficulties in large
impact  assessment dat
management

2. Inventory resources
consumptions assessmer

Technical difficulties in large
inventory data management

3. Performance evaluatior
& performance tracking

Lack of OPIs for environmenta
performance evaluatiorelated
to life cycle management &
product and organizatione
level

an

Difficulties in performance
tracking and OPIs trend:
analysis

4. Ecoinnovation

Difficulties in implementation
of practical ecodesigr
processes and new efr@endly
alternative solutions
comparison

Lack of indicators for
ecoefficiency assessment

an

5. Strategic decision

Lack of use of Decision making
Tools (MCDA, optimization,
statistical techniques, etc.)

making

Difficulties in theassessment o
environmental performance c
investments

Partially, it is
related to eco
design EMBs

6. Strategy & Managemen

Unbalanced environmente
management strategies

Partially,
contributes
to
ecoefficiency
strategy
component

Partially,
contributes to
ecoefficiency

strategy

component

o
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Divergence between intende
and realized environmente
management strategy

Partially,
contributes to
forecast of
environmental
performance

Partially, Partially,
contributes to contributes to
performance performance

tracking tracking

Lack of Top managemen
commitment

Lack of Systematic anc
procedural approach  fo
continuous improvement

Lack of empl o
undefined responsibilities

7. Compliance

Low ability to perceive change:
in  regulation & Unclear
regulation

Lack of economic advantage
(e.g. taxes reduction
incentives)

N.A. N.A. N.A. N.A. N.A. N.A.

N.A.

N.A.

8. Sensibility to relevant
changes

Low ability to perceive change
in resourcesavailability and
price

Isa
Is a supportive tool  supportive
for resource tool for
availability resource
screening availability
screening

Low ability to perceive change
of products on market

Low ability to perceive change
of technologie®n market

9. Market differentiation

Difficulty in highlighting the
differences in terms  of
environmental performance ¢
their products respects those
competitors

10. Communication and
relationships

Low stakeholders engagemen

Lack of alliances anc
partnerships with othel
organizations

11. EMTs implementation

EMTs selection

N.A. N.A. N.A. N.A. N.A. N.A.

N.A.

N.A.

High implementation costs

a a a a

Table 11 Correlations betweeBMTs with EMBs (Part 2)
N.A.= Not applicable because the aspect is independent from specific EMT.
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1.5. Theoretical mechanisms for multiple EMTs use

Nowadays, more than in the past, the importance of a comprehensive choiceanplementary
approach towards EMTs has grown, as different tools aim to answer different questions and industrial
organizations need to solve environmental management issues from all relevant perspective in order to
optimize their environmental performanand to build a robust environmental management strategy
(Fet et al ., 2013) . The term fAquestionsod has
environmental management. In the specific, there are two major reasons for multiple EMTs use. One
reason is to avoid problem shifting, since no single concept or tool is able to address all relevant
guestions and depict all kinds of problem shifting. Another, related reason is to compensate for a tool
weakness in a given decision situation. Accordintpése two reasons, in the previous paragraphs have
been identifying: the environmental management drivers (EMDs), the environmental management
barriers (EMBs) and the EMTs developed by scientific community. When the methodological issue of
multiple EMTs us is faced there are two principal conceptual ways (Finkbeiner, 1998):

T Integration of EMTSs, using one tool but expanding the scope so that the main features of the
other tool are included;

1 Combination of EMTSs, using both tools in a systematic, coherentdeggnding on the
individual situation at the organisation respectively the main environmental management
problems.

In order to integrate or combined EMTs successfully there are many technical and suitability criteria
that must be analysed. These criteniahge from goal & scope, spatial characteristics to the
environmental interventions and impact types considered. These criteria are important for the EMTs
selection but mainly for the application of the practical adjustments that are required whenreMTs a
integrated or combined.

The goal of this paragraph is give a detailed panoramic on theoretical mechanisms useful for EMTs
multiple use, also detailing: technical and suitability criteria to be consider

1.5.1. Criteria to consider for multiple EMTs use

Beforeto enter in the deep description of integration and combination methods for multiple EMTs use,
it is very important to analyse the main aspects that characterize each EMT and that influence the
possibility of multiple use of them. These aspects can kinglisshed in two groups: technical
characteristics and suitability characteristics. They are listed and descripted following (Fet et al., 2013;
Wrisberg et al., 2012; Finkbeiner, 1998):
Technical criteria:

a) Type of tool: What kind of EMTs is?

b) Goal & scopeWhich environmental management drivers (EMDs) faced?

c) Analysis object: What is the object analysed from the EMT?

d) Methodological stages: Which methodological stages are involved?

e) System boundaries: Which life cycle processes are included in the analysis?

f) Reference unit;

g) Allocation;

h) Data and parameters. Which types of data are required? What is the data intensity?

i) Operation conditions: How are processes mechanisms modelled?

j) Spatial characteristics: What is the spatial scale and what is the level of gpatiéitation?

k) Temporal characteristics: EMT has used static conditions or dynamic conditions?

[) Environmental impacts assessment: The EMT is able to perform the impact assessment?

m) Position in causeffect chain: Where in the causffect chain is the focusf the EMT?

(o
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Comprehensive or specific: The EMT in the impact assessment considers many impact
categories or focuses only on some?

Suitability criteria:

a)

b)
c)

d)

Software availability and needing: Is software available? Is a software a key aspect tool
application?

Data availability and needing: Is data available? Is required the access to international database?
Human resource requirements: Expert knowledge required for understanding methodology,
outcome and use of method.

Handing of uncertainties: How are uncertigs being addressed?

All technical and suitability characteristics have been descripted following and analysed at level of the
specific EMTs in the tables 12 and 13.

1.5.1.1. Technical criteria

a)

b)

d)

Type of tool:

EMTs may be of different types. In general, as descripted in the pardgdajithis possible to
distinguish: Managerial EMTs, Environmental Impacts Assessment EMTs, Environmental
Inventory Assessment EMTs, Performance Evaluation and Improvement EMTag&fih

EMTs and Communication EMTSs. It is important to underline that the appurtenance of a EMT
to one specific of these categories do not signify that the EMT could not have some features of
another category. Therefore, the appurtenance to a specigocgais based on the analysis of
the major part of EMTG6s features.

Goal & scope:

The first characteristic that should be assessed is the EMTs goal and scope. In the goal and scope
is defined the areas of environmental management drivers (EMDs) to WhiEIMT is able to
respond. What is the question to which the EMT would answer? Therefore, it is important, in
function of the EMDs areas listed in the paragrah, to identify if the EMT is a managerial

tool or and environmental impact assessment tyadtc. Most likely a combination of EMTs

will be appropriate between EMTs with different goal and scope in order to manage different
EMDs areas minimizing overlapping between EMU\&iéberg et al., 2012).

Analysis object:

Often different EMTs could haveifterent object of analysis. This characteristic defined
specifically if the object of analysis is a product system, a whole organization, specific processes
or substances emitted in environmental -eampartments. Therefore, it is possible to
distinguishgenerally product oriented EMTs by organizational oriented EMTs.

Methodological stages:

In the case of every EMT the use is based on the application of different methodological steps.
The definition of the methodological stages is fundamental for thdfidatibn of the possible
interfaces through which link different EMTs in combination mechanism for multiple use
EMTs. The methodological stage may be seen as a clearly delimited stage that specify technical
requirements and guide step by step the coapgglication of the EMT. For example, LCA is
based on four methodological stages that are: Goal & scope definition, Life Cycle Inventory
Analysis, Life Cycle Impact Assessment and Interpretation. The EMS is based on four
methodological stages that in thiase are: Planning, Support and Operation, Performance
Evaluation, Improvement.

System boundaries:

The different choice of system boundaries is of high practical relevance and it can influence
grater the results of the analysis (Finkbeiner, 1998). Systeimdaries is in general influenced

by two aspects: intrinsic characteristic of the EMT and from individual choices conducted in
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the application stage from the practitioner. Some EMTs (e.g. LCA), being based on a life cycle
perspective, include all processanyway. Instead, other EMTs (e.g. EMS) focus only on a part

of the life cycle processes and therefore are sensitive to changes in processes localization. In
fact, when a process is externalized, with the first type of EMTs the results do not change,
becaise all processes which are necessary to fulfil the technical function of the studied object
are included. Instead with the second type of EMTs the results often could change because are
EMTs are sensitive to the actual location of a process. However aftgeneral viewpoint of

sound environmental management it is clear that the potential environmental impact of an
identical process is independent from its location.

Reference unit:

Often in EMTs the input/output flows of material and energy, and relahveommental
impacts, are normalised to a reference unit. In the case of some EMTSs (e.g. EMS) the reference
unit is normally a certain period of time (e.g. one financial year). Instead, in the case of other
EMTs (e.g. LCA) the reference unit is the-aadled functional unit or, in comparison, the
functional equivalence of the alternatives.

Allocation;

Another methodological aspect which shows a distinct difference between EMTs is the
allocation problem. The allocation question, i.e. the partitioning of@mwental burdens in
multi-input- or multi-outputprocesses, is one of the major methodological problems inherent

in the type of question answered by EMTSs that focus on products or on a part of the organization
(e.g. LCA), which is not encountered or adledl in EMTSs that consider the whole organization
(e.g. EMS). In fact, in the case of this second type of EMTSs this problem does not occur, because
multi-input- and multioutputprocesses are considered as a whole.

Data and parameters.

Data collection activities very ofterequires many time and implies high cost as underline
during EMBs analysis. Different EMTs imply different data collection loads and these loads are
inasmuch proportional to processes included in the system boun&aries EMTs (e.g. EMS)

have a documental structure that can favourite the data collection (e.g. procedures, data logs,
etc.).Certainly, from a practical and economical point of view it is desirable that exist only one
data source and therefore it is impmtt to identify the EMTs able to collect all data required

for the application of all EMTs applied by the organization. In the case of some EMTs (e.g.
LCA) the data which are relevant, are flows which cross the border between technosphere and
ecosphere. Téy are called elementary flows respectively product flows. As a consequence of
the life cycle concept the elementary flows consist of resources on thesidp@nd emissions

on the outpuside only. All intermediate products are followed back to thegimyri.e. the
intermediate flows are completely within the technosphere and therefore inputs and outputs of
processes but not of the final LCI. In other EMTs (e.g. EMS) only the flows which enter and
leave an organisation are relevant. Therefore, thdhe iseed of assess the total data required

for the application of all EMTs selected and identify one EMT totally responsible of the data
collection stage. In the case of some EMTs (e.g. LCA) many data are obtained by the use of
database especially for meldife cycle processes without control by the organization (e.qg.
upstream processes and downstream processes).

Operation conditions:

Another difference in the parameters studied are operative conditions and stocks. In some EMTs
(e.g. LCA) all processesanassumed to operate at a stesidyelevel and at regular operation
conditions. Only the allocated net inputs and outputs are used to calculate the LCI. In other
EMTs (e.g. EMS) also neregularoperative conditions and stocks of materials are considered
(Wrisberg et al., 2012).

Spatial characteristics:
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The spatial characteristics shows basically two groups of EMTssit®specific EMTs which

are operating on a global or regional scale, and site specific tools operating on local scale. In
fact, some EM$ (e.g. EMS) assess environmental impacts, reflecting local/regional conditions
influenced by the organization. Other EMTs (e.g. LCA) assess environmental impacts, many
times without considering local conditions because the environmental impacts methods ar
based on average characterization factors-gitenspecific) and on database that consider
average inventory data. Some exceptions exist, in fact, for example in the case of impacts
generated by water resource consumptions, some modern impact assesstheds (e.g.
AWARE (Boulay et al.,, 2017%) are based on local/regional characterization factors.
Furthermore, database development (e.g. Ecoinvent database) continuously introduce
local/regional processes (e.g. electricity country mix). However, althewghmade these
efforts, evident differences on spatial characteristics between EMTs Bkisbérg et al.,

2012).

Temporal characteristics:

A comparison of the temporal characteristics of the EMTs shows that almost all EMTs are static.
Sometimes EMTs malye used into dynamic modelling of time paths.

Environmental impacts assessment:

Some EMTs (e.g.) base the environmental performance evaluation on inventory indicators
related to such as: material and energy consumptions, emissions in environmental sub
compartments and other inventory aspects. Other EMTs (e.g. LCA) operates the environmental
performance evaluation inserting in addition to the inventory analysis an impact assessment
analysis. While the inventory analysis involves the compilation and queatitifn of inputs and
outputs for the processes included in system boundaries by the specific EMT, the impact
assessment analysis assigns inventory analysis results to impact categories; for each impact
category, a life cycle impact category indicator iks®d and the category indicator result
(indicator result) is calculated; the collection of indicator results or the profile provides
information on the environmental issues associated with the inputs and outputs of the product
system. This aspect is fumshental because, the inventory analysis is not sufficient to
understand and evaluate the magnitude and significance of the potential environmental impacts.
Position in causeffect chain:

A clear distinction between the EMTs can be made on the basisrgidkiion in causeffect

chain (or environmental mechanism). It is possible to distinguish three different cases (Wrisberg
et al., 2012):

EMTs that perform only the environmental interventions analysis. In this analysis EMTs
consider the effects of presses included in the system boundaries only in terms of
material/energy extractions, emissions and land use.

EMTs that perform the midpoint analysis. In this case the environmental intervention analysis
is included. In this analysis EMTs consider the @Heof processes included in the system
boundaries in terms of environmental impacts on categories such as climate change, human
toxicity, water depletion, water quality degradation, etc.

EMTSs that perform the endpoint analysis. In this case the envirdahnetervention analysis

is included while the midpoint analysis may be included in function of the specific
environmental impact assessment method used for the analysis. In this analysis EMTs consider
the effects of processes included in the system karigdin terms of environmental damages

on safeguard areas such as human health, ecosystem quality and resource depletion.
Comprehensive or specific:

EMTs that perform the environmental impact assessment, only a part of them (e.g. LCA) use a
comprehensiveapproach including all relevant environmental intervention areas such as:
climate change, human toxicity, water depletion, water quality degradation, etc. Other EMTs
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that perform the environmental impact assessment (e.g. Carbon Footprint, Water Footprint),
focus only on specific environmental intervention areas (e.g. climate change in the first case,
water depletion and water quality degradation in the second case). Finally, sometimes EMTs
may oriented to other intervention areas not associated diredtlgmitronmental aspects such

as costs, as in the case of (MFCA) Material Flow Cost Accounting).

1.5.1.2. Suitability criteria

a) Software availability and needing:
The application of EMTs may be require the use of software available on the market. In many
cases the stvare permits of simplified the application of a specific EMT. For example, in the
case of LCA there are many software available and the use of a software is fundamental. Instead,
in the case of EMS although some software exists, a software for theppdichtion is not
strongly need.

b) Database availabilitgnd needing
The application of EMTs may be required the use of database available on the market. For
example, in the case of LCA there are many databases available and the use of a database is

fundanental.
¢) Human resource requirements
The application of EMTs may generates differ

and number of human resources. For example, in the application of LCA many times is required
high competence Iyractitionersput one human resource is enough. Instead, in the case of the
application of an EMS, the skills required &&ss complexbut many times are required many
human resources especially at initial when the environmental management system is
established.

d) Handing of uncertainties:
EMTs may have features in order to address uncertainties being addressed. The systems to
address uncertainties may be different such as: analytical uncertainty analysis, sensitivity
analysis, verification procedures, audits, etcfdat, for example in the case of LCA the
uncertainties are addressed with analytical uncertainty analysis, sensitivity analysis and audits.
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1) ISO 14001 2) ISO 14015: 3) ISO 14021 4) 1ISO 14024 5) ISO 14025
Aspects EMS -EASO Label Type | Label Type Il Label Type Ill 6) 1SO 14031- EPE 7)1S0 14034 ETV
Type of tool Managerial Managerial Communication Communication Communication Performance Evaluation & - Performance Evaluation
Improvement & Improvement
Goal & Scope Seetables 8 and 10 where a detailed correlation between the capabilities of these EMTs of to face EMDs and EMBs have teeen presen

Organization or specific

Analysis object Organization Organization Product Product Products .. Product (as technologies
process of the organizatior
4 stages:
. 5 st : 5 st
1) Planning l)sPEIlgr?:ing 4 stages: 1) Apspléiicg;t?on
. 2) Sup'port & 2) Assessment b Plannir]g EPE 2) Preverification
Methodological stages operation o - - - 2) Managingdata e
3) Validation 3) Verification
3) Performance 3) Reviewing EPE
4) Evaluation 4) Reporting
evaluation . 4) Improving EPE e
4) Improvement 5) Reporting 5) Postverification
Mainly processes
included in
izational P . -
OL%aur::zzrlg;a inél?)cdzsdsf: Processes including in thi
System boundaries Stressed th;e organizational - - - Organizational boundaries life cycle of the
. . hnol
importance of boundaries technology
life cycle
perspective
) . Often financial year. . .
. Often financial Often . . . S Functional unit used for
Reference unit ) . N.A™7 N.A7 N.AM Depend from indicator
year financial year . the study
formulation
Allocation No No N.A™ N.A™ N.A™ Potentially yes Potentially yes
On site primar On site . . Primary data and
Data and parameters P y ' - - - One site primary data y
data primary data databases
Steady state
. " Steady state and . . .
Operation conditions not stZa dv state and not steady N.A."? N.A."? N.A."? Steady state Steady state
y state
Spatial characteristics Site specific Site specific N.AM N.AM N.A Site specific N.A
Temporalcharacteristics Static Static N.A* N.A* N.A7 Static Static
. . Inventor . . . Impact assessment leve
Environmental impacts assessment Inventory level y N.A* N.A* N.A7 Inventory level pact
level and inventory level
Environmental - Environmental Environmental Midpoint analysis &
Position in causeffect chain interventions interventions N.A."? N.A."? N.A."? ) i ) pon! ySIS
analysis analysis interventions analysis Endpoint analysis
hensi ific i . . . . . . .
Comprehensive or specific impact N.AL N.A N.AT N.AT N.AT N.AT Comprehensive

assessment
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Some software

exists but Yes for LCA assessment
Software availability and needing without No / No N.A N.A N.A No / Yes it would be useful Ves
international
recognition / No
- . “ 1 1 . Yes for LCA assessment
Database availability and needing No / No No / No N.A. N.A. N.A. No/ Yes it would be usefu Yes
Human resource requirements ves, high vew, low ves,verylow  Yes, very low Yes, very low Yes, high workload Yes, medium workload
workload workload workload workload workload
Handing of uncertainties No No N.A N.A N.A No Yes with §enS|t|V|ty e.md
uncertainty analysis
Table 12 Correlations between EMTs with EMBs (Part 1)
J—— 8) ISO 14045 9) ISO/TR 14062 10) ISO 14040 & 11) ISO/TS 12) 1ISO 14046 13) ISO/TS 14) ISO 14064 15) ISO 14051-
P EcoE EcoD 14044- LCA 14072- OLCA WF 14067- PCF OCF MFCA
Performance Performance Environmental Environmental Environmental Environmental . .
) . Environmental Environmental
Type of tool Evaluation & Evaluation & Impacts Impacts Impacts Impacts
Impacts Assessmen Impacts Assessmen
Improvement Improvement Assessment Assessment Assessment Assessment
Goal & Scope See tables 9 and 11 where a detailed correlation between the capabilities of these EMTs BM®fard EMBs have been presented
Analysis object Product and proces: Product Product Organization Prodgct& Product Organization Product
organization
5 stages: 6 stages: 4 stages: 4 stages: 4 stages: 4 stages: 4 stages: 4 stages:
1) Goal & scope 1) Planning 1) Goal & scope 1) Goal & scope 1) Goal & scope 1) Goal & sope 1) Goal & scope 1) Planning
definition 2) Conceptual definition definition definition definition definition 2) VA analysis,
2)  Environmental design 2) Inventory 2) Inventory 2) Inventory 2) Inventory 2) GHG inventory physical and
Methodological stages  assessment 3) Detailed design  analysis analysis analysis analysis 3) Reporting monetary
3) Valueassessment 4) testing/prototype  3) Impact 3) Impact 3) Impact 3) Impact 4) Reduction quantification
4) Quantification of 5) Production, assessment assessment assessment assessment activities 3) Interpretation and

ecoefficiency
5) Interpretation

market lunch
6) Product review

4) Interpretation

4) Interpretation

4) Interpretation

4) Interpretation

communication
4) Improvement

System boundaries

Life cycle processes
related to product ol
process system

Life cycle processes
related to product ol
process system

Life cycle
processes relate
to product or
process system

Life cycle
processes relatet
to organization

Life cycle
processes relate:
to product,
process or
organizational
system

Life cycle
processes relatet
to product or
process system

Organizational
process that generat
direct emissions or
indirect  emissions
from energy
consumption

Organizational
processes related t
product or process
system

Reference unit

Functional unit and
value function used
for the study

Functional unit used
for the study

Functional unit
used for the study

Reporting unit
used for the study

Functional unit
used for the
study

Functional unit
used for the study

Functional unit used
for the study

Functional unit used
for the study
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Allocation Yes Yes Yes Yes Yes Yes Yes Yes
Data and parameters Primary data and Primary data and Primary data and Primary data and Primary data and Primary data and Primary data and Primary data
database database database database database database database
Operation conditions Steadystate Steady state Steady state Steady state Steady state Steady state Steady state Steady state
Not for all Not for all  Not for all Not for all Not for all  Not for all  Not for all
Spatial characteristics Site specific assessment site assessment  sit assessment  sitt assessment sitt assessment  sitt assessment sitt assessment siti
specific specific specific specific specific specific specific
Temporal characteristics Static Static Static Static Static Static Static Static
Environmental impacts Impact assessment Impact assessment Impact assessmer Impact assessmer Impact Impact assessmer Impact assessmer Inventory level
assessment level level level level assessment level level level
Position in causeffect Midpont analysis & Midpor.1t analysi§ & Midpont analysis Midpont analy;is Midpont anal){sis Midpont analysis Midpor.1t analysi.s & Environmgntal
chain Endpointanalysis Endpoint analysis & . Endpoint & . Endpoint & -Endpomt & . Endpoint Endpoint analysis |ntervent|.ons
analysis analysis analysis analysis analysis
Comprehensive or specifi Normally specific Comprehensive Comprehensive ~ Comprehensive  Comprehensive  Comprehensive Comprehensive Normally specific

impact assessment

Some software

re availability an Yes for LCA Yesfor LCA Xi without
Software & a. ability and esforlC esfor LC Yes/ Yes Yes/ Yes Yes/ Yes Yes/ Yes Yes/ Yes € .sts but. ou
needing assessment/Yes  assessment/Yes international
recognition / Yes
Database avgllablllty and Yes for LCA Yes for LCA Yes / Yes Yes / Yes Yes/ Yes Yes/ Yes Yes/ Yes No / No
needing assessment/Yes  assessment/ Yes
Human resource . Yes, high workload Yes, high Yes, very high Yes, medium Yes, medium Yes, medium Yes, medium
. Yes, high workload
requirements workload workload workload workload workload workload
) - ) o Yes with Yes with Yes with Yes with ) o
Yes with sensitivity  Yes with sensitivity o o o o Yes with sensitivity
) . . . sensitivity and sensitivity and sensitivity and sensitivity and .
Handing of uncertainties and uncertainty and uncertainty . 8 . . and uncertainty No
. . uncertainty uncertainty uncertainty uncertainty .
analysis analysis . . . . analysis
analysis analysis analysis analysis

Table 13 Correlations between EMTs with EMBs (Part 2)

N.A.= Not applicable because the aspect is not provided EMT.
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1.5.2. Integration mechanism

The integration mechanism is the first theoretical way for the EMTs multiple use. In the integration
mechanism, considering for example the case of two EMTSs integration, one of the two EMTSs is chosen
and its scope is expanding in order to incltltee main features of the other EMT. This mechanism is
shown in the following figure.

EMT2 was modified integrating the One of the two
[ EMT 1 ]4}‘ [ EMT 2 ] = [ main features of EMT 1 ] EMTs disappears

Figure 13 Representation of the integration mechanism in the case of two EMTs (Personal elaborajon, 201

As itis possible to notice, e case of mechanism, one of the two EMTs disappears. For the integration
of the EMTSs two approaches can be conceived:

1 Approach one: the EMT 1 (e.g. LCA) is integrated into the EMT 2 (e.g. EMS);

1 Approach two: the EMT2 (e.g. EMS) is integrated into the ENA.g. LCA).

Although at the first impact can appear similar these two approaches, equally realizable, they are instead
very different. In fact, it is fundamental to choose the EMT between the two that is more adaptable to
absorb the features of the otliT. In fact, EMTs are conceived to be quite flexible and can be adapted

in a way that allows one to come up to the requirements of a certain decision situation. For instance,
there is no particular problem in LCA to add new environmental items in tfeefrapsessment. In the

case of more than two EMTSs, the base mechanism is the same and therefore one of the EMTs adsorbs
all relevant features of the others EMTs while the other EMTs disappears. It is evidence that during the
integration processes, when fieatures of the integrated EMTs were selected for the integration, some
other features of EMTs integrated were lost. It is important to notice that when an organization decide
to integrate EMTS, its constricts to applied in the same time the whole te@@® T resulted by the
integration mechanism. This fact implies managerial and practical effects related to:

T Skills: practitioners must have skills and competence for all EMTs integrated;

1 Software: when in many times on the market are available softeattesfapplication of single
EMTs, no software is avail ab-EMTOdoreshlet eapphb)
integration process;

1 Organization resources: the organization must be available at the start al required human and
financial resources.

1.5.3. Combination mechanism

The combination mechanism is the second theoretical way for the EMTs multiple use. In the
combination mechanism, considering for example the case of two EMTs integration, the
implementations of the two EMT remain separate and are estaddlinteractions rules to coordinate

the combined EMTSs use. This mechanism is shown in the following figure.

interactions

The tools remain
[ EMT 1 ]'-Jn}'[ EMT 2 ]E[ EMT 1 ] [ SR ] integer and interact
A 4

Figure 14 Representation of the combination mechanism in the case of two EMTs (Personal elabora)on, 201

In fact, tre combination of two EMTs provides the use of both tools in a systematic, coherent way
depending on the individual situation at the organisation respectively the main environmental
management problems. In the case of this mechanism all EMTs remain artdgdrthe features of all

EMTs are conserved. When more than two EMTs are combined the base mechanism is the same and
only new interaction rules should be added. It is important to notice that when an organization decide to

[ &)




Chapter oneScientific literature review PhD studenfndrea Loss

combine EMTS, its can decidés primarily apply one EMT and as a second step complements it in a
problem oriented way with the other EMTs. The decision which tool should primarily be applied
depends on the individual situation of the company and the main environmental problems of the
company. Therefore, this decision has to be made company by company. On the contrary respect the
integration mechanism, the skills of practitioners can be developed step by step in function of the
specific EMT implemented. Alto the organization resourckeims of human and financial resources

can be available step by step and not all at the start. While in the case of software, each EMT combined
can undergoes specific software available on the market. In general, it is evident that the combination
of EMTscould increase the environmental awdnomicefficiency of application respect to the case of

the single standalone use of the EMTs by promoting their synergisms and compensating their
weaknesses. Following this concept, the weaknesses of individual tools can be compensated by linking
them to othetools which have specific strengths in a particular field. For the combination of the EMTs
three approaches can be distinguished (Baumann et al., 1999):

1 Overlapping EMTs approach: where the type of system definition for the tools is identical;

1 Consecutivesteps EMTs using approach: which are steps to provide answers to different
questions after each other; in this situation, the result from the use of one tool is an input to the
use of a second tool;

1 Parallel EMTs using approach: to highlight differenteasp of the same question, or to answer
(slightly) different questions; this may also imply a competitive use of analytical tools.

1.5.3.1. Overlapping EMTs approach

Overlapping EMTs may either be partly overlapping or inclusive as indicated in figure 15. EMTs are
overlapping when the type of system definition and the modes of analysis are the same. The overlap
may be total or partial depending on whether the same interventions are considered. It is obvious that
the combination of fully overlapping EMTs is superihisoBut the combined use of partly overlapping
EMTs may make sense.

L L

Creerlapping Indusive

Figure 15 Two ways of using overlapping EMTs during a combination process (Wrisberg, 2012).

1.5.3.2. Consecutive steps EMTs using approach

There is a need for the usembre EMTSs in consecutive steps in a number of decision making
situations. This is typically the case when an initial (screening) analysis indicates the need for
a more detailed analysis with respect to more detail in the technical processes, the spatial or
temporal characteristics or the environmental interventions considered. For instance, an initial
nonsite specific analysis may show the need for aspeific analysis. In this case we refer

to the linear use of tools in consecutive steps where tleetalfjanalysis remains the same, see
following figure.

[ P g B

Limsear Addifional

Figure 16 Two ways of using EMTs in consecutive steps during a combination process (Wrisberg, 2012).
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Other decisions require both a broad analysis of the question as well as an analysis of specific aspects;
then there are different objects of analysis. We refer to this as the additional use of EMTs in consecutive
steps, because the decision will be sumgabby both types of analysis, see figure 16. The system
definitions ardifferentand the tools are complimentary.

1.5.3.3. Parallel EMTSs using approach

The use of EMTs in parallel concerns the additional use of EMTs to support a decision. EMTs may be
used here imddition to each other when they address the same object of analysis but analyse different
dimensions, such as product and organization. Another possibility is that one decision can be the subject
of a number of related but different questions, each aftwis addressed with a different tool. We refer

to the latter situation as that the tools are competing, as indicated in the following figure.

L
)
L

Audeliticareal Compating

Figure 17 Two ways of using EMTs in parallel during a combination process (Wrisberg, 2012).

1.6. Already published methods for multiple EMTs use

The paragrapii.4 shows how EMTs are able to respond to different environmental management
perspective in terms of capacity face and respond to EMDs and EMBSs. In this context, the multiple
EMTs use is a promising solution that permits to avoid problem shifting, since no single concept or tool
is able to address all relevant questions and depict all kinds of problem shifithth compensate for
a tool weakness in a given decision situation. The results op#nisof the literature review are
structured underlining two key information areas:

1 Identify already published methods for multiple EMTs use and their methodologjezaits;

1 Capabilities of identify methods for multiple EMTs use to face EMDs and EMBs.

1.6.1. Methodological aspects from scientific literature on multiple EMTs use

In this paragraph have been analysed the scientific literature review regarding the multipledeMTs

focusing on the most relevant methodological aspects such as:

1 Mechanism chosen for multiple EMTs use. What mechanisms have been chosen, combination
or integration?
1 EMTs selected. Which EMTs have been selected?

Methods proposed. The author proposes thaakfor the multiple EMTs use?

91 Interfaces proposed. The interfaces are the links established between the different
methodological stages of different EMT selected. The author proposes interfaces to link
different EMTs?

9 Case studies application. The mettmad been applied in real case studies?

1 Relevancies, opportunities & threats. The author gives remarks in terms of relevancies of
multiple EMTs use and in terms of opportunities & threats deriving from multiple EMTs use.

1 Integration of other tools. The datr proposes the inclusion in the method for multiple EMTs
use also of other tools?

=

In total 3 scientific paper have been analysed. The time span of publication goes from 1999 to 2017.
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Combination Case Opportunities .
Reference or EMTSs selected Method name eSS studies PP & Ll e 1
. proposed  proposed L tools
Integration application threats
Mazzi et al., 2017 Combination LCA + EMS - a a a a
Jonkute et al., 2016 Combination LCA + EMS +EcoDesign «Communication & Labels SURESCOM a a GRI
Nakano, 2015 Combination LCA + EMS + EcoDesign - a a
Lewandowska et al., 2014 Combination LCA + EMS + EcoDesign - a
Salomone et al., 2013 Combination LCA + EMS + EcoDesign + Communication & Labe POEMS a a
JoachimiakLechman, 2013 Combination LCA + EMS - a
Swanstrom et al., 2013 Combination LCA + EMS + EPE - a a
Lewandowska et al., 2013a, Combination LCA + EMS - a a
Manfredi et al., 2013 Combination LCA + EMS - a a
Kostevsek et al2013 Combination LCA + EMS a a
Lewandowska et al., 2011a, Combination LCA +EMS - a a a a
Liu et al., 2012 Integration LCA + EMS - a a a MCDA
Gaudreault et al., 2009 Integration LCA + EMS - a a a a
Eun et al., 2009 Combination LCA + EMS + MFCA+ EcoDesing SMIS a a a a
Buxmann et al., 2009 Combination LCA + EMS - a a
Perotto et al., 2008 Combination EMS + EPE
Masoni et al., 2007 Combination LCA + EMS + EcoDesign + Communication & Labe POEMS a a
Hermann et al., 2007 Integration LCA + EPE COMPLIMENT a a a a MCDA
Gernuks et al., 2007 Combination LCA + EMS - a a a
Lundberg et al., 2007 Integration LCA + EMS - a a
Donnelly et al., 2006 Combination LCA + EMS + EcoDesign PBEMS a a
Ardente et al., 2006 Combination LCA + EMS + EcoDesign + Communication & Labe POEMS a a a a
Ammenberg et al., 2005 Combination EMS + EcoDesign POEMS a
Rebitzer et al., 2005 Combination LCA + EMS - a Data management tools
Zackrisson 2005 Combination LCA + EMS - a
Siegenthaler et al., 2005 Combination LCA + EMS - a
Zutshi et al., 2004 Integration LCA + EMS - a
Zobel et al., 2002 Integration LCA + EMS - a a a
Khan et al., 2002 Integration LCA + EMS EEMS a a a
Bakker et al., 2002 Combination EMS+ EcoDesign - a a
Ross et al., 2002 Combination LCA + EMS a a
Ayres et al., 2002 Integration LCA + EMS - a
Berkel et al., 1999 Combination LCA + EMS + EcoDesign P-EMS a a
Stewart et al., 1999 Combination LCA + EMS - a a
Finkbeiner etl., 1999 Combination LCA + EMS - a
Finkbeiner et al., 1998 Combination LCA + EMS a a a

Table 14 Scientific experiences on method for multiple EMTs use already published in scientific literature
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In order to simplify the EMTs nomenclature reported in the previous table, the following correspondence
have been used between the terms used and the ISO EMTSs:
1 LCA=1S0 14040 & ISO 14044;
EMS = 1SO 14001;
EcoDesign = ISO/TR 14062;
EcoEfficiency = 1ISO 1408
EPE =1SO 14031;
 Communication & Labels = ISO 14021 & ISO 14024 & ISO 14025.
This simplified nomenclature will be used often in the following chapters.
Following are summarized the most relevant methodological aspects emerged for single point of
analyss.

= =4 —a -8

1.6.1.1. Mechanism chosen for multiple EMTs use

From the literature review emerges that @rpapers only 8 papers refer to integration mechanism for
multiple EMTs use therefore in about 75% of cases the combination mechanism has been chosen. In a
cost/benefiperspective this combination approach seems most effective and favourable (Wrisberg,
2012; Scholl, 1999; Stewart et al., 1999; Finkbeiner, 1998). The main reason could be researched in the
fact of the combination approach permits of to concentrate onduodivsolutions. In fact, it permits to

the organization to decides to primarily apply one EMT and as a second step complements it in a problem
oriented way with the other EMTSs. In fact, the organizations that have already implemented an EMTs
(e.g. EMS) ca complete the chosen tool by applying the other one (e.g. LCA) and orienting it according
to their own needs and problems. (Mazzi et al., 2017). On the contrary, with an integration approach the
implementation of many EMTs in the same time require magtifgiant efforts, the expenditures
expected for a strictly integrative approach often are a too large barrier for practical relevance. Finally,
the combination mechanism can lead to a more comprehensive view of the impacts associated with the
environmenthaspects of organization.

Remarks:
1 the combination mechanism is preferable

1.6.1.2. EMTs selected

From the literature review emergégat Life Cycle Assessment (LCA) and the Environmental
Management System (EMS) are two fundamental EMTs that are practically always selected for the
development of methods for multiple EMTs use. Starting from year 2005, the inclusion of the EMT
EcoDesing gowth consistency. The implementation of ISO 14031 (Environmental Performance
Evaluation) and 1ISO EMTs for Communication & Labels are quite seldom. No cases of use of
Organizational Life Cycle Assessment (OLCA) have been yet published. The use also tfad$hie

very poorly in the development of methods for multiple EMTs use in only three cases emerged the use
of other tools for decision making (e.g. MCDA) and for data management.

Remarks:
1 LCA and EMS are two EMTs always selected;
I EcoDesing tool is sbngly recommended,
1 EMTs for EPE and Communication & Labels are quite seldom applied;
1 OLCA and EcoEfficiency has never been inserted in a method for multiple EMTs use;
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1 The implementation of other tools is very poorly (e.g. tools for data management ansialec
making).

1.6.1.3. Methods proposed

In the last twenty yeamsnly about eleven methods for multiple EMTs use have been proposed. In the
major times only two EMTs have been used for the develop of the methods for multiple EMTs use.
Sometimes the EMTs used hdeen three and rarely four. One of the method most deeply studied from
experts is the POEMS method (Product oriented Environmental Management System). Starting from
Berkel et al. (1999) this model has been developed arriving to the most recent publigivesdipioy
Salomone et al. (2013). The most relevant scientific contribution has been done from scientific work of
Masoni et al. (2007). This method is based on the combination of four EMTs: LCA, EMS, EcoDesign
and Communication & Labels. Lewandowska et(a011a) gives important information regarding
methodological and practical modifies that should be implemented in order to combine LCA and EMS.

Remarks:
T There are still poorly experiences on the adoption of methods for multiple EMTs use;
1 The POEMS methd for multiple EMTs use is the most studied in the scientific literature and
the most structured.

1.6.1.4. Interfaces proposed

The interfaces between EMTs are a fundamental aspect to define the interaction rules between EMTSs.
In the scientific literature, thimllowing interfaces have been analysed:

a) Interfaces between LCA and EMS;

b) Interfaces between LCA and EcoDesign;

c) Interfaces between EMS and EcoDesign;

d) Interfaces between EMS and EPE.
The most relevant interfaces are between LCA and EMS inasmuch are the two BstTsed in the
development of methods for multiple EMTs use. In the following figure are shown the interfaces

normally established between LCA and EMS. In the
is |linked with the adtysge 0gf i @A nmfulcrhv drhteoriyn arhe |
the activity for data collection required from the LCA inventory analysis. In the case of the second
interface, the stage of LCA Al mpact assessment
evabuati ondo inasmuch the EMSO6s sttassesamert redules usefaltoi z e d
improve the performance evaluation.

EMS LCA

PLAN —
Goal & scope

definition | |

Plannmg

Support& po 'nterfacel
. Lecdrhi T —
analysis
3

Perfcrmance nter 1
Evaluatmn

uo)3p3adialuf

Impact
assessment |+
| —

CHECK

Figure 18 Interfaces between LCA and EMS normally established in the literature review (Personal elaboration, 2015).
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Regarding the Interfaces between LCA and EcoDesign according to ISO guideline 14006:2002 the LCA
is used as a tool for assess the environmentidrpgance of design alternatives. In the following figure
are shown the two interfaces normally established between LCA and Ecodesign.

Lca EcoDesign

Goal & scope
definition

Inventory
analysis

Impact -
assessment |4 L

Planning ecodesign process ]

l Design ideas

Conceptualdesign }

vonpjadiajuy
A\

I Design concept

Detailed design }

Design solution

Testing/prototype }

l Prototype

Production market lunch }

l Product

Product review }

L LT L

Figure 19 Interfaces between LCA and EcoDesign normally established in the literature rBeimer{al elaboration, 2015).

In the case of the first interface, LCA provides results generated by inventory analysis and by impact
assessment analysis. The results relevant for ecodesign projects are make available in order to be used
to simulate ecodegi alternatives during the conceptual design stage. In the case of second interface,

the information acquired by LCA interpretation stage are used to identify design concept, to refine the
design solutions or to solve any hotspots identified in orden#die the design solutions.

Regarding the Interfaces between EMS and EcoDesign according to ISO guideline 14006:2002, EMS
and ecodesign interacts with four interfaces. I r
gives goals and targetegards the eedesign strategy component in order to achieve trough the
ecodesign process the set environmental performance. In the case of second interface, the EMS identifies
the data required for the assessment of ecodesign project while in thettasiiodl interface the EMS

collects and maleavailable data necessary for the assessriamlly, in the case of forth interface,

the ecodesign process gives results in terms of
Al mpr ov e me m thé use dil ecedesigm for elaboration of strategical scenarios in input to the
process of goals and strategy setting is often missing. The forecast of effects of ecodesign processes in
terms of environmental performance improvement is a very importarit pspecially at organizational

level, to set targets and goals achievable.

The last relevant interface that can be found in the scientific literature is between the EMS and the EPE
tool. In this case, the EPE tool is used to improve the choice aimhtinih of the environmental
performance indicators (EnPi) that are used duri
Remarks:

1 Interfaces LCAI E MS.. Established between EMS6és stage |
stage Al nvent or yL CaAndasl ysstiasgoe, fblempwaecetn as s e s s me.
APerformance evaluationo.

1 Interfaces LCAT EcoDesign. LCA is used in the EcoDesign process for the assessment of
environmental performance of design alternatives under study.

1 Interfaces EMSi EcoDesign. EMS sts goals and targets for the EcoDesign process. The
ecodesign process gives to EMS results in terms of environmental performance improvement.

i Interfaces EMST EP E . The EPE tool i s used to i mprove
Eval uati ono.
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EMS EcoDesign
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Figure 20 Interfaces between EMS and EcoDesign normally established in the literature review (Personal elaboration, 2017).

EMS EPE

PLAN
] Planning
Planning nterface 1 EPE
Support& | pg AcT | Reviewing and o Data Do
Improvement Leadership Operation improving EPE colfection
nterface2 .

Evabution et
Evaluation | Evaluation

CHECK - CHECK

ACT

nterface 3

Figure 21 Interfaces between EMS and EPE normally established in the literature review &Pelabaration, 2017).

1.6.1.5. Case studies application

About the 50% of thanalysed scientific publication present also the application of method for multiple
EMTs use. The main industrial sectors analysed are the pulp paper production and the chemicals
production. Other sectors where have been applied methods for multiple EMTs use are: automotive,
furniture production, household appliances production, metallurgical sector, transports sector and wine
production. Some authors as Lewandowsa et al. (201Hayb)conducted case studies on a large groups

of companies of different industrial sectors considering 36 organizations. In other cases, authors such as
Lewandowska et al. (2013a,b) and Finkbeiner (1999) have conducted surveys interviewing respectively
85and 270 industrial organizations.

Remarks:
1 Methods for multiple EMTs use have been not already applied in the sector of beverage.

1.6.1.6. Relevancies, opportunities & threats

Many authors have debated the relevaoicéhe development of methods for multiple EMUise at
industrial level. Some methodological considerations are very diffused and regard that:
a) Different EMTs can be used in a complementary way based on the perspective of the
comprehensive approach (Finkbeiner et al., 1998);

74

(o
| —



b)

c)

d)

Chapter oneScientific literature review PhD studenfndrea Loss

The methods for multiplEMTs use may be developed with a comparignted approach based

on environmental management problems faced by the company (Mazzi et al., 2017);

The ideal prospect, for multiple EMTs use is to combine different EMTs in order to select for
each environmentananagement aspects the EMTSs that permit to best capture and manage each
aspect (Lewandowska et al., 2011). The aspects are related to EMDs and EMBs. In fact, EMTs
with different scopes give different outcomes and it is very important to make a caméa ch

of EMTs according to the faced EMDs and EMBs.

For the development of a new method for multiple EMTs use are required: 1) a set of EMTs
selected; 2) a scheme of the method in order to organize EMTs selected 3) a description of the
interfaces between¢EMTSs in order to establish clearly the interaction rules.

In addition, a deep investigation of opportunities and threats have been conducted by different authors.
The most important opportunities can be summarized in:

1

Support the shifting to a life cyce management approachThe inclusion of the life cycle

EMTs (e.g. LCA) allows to transcend the boundaries of the company and to cover, using a
common quantitative analysis, both the direct and indirect environmental aspects;

Prioritization of objectives and targets: The combination of different EMTs such as LCA and

EMS improve the prioritization of environmental management objectives and targets at product
and organization level;

Comprehensive approach:The multiple EMTs use permits of achieve a comprekiens
environmental management approach. In fact, for example LCA is able to assess environmental
impacts but is not able to assess the legal requirements compliance while for this second aspect
the EMS is the most indicated EMT.

Continues improvement principle: the combination of the EMS, thas based onthe
continuous improvement principle, with other EMTs (e.g. LCA) permits to transfer this
principle to the other EMTSs applications.

Assess both guantitative and qualitative environmental management aspecg&me EMTs

(e.g. LCA) are able to assess gquantitative environmental aspects (e.g. environmental impacts on
climate change in terms of GHG emissions), while other EMTs (e.g. EMS) are able to assess
also qualitative environmental aspects (e.g. managedalaitors). The combination of these
EMTs permits of to manage quantitative and qualitative environmental management aspects
Lewandowska et al. (2011).

Introduce of scientific standardized impact assessment element$he combination of

impact assessment EMT(e.g. LCA) with managerial EMTs (e.g. EMS) improve the
performance evaluation, increasing its robustness and objectivity, thanks to the inclusion in the
assessment of international scientific elements such as impact categories. In fact, the use of
environmental impact assessment EMTs (e.g. LCA) in combination with an environmental
management system permits to upgrade the inventory analysis, achieving the impact assessment
analysis improving the decisiemaking framework. For example, regarding the water
management of a production site, the potential environmental impacts assessed only through the
analysis on water flows can be very different when are assessed including the water scarcity
characterization factor developing in the LCA methodological framlewor

Improving eco design processesThe combination of LCA and EMS makes it possible to
realise ecalesign processes in a repeatable, measurable (quantitative) way, based on
normalised methods and with the access to calculation supporting databasestvaaie sof
packages. Therefore, it means that it is possible to use simplifiedksgm tools, which seems
particularly important in case of SMEs, particularly because for SMEs the implementation of
an EMS alone is often a challenge (Fresner 2004; Hillarg)200
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1 Increase the spatialized detail of the environmental management approachihe use of
EMTs (e.g. EMS) try to overcome the problem of spatialized LCI often faced in LCA. In fact,
the EMS supports the collection of spatialized data inasmuch it isspeitdic EMT.

1 Improving data management and data quality assessmerthe use of EMS in combination
with different EMTs (e.g. LCA) gives important benefits of improving the efficacy in terms of
time and human resource for data collection activities.

1 Increase reproducibility and support to performance tracking: the combination of
managerial EMTs (e.g. EMS) and other EMTs (e.g. LCA for environmental impact assessment)
support and improve the performance tracking of life cycle environmental performance
systemaring the approach.

1 Improving of environmental improving plans: the use of impact assessment, design
ecoefficiency EMTsin combination with managerial EMTs (e.g. EMS) permit of improve the
robustness and achievability of the environmental improplags assisting the investment
decisions (Gaudreault et al., 2009).

1 Reducing burdens shifting issuesthe multiple EMTs use supports the reduction and often the
prevention of burdens shifting issues, making more robustness the decision making framework.

T Multi scale approach:the multiple EMTs use maupport the achieve of a musitale approach
to the environmental management merging product oriented analysis with organizational
oriented analysis.

The most important threats can be summarized in:

1 Complexity growth: often the methods for multiple EMTs use can introduced an increasing of
general complexity during the procedure application. It is very important to pay close attention
to mitigate complexity making the more possible intuitive the new method.

1 Data requirement growth: the multiple EMTs use increase the requirement of data.

T Empl oyeesd skil |l s the rultipld EM&snusenricreagerthe weguirement of
empl oyeesd6 skills on EMTs and their applicati

1 Cost growth: the multiple EMTSs use inease the general cost deriving from EMTSs application
(e.g. certification, consultants, use of specific software and database, etc.).

1.6.2. Capabilities of methods for multiple EMTs use to face EMDs and EMBs

The methods for multiple EMTs use analysed through the scientific literature review in the previous
paragraph in terms of technical characteristics, are now analysed in terms of capabilities of to face EMDs
and EMBs. The results are obtained merging thesiderations done on EMDs (paragrapB), on
EMBs (paragraph.3) and on the capabilities of single EMT (paragragh. Therefore, the capabilities
of a method for multiple EMTs use are the sum of the capabilities to face EMDs and EMBs of single
EMTs induded in the method with ad additional perspective. In this way, in order to simplify the results
presentation, the methods have been grouped on the base of the EMTs included, with the following
categories:

1 LCA+EMS;

1 LCA + EMS + EcoDesign;

1 LCA + EMS + Ecdesign + Communication & Labels;

1 EMS + EPE;

1 EMS + EcoDesign.
In the following tables have been shown the results:
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3) LCA + EMS +

Life Cycle Management . . 1) LCA 2) LCA + EMS EcoDesign + 5) EMS +
4 9 Environmental Management Drivers (EMDs) ) ) . 19N 4) EMS + EPE ) .
Areas + EMS + EcoDesign Communication EecoDesign
& Labels
1. Environmental impacts Environmental Impacts AssessmérRroduct Level a a
assessment Environmental Impacts Assessmér@rganizational Level
2. Inventory resources  Inventory resources consumptions assessinBnoduct Level a a
consumptions assessmer Inventory resources consumptions assessin€mganizational Level
. Environmental performance evaluation & performance tracking at product ~
3. Performance evaluatiol o a
. organizational level
& performance tracking - - - - = =
Production cost reduction or/and revenue increasing a a
) ) Ecodesign a a a
4. Ecoinnovation —
Ecoefficiency
5. Strategic decision Identification ofnew ecefriendly solutions a a
making Investments assessment Fl a
Systematic and procedural approach for continuous improvement a a a a a
6. Strategy & Strategy formulation with objectives and targets definition a a a a a
Management - -
Top managememommitment and managerial aspects a a a a a
) Regulatory compliance a a a a a
7. Compliance - - - — — — — —
Governmental aspects compliance (taxes and incentives) a a a a a
Changes in price and availability of raw materials a a
. Physical climate changes (e.g. desertification a a
8. Sensibility to relevant ¥ ges (€. ) = =
changes Changes of products on market a a
Changes of technologies on market a a
Changes in stakeholderdés expectation a a
9. Market differentiation  Products differentiation a a
Corporate Brand reputation & image a
10. Communication and Labelling & reporting a
relationships Competitors benchmarking and trends a
Alliances and partnerships with other organizations a a

Table 15 Correlations between main methods for multiple EMTs use with EMDs.
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Life Cycle Management Critical . . 1)Lca D LCA+ 3)LCA+EMS + 4)EMS  5)EMS+
Areas Environmental Management Barriers (EMBs) +EMS EMS + Eche@gn + + EPE EecoDesign
EcoDesign Communication & Labels
Lack of Environmental Impact AssessmérRroduct Level a a a
Lack of Environmental Impact Assessmér®rganizational Level
Lack of Comprehensive impact assessment (Miudticators) a a a
1. Environmental impacts Correlation between product and organizational scale not considered
assessment Lack of Life Cycle Management approach Partially Partially Partially
Issues in hotspots identification and on burdens shifting Partially Partially Partially
Impactassessment based on inventory indicators a a a
Technical difficulties in large impact assessment data management
2 Invent-ory esources Technical difficulties in large inventory data management
consumptions assessment
. Lack of OPIs for environmental performance evaluation related to life cycle manag: =
3. Performance evaluation & o a
performance tracking at. prodgct gnd organizational Ieyel .
Difficulties in performance tracking and OPIs trends analysis
Difficulties in implementation of practical ecodesign processes and nevrieodly
4. Ecoinnovation alternative solutions comparison
Lack of indicators for ecoefficiency assessment
. . . Lack of use of Decision makirifpols (MCDA, optimization, statistical technigues, et:
5. Strategic decision making —— - - - -
Difficulties in the assessment of environmental performance of investments Partially Partially
Unbalanced environmental management strategies Partially
Divergence between intended and realized environmental management strategy Partially
6. Strategy & Management Lack of Top management commitment a a a a a
Lack of Systematic and procedural approach for continuous improvement a a a a a
Lack of empl oyeemdonshiiies | s & undefi nei a a a a a
7. Compliance Low ability to perceive changes in regulation & Unclear regulation a a a a a
Lack of economic advantages (e.g. taxes reduction, incentives) N.A. N.A N.A. N.A N.A.
Low ability to perceive changes in resources availability and price a a a a a
8. Sensibility to relevant change: Low ability to perceive changes of products on market a a a a a
Low ability to perceive changes of technologies on market a a
9 Market differentiation Difficulty in highlighting the diﬁerer?ces in terms of environmental performance of 1 Partially
products respects those of competitors
10. Communication and Low stakeholders engagement a a a a a
relationships Lack of alliances and partnerships with otbeganizations a a a a a
EMTSs selection a a a a a

11. EMTs implementation

High implementation costs

Table 16 Correlations between main methods for multiple EMTs use with EMBSs.

N.A.= Not applicable because the aspedbdependent from specific method for multiple EMTs use
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1.7. Other relevant evolutions emerged from the literature review

The present literature review has permitted to analyse the Environmental Management Drivers (EMDs),
the Environmatal Management Barriers (EMBs), the Environmental Management Tools (EMTS)
developed especially by ISO, the mechanisms to develop methods for multiple EMTs use and scientific
experiences on methods for multiple EMTs use. In addition to these fundameptdtsasome final
considerations must be done regarding important methodological evolutions that have been happen
underthe push of international scientific initiatives carry out by ISO and other organizations such as
SETAC, UNEP and JRC. These evolutidrare been happened during the PhD programme and have
been taken into account in order to internalize them in the new method developed. Therefore, this makes
the new model up to date with the latest evolutions in environmental management. In the present
paagraph are summarized the main aspects regarding the three main evolutions on environmental
management:
1 Importance growth of multiscale assessment;
1 Revision of ISO14001;
1 Lunching of ISO/TS 14072 to introduce the OLCA;
About this first aspect, in the lagtars important changes have been happened in terms of environmental
management perspective of the EMTs. In order to assess these changes, a qualitative diagram has been
proposedn the figure 221In this diagram three important aspects have been assessed:
1 The importance of life cycle perspective (axis z). This aspect measures in a qualitative way how
the life cycle perspective principle is stressed by the EMT,;
1 Productorientation(axis y). This aspect measures how the EMT is oriented to the management
of environmental aspects related to products;
1 Organizatioal-orientation (axis x). This aspect measures how the EMT is oriented to the
management of environmental aspects relatedganizations.
It is possible to recognize a starting state where:
1 LCA wasdeveloped for the application only to products with max importance of life cycle
perspective, maxrgentation to products and absenceonéntation to organizations;
1 EMS was develped for application to organizations with low importance of life cycle
perspective, maaorientation to organizations and absencerigntation to products.
International scientific initiatives have modified this starting state promoting an environmental
management with a multi scale approach giving importance at the same time to both scales, the product
scale and the organization scdMartinezBlanco et al., 2016)The main international scientific
initiatives have been:
1 The development of ISO/TS 140730, 2014) that starting from traditional standards for LCA
(ISO 14040/44:2006) extends the applicability of LCA methodology from products to
organizations;
1 The revision of ISO 14001 (ISO, 2015) that starfirggn theprevious standard version (ISO,
2004)introduces important changes, increasimgiole of the produ@co design processes as
a leverage for improve the environmental performance of the organizations;
1 The born of ISO 14046 (ISO, 2014) the standard on Water Footprint. It is the first stidnadard
at the same time gives requirements for the calculation of water footprint of products and
organizations;
T The UNERSETAC flagship project on Life Cycle Management (LCM) (UNEPTAC, 2009)
that in the last years had a key role in the diffusion andatmtation of the life cycle perspective
principle at organizational level. This project has favourite the transfer of this principle born for
products to organization and can be seen as one of the precursors of the extension of LCA
methodology from produs to organizations.
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1 The UNERSETAC flagship project on Organizational Life Cycle Management.Q3)
(UNEP-SETAC, 2015) that according with the previous point and at the same time of ISO
process for the development of ISO/TS 14072, has supported the i@xteisLCA
methodology from products to organizations.

1 Finally, but not less important, the initiative of the European Commission with the JRC of to
develop the Organizational Environmental Footprint (OHEE), Q013).

It is important to underline, espediain the case of ISO standards developments, that these scientific
initiatives follow practical and real needs of the organizations on the market in terms of improving
environmental performance to increase competitiveness. The diagram shows. In qualagtithow

different scientific initiatives in the field of environmental management have increase the importance of

a multi scale approach that considers at the same time the environmental performance of the organization
and its products. Therefore, a qum@hensive approach to environmental management require the use
simultaneity of EMTs oriented to products and EMTs oriented to organizafibisstrend is according

to the positive relation between EMTSs product oriented and EMTs organizational oriexttegictfbeen
hypothesized by Ayres et al. (2002) in continuous increasing in the future.

Importance of
life cycle perspective
100%

96%
LCA methodology applicability was 30%
extended from products to organizations 7 Key role of the life cycle perspective

0% c
< Eco-design processes importance

LCA

ISO/TS 14072
SO,

1S0. 20

14)

LcAlso 14040 BT
(1S0. 2006) il

Product-orientation ..} ||

“““,‘ > 2 0
1 1/ ¥F I1SO 11046
;v way o
Organizations can be achieved effectively
environmental sustainability only with a life cycle Comprehensive approach towards to

TRTgnenCpprosch EM-tools for product and organisation
Figure 22 Qualitative representation of importance growth of multi scale approach (Personal elaboration, 2015).

In this context, another veliynportant evolution has been the born of Organizational LCA (OLCA)
according to ISO/TS 14072 that has extended the goal & scope of LCA from products to organizations.
New aspects have been introduced and one of the most important is related to thé gtaduab
portfolio of organization. This aspect confirms the importance of multiscale assessment. Organizations
using OLCA can identify global environmental impacts and eventual hotspots along their value chains.
OLCA is considered to be one of the masiportant emerging application of life cycle approach
(Hellweg et al., 2014) and therefore it is a key element to be considered in the developed of the new
method for multiple EMTs use.

Finally, the last one relevant evolution has been the new revisi@©df001:2015 that has introduced
many novelties. The most relewtas the introduction omanydirect and indirect references to LCT.

One of the key changes is organisations adapting a wider perspective to see how their environmental
impact stretch acrogke whole supply chain. Another key recommendation is to uselesign for
identifying and assessing the environmental aspects in relation to products. The whole life cycle of the
products should be analysed, which will result in the inclusion of indiregtonmental aspects that are
beyond the direct control of the organisation (Lewandowska et al., 2014).
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1.8. Formulation of scientific literature gaps in the research field
This last paragraph formalizes the scientific gaps emerged from the literature rElvé=seg.gaps will
guide in the next chapter the development of the new method for multiple EMTs use. The gaps
formulation has been realized considering the EMBs completely or partially unsolved by the already
available methods for multiple EMTs
Life Cycle Management
Critical Areas

Identified scientific gaps

Lack of Environmental Impact AssessmérRroduct Level

Lack of Environmental Impact Assessmér®rganizational Level

Correlation between product anthanizational scale not considered
1. Environmental impacts ~ Lack of comprehensive impact assessment (Mudticators)

assessment Lack of Life Cycle Management approach

Issues on hotspots identification and on burdens shifting

Impact assessment based on inventory indicators

Technical difficulties in large impact assessment data management

2. Inventory resources

. Technical difficulties in large inventory data management
consumptions assessment

Lack of OPIs for environmentalerformance evaluation related to life cycle managenagn
product and organizational level

Difficulties in performance tracking and OPIs trends analysis

Difficulties in implementation of practical ecodesign processes anccoefwiendly alternative
4. Ecoinnovation solutions comparison

Lack of indicators for ecoefficiency assessment

Lack of use of Decision making Tools (MCDA, optimization, statistical techniques, etc.)
Difficulties in the assessment efivironmental performance of investments

Unbalanced environmental management strategies

Divergence between intended and realized environmental management strategy
Difficulty in highlighting thedifferences in terms of environmental performance of their prod
respects those of competitors

Table 17 Scientific gaps identified during the literature review regarding methods for multiple EMTs use.

3. Performance evaluation &
performance tracking

5. Strategic decision making

6. Strategy & Management

7. Market differentiation

The gaps previousligentifiedin terms of EMBs completely grartially unsolved, can be seen also in

terms of specific limits of methods for multiple EMTs use already published, as follow:

T No method for multiple EMTs use already published perform LCA for many productsngjrtiie
application of LCA to products of the organization;

1 No method for multiple EMTs use already published applied OLCA;

1 No method for multiple EMTs use already published consider the correlation between
organizational scale and product scale;

1 No methodor multiple EMTs use already published use tools for large inventory data management
and for large impact assessment data management

1 No method for multiple EMTs use already published use tools to support operatively performance
evaluation and performaadracking

1 No method for multiple EMTs use already published use tools to support operatively ecodesign
during the comparison of alternatives environmental performance;

1 No method for multiple EMTs use already published consider the ecoefficiency

1 No methodfor multiple EMTs use already published use tools for decision making based on
statistical and mathematical approaches

T No method for multiple EMTs use already published support the process of environmental strategy
definition in order to avoid issues raddtto unbalancing between ecoefficiency strategy component
and ecobranding strategy component, and issues related to divergence between intended and
realized strategy.

1 The methods for multiple EMTSs use already published are not able to overcome thitydiéflated
to highlighting the differences in terms of environmental performance between the products of an
organization and those of competitors.
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CHAPTER TWO: MATERIAL & METHODS PART 2
- THE NEW METHOD FOR MULTIPLE EMTs USE :
ORGANIZATIONAL ENVIRONMENTAL
SUSTAINABILITY SYSTEM (OES2)

Highlights:
T EMTs selected
i Interfaces between EMTs established
T The new method for multiple EMTs use: OES2
1 Methodological development of STEMs
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2.1. Introduction to new method conceptualization

The Life Cycle Management (LCM) approaetcording to 1ISO14001:201iS,becoming the reference

to manage environmental performance at industrial level (Graudreault et al., 2009). It requires the use
of different EMTs in order to make this concept operational (Graudreaoult et al., 2009). However, the
guestion on how to combirar integratedifferentEMTS, is open. One may ask the question whether it

is feasible to aim at the development of amethodfor mutiple EMTs usewhich can embrace all kinds

of questiondEMDs and EMBs) on environmental management or at least the major part ofrthem

fact, there are two major reasons for combining tools. One reason is to avoid problem shifting, since no
single cowrept or tool is able to address all relevant questions (EMD and EMB) and depict all kinds of
problem shifting. Another, related reason is to compensate for a tool weakness in a given decision
situation Wrisberg et al., 2002 Furthermoregiven the quite fundamental differences between model
types and the related modes of analygi&EMTs comprise, it is considered more realistic to &m
develop a method to combine anse of existingEMTs while it is considered impossible to aim to
devel@ one supetool that integrate all EMTs featureActually,t h er e i-sizefniot sietblod ed

for multiple EMTSs use that incorporates all capabilities to face all EMDs and EMBs in order to achieve
comprehensive environmentghimeida et al., 2015)ln fact, often EMDs andEMBs are faced and
studiedas single issues, there is a lack of investigation assuaiolistic perspective. Therefori@,the

last years has growth the need to develop a method for multiple EMTs use, especially at industrial level,
to achieve this holistiwiew on environmental managemedoyrneault et al., 2016.ongoni et al.,

2015. In the present chapter, according with the research goals, a proposal of a new method for multiple
EMTs use will be done. In order to conduct theearchas a first stejit is necessary toonceptualize

the new methodAs second stept has beerhosen a single=al industriacase studyto apply the new
methodt o t he AAcqua Minerale San Benedet tsextor®f. p. A.
bottle packed water arsbft drinks The new method for multiple EMTs use, proposed in this research,
faces the issue related to EMTs selection. In fact, as emerged during the scientific literature review one
of the most important EMB is relateéal the large availability of EMTs (Rossi et al., 2016).

2.2. New method conceptualizatiorprocedure

The development of the new method has been based on a methodological procedure specifically
elaborated following thess#tages
1. EMTs and STEMsselectionbasedn:
1 Evidences and gaps emerged from scientific literature;
1 Identification of additional selection criteria;
New method scheme developed
Definition of interfaces between EMTs
Development of new specifiSTEMs inserted in the proposal.
Comparative analysisof capabilities to face EMDs andEMBs between the new metti@and
already available methods (directly in the discussion chapter).
In the following paragraphs, a detailed description for each methodological step will be presented.

abkowbd

2.2.1.EMTs and STEMsselection

In this paragraph has descripted the methodology that has been followed for the sel¢lcade\dTs

used successivefgr the development of the proposal of the new method for multiple EMT# Urses.

also descripted the STEMs introduced to support and improve the implementation of selected EMTs.
The EMTSs selection represents the first step of the procedure elaboratedifordalupment of the new
method.
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: (1) EMTs available and capabilities of each EMT to face EMDs and EMBs 1
1
I

. . . | i °
I (2) EMTs selected in available methods for multiple EMTs use | "nputsfrom literature review J'
1

1
1 (3) Gaps of already available methods for multiple EMTs use to face EMDs and EMBs |

Definition of additional
selection criteria

[rromrrm— i —— r 3
Gap intervention level 1 _‘ EMTs selected I Gap intervention level 2 _; STEM required I

Figure 23 Conceptual diagram for the procedure stépllowed for EMTs selectionand STEMs required identification
(Personal elaboration, 2017)

As shows inthe previouslyfigure, the EMTs selection is based @ements emerged from literature
review and on additiaa selection criteria. The inputs deriving from literature review are essentially of
three types:

1. EMTs available and capabilities of each EMT to face EMDs and EMBghis input permits
to have a comprehensive view of the available EMTs and the knowledgaliregEMTSs
capabilities permits of to assess if a specific EMT could be useful in the new method in order
to solve critical areas emerged;

2. EMTs selected in available methods for multiple EMTs usethis input permits to assess
which EMTs are implemented aiready available methods for multiple EMTs use in order to
include these EMTs as a basic starting point recognized by scientific community experiences;

3. Critical areas and gaps of already available methods for multiple EMTs use to face EMDs
and EMBs: thisinput permits taassess the need of include EMTs on the basis of critical area
and gaps emerged from the analysis of already available mgethods

Regarding the firgboint, without to copy hertihe emerged results, refer to paragraptof the chapter

one Regarding the second point emerged that already available methods for multiple EMTs use are
based on the selection of three EMTs: LCA, EMS and Eco Design. In the most evolved already available
method, named POEMS, there is an additional EMT Gbemuni@tion & Label EMT. Therefore,

these four EMTs will be selected as a starting point for the development of the proposal of the new
method. Finally, regarding the third pothe identified gaps have been analysed in order to assess two
different level of inervention:

1 Gap Intervention Level 1 The specific gap is due to not use of some EMTs? In this case, the
gap solution required the selection of pertinent EMTs and the inclusion of them in the proposal
of new method;

1 Gap Intervention Level 2 The specific gp, although all pertinent EMTs are use, is due to
issues emerged during the implementation stage of EMTs? In this second cgapsthetion
proposedequires thentroductionof specificSupportiveTools to Environmental Management
(STEMs)able to ovecome the limits emerged during EMTs implementatidre STEMs have
been defined as tools developed in order to improve the applicability and the use of EMTs used
in the new method for multiple EMTs use propogdtk introduction of STEMs constitutes an
innovationin the development ohethods for multiple EMTs use and responds to the fozed
practical tools that enabénd support organizations implementEMTs (Geibler et al.2016).

The gapinterventionlevel 1is relevant for the objective of this stage inasmuch it identifies clearly
needing to select specific EMTs to be included in the proposal of new method for multiple EMTs use.
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The gap intervention level 2 will be considered in the next paragraphs ofeenpchapter for the
conceptualization of the new method.

In fact, in order to answer in a deeply and complete way to the research opjeqtase a new method

for multiple EMTs use, the work has not been limited to the identification to the formubditioa new

met hodés scheme (gap intervention |l evel 1) but
EMBs emerged during the implementation of EMTs (gap intervention level 2). This aspect is
fundamental for increase the utility and innovatiagree of the new method for multiple EMTs use
proposed.Therefore, the new methodological elements developed at gap intervention level 2, are
elements that have been included at the level of specific EMTs in order to solve emerged EMBs and
improve EMTs aplicability, improving the overall applicability of theewmethodfor multiple EMTs

use proposedrhe relation between specific EM&sd the new methodological elements willsbewn

in the following paragraphs.

It is important to underline that according to the research objective of developing and testing a new
method for multiple EMTs use, the analysed methodological aspects and the reported results are mainly
focused on relevant applicability issues. Buos reasonthe selected EMTs will be briefly described

(e.g 1SO 14001, I1SO 140484, etc) and therefore for a full comprehension the reader must have a
scientific knowledge background on ISO standards and on their requirgdppéndix A)
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Life Cycle Management
Critical Areas

Gap Intervention Gap Intervention

Identified gaps Level 1 Level 2

1) Lack of Environmentdmpact AssessmeiitProduct Level
2) Lack of Environmental Impact Assessme@rganizational Level
3) Correlation between product and organizational scale not considered
4) Lack of comprehensive impact assessment (Nhicators)
1. Environmental impacts 5) Issues on hotspots identification and on burdens shifting
assessment 6) Lack of Life Cycle Management approach
7) Impact assessment based on inventory indicators

EMTSs required: LCA & OLCA New STEM proposed: Multiscale
- LCA (MLCA) model

New STEM proposed:

8) Technicaldifficulties in large impact assessment data management - Environmental Results Database
(ERD)
2. Inventory esources o _ New STEM proposed:
. 9) Technical difficulties in large inventory data management - Environmental Inventory
consumptions assessment Database (EID)
3. Performance evaluation & 10) Lack of OPIs for environmental performance evaluation related to life cycle - New STEM proposed:
f Ki management EMTs required: EPE Eco Environmental KPI Analyzer
performance tracking 11) Difficulties in performance tracking and OPIs trends analysis (EcoEKA)
New STEM proposed:
13) Lack of indicators for ecoefficiency assessment EMTSs required: EcoEfficiency Index of Work Environmental
4. Ecoinnovation Efficiency (IWEE)

12) Difficulties in implementation of practical ecodesign processes and nefiiecdly

. . ) New STEM proposed: EcoDesig
alternative solutions comparison

EMTSs required: EcoDesign  Simulation Dashboard (E€o
15) Difficulties inthe assessment of environmental performance of investments DSD)

New STEM proposed: Strategic
- Environmental Decision Making
module (SEDM)

5. Strategic decision making 14) Lack of use of Decision making Tools (MCDA, optimization, statistical technique

etc.)

EMTs required: EMS,
Communication & Labels
tools EcoEfficiency,
EcoDesign

New STEM proposed:
Environmental Sustainability
Strategy Model (ESSM)

16) Unbalanced environmental management strategies
6. Strategy & Management

17) Divergence between intendaadd realized environmental management strategy

18) Difficulty in highlighting the differences in terms of environmental performance o Partially faced, considering  Notintroduced considered for

7. Market differentiation their products respects those of competitors PEF future perspective*

Table 18 Specific proposed solutions to overcome identiegkntific gaps.
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As shown in the previous table, have been proposed solutions for each gap identified during the scientific
literature review. The gap 18 has been faced, making the new method developed compatible with the
Product Environmental Footprint (PEF) frameworle tiew tool introduced by European commission
for the comparison of product performance but without introducing specific STEM (e.g. new labels built
on 1S0O14024 for reasons related to timing in terms of industrial applicabifityfiis paragraph, it is
important to focus on solutions proposed regarding the first legglpihtervention that have the scope
of identified additional EMTSs respect to the traditional used in the past for the development of already
available method fo multiple EMTs use (LCA, EMS, EcoDesig@@ommunication & Labe)s
Therefore, in order to face emerged gaps, the selection of the following EMTs are need:

1 OLCA to face gaps numbet; 2, 3,4, 5, 6 and 7;

1 EcoEfficiency to face gaps numbeB &nd 16

1 EPE to face gaps numbdO and 11;
Furthermore, thEMTs selectiorstagehas been conducted considering additional selection criteria that
are summarized in the following table:

Selection criteria Meaning
1) Global diffusion The EMT is already adopted an@iknow at industrial level?

The EMT has been developed with an international process dul
which stakeholders have patrticipated?

2) Consensual level

3) Third party

. The EMT could be certifiable and verifiable by third part?
recognition

The EMT support a comprehensive assessment or it is specific

oriented (e.g. footprint)?

5) Minimizing of The overlapping of capabilities of different EMT must be
overlapping minimized during EMT selection stage.

6) High relevance level The EMT have a recognized hitgvel of relevance?
Table 19 Additional selection criteria for EMTs selection stage.

4) Comprehensive

The selection criteria numb@rand 3 are generally intrinsically satisfy by all EMTs considered thanks

to the choice of focus the EMTSs selectgiage on the EM3 developed by ISO. The criterioglated to

global diffusion(l) is tool specific and in the case for example of MFCA, EASO, etc. the diffusion is
securely lower than LCA, EcoDesign and other EMTs. Regarding the selecitierion number4,

relating to specific EMTs category, has been assessed in a qualitative way if the EMT supports a
comprehensive approach. For example, relating to environmental impact assessment EMTs category,
the Footprint (e.g. Water Footprint, Carbon Footprint)evl s that focus on specific areas of concern

(e.g. Water management, Climate change) and therefore are not considered comprehensive respect to
LCA and OLCA that assess environmental impacts considering a profile of many impact categories that
include alsacategories considered from water and carbon footprints as well as other categories on for
example human toxicity, land occupation, resources depletionRetarding the selection criterion
number 5, has been assessed there is potential overlappingrbEMMEs and irthis way the selection
criterionhasbeen assigned positive to EMTs that include features of other EMTs. An example is the
case of the environmental impacts assessment EMTs category where the features of Footprint are
included in the assessment conducted within LCA (at product scale) anl @t.@ganizational scale)
methodology.
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0O

o 9 92 2 92 9 &

Tool category Standard/EMT e g g g8 2 g 9
S $ 3 8 s s %
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g

Managerial 1) ISO 14001/Environmental Management System (EMS); a a a a a a 6
tools 2) 1S014015:2001/Environmental assessment of sites and organizations (EASC a a 2
Communication 3) ISOl4021/Environmental labels and declgratieﬁ'sype | (Label type I); a a a a a 5
t00ls 4) 1S0O14024/Environmental labels atelclarations- Type 1l (Label type I1); a a a a a a 6

5) 1ISO14025/Environmental labels and declaratiefig/pe Il (Label type 111). a a a a a a 6

Performance 6)1SO14031/Environmental Performance Evaluation (EPE); a a a a a 5
evaluation & 7) 1ISO14034/Environmental Technology verification (ETV); a a a 3
improvement  8) ISO14045/Eco Efficiency (EcoE) a a a a a 5
tools 9) ISO 14062/Eco Design (EcoD) a a a a a a 6

10) ISO14040 & 1SO14044/ Life Cycle Assessment (LCA) a a a a a a 6

Environmental 11)1S0O14046/Water Footprint (WF) a a a a 4
impact 12) ISO/TS 14072/Organizational LCA (OLCA) a a a a a 5
assessment  13) ISO 14064;/Organizational Carbon Footprint (OCF) a a a a 4
tools 14) ISO/TS14067/Product Carbon Footprint (PCF) a a a a 4

15) ISO 14051/ Material flow cost accounting (MFCA) a a a 3

Table 20 Application of additional selection criteria to EMTSs.
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The last selectiogriterionis related to th relevance of EMT, the criteridras been assigned only to

EMTs that are recognized relevant for environmental management at industrial level. In terms of
relevance, almost laEMTs developed by ISO have high relevance except €stich a&EASO and

ETV that are poorly considered at industrial level because have marginal capabilities to respond to
EMDs and EMBs. In the case of each EMT, one point has been assigned each positive assignment of
the selection criteria and a total scegual or higher than 4/6 has been considedshuate for to
consider the EMT for the EMTs selection stagerging discussed results from literature review and

from the assessment of additional selection criteria have been selected to develop thegiroposal
method for multiple EMTs use the EMBsd STEMssummarized in the tabl. Overall theseven

EMTs has been selectgdus eight STEMsthat have been developes it is possible to notice, this

EMTs selection permits to haweholistic approach to environmental management undergoes EMTs
with managerial features, EMTs with communication features, EMTs that support performance
evaluation, ecalesign processes and ecoefficiency evaluation, EMTs with environmental impacts
assessmeérfeatures;supported by STEMs with capabilities of simplified data managenraptove

eco design and eco efficiency assessment, improve environmental performance evaluation, and improve
decision making processédhe selection of EMTs is according to thesitive relation between EMTs
product oriented and EMTs Organizational oriented that as hypothesized by Ayres et al. (2002) in
continuously increasing.he specific potential capabilities to face EMDs and EMBEkbe discussed

after the conceptualizatioof the new method for multiple EMTs use.

EMTs/STEMs category Specific EMT/STEM
Managerial EMTs 1) EMS- Environmental Management System (ISO 14001);
Environmental impact assessmer 2) OLCA - Organizational LCA (ISO/TS 14072)
EMTs 3) LCA - Life Cycle Assessment (1ISO14040 & 1SO14044);

4) EPE- Environmental Performance Evaluation (ISO 14031);

5) Eco Design (ISO 14062);

6) Eco Efficiency (1ISO14045);

7) Communication &L abels- Environmentalabels and declarations (Type I, IS
14021; Type Il, ISO 14024; Type Ill, ISO 14025);

A) MLCA model = Multiscale LCA model;

B) EID = Environmental Inventory Database;

C) ERD = Environmental Results Database;

D) EcoEKA = EcoEnvironmentaKP| Analyzer;

E) EcoDSD = EcoDesigrsimulation Dashboard;

F) IWEE = Indicator of Work Environmental Efficiency;

G) SEDM module = Strategic Environmental Decision Making module
H) ESSM = Environmental Sustainability Strategy Model;

Performance evaluation &
improvement EMTs

Communication EMTs

STEMs

Table 21 EMTsand STEMsselected to develop the proposal of new method for multiple EMTs use.

2.2.2.New method scheme development

The EMTs selection stage has permitted to select the EMTs to be include in the proposal of new method
for multiple EMTs uselt is possible to see these selected EMTs as a set of separate pbijects
interacting while the new method can be seeraa®rdered set where EMTSs that interacts (see figure
below).
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Figure 24 Development on the new methtidough combination of different EMTs

I n this stage, starting from the results of EMT:
schemeo, to establish the role of each EMT. Thi s
the struture of the new metho@he elaboration of the new method scheme has been obtained following
three steps:

1. Selectionof the mechanism for multiple EMTs use;

2. Definition of the roles of theEMTSs selected;

3. Elaboration of thenew methodscheme.

2.2.2.1. Selectionof the mechanism for multiple EMTs use

Regarding the first step, considering the elements emerged from literature review (see par&graph
hasbeen decided tose the combination mechanisigssentiallythe combination approadéh the most
flexible andcomprehensive. The flexibility deriving from the fact that the combination meitiiadits

to concentrate on individual solutions. In fact, it permits to the organization to decides to primarily apply
one EMT and as a second step complements it in a prablented way with the other EMTgVhile

the comprehensiveness deriving from the fact that the combination method permits to include in the
same method for multiple EMTs use a larger number of EMTSs respect to integration nivettned.
specifig two typesof combination have been used: the consecutive steps and the paaadiel e first

one is thecombination methothat has been manly useghile the second one has been used in order
to permits to different independent processes such as performanicatiena, ecodesign and
ecoefficiency to continue freely, withoutahone of which slow the others inasmuch they have
intrinsically different cyclstimes of assessment.

2.2.2.2. Definition of the roles of the EMTSs selected

The new combination method has been ted using 7 EMTs plu8 STEMs and before to elaborate

the method scheme it is fundamental to define the roles of these EMTs and STEMs. The role can be
seen as the main function that the EMT does. While, the detailed functions of the selected EMTs have
been identify during the literature review in the EMDs and EMBs correlation analysis (see paragraph
1.4). In the followingtwo tables have been defined the roles of each selected EMT in the new
combination methogroposed and of each new proposed STEM
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EMTs

Roles

1) EMS- Environmental Management System (ISO 140(

Management of activities and of the EMTs contint
applications

2) OLCA - Organizational LCA (ISO/TS 14072)

Assessment of environmental impacts at organizational |

3) LCA - Life Cycle Assessment (1ISO14040 & 1SO14044

Assessment of environmental impacts at product level

4) EPE - Environmental Performance Evaluation (IS
14031);

Monitoring and evaluation of environmental performance
the base of key performance indicators

Introducing eco design approach in process for prod
development and for investments assessment
Assessment of ecoefficiency to improve environmental
economic performance

Communication on environmental aspects and performe

5) Eco Design (ISO 14062);

6) Eco Efficiency (1ISO14045);

7) Communication & Labels Environmental labels an
declarations (Type I, ISO 14021; Type Il, ISO 14024; Ty
11, ISO 14025);

Table 22 Role of each EMT included in the new combination matisieloped.

Roles
Merging LCA and OLCA models in only one model all t
environmental impact assessment scales (process, proi
products families, sites, organization)
Management of all data flows required by EMTs
Management of all results flows generated by EMTs
Improve the use of environmental KPI for performar
tracking and the alysis of their trends
Support EcoDesign application, introducing a space wi
simulate scenarios with different efriendly alternatives
Improve EcoEffieency application, introducing a multise
indicator for process efficiency assessment
Support decision making processes solving emerged is
promoting the use of best available decision mak
techniques
Support the EMS improving the process of environme|
sustainability strategy definition
Table 23 Role of each STEM included in the new combination model developed.

STEMs

A) Multiscale LCA (MLCA) model

B) Environmental Inventory Database (EID)
C) Environmental Inventory Database (ERD)

D) EcoEnvironmentaKPI Analyzer (EceEKA)

E) EcoDesign Simulation Dashboard (EB&D)

F) Indicator of Work Environmental Efficiency (IWEE)

G) Strategic Environmental Decision Making modt
(SEDM)

H) Environmental Sustainability Strategy Model (ESSM)

The central role oEMS (Environmental Management System- ISO 14001)emerges from the
previous tableand derives from it€omprehensiveness perspective to environmental management
(GuerrereBaena et al., 201Rarnall et al., 2008)n fact, the EMSn the new combination method has
the role ofstrategical and managerialbrain who coordinates and manages all the activities and
application ofall EMTs and STEMSs. In the specific the main functions entrusted to the EMS in the new
method are:
1 Define the envionmental management strategy: defihe environmental management strategy
with a growth competitiveness view establishing the environmental policy and s#ijedjives
and targetsvhich must be: consistent, measurable, monitored, communicateghdatkd;
1 Understand the context: determine external issues and potential pressure factors that are relevant to
its objectives and targets;
Understand stakeholders: determine the needs and the expectations of the stakeholders;
Ensure legal compliance;
Ensue the leadership (top management) commitment
Promote continues improvement:
Define organizational roles, responsibilities and authorities
Support activities ensuring human, financial and technical resources consistently with settled
objectives and targets
1 Support and determine the training needs and plan training activities for the competence acquisition;

= =4 —a a8 -8 -9

93

(o
| —



Chapter two: OESthe new method for multiple EMTs usd’hD studenAndrea Loss

9 Establish and managm actiorplan: the plan must define all the actions planned in order to achieve
objectives and targets settled;

T Support internal @mmunication processes i n order to communi cate to
policy and the environment al performance in or

1 Support external communicatignocesses: in order to communicate to stakeholders environmental

policy and relevant information on the basis of-bcanding strategy.

Ensure operational control

Support the prformance evaluation

Manage audits for each EMT and the relative nonconformity introducing corrective actions;

Support the mnagement review

1 Coordinate the application and functionality of EMTs and STEMs included in the new method.

The OLCA (Organizational LCA - ISO/TS 14072)and LCA (Life Cycle Assessment 1ISO14040

& 1S014044) in the new combination method has the roleelaborator enginefor environmental

impact and resource consumption calculation. In the specific the main functions entrusted to the OLCA

and LCAin the new method are:

1 Permit the identification of environmental performance at product and organizational level
according tanternational standardized environmental impact categories;

1 Permit the identification of resource consumptions at product and organizational level according to
international standardized environmental impact categories;

1 Promote the life cycle managemenpegach;

1 Identify hotspots and opportunities to improve environmental performanceem@itbnment
management strategy.

TheEPE (Environmental Performance Evaluation- 1ISO 14031)in the new combination method has

the importantole of analytical monitoring observer who analyse environmental performance. In the

specific the main functions entrusted to the EPE in the new method are:

T Establish key performance indicators to compar
performance with its environmehtabjectives and targetsThe indicators are established
considering two categories:

o Environmental condition indicators (ECIs) that provide information about the condition of
the environment;

o Environmental performance indicators (EPIs) that provide imdition about the
performance. Two types of EPIs can be established: the management performance
indicators (MPIs) provide information about management efforts to influence the

= =4 —a -8

environmental performance of the omaneni zat.
indicators (OPIs) provide information about the environmental performance of the
organi zationds operations which could be in

1 Identify hotspots and opportunities to improve environmental performance and environment
managemerstrategy;

1 Support an exhaustive but intuitive and fast representation of environmental performance trend;

TheEco Design (ISO 14062 the new combination method has the important ronafytical tool

for alternatives assessmenwho analyse environmental performance for the development of new

products or for investments assessment. In the specific the main functions entrusted to the Eco Design

in the new method are:

1 Ensure the integration of environmental aspects in processathacp design;

1 Support the improvement of environmental and economic performance;

1 Support strategic decision making regarding new investments and the development of new products;

1 Promote the life cycle management approach
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The Eco Efficiency (1ISO14045)n the new combination method has the important rolenafytical

tool for eco efficiency assessmeni the specific the main functions entrusted to the Eco Efficiency in

the new method are:

i Establish eceefficiency indicators in order to assess theefficiency of processes and products;

1 Identify hotspots and opportunities to improve environmental performance and environment
management strategy;

1 Support environmental and eeamic performance optimization.

The Communication & Labels (Environmental labels and declaations Type I, ISO 14021; Type

II, I1ISO 14024; Type lll, ISO 14025)in the new combination method has the important role of

environmental performance communicator In the specific the main functions entrusted to the

Communication & abelsin the new method are:

1 Permit the external communication of jwerified selfdeclared claims on environmental aspects
(Type Il environmental labelling);

1 Permit the use of symbols to support the communication of claims (Type Il environmental
labelling);

1 Permit the labelling of products regarding environmental characteristics (Types | and Il
environmental labelling);

T Communication and Benchmark of productsdo envir
labelling). Therefore, OES2 is able to support teetification of products in accordance with main
environmental labels schemes such as PEF (Product Environmental Footprint) and EPD
(Enviromrmental Performance Declaration)

T he S Multdcald LCA (MLCA) model 6in the new model has the important rofereference

model for environmental impacts and damages assessment for all assessment scales (process,

products, product families, sites, organization)In the specific the main functions entrusted to the

MLCA model in the new method are:

T Permit with onlyone model to assess the environmental performance for all assessment scale in
order to respond to all possible assessment need;

1 Correlate the environmental performance of macro scales (e.g. organization, sites) to the
environmental performance of meso ssglproduct families) and to the environmental performance
of micro scales (products and processes).

1 Reduce the resources requirements in terms of time and human resources that they would managing
separately product LCA models and the OLCA model.

1 Simplify the performance baseline restore action edddr the performance tracking.

The STEMs fiEnvironmental Inventory Database (EID)0 andfiEnvironmental Inventory Database

(ERD)din the inthe new combination method hawes important role oflatabase forinventory and

results data In the specific the main functions entrusted toEke and ERDin the new method are:

1 Permit theautomatic data collection and dat@nagemerfor all data required from EMTSs;

1 Permit the automatic data feed of MLCA model;

1 Generation of historical dataset for the performance tracking;

1 Simplify the performance baseline restore action needed for the performance tracking;

1 Permit the management of all results on environmental performance produced by EMTs

T h e S Ed Mnviionmental KPl Analyzer (Eco-E K A )indhe new model has the important role

of Analyzer of Environmental KPI trends consistently with the multiscale approachin the specific

the main functions entrusted to the HEidA in the new method are:

1 Identify the environmental KPI needed to ensure the good understand of the performance trend and
to satisfy specific needs in terms of monitoring (e.g. specific strategic products although not relevant
in terms of incidence);

1 Permit the performance tracking fot #le assessment scales and all life cycle stages.
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T he S E®Design Simulation Dashboard (EcddSDY0 i n t he new model has

of Ecodesign simulation space for eefsiendly alternative solutions comparison In the specific the

main functios entrusted to the E€aSD in the new method are:

i Give a simulation space to assess and compare the environmental performance of different eco
design scenarios;

1 Simplify the communication of eedesign projects to top management;

Permit the assessmentthé effects on environmental performance of new investments;

1 Support the consistency verification of the environmental sustainability strategies assessing the
potential improvements of environmental performance deriving from planned ecoefficiency
activities.

T he S TrEidbatorfiof Work Environmental Efficiency (IWEE) 0 in the new model has the

important role ofndicator for the monitoring and analysis of process environmental performance

In the specific the main functions entrusted to the IWEE in the netvad are:

1 Assess the environmental efficiency of processes;

1 Identify hot spots and give feedback for promote the improvement of ecoefficiency and economic
performance levelhroughthe redation of resources consumptions.

Finally, theS T E Mtraiegic Environmental Decision Making module (SEDMmodule)o has the

important role oflecision making supporter.In the specific the main functions entrusted tcSEDM

modulein the new method are:

1 Permit thechoice of the more appropriate decision makitgghnguesin order to support the
decision making proces# fact, the method that can be used depesttongly by the type of
decision makig process and are ratterminable beyondhis module is inserted in OES2 in order
to promote the use of the best dahlie techniques for the decision making in function of specific
decision issuedMethods that can be used ameathematicabptimization, statisticatechniques
MCDA, etc.

1 Permit the development of specific models, in function of the method selectedleinto give
results to the decision making process. The results can be: optimized solutions, statistical results,
etc.

It is @ module that can be activated or disactivated in function of the specific strategical needs. In fact,

for example, the use of bmization models or statistical methods is not required always for all decision

making processes because the results that emerged from EPE, EcoDesing and EcoEfficiency are
sufficient. Other times instead the activatisnessential for improve the robusss of thedecision

making process.

T h e S TEBVWDNNiental Sustainability Strategy Model (ESSMp i n the new model

important role ofeference model for the definition of the environmental sustainability strategyin

the specific the main functisrentrusted to the ESSM in the new method are:

9 Establish the environmental strategy on the two components: EcoEfficiency component and
EcoBranding component;

1 Setting goals & targets for the two strategy components;

1 Verify the consistency of goals and taiggan function of planned improvement activities (e.g. eco
design projects);

T Identify deadlines for ecoefficiency activities and ecobranding activities.

E|

2.2.2.3. Elaboration of the new method scheme

On the base of the roles defined for each EMT selentddSTEMshas been possible to elaborate the
scheme elaborated of the new conattion method. The figure 25 showlse scheme. The new
combination method proposed has been named:
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Organizational Environmental Sustainability System (OES?2)

The name deriving from the attitude of the new combination methguiomote the environmental
sustainability of the organization. The sense of system deriving from the strong important of systematic
approach for continues improvement of environmentaloperdnce entrusted to the EMSES2 has
the particularity to combine organizational oriented EMTs with product oriented EMTs and it can be a
relevant proposal for ISO 14000 ISO standards séni¢act, to promote a broader use of the ISO 14000
series, armework for a complementary approach shall be established and OES2 is a phoplusal.
context,ISO/TC 207, the technical committee that focus on Environmental Management, has developed
a lot of EMTs grouped in the ISO 14000 ISO standards seriesctuallg there is not a proposal of
how combine these EMTs born for to be used together. Therefore, OES2 is a new proposal on how
combine EMTs developed by ISO for environmental manage®&#2 is a multicale method that is
able to assess and manage é¢ivironmental performance of industriaocesss of a productof a set
of products, of a multisite organization as a whQES?2 is based ondose loop cycle schem&he
OES2 has the characteristic to consider all relefastbrs to increase the pdsiity of success of
environmental management: i) management and leadership; ii) strategic pleapaidity to monitor
and analys¢he environmentgberformance; ivEapacity to improvéhe environmentgberformance; v)
customer focus (Guimaraes et al., 2013; Tseng et al., 2009).
OES2 focuses on the concept of -@maovation.In fact, OES2 through the exploiting the capabilities of
EMS, Ecodesign and Ecoefficiency permits the continuous generation/adabtieceinnovation
(Demirel et al., 2011; Wagner, 200Theecaei nnovati on can be defined as
or exploitation of a good, service, production process, organizational structure, or management or
business method that is novekie firm or user, that in a lifecycle perspective, permits the reduction of
environmental impacts and the reduction of natural resources consumptions (including materials,
energy, water and land) (EIO, 2012; Kemp et al., 20Bid)thermore, the OES2 methotbmbining
OLCA and EMS internalizes the most recent development directions identified by researchers (Lo
laconcFerreira et al., 2017)
Finally, OES2 is based on four fundamental pillars efghvironmental management:
1. The monitoring of environmental pgormance with a multiscale approach in a life cycle
perspective;
2. Theecainnovation to realized neveccfriendly products and technologies;
3. The ecoefficiencyin order to reach the best environmental performance from the already
existing products and prosses;
4. Thecommunicationto customers and relevant stakeholders of environmental performance of
products and of organization.
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External factors

Changes in: environmental regulation; BATs; price & resources availability; eco-friendly market awareness

Stakeholders needs and expectations

External communication
& Labels & Claims
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OES2 close loop cycle scheme
EMTs: STEMs:

1) EMS = Environmental Management System (I1SO 14001)

28&3) OLCA & LCA = Organizational Life Cycle Assessment & Product Life Cycle Assessment (ISO/TS 14072 ; 1SO14040-44)

4) EPE = Environmental Performance Evaluation (ISO 14031)
5) EcoDesisgn = (ISO/TR 14062)
6) EcoEfficiency = (I1SO 14045)

7) Communication & Labels = Environmental labels and declarations (Type |, ISO 14021; Type Il, ISO 14024; Type Ill, 1SO

14025);

A) ESSM = Envirenmental Sustainability Strategy Model

B) MILCA model = Multiscale LCA model

C part 1) EID = Environmental Inventory Database

C part 2) ERD = Environmental Results Database

D) Eco-DSD = EcoDesign Simulation Dashboard

E) IWEE = Indicator of Work Environmental Efficiency

F) Eco-EKA = Eco Environmental KPI Analyzer

G) SEDM module = Strategic Environmental Decision Making module

Figure 25 OES2 (Organizational Environmental Sustainability Systesm)bination methodcheme.
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2.2.3.Definition of interface between EMTs

The interfaces between EMTs are a fundamental aspect to define the interaction rulesduehbeerd
EMTs and STEMs.As shown in the following figure different types of interfaces have been
distinguished.

TYPE 1

> TYPE 1: Interfaces established between EMTs already existing in literature
TYPE 3

STEM
i i)

TYPE 4

—— >  TYPE 2: Interfaces established between EMTs that do not existing in literature
TYPE 3: interface between EMTs, already existing in literature but innovated through the introduction of a STEM

——>  TYPE 4: interface between EMTs, that do not existing in literature with the introduction of a STEM

—  TYPE 5:interface between EMTs and STEMs

STEM
[6V)

iy

TYPE S

4 STEM
(E4)

Figure 26 Different types of interfaces distinguished (Personal elaboration, 2017)

The interfaces have been designed starting from the stagesh#iratterize each EMTs in order to
describe the combination model (Mazzi et al., 208@&}ailing every interaction between couple of
EMTs and between EMTs and STEMs.

2.2.3.1. Interfaces EMS- EPE
In the case of the combination of EMS and EPEhasvnin the following figure, have been established

six different interfaces.
EMS EPE

PLAN

Planning

Planning
EPE
Support & Reviewing and Data DO
. N ple] ACT| 7 . "
Leadership Operation improving EPE collection

ACT

Improvement
[Y \

EID
Performance nterfac Performance
Evaluation Evaluation
CHECK CHECK

Figure 27 Interfaces established between EMS and BREsonal elaboration, 2017)

Interface 1. the EMS plans in function of the goals and targets set by Environn&mgdinability
Strategy(Ecoefficiency and EcoBranding strategy componetitg) required activities of performance
evaluation for all assessment scales (e.g. organizational, product, process) and the required
environmental performance indicators (EPIs).

Interface 2: The EMS identifies the data required for the assessment.

Interface 3: The EMS requires that EID collects and make available data necessttiy fssessment.
Interface 4: The EMS assess the results of EPE.

Interface 5: The EMS assess the hptss identified and the improvement opportunities.
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Interface 6: The EMS asseshé necessity of reviewing of EPIs.
2.2.3.2. Interfaces EMS- EcoDesign

In the case of the combination of EMS and EcoDesigishasnin the following figure, have been
established fivelifferent interfaces.

EMS EcoDesign
nterface 1
4’[ Planning ecodesign process ]
nterface 2 e l Design ideas
PLAN Conceptualdesign ]
EID l Design concept
“ E—s 0o Feed.backs Detailed design ]
Legdeniin } irﬁ;::llneunc:::\t l Design solution
A

Testing/prototype ]

\ Performance
\ Evaluation

CHECK

_ Interface 4 l Prototype

Production market lunch ]

l Product

Product review ]

nterface 5

Iimi

Figure 28 Interfaces established between EMS BedDesign(Personal elaboration, 2017)

Interface 1. the EMS plans in function of the goals and targets set by Environmental Sustainability
Strategy(Ecoefficiency strategy componentfie activities and projects of ecodesign.

Interface 2: The EMS identifies the data required for the assessment.

Interface 3: The EMS requires that EID collects and make available data necessary for the assessment.
Interface 4: The EMS assess the results of eco design projects.

Interface 5. The EMS assess the hotspots identified and the improvement opportunities for new
ecodesign projects

2.2.3.3. Interfaces EMS - EcoEcoefficiency
In the case of the combination of EMS andEfficiency, asshownin the following figure,
have been establisheour different interfaces.

EMS

Ecoefficiency

Interface 1 -

—

[ Environmental

Goal & scope definition ]

Value
assessment

A4 A

Interface 2

DO assessment

'

Interface 3
—— ED | ————

Performance — [ Quanttification of ecoefficiency ]
Evaluation - T
Interface 3
CHECK—
v
— [ Interpretation ]
Interface 4

Figure 29 Interfaces established between EMS and EcoEfficiency (Personal elaboration, 2017)
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Interface 1. the EMS plans in function dhe goals and targets set by Environmental Sustainability
Strategy(Ecoefficiency strategy componentie activities and projects of ecoefficiency.

Interface 2 The EMS identifies the data required for the assessment.

Interface 3: The EMS requires thatlB collects and make available data necessary for the assessment.

Interface 4: The EMS assess the results of eco design project.
Interface 5. The EMS assess the hotspots identified and the improvement opportéoritiesw

ecoefficiency projects.

2.2.3.4. Interfaces EMST Communication tools
In the case of the combination of EMS and Communication toatcaenin the following figure, have
been established two different interfaces.

Communication tools

EMS

(Labels type Il1)
PLAN N Selection of environmental performance
to be communicated
Planning l T
DO Additional environmental information

Support &
e teadership
A

Performance iterface 2
Evaluation

CHECK

-[ Type lll Environmental Declaration ]

Interface 3

Figure 30 Interfaces established between EMS and Communication tools (Personal elaboration, 2017)

Interface 1. the EMS plans in function of the goals and targets set by Environmental Sustainability
Strategy (EcoBranding strategy component), the activile£ommuication and environmental
labelling(e.g. PEF, EPD)

Interface 2: the EMS support the elaboration of the communicative contents (e.g. claims)

Interface 3: The EMSassess the results of communicatamd environmental labelling activities

identifyingissues and improvement opportunities.

2.2.3.5. Interfaces EMSi LCA & OLCA
In the case of the combination of EMS and LCAsfaawnin the following figure, have been established

four different interfaces.
EMS LCA & OLCA
Interface 1

PLAN e i ,4— —
’ Goal & scope

7 ull definiton
A

A

5
Support & DO ( » 3
analysis |«
EID o =
3
\\
Performance
Impact »
A ERD , [«
N assessment ¢
- @ ~___  /

S CHECK

__Interface 4

Figure 31 Interfaces established between EMgand &AL CA (Personal elaboration, 2017)
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Interface 1. The EMS planghe application of LCA &LCA, considering goals and targets set by
Environmental Sustainability Strategy, planned EPE activities, planned Ecolpesjgats, planned
EcoEfficiency projects and planned communication activities. EMSeguide definitionof all
methodological element{g.g. system boundaries, functional unit, application of consolidation method,
etc).

Interface 2: The EMS requires th&ID collects and make available data necessary for the assessment.
Interface 3: The EMS requires that ERD stored and make available all results of inventory analysis (e.g.
resource consumptions) and impact assessment analysis. The results are thepka®enance

evaluation.
Interface 4: The EMS assess the hotspots identified and the improvement opportunities desiving

interpretation of LCA & OLCA results.

2.2.3.6. Interfaces LCA & OLCA - EPE
In the case of the combination of LCA & OLCA and EPEsl@wnin the following figure, have been
established two different interfaces.

LCA & OLCA EPE

)
Goal & scope Planning
definition EPE
A
ERD ACT | Reviewing and Dato DO
Inventory improving EPE collection
analysis
Performance
Impact Evaluation
assessment CHECK
——

A

uoyppjaidiajup

ERD

Figure 32 Interfaces established between LCA & OLCA and EPE (Personal elaboration, 2017)

Interface 1: The LCA & OLCA generates inventory results (eéegsource consumptions) that are stored
by ERD and feed to EPE for all assessment scales (e.g. organizational, product, process) in order to

calculate EPIs.
Interface 2: The LCA & OLCA generates impact assessment results that are stored by ERD and feed
to EPE for all assessment scales (e.g. organizational, product, process) in order to calculate EPIs.

2.2.3.7. Interfaces LCA & OLCA - EcoDesign
In the case of the combination of LCA & OLCA and EcoDesigrshasvnin the following figure, have
been established three different interfaces.

Interface 1. According to ecodesign projects planned by EMS, the Ecodesign tool influences the
definition of methodological elements used to applied LCA and OLCA (e.g. systenddvms)
functional unit, application of consolidation method, etc).

Interface 2: The results generated by inventory analysis and by impact assessment analysis are all stored
by ERD. The results relevant for ecodesign projects are make available in drelestx for to simulate
ecodesign alternatives during the conceptual design stage.

Interface 3: The information acquired by LCA interpretation stage are used to identifiy design concept,
to refine the design solutions or to solve any hotspots identifiedler to finalized the design solutions.
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Figure 33 Interfaces established between LCA & OLCA and EcoDesign (Personal elaboration, 2017)

2.2.3.8. Interfaces LCA & OLCA - EcoEfficiency
In the case of the combination of LCA & OLCA and EcoEfficiencystamwvnin the following figure,
have been established two different interfaces.

LCA & OLCA Interface 1 Ecoefficiency
—_— [ Goal & scope definition ]
Goal & scope »
definition + .
= 4 nterface 2 k.
B Environmental Value
inventory § ERD assessment assessment
analysis S l [ l I
g
3
Quantification of ecoefficiency
Impact
assessment I
|
v

l Interpretation J

Figure 34 Interfaces established between LCA & OLCA and EcoEfficiency (Personal elaboration, 2017)

Interface 1: According to ecoefficiency projects planned by EMS, the Ecoefficiency tool influences the
definition of methodological elements used to applied LCA @idCA (e.g. system boundaries,
functional unit, application of consolidation method, etc).

Interface 2: The results generated by inventory analysis and by impact assessment analysis are all stored
by ERD.The results relevant for ecoefficiency projectsraeke available in order to be used to assess
ecoefficiency performance.

2.2.3.9. Interfaces EPET Communication tools
In the case of the combination of EPE and Communication toasioain the following figure, has
been established one interface.

Interface 1. According to goals and targets regarding EcoBranding strategy component provide by
EMS, the communications tool acquires by EPE the required environmental performance at inventory
level (e.g. resource consumptions) and at impact assessment level, feseal$raent scales (e.g.
organizational, product, process).
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Figure 35 Interfaces established between EPE and Communication tools (Personal elaboration, 2017)

2.2.3.10. Interfaces EMS- ESSM
In the case of the combination of EMS and Environmental Sustainability Strategy Model (ESSM), as

shownin the following figure, have been established two interfaces.
EMS

Interface 1

~

™

™ Interface 2 -
"

ACT —— ESSM

Performance
Evaluation
CHECK

Figure 36 Interfaces established between EMS and ESSM (Personal elaboration, 2017)

Interface 1. The EMS givesn input goals and targets ESSMregarding the ecoefficiency component

of the strategy and the ecobranding component of the str&aglgermore, the @S provides to ESSM
previously environmentgderformance for the different assessment scales (e.g. organizational, product,
process) andll planned ecodesign and ecoefficiency projéeteefficiency strategy component) and

all planned communication acities (ecobranding strategy component).

Interface 2: The ESSM gives feedbacks to EMS planning stage to improve and calibrate correctly the
environmental sustainability strategy of the organization.

2.2.3.11. Interfaces LCA & OLCA i MLCA model

In the case of the cormtation of LCA & OLCA and Multiscale LCA model (MLCA), hahownin the
following figure, have been establishiagk interfaces.

Interface 1. The methodological elements (e.g. system boundaries, functional unit, application of
consolidation method, etdefined by EMS (considering planned EPE activities, planned EcoDesign
projects, planned EcoEfficiency and planned communication activities) guide the creation of the MLCA
model.

Interface 2: The data provides by EID to inventory LCA analysis are feed t€Mmodel.

Interface 3: The MLCA model returns results at inventory level (e.g. resource consumptions) for all the
assessment scales required such as organizational, site, family of product, single products and specific
life cycle processes.
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Interface 4: The environmental impact assessment methods are applied to MLCA model in order to
calculate the environmental impacts or environmental damages respectively for each midpoint impact
category or endpoint damage category.

Interface 5. The MLCA model returnsasults at impact assessment level for all the assessment scales
required such as organizational, site, family of product, single products and specific life cycle processes.

LCA & OLCA
- Interface 1
— T -
( Y ~
Goal & scope »> \\\
definition < ™
Y \
= Interface 2 \
= S h |
~ g —
Inventory — Ry Interface 3| MLCA
analysis » g —— model
k“\ } g_'// ——— ‘
— — Interface 4 /
! 1 Vs
Impact —» e
assessment  [% rd
— | -
— Interface 5

Figure 37 Interfaces established between LCA & OLCA and MLCA model (Personal elaboration, 2017)

2.2.3.12. Interfaces EPET Eco-EKA
In the case of the combination of EPE &wb Environmental KPI AnalyzéEco-EKA), hasshownin
the following figure, have been establislika:einterfaces.

EPE Interface 1

PLAN

\‘\\\\K
EPE \\

Y
improving EPE collection | Eco-EKA

Interface 2 —

Performance -
Evaluation Interface 3

CHECK

Figure 38 Interfaces established between EPE andB¢a (Personal elaboration, 2017)

Interface 1: In function of the EPE activities planned by EMS for the different assessment scales (e.g.
organizational, sitdamily of product, single products and specific life cycle processes) th&kao
identify the required EPIs.

Interface 2: The data providesybERD for the EPE data collection stafieventory data and impact
assessment dataje feed to Ec&KA.

Interface 3 The EceEKA returns the results in terms of Inventory Operative Performance Indicators
(IOPIs) and of Environmental Operative Performance Indicators (EOPIs) for all the assessment scales
such as: organizational, site, family of product, single prisdared specific life cycle processes.

2.2.3.13. Interfaces EcoDesigri Eco-DSD
In the case of the combination of EcoDesign and EcoDesign Simulation DashboaifdSB)dhas
shownin the following figure, have been established five interfaces.

105

(o
| —



Chapter two: OESthe new method for multiple EMTs usd’hD studenAndrea Loss
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Figure 39 Interfaces established between EcoDesign andRi (Personal elaboration, 2017)

Interface 1. In function of the Ecodesign projects planned by EMS the[E8D identifies the LCA
methodological elements (e.g. system boundafiggtional unit, cuoff criterion, other elements of

goal &scope definition LCA stageelevant for this togl for each ecodesign project that must be
assessed.

Interface 2 The dataprovides ly ERD for the ecodesign assessment (inventory data and impact
assessment dataje feed to Ec®SD in the case of each ecodesign project for the assessment of the
environmental performance of design concept.

Interface 3. The EceDSD returns the results in terms efivironmental performance, functional
performance aheconomic performander all ecodesign alternatives assessed in order to support the
identification of the design solution for each ecodesign project.

Interface 4: Consolidated data are feed to H28D in order to assess the consolidated real
environmenrdl performance of each ecodesign project realized.

Interface 5. The EceDSD returns the consolidated results on environmental performance of each
ecodesign project in order to verify the respect of the expected environmental performance.

2.2.3.14. Interfaces EcoEfficiency - IWEE
In the case of the combination of EcoEfficiency and Indicator of Work Environmental Efficiency
(IWEE), hasshownin the following figure, have been establisedr interfaces.

Ecoefficiency

[ Goal & scope definition ]

l I — ] N T B —
Interface 2
[ Environmental ] [ Value ] )

assessment assessment
A

Interface 1

I f
nterface 3 IWEE

l Quantification of ecoefficiency Jﬂ

[y

v Interface 4

" Interpretation ]ﬂ

Figure 40 Interfaces established between EcoEfficiency and IWEE (Personal elaboration, 2017)

Interface 1. In function of the Ecefficiency projectsand activitiesplanned by EMSegarding core
processes performed by organizatithre IWEE identifies the LCA methodological elememé&gjuired
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for the assessmelfe.g. system boundarieseference flow cutoff criterion, other elements of goal
&scope definition LCA stageelevant for this todl As core processes are intended the productive
processes performed by the organization inside its organizational system boundaries.

Interface 2: The data provides by ERD for tleeoefficiencyassessment (inventory data and impact
assessment data) are feedM@EE for the assessment of the ecoefficienéythe core processes
performed by the organization.

Interface 3: ThelWEE returns the resultsn ecoefficiency for each core processes assessed.

Interface 4: The IWEE returns feedbacks to support the comprehension of ecoefficiency trends and to
support thadentification of hotspots and improvement opportunities

2.2.3.15. Interfaces EPE, EcoDesign, EcoEfficiency SEDM Module

In the case of the combination of EPE, EcoDesign, EcoEfficiency and Strategic Environmental Decision
Making module (SEDM module), hashownin the following figure, have been established six
interfaces.

Ecoefficiency EcoDesign

Goal & scope definition

A b[ Planning ecodesign process ]
PLAN l T

Planning Design ideas
EPE Environmental Value
assessment assessment
Conceptualdesign
i I l T Interface 5

Reviewing and Data
ACT i N
improving EPE collection

[ Quantification of ecoefficiency }
Detailed design
Performcjnce . l I 1 / Design solution
Evaluation :‘l’—ﬁ

Interface 1 [

l Design concept

cHick i |/ /
‘ Interpretation ] Testing/prototype

Interface 3 | l Prototype

\ \ | - | j /
Interface 2 | | o / Production market lunch ]

Interface 4
l Product

- Product review

¥ / ) Interface 6

SEDM
module |

Figure 41 Interfaces established between EPE, EcoDesign, EcoEfficiency and SEDM module (Personal elaboration, 2017)

Interface 1. data on EPE that must be statidticanalysed or mathematically optimized are fed to
SEDM module.

Interface 2. SEDM module returns statistical criteria or optimized solutions to define improvement
scenarios of environmental performance.

Interface 3. data on Ecoefficiency projects thatust be statistically analysed or mathematically
optimized are fed to SEDM module.

Interface 4. SEDM module returns statistical criteria or optimized solutions to define improvement
scenarios of ecoefficiency performance.

Interface 5: data on Ecodesign gezts that must be statistically analysed or mathematically optimized
are fed to SEDM module.

Interface 6: SEDM module returns statistical criteria or optimized solutions to define improvement
ecodesign solutions.
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2.2.4.Development of new specifiSTEMs
The Organizational Environmental Sustainability System (OES2), beyond proposes a new method to
combine EMTSs, is based on the introduction of innovative spe8ifiEMs The STEMs represent an
innovation in the development of methods for multiple EMTs aaghhave been introduced in order to
solve gaps emerged at the second level of intervention (sed &bplgragrapt2.2.1) mainly related to
the implementation of EMTsncreasing the capacity of OES2 to propose operative solutidiase
thoseissues. Fithermore, being the research object the propose of a new method to combine EMTs, the
STEMSs can be seen as supportive methodological elements in order to improve the operative use of the
new method proposeiiotally have been developethht STEMs
STEM 1 Multiscale LCA (MLCA), mathematidanodel for multiscale approach
STEM 2 Environmental Inventory Bxtabase (EID);
STEM 3: Envionmental Results Database (ERD);
STEM 4. Eco Environmental KPAnalyzer(Eco-EKA);
STEM 5: EceDesign Simulation Dashboa(Bco-DSD);
STEM 6: Indicator of Work Environmental Efficiency (IWEE);
STEM 7: Environmental Strategic Decision Making module (SEDM).

1 STEMS8: Environmental Sustainability Strategy Model (ESSM);
In the following paragraphave been descripteall STEMs development by the metholdgical
perspective while in the next chapter will be presettiedresults obtained from the application to the
single case study regarding the Acqua Minerale San Benedetto S.p.A. multisite organization.

= =4 -8 48 —a -8 -9

2.2.4.1. STEM 1. Multiscale LCA (MLCA) model

The Multiscale LCA (MLCA) model has been introduced in OES2 in ordsolies the issue related

to the mathematical correlation between the different assessment scales (organizational, site, product,
process) of the life cycle environmentaérfprmance. Furthermore, it supports operatively, in
combination with OLCA (ISO/TS 14072) and LCA (1ISO14644) methodologies, the solution of the

other gaps. The following table shows the spegdiéips related to environmental impact assessment

Life Cycle Management

Critical Areas Identified gaps

Lack of Environmental Impact AssessmérRroduct Level

Lack of Environmental Impact Assessmér®@rganizational Level
Correlation between product andhanizational scale not considered
Lack of comprehensive impact assessment (Midticators)

Issues on hotspots identification and on burdens shifting

Lack of Life Cycle Management approach

Impact assessment based on inventory indicators

Environmental impacts
assessment

Table24Gaps faced by the STEM AMultiscale LCA (MLCA) mod

The birth of OLCA methodology (ISO, 2015; UNEP, 2015) has introduced a new paradigm on the
relationship between life cycle impact of an organization and the life cycle impact of its products. This
aspect has been underlined also from the new revision of ISO14081Te following figure shows

the threedimensional relationship between products life cycles and the organizational life cycle in the
case of more than one environmental impact category.
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Figure 42 Qualitative representation of the relationships between organizational life cycle and the life cycles of its products
(UNEP, 2015)

In this context, he development of a new mathematical model to assess environmental impacts and
resource consumptions with multiscale approach is a very key innovative methodological element
introduced by OES2. The multiscale approach is essential to solve the potential conteuitiiersn

the environmental performance of products and of the organizati@comprehensi evaluaion of

the organization is a very strategic point in order to have a global management view and increase the
opportunity to improve environmental and economic performance.
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>l O g
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o 0
( Products © o
* Process level =
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Processes -
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Figure 43 Multiscale assessmeapproach on wikh is based OES2 (Personal elaboration, 2016)

When an organization exposes its imagmnsoringhe environmental performance of some products,

it must ensure that also its global environmental performance is good. In fact, case where the
organization has a bad environmental performance despite some its products have good environmental
performance &n be seen by stakeholders as a green washing communication. Also, the case where the
global performance of organization is good but the environmeetébrmance of some products are

bad should be avoided when the products are positioning in a marketeehec o mpet i t or sd pr
better performance and wh e rFocusingen life tydekmethandlogye r s 6 a
that in the field of environmental impact assessment is more comprehensive considering a profile of
impact categories, untl015, LCA were applied only to products as shown in the following figure.

Inventory Environmental
data Life cycle stages impacts
3

Current approach
until year 2015

LCA - Product level — hOne prqfuctd
ISO 14040-44:2006 as monitore

Figure 44 LCA environmental impact assessment approach until year 2015, only applied to p{@dtszinal elaboration,
2016)
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Therefore, whit this application, are possible to assess the environmental impacts of a product for each
life cycle stagesDuring the year 2015, the new ISO/TS 14072 has been lunched by ISO in order to
extend the application of LCA to organizatidine fdlowing figure shows the effects.

Life cycle stages

Current approach » »
by year 2015

Inventory Environmental
data impacts
OLCA - Organization level All organization
ISO/TS 14072:2015 ~  hasmonitored

Figure 45 LCA environmental impact assessment approach by year 2015, applied also to orgafizatsomal elaboration,
2016)

Whit this application it is possible to assess the environmanpealcts of the whole organization or a
part of it (using the consolidation method) for each life cycle stages. Analysing the two approaches for
LCA application, emerge clearly two very weak points. In order to understand the weaknesses, it is
important toconsider the following two aspects
1. The environmental performance of an organization is linearly dependenefmanonmental
performance of the products;
2. The investments of an organization to improve its enviremtal and economigerformance
are generayl focus onproduct (e.g. ecodesign) and process scale (e.g. neviriexdly
technologies). Therefore, products and processes can be seen as the most important levers to
manage and improve the environmertiadl economiperformance of an organization.
Therefore,considering these two aspedtss possible to understand theeaknesses:
1. The application of LCA methodology (ISO 14048:2006) to product and the application of
LCA methodology (ISO/TS 14072:2015) to the same organization is not an efficignt an
comprehensive solutiohecause: the separate application required the development of two
impact assessment models, the link between environmental performance of organization and
the performance of its products is missed. Therefore, the organizatidrelsi@to completely
understand and explain the causes that have determine the environmental performance trend and
is not able to identify all hepots;
2. The organization do not acquire information on the potential effects of its investments at product
and process scalen its environmental performance. It exposes the organizatidwdanmain
risks: do not select the better investments to improve environmental performance, generate some
burdens shifting problems (improve the environmental performance of a produairsetthe
performance of the organization or of another products).
The MLCA model, permitting to assess concurrently all the assessment scales, permits to obtain the
same results using only one model. In this way the MLCA model, beside improve the stage of model
development, requiring only one model, simplifies also thenteaance over the time of the model
reducing the activities for the model update (data entry and modification of the model structure) that
will not be repeated twice but only one. This issue is one of the most important EMB that an organization
must be faed as emerged during the scientific literature re\(i@vezdov et al, 2016)
Basically, in this context, the environmental impact assessment performed by OES2 is based on a
multiscale mathematical model that has been developed following the change athmtrows in the
following figure. This new mathematical model, has been developed also considering the request
emerged from Martin®lanco et al. (2016) of to establish a framework to link outputs calculated in
terms of resources consumption and enviramalémpacts to the different components of the products
portfolio (Zvezdov et al., 2016)
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Inventory Environmental

data Life cycle stages impacts

OES2 approach

MLCA model (OLCA+LCA)

Figure 46 Multiscale life cycleenvironmental impact assessment approach introduced by (Fe$2onal elaboration, 2016)

This mathematical model works in the same time as process, product, single site and whole organization
permitting a fullscale assessment. It has been developed following these steps:
1. Mathematical conceptualization;
2. Development of the model in a software space;
3. Test of the model in a real case study (application to the Acqua Minerale San Benedetto S.p.A.
organization).

224.1.1. Mathematical conceptualization

The mathematical description of the model is it fmportant step and stdy considering the three
dimensions that the model shall to consider (see figure below).

Spatial scale
dimension

Organization level
Site level
Product level

Process level

nent npacts Ass nt Damare Assessment  ASSessment metrics

dimension

Climate change
Water Footprint
i-esime impact or damage category

Impact and damage category
dimension

Figure 47 Three dimensions at the base of mathematical conceptualization of the {Redsbnal elaboration, 2016)

The previous figuréntroduces the three dimensions considered to develop the model:

I The spatial scaledimension:is relatedo the capacity of the modtd consider differenscale
of assessment and ensure the mathematical relationships between the different scales of
aggregation;

1 The assessment metric dimensionis related to the capacity of the model to assess the
inventory results, mainly related to resource consumptions, and to assess the environmental
impacts results generated,;

1 The impactand damagecategory dimengon: is related to the capacity of the model to assess
the environmental impacts generated in functionintérnational standardized impaahd
damagecategories in order to obtain a comprehensive impact assessment profile.

Following has been conceptualiz¢he mathematical description for a general case of a multisite
organization that includ&sites that produceQdifferent products. The following variable can be
introduced:

I =isthe number of unit of th® Qi "Qprd@uct produced by tHR Qi "Qgit&in a year.
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A reporting period of ondinancial year has been used as refereie@ach pr oduct & |
constituted by life cycle processes€ach processicharacterized by input and output material and
energy flowsThereforethe following variables can be introduced:
Opf, =Iis theconsumption of the Qi "Qsulistancérom thed Qi "Qén@ronmental compartment
generated for the productiafione unit of the output of procegs Qi "Q@.@ 1 kg of plasticl kwWh
of electricity);
Qpr = is the emissiorof thei Qi "Q&u@stancen the d Qi "Qér@ronmental compartment
generatedor the production of one unit of the output of proagssQi "Q@.@ 1 kg of plastic, 1 kWh
of electricity)
The environmental compartments considered are: air, water, land tamdl mesourcedn fact, each
process related to transform material (e.g. plastic) or energy flow (e.g. electricity) is bring back to the
elementary materia(e.g. natural available chemicals substanay] energy flows(e.g. natural
available energy resourcehbpt are extracted from the environmental compartmé&usifvent,2017).
In order to transform the inventorgonsumptions and emissiomd the i QG "QasObstancen
environmental impacts have been introduced a specific impact assessment method@breacQda 'Q
impact categoryonsidered. The impact @&sment methods are mathematical functions specific for
each’Q Qi "Qimnjeact categoryhat permits to transform theventory consumptions and emissions of
thei Qi "Qéubstance in environmental impacts. These mathematical functions could be linear or
nonlinear and are generally named characterization factors. It is possiblenguikisticharacterization
factors related to midpoint impact categori€gy{ ) from characterization factors related to endpoint
damage categorieX¥y ).

Qnr Orn Qr O

Qrih Ori Qmr O C&
The total environmental impact at midpoint level ondh€® Qi "Qdidpoint impact category and the
total damage at endpoint level on REQQ i "Qén@point category has been obtained in the following
way (Goedkamp et al., 2013)

Qp Qh § &

Q j [OF TG c8

The termsQ ; andQ j represent the environmental impacts and damages generatediby'thé "Qa Q
processedor the generation of a unit of outptgspectively on thé "Q Qi "Qémi@point impact
category and on th® 'QQi "Qénfpoint damage categorfhese terms area also commonly named
emission factors and damage factors.

The production of th& ' "Qd {f2oduct produced b2 Qi "Qsit®required different consumptions

of the flows generated by thie Qi "QgrdResses that characterized its life cycle. These consumptions
have been descripted with the varigblg j, .

Therefore, the inventory resource consumptions and emissionsiof tiel  "Qsul§stance generated in
eachd Qi "Qén@ronmental compartment from the production of a single unit of pré@@u@®i Qa Q
produced by th@ Qi "Qgit&considerig the whole life cycle is given by:

0 RA R | hp Wpr CB

Ohnn | w R Xk CH

And theenvironmentalmpacts and damagee given by:
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Ohn | mr OQk ¥

O §p T RO O c®

As first attempt, it is possible to calculate the environmental impacts and damages genénat€s by
Qi "Qprdduction site as the sumefivironmentaimpacts and @mages generates by ed@h Qi Q& Q
production:

O I FIQrr C&

O j TR pr ¢

These two equatiors could be potentially incompletbecause it would not allow to consider the
environmental impacts and damages deriving by other activities commonly performed by organizations
such as: creation of stocks, production of semshed products that will be used in the next reporting
period.In other to include this aspect the variablesy ande  have been introduced. The calculation

of these contributions starting from the resource consumption and emissions generates by these
additional activities following the same previouslglculation procedure. The correct equations are
therefore:

Or O =« i T 30rrn * 7 GCPP

Or ORr -+ i T 0 * F C®C

Finally, the environmental impacts addmages for the whole organization have been modelled as the
sum of the contribution generated by each production site.

0 O * 5 O P o

0O Ofp <5 O - CPpT

The equatiossetpreviouslyshownconstitutasthe multilinear equations system that permits to correlate
the environmental performance of the different assessmens Gualeess, prduct, siteprganization),

to assessnventory resource consumptions, the environmentgacts at midpoint level and the
damages at endpoint level considering different impact and damage cateogieariablesO and

‘O can bemathematically describealsoas vectors with many components as are the environmental
impact categories and the environmental damage categoris&lered

2.2.4.1.2. Developed of the model in a software space

In order toapplythe mathematical model conceptualizechecessary to develop tmedel in a software

space. For the present research work it has been chosen the SimaPro (Pré; 2017), the most diffuse
software in the field of LCAvorldwide.

A short description on this software has been provided at the end of this paragraph. Invili® soft
space it is possible to develop life cycle models for the calculation of life cycle environmental impacts

of products and organizations. In order to develop the MLCA model, has been used a novel
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multiparametric programming approach using the SimaRomramming language to write the

equations that links flows and modules that characterize the life cycle model. This approach requires

high expertise on SimaPro programming ansge has r ¢
example figure 105 andl06). This type of modelling strategy is very important to build a model able

to manage of large products portfolfvezdov et al., 2016¥ith high efficiency in computational terms

and in terms of simplicity of maintenance for the updating.

In fact, the present model has been developed in order to face an ambitious task to manage product

portfolio of hundreds or thousands of products producednamy sits (Zvezdov et al., 2016;

Meinrenken et al., 2012).

The SimaPro undergoes a modular approach wherepeaodss and each material and energy flow can

be modelled as a module. Therefore, the number of modules will be equal to the total number of

processes and material/energy flows included in the model.

1. Processesind flowscharacterization: in this first st@, all the processes and material/energy flows
are identified and associated to ed@h Qi "Qgréuct produced by th&® Qi Qs step
requires the detailed study of the life cycles of different products and the visit of the most relevant
production sites. The processes and flows analysis will be presented in the next chapter for the case
study on the organization Acqua Minerale San Benedetto S.p.A.;

2. Data collection and database selectiorfor each process and material/energy flows shall be
collected all dataA part of the processes and material/energy flows are outside to the organization
boundaries and requires the use of international recognized database. Primary data are collected for
all processes under control of the organization andforme pr ocesses outsi de
boundaries when collaborative data exchange activities are realized for example with suppliers.
Maintaining the parallelism with the mathematical model sképpermits of obtairthe variables:

wri (generally secondary data from database)

Qpi (generally secondary data from database)

| sp( primary data for processes under organi ze
others processes*)

T i (primary data)

*In some cases, dataie obtained from tertiary sources that are scientific international papers &
books; reports of national and international organizations, etc. An example can be the scenarios
of national waste disposal scenarilosthe case of the present research, ttwirivent database

has been used and at the end of this paragraph a short description has been provided.
Regarding the primary data, with t@ES2 methodthe data collection process has been
automatizedhanks to the introduction of the EID (Environmentaidntory Database) that will

be presented in the following paragraph.

3. Modules building: for each process and material/energy flow is built a modhle module can be
seen as the base list of the processes and material/energy flows that occur irobtdar tospecific
process of material/energy transformed flow (e.g. the production of a plastic bottle requires the PET
plastic production and the process of blow moulding which in turn require the consumptions of
electricity and other material/energy flein the following figure has been shown an example of
empty SimaPro module.

The module is the basic unit to model in the SimaPro software space and permits to identify the
inputs and the outputs that characterize the process. The inputs can be raater@adergy
transformed flows (e.g. plastic, electricity) mainly in the case of the modules built by the user or
substances extracted by the different environmental compartments as in the case of databases (e.qg.
Ecoinvent). The outputs can be material andrgy transformed flows (e.g. plastic bottle, steam)
mainly in the case of the modules built by the user and substances emitted in the different
environmental compartments as in the case of punctual emissions or in the case of databases. In the
SimaPro itis possible to distinguish 5 different categories of modules (that contain more than 100
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subcategories) in function of the content: material modules, energy modules, transport processes
modules, transformation modules and disposal processes modules.efheamise build new
modules and it is advisable that maintain coherence with these types. Normally, it is better to build
modules following the sequence before reported.

CAUs
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Figure 48 Example of multiparametric SimaPro programming

4. Life cycle modulesconnectionstructure: the previously built modules must be now connected.

The connection is established with recalling as input one moduleanothermodule. The
connections must be established coherently with thg@reeéssesequence. When all the modules
related to one product are connected one complete product life cycle system is obtained. Maintaining
the parallelism with the mathematical model this step permits of obtain the following eqf@ations

the production of a sig unit of producfQ Qi "Qord@duced by thé&) Qi "Qgit®

e AT R

g
¢
¢
¢

Qi k YRS oI Q¢ N0)

Standardization of life cycle modules connection structure in the case of organidan

characterized by product portfolios with a large number of products the standardization of the

structure of the model of the single product is a fundamental step in order to ensure the fast
replication of the software code in order to extend the mtmlether products. The following
methodological steps are required:

U Product category identification: with an approach based on opportunities and efforts the
organization must be groups the products of product portfolio in homogenous categories.

U Model stucture standardization: one standardized model structure is defined for each product
category identified. Therefore, all products of the same category will have the same SimaPro
life cycle model structureThis modular approach to modelling has been dirqzositively
applied in different fields, such as Water Footprint calculation (Manzardo et al., 20h&b).
information that distinguish the products of the same categories can be generally associated to
differences in the model structure and differeripethe data used. Starting from the only one
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model structure realized at stépmodifies are introduced in order to completely ensure the
transfer of tle information on differences onlytmthe data. In this way products of the same
category have the sameodel structure but maintain the differences that characterized them
into the data used.he transfer of the information on differences to data generally require an
important work of creation of mathematical functions to diversify the different consursuiio

the same material/energy flow related to different products of the same catagoexample,
products of the same category could be produced with technologies that have different
consumptions of the same auxiliary utility (e.g. cooling water)etbes a rule to diversify the
consumption must be modelled. This aspect will be faced in the paragraph on the creation of a
new inventory data management database (EID).

6. Data feeding the collected data must be feeding to the modules. In OES2 the prbtesding is
automatic thanks to the introduction of the EID (Environmental Inventory Database) that will be
presented in the following paragraph. In order to feed external data to SimaPro software the special
|l i cense fADev e [(seedigured6). iThe datacfepding precdss is realized establish a
programmable link between the modules and the different sections of the EID.

7. Replication of standardized life cycle modules connection structuresn this methodological
step, the standardized life cycle modules connection structures are replicated in order to model all
products for each products category. The replication prooegsiresthe maodification of
programmable links because in the EID da¢a related to each product have a different section.

The same procedure can be applied to the different production site. Maintaining the parallelism with
the mathematical model this step permits of obtain the global equations for consumptions and
emissims:
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Erl Replication of structure
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Figure 49 Process of replication of the standardized life cycle modules connection strug@erssnal elaboration, 2016)
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8. Environmental impacts and damages calculationin order to complete the model, the methods
for environmental impacts and damagessessment must be introducethe methods for
environmental impact assessment have been legafrightion at the end of this paragraph for each
impact category considered.

The terms relative to other activities ( ande ) are assessed separately with streamline LCA in
order to evaluate the relevance. In fact, aottitule has been applied order to decide if is required

the inclusion into the model of these activiti€se cutoff rule establishes that the terms related to

* ande areincluded in the model if their estimated contribution is greater than 5% in terms of
environmatal impactsMaintaining the parallelism with the mathematical model this step permits
of obtain the global equations for environmental impacts and damage:

0 wp Ik - O P w
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Thefigure belowshows an example of the global model for LCA environmental impact assessment on
which is based OES2.
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Figure 50 Example of global structure of the life cycle model in OE®&2rsonal elaboration, 2016)

The previously graph describes the tree of process contribution of the whole system considered in a life
cycle perspective in the case of a specific immatégory. Many representations such this, can be
obtained in function of the impact category considered, identifying different process contribLhiens.
SimaPro software can be seen as a powerful software for the creation of mathematical multilinear
modesk. In fact, the use of modules provides in SimaPro simplify the writing of the mathematical model
that otherwise could be potentially very more completk wther software (e.g. Matlab). Therefore, the
MLCA model developed with SimaPro is a nalternativelo models developed with Data Envelopment
Analysis (DEA) technique for the assessment of environmental performance of all the life cycle of the
organization, permitting the also the supply chain management, as performed by other mathematical
models suchsthe one proposed by Badiezadeh, et al., 2017.

Aspects related to specific methodological requirements of ISO1404Md ISO/TS 14072, such as
functional unit, reporting unit, system boundaries;dafiitetc., have been discussed in the next chapter
directly during the application of these methodologies to the case study of San Benedetto S.p.A.
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2.2.4.1.3. Test of the MLCA model in a real case study
The description of the test strategy to verify applicability and effectiveness of OES2 method and its
components is available in the paragramof the present chapter.

2.2.4.1.3.1. SimaProl CA software description
SimaPro is the professional tool you need to cqlltalyse and monitor the sustainability performance
data of your companyé6és products and services. TI

such as sustainability reporting, carbon and water footprinting, product design, generating
environmatal product declarations and determining key performance indicators.

The software permits the easily model and analyse complex life cycles in a systematic and transparent
way, to measure the environmental impact of products, services and organizetasssall life cycle
stages, and to identify the hotspots in every link of supply chain, from extraction of raw materials to
manufacturing, distribution, use, and disposal.

SimaPro is a software developed and distributed by PRé Sustainability.

For more nformation:https://simapro.com

SimaPro version used: Developer v8.4.0.

2.2.4.1.3.2. Ecoinvent LCA Database

The Ecoinvent Centre distributes the wdodatel 6s | ec
Life Cycle Inventory (LCI) data. Ecoinvent database is thrgest, most consistent and most
comprehensive LCI database for LCA on the market.

In fact, with over 12,800 LCI datasets in the areas of energy supply, agriculture, transport, biofuels and
biomaterials, bulk and specialty chemicals, construction naigempackaging materials, basic and
precious metals, metals processing, ICT and electronics, dairy, woodaateltreatment, ddinvent

v3 is one of the most extensive international LCI databases.

This database is developed and updated by Ecoinventstlhanhatfor-profit association founded by
institutes of the ETH Domain and the Swiss Federal Offices.

For more information: http://www.ecoinvent.org/

Ecoinvent version used: v3.3

2.2.4.1.3.3. Selection of methods to perform the assessment of environmental impacts
The impact categories shown in the following table, were considered to be relevant for the impact
assessment.

Impact assessment categories Impact assessment methods collections used.
Climate change IPCC 2013 GWP 100a v 1.00 (IPCC, 2016)
Ozone depletion ReCiPe 2008, Europe Midpoint (H) (Goedkoop et al130

Terrestrial acidification ReCiPe 2008, Europe Midpoint (H) (Goedkoop et al130
Terrestrial ecotoxicity ReCiPe 2008, Europe Midpoint (H) (Goedkoop et al1320
Water scarcity. Water footprintscarcity (Boulay et al., 2011)
Aguatic eutrophication IMPACT 2002+(Joliet et al., 2005)
Aquatic ecotoxicity IMPACT 2002+(Joliet et al., 2005)
Aquatic acidification IMPACT 2002+(Joliet et al., 2005)
Human toxicity ReCiPe 2008, Europe Midpoint (H) (&akoop et al., 21B)
Land occupation IMPACT 2002+(Joliet et al., 2005)
Metal depletion ReCiPe 2008, Europe Midpoint (H) (Goedkoop et al1320
Fossil depletion ReCiPe 2008, Europe Midpoint (H) (Goedkoop et al1320

Table 25 Environmental impact assessment methods used to quantify environmental impacts at midpoint level.

Climate change set of mathematical expressions that permits the calculation of the potential
environmental impacts on climate change phenomenon due tomiksians of GHG (Greenhouse
gasses). This method has been developed by IPCC (Intergovernmental Panel on Climate Change). The
potential environmental impacts are expressed in kg CO2 eq.
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Ozone depletion set of mathematical expressions that permits the latilmn of the potential
environmental impacts of destruction of the ozone layer due to the emissions of ODS (Ozone Depletion
Substances). The stratospheric ozone acts as a filter f& tdidiation coming from the sun, which can

cause harm to human headthd the environment (increased risk of skin cancer and cataracts, as well as
potential damage to terrestrial plants and aquatic organisms). This method is based on technical
considerations of WMO (World Meteorological Organization). The potential envinataimpacts are
expressed in kg CFCL eq.

Terrestrial acidification : set of mathematical expressions that permits the calculation of the potential
environmental impacts the conditions of acidity of soil due to the emissions in atmosphere of inorganic
substances such as sulphates, nitrates and phosphates. This method combines the EUTREND, an air
transport model, and the SMART2, a model for soil dynamics. The potential environmental impacts are
expressed in kg SO2 eq.

Terrestrial ecotoxicity: set of mathenie&al expressions that permits the calculation of the potential
environmental impacts on ecosystem due to the emissions of toxic substances. This method is based on
the USESLCA (Uniform System for the Evaluation of Substances adapted for LCA purposes). mod

The potential environmental impacts are expressed in kg-DAa dg.

Water scarcity: set of mathematical expressions that permits the calculation of the potential
environmental impactsn local water scarcity due to consumptions of water (water vatidrand not
returned to the system). The potential environmental impacts are expressed in m3 eq.

Acquatic eutrophication: of mathematical expressions that permits the calculation of the potential
environmental impacts of eutrophication of water systemgaltiee emissions of eutrophic substances.

The method in based on the methodologies proposed by Hauschil et al. (1998) and Guinee et al. (2002).
The potential environmental impacts are expressed in kg FDdde).

Acquatic ecotoxicity. set of mathematicatxpressions that permits the calculation of the potential
environmental impacts of acidification of water systems due to the emissions of acidification substances.
The method in based on the AMI (Assessment model Mean Impacts) model that considersGthe HC5
average effect. The potential environmental impacts are expressed in TEG water.

Acquatic acidification: set of mathematical expressions that permits the calculation of the potential
environmental toxicological impacts on water systems due to the emsissfidoxic substances. The
method in based on the methodologies proposed by Hauschil et al. (1998) and Guinee et al. (2002). The
potential environmental impacts are expressed in kg SO2 eq.

Human toxicity: set of mathematical expressions that permits tHeuletion of the potential
environmental impacts on human health due to the emissions of toxic substances. This method is based
on the USES.CA (Uniform System for the Evaluation of Substances adapted for LCA purposes)
model. The potential environmentalpacts are expressed in kg di-DB eq.

Land occupation: set of mathematical expressions that permits the calculation of the potential
environmental impacts of land occupation and land use transformation. The method in based on the
methodologies proposed iKollner (2001) and Goedkoop et al. (2000). The potential environmental
impacts are expressed in m2org.arable.

Metal depletion: set of mathematical expressions that permits the calculation of the potential
environmental impacts of mineral resources dépieiThe method in based on the use of data from
World Metal Deposits Database of the US Logical Survey that contains historical data from more than
3.000 mines and 50 deposits.). The potential environmental impacts are expressed in kg Fe eq.

Fossil depleton: set of mathematical expressions that permits the calculation of the potential
environmental impacts of fossil resources depletion (considering all forms, gaseous (e.g. methane),
liquid petroleum or notvolatile materials (e.g. coal)). The method isdxon the use of data from the
International Energy Agency (EIA). The potential environmental impacts are expressed in kg oil eq.

(o
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2.2.4.2. STEMs2 & 3: Environmental Inventory Database(EID) and Environmental
Results Databas€ERD)

The Environmental Inventorypatabase (EID) and the Environmental Results Database (B&®)
been introduced in OES2 in order to face the gaps relattmtaananagemefgee following table).

Life Cycle Management
Critical Areas
Environmental impacts assessme Technical difficulties in large impact assessnmesultsmanagement
Inventory esources consumptions
assessment

Identified gaps

Technical difficulties in large inventory data management

Table 26 Gaps faced by the STEVIEnvironmental Inventorpatabase (EIljJand AEnvi ronment(&RDROs Ul t s

The management of inventory data and of results generated in OE$f leycle environmental
performance assessment activities conducted through the application of the mulGEdMLCA)

modéd andthrough ecodesign and exfticiency activities is a very fundamental aspé@tte inventory

data collections one of the most important effort for the application of EMTSs, especially in the case of
LCA, in terms of time requiremengvezdov et al.2016; Hack et al., 2014Yitezak et al., 2014)his

large amount of data can be divided in different data areas:

1. Supply chain data aretlnis area includes all data regarding suppliers and transport processes of
consumed raw materials and auxiliary mastisri

2. Production data area: this area includes all data regarding productive processes, raw materials
and auxiliary materials consumptions, and bills for the production of all products included in
the product portfolio of the organization.

3. Energy data arehis area includes all data regarding the energy consumptions and the energy
vectors characterization;

4. Logistic data area: this area includes all data regarding the characterization of the transport
vehicles used for the distribution of the products dmal ¢haracterization of the distances
delivered;

5. Environmental services data area: this area includes all data regaatihg management,
punctual emissions (e.g. emission into air), wastewater treatment and other relevant information
for Environmentamaragement.

6. R&D data aredfinally, this data area includes all data regarding new specifications of products
or processes under assessment for ecodesign activities.

Generally, at industrial level, the data collection processes for LCA applidatiamtherEMTS) are
characterized bthe following criticalities

1 Not optimized data flows The data flows are naptimized,and more than one data sources
exist for the same informath. Additional data flows are required and manage as standalone
processes (figurgl).

In red areshownthe standard data flows (systematically managed) and in blishawenthe
additional data flows (managed as standalone proce$besgfore, the standard data flows are
not able to satisfy data requirements of LCA and other EMTs apflfegte is redundancy
between data flows.

There is the need of optimized data flow management

(o
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R&D
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~ . Loéistic
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. Production
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Figure 51 Common data management criticality related to not optimized data collection processes. (Personal elaboration, 2016)

1 Manual data collection routes processes of da collection,data reelaboration i orderto
obtain data in the correct forntatfeed tie MLCA SimaPro model or other EMTs appljechd
data entry are managed manually as standalone processdigy(ire below

1 Manual results management routesresults obtained by MLCA SimaPro model and from
other EMTs are managed manually as standalone [geses

@ =re0
. Production
Manual
O —_— data —_ Manual I:l Manual
collection & data entry -> result?
i elaboration
‘ Logistic elaboration %
SimaPro
Q MLCA model
or other EMTs

Figure 52 Common data management criticality related to manual inventory data and results mandgersamtal
elaboration, 2016)

Manual data management is a very critical aspect for the expenditure of time and human
resources and for the increasingpotential human errors during data collectiorele@boration

and data entry processes.

In fact, considering that OES2 is based ba MLCA model that considers a large product
portfolio manufactured in different productivity sites and that OES2 requires a large tiqplica
of EMTs combined (e.g. E@esign, EcoEfficiency, etc.) it is not realistic to collect and
manually enter all inventory data required.

Since these are usually signed for stafahe operation, i.e. not geared to the systematic, the
automatic computer extraction of environmentabdinfation from a variety of compasigternal

and external BIS (Business Informatic Systems) is a promising solution.

There is the need to automatize processes related to data (collectiefaleration and data
entry processes) and results {edaboration;

1 Not systematicdata validation processthe data validation processnanaged aa standalone
activity limited only to asample of datéherefore is generallgondu¢ed without an automatic
system without a systematic approach and not applied totallTdee application to all data it
is important because a sampling of data using a statistical approach consistent with the
organization scale in many cases could be inconsistent for the product scale. In fact, an error
that determine an acceptable errocalculation of environmental performance at organization
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scale could bean unacceptable error for the calculation of the performance of the specific
product assessed.
There is the need to automatize the data validation process;

1 Data management systerbased on gull approach: the data management is based on a pull
approachinstead of a push approach. In this case, the inventory data are collected only if
requested and therefore only after a request without a systematic approach. This aspect implies
a ime delay not treasurable between the moment when the environmental performance
assessment is required for management reasons and the moment when the results will available.
Especially in the case of eco design, that is one of the fastest and applioatss pthis delay
is a critical point. Furthermore, in some cases this aspect can to determine that the collected
inventory data refer to a previous state (e.g. previous product specification) respect to the new
actual state (e.g. the new product spedificadue to ecodesign intervention) (see figbge
There is the need to shift the data management approach from a pull approach to a push
approach

MC
» Knowledge of new
innovation
> See results of LCA
assessment

R&S area
# Introduction of new
innovation

Time

Environmental performance
assessment (LCA)

Figure 53 Common data management criticality related to the pull data management ap(iteeszinal elaboration, 2016)

In order to cross theswiticalities, havebeen developed and introduced in QB#®0 STEMs: The
Environmental Inventory DatabadelD) for themanagement of inventory data and Erevironmental
Results Databas&RD) for the management of results. In the following paragraph have been descripted
the development of EID and ERIN order to develop the EID has been proposed the following
methodologial procedure:
1. Identification and selection of data sources for each data area;
2. Conceptualization of EID
3. Development of generatructureof interface for EID
4. Test of EID in a real case study (application to the Acqua Minerale San Benedetto S.p.A.
organization).
Instead, to develop the ERD has been proposed the following methodological procedure:
1. Identification and selection of results sources;
2. Conceptualization of ERD;
3. Development of general structure of interface for ERD;
4. Test of ERD in a real casstudy (application to the Acqua Minerale San Benedetto S.p.A.
organization).

2.2.4.2.1. Identification and selection of data sources for each data area

Thefirst step for the development of EID and ERD components is the identification and selection of
data sourcesGenerally, in the case of each data area (Supply chain, Production, Energy, Logistic,
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Environmental services, R&D) it is possible to identified more than one smfrdata. The objective
is those of select only one source forredata in order to elimateredundancy. In order to select the
data sources, the following important aspects must be assessed:

9 Data structure and format: the first most important difference is between data informatized and
data available on paper documents. Regarding the infaedalatathe famat can be very
different in function of BIS software (e.g. SAP). Generally, the data can be extracted in excel
format. The EID has been developed for this common case;

1 Data update frequencthis is an important aspect in order to setectly the periodicity of
queries lunch for data extraction;

1 Identification of specific queryin the case of many BIS software (e.g. SAP) the query are the
functions that permit to extract the required data from data source.

The data source selection stunaximize the use of informatized data and prefer the choiesvoflata
that have not been-edaborated.

2.2.4.2.2. Conceptualization of EID

The EID (Environmental Inventory DatabaSéje EID componentollecs all inventory data required

by the MLCA model and from the other EMTs automatically through individual extraction routines
from a multitude of databases (data soupresiouslyselected) in form of excel visual basic files for
easy exchange. The choiceuse the excel visual basic program code has been made in order to simplify
the initial development stag&he structuredeveloped for EID data acquisition STE&sshownin the
following figure, is based on seven interfaces one for each data area fexabptproduction area that
have two interfaces. The interfaces permit the automatic data leeldbration validationand data

entry of MLCA SimaPro model and of other EMTs. The developed interfaces and their main re
elaboration functions are:

Automatic functions:

m Supply cham » »  Attribution of supplier to each material flux at product level
mapping » Calculation of the distance from factory to all suppliers

Production Automatic functions:
mapping . »  Links all products and semi finished products to specific machineries and process

technologies

Automatic functions:
Products matenals »  Characterization of all components used for each products production
Bills mapping »  Characterization of components specific (e.g. material, mass, ect)
Automatic functions:

Energy ’ » Energy uses characterization
mapping

» Transfers of energy uses to each products

Automatic functions:

Chemicals * » Chemicals consumptions characterization
mapping » Transfers of chemical consumptions to each products
Automatic functions:
Waste . » Wastes production characterization
mapping » Transfers of wastes produced to each products
Automatic functions:
Distribution ‘ » Calculation of weight transported for each products
mapping »  Calculation of the delivery distance for each products and each transport type used

(e.g. truck, ship, train, etc.)

Figure 54 List of the interfaces and their main functions of datalaboration(Personal elaboration, 2016)

In the case of each interfacaiagle battery of loading processetegrateghe data into EID, ensuring
system integrity by a set of cresBecking and unit conversion processedact, beyond the automatic
data collection, the interfacg®rform the reelaboration of datgpermitting to transform the raw data
(Y ) in the data required from MLCA SimaPro model or from other EMTs;(;). The operation of
this function of the interfaces has been descripted in the following paragraph. The imerfacas
also the validation of data on the base of statistical critesiiamust be establish setting rules such as
the interface generates a warning (the data cell is red) if the data value is higher or lowee ttiae
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the standard deviatiqi$D) calculated using all data of the set. For example, considering the weight of

a plasic bottle of a specifigoroductof a product category (Mineral water still 0,5L), this data is
compared with the SD of the set that considers all products of this product cafeggsirgwnin figure

55, a fewdata, that is not informatized into the business information system of the organization require
routes for manual data entiyhe elaboration interfaggenerates a file that include all data generated by
re-elaboration. The file is created periodicallgngrally each year (but if it is necessary it is possible to

use a smaller time frame) and it permits the historical saving of data that could will reuse in the future
for the performance tracking assessment or other performance compdrisoogeation bhistoric file

data is a very important feature especially in the case of performance tracking and permits to recalculate
the baseline very easily also in the case of methodological changes such as update of characterization
factors, changes of transfemictions due to increase of technical knowhow. The transfer functions are
mathematical functions that permit to face allocation issuek it has been presented in the next
paragraphThe result is a set of interfaces, one for each data area, filled lwiggaired data in the

format required by the MLC/&ASimaPromodel and from other EMTs combined in OES2. The MLCA
SimaPromodel and the other EMTs combined in @QEfbtainas input the data and connect them in
order to assess: environmental performance gdanizational, product and process scale, eco design
processes, and eco efficiency levEhe set of these interfaces constitute the database of life cycle
inventory data of whole organization and all products of its portf@le. applied EID interfaces a

been showed in the following chapter.
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Figure 55 Structure of EID interfaces to manage a
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2.24.2.3.

Development of aeneral structure of interface for EID

The EID component has based on seven different interfaces. In the present paragrapldeasiijged
the general structure of the interface. The general structure of on which are based the interfaces is
composed byour different subinterfaces organized on three different levelstasvnin the following

figure.

Raw data file

Programmed automatic link l
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Figure 56 Logic structure and general functions of datelaboration implemented in the interfag@ersonal elaboration,
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Unit normalizatiorstage if the measure unit of the raw data is different by the unit required by

MLCA model a normalization factor is applied in order to convert the measure unit

Attribution stagein this stage, is establishédhe normalized raw dat&(};) is attributable to

a specific productategory (sub set of homogenous produck$le attributionis obtained
through the application of an attributional matrix that cmistattributional coefficients( 1, ;)
that have values equal to 1 if there is attribution or equal to O if there is not attribution;

Transfer stagein this stage is applied the transfer funct{ov ;) that permits to assess the

entity of theconsumption that must be attribute to the spe&icQi "Qgrcd@uct. The transfer
functions are mathematical functions that permit to face allocation issues. In fact, the transfer
functions are established in order to assess on the base of techn&deration the material

and energy consumptions of a specific product respect to the other products that share the same
process In the results chapter will bhownan exampleof transfer functions built for the
process of preforms production. The impkntation of transfer functions in the interfaces
boosts the utility of interfaces. The transfer functions can be developed with different degree of
detail followinga benefits/effortapproach

(
N

)
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5. Allocation & scaling stage finally, if the data required in output is for unit ® Qi Qa Q
product, they are required operations of allocation in order to scale the value. It is important
underline that in this case the operation of allocation is globally very differentfagitional
allocation in LCA because the transfer stage permits of increase very much the detail of the
attributions.

Finally, two output sulinterfaces have been inserted in the structure. This choice has been due to
specific requirements of SimaPro software. In fact, when a programmed link is established between the
MLCA SimaPro model and an interface, the structuredatbset cannot be modified. In order to
understand better this aspect, suppose that establishing a programmed link between the MLCA model

and the datasetod cell in position E20, i f a row
continues todad the data in position E20 but the true data has been moved in the rows 19 or 21. In order
to overcome this i sisnuteertfhaec efOuhtapsutb eFeene dd eSvuebl o0 p e ¢

where a specific dataaded always occupies the same positidowever, this sulinterface has not a
comfortable structure for data visualization by user but is only suitable to MLCA model feed. Therefore,
the f@AOutput Vii stuearl fi @ad 0 ohasSubeen iintroduced in
visualization and wery of the data by user. In this second output-istdsface has been also
implemented the statistical for automatic data validattas.clear that the application of EID interfaces
requiresa customization specific for each organization becauseeity evganization could change: the
business informatic systems, software sources and specific needs otelataoration in function of

the starting data characteristicBhe EID interfaces have been developing in excel programming
language making exteiwe use of most of excel formulas and functions. The excel language
programming permits to develop with very low cost, using a-kwellwn language and providing a high
level of transparency due to the possibility for user to understand the implementeih$oand logics.

2.2.4.2.4. Test of the EID in a real case study

The description of the test strategy to verify applicability and effectiveness of OES2 method and its
components is available in the paragra@of the present chapter.

2.2.4.25. Identification and selection oésults sources

According with the structure shown in figure 55, the ERD interface elaborate data in output from the
MLCA model and in this case, provide by SimaPro. The ERD interface automatize this type of data
results managementhe results returnedybSimaPro MLCA model are for all assessment scales
(organizational, site, product, process) and request to be organized in a database to be available and
usable for analysis, interpretation, hotspot identification and other purposes such as ecodesign and
ecoefficiency. The results for each site, product and process are returned with the specific level of
aggregation determined by the group analysis set by the user in the SimaPro. A briefly description of
group analysis has been shown intilestparagraph bthe present chapter.

2.2.4.2.6. Conceptualization of ERD

The ERD interface has been programmed in order to compiles in automatic the folloatiixes
starting from results returned by MLCA SimaPro model at environment impact level and the inventory
resource casumption
1 Matrixesof environmental impact at organizational level considering the different life cycle
processefor every environmental impact categpry
1 Matrix of inventory resources consumptions at organizational level considering the different life
cyde processes;
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I Matrixes of environmental impact at product level considering all products included in the
portfolio of the organizatiofor every environmental impact category
1 Matrix of inventory resources consumptions at product level all products @utliud the
portfolio of the organization.
The figure 55 shows this multiscale organization of the results both for inventory results on resources
consumptions than for environmental impacts results. In the case of the organization perform also the
assessmérof damages at eqabint level an additional portion of database exist.

2.2.4.2.7. Development of theatructure of interface for ED

The ERD has been developed in excel programming language. It works, according with MLCA model,
with a multiscale perspective for to manage all results generated. In the following figgentral

structure of ERD has been proposed.

I Structure of ERD — Results — Inventory level I

— =

Life cycle material/energy consumption

Specific
Products

Specific
Processes.

Specific

|
|
|
|
|
| |
| |
sites
| |
I I
l :
|
|
|
|
|

EID interfaces

Automatic compiling

| Programmed excel
Ifuncricns for results
acquire

MLCA model
SimaPro

Life cycle analysis groups Life cycle analysis groups Life cycle analysis groups

Environmental
impacts categaries

Environmental
impacts categories

Environmental

Specific
impacts categories

Processes

Specific
Products

I Structure of ERD — Results — Impact nent level [

Figure 57 Logic structure of the ERD interfag@ersonal elaboration, 2016)

2.2.4.2.8. Test of the ERD in a real case study

The description of the test strategy to verify applicability and effectiveness of OES2 method and its
components is available in the paragra@of the present chapter.

2.2.4.3. STEM 4: Eco Environmental KPI Analyzer (Eco-EKA)
The Eco Environmental KPI Analyz€¢Eco-EKA) have been introduced in OES2 in order to face the
gaps related to performance tracking and trend analysis (see following table).
Life Cycle Management Critical
Areas

Identified gaps

Lack of OPIs forenvironmental performance evaluation related t
life cycle management
Difficulties performance tracking arid OPIs trends analysis

Table27Gaps faced by the STEM AEcoEKANOIronment al KPI
These gaps identifieduring the scientific literature review constitute relevant EMBs related to the
difficulties of organizations to assess their environmental performance and relative trend at the different
assessment scales (organization, product, process). The use BEKaynance Indicators (KPIs) is
limited in industrial organizations (Pilouk et al., 2017). The KPI can be seen as a simpler and faster
guantitative approach for environmental performance measurement, monitoring and improvement
(Bovea et al., 2012). Theganization encounter various issues mainly related to:

Performance evaluation gerformance
tracking
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T Issues in environmental performance assessment;

9 Issues in environmental performance trend analysis;

1 Issues in the correlation between changes at inventory level and changes of environmental
performance;

T Issues in the correlation between changes in product performance and organizational performance;

1 Issues in comparison of the performance of products of the same product portfolio.

It is evidence that the use of KPIs is fundamental for to stippganizations by quantifying processes,

highlighting potential vulnerabilities and evaluating and benchmarking them (Meier et al., 2013). These

quantifiable and strategic measures are essential for understanding and improving manufacturing

performanceachieving strategic goals which are most critical for current and future success (Parmenter,

2010). The KPI analysis may be performed for all assessment scale, but the application at product scale

are few (Bovea et al., 2012; Herman et al., 260djnc etal., 2003). e ISO 14031:2013 gives detailed

methodologicalnstructiors on how establish environmental KPI

In this context, where the OES2 thhed promotes the use of Environmental Performance Evaluation

(EPE- 1SO 14031:2013), the Eco Environmental KRialyzer (ECeEKA) has been proposed as a

STEM for EPE in order to overcome the issues previously descripted. Furthermore -EBie/Egives

a proposal to KPI selection process.

The development dico-EKA has been conducted following the methodologicatedure:

1. lIdentification of required features;

2. Definition of a procedure to identify OPIs;

3. Development of the EeBKA software structure;

4. Test of ECeEKA in a real case study (application to the Acqua Minerale San Benedetto S.p.A.
organization).

It is Impartant to specify that the EPE (1ISO14031:2013) considers Environmental condition indicators

(ECIs) andenvironmentaPerformance Indicators (EPIs). The first ones provide information about the

condition of the environment which could be impacted by the organization. Instead the EPIls are

distinguished in management performance indicators (MPIs), which provide infornetimut

management efforts to influence the environmenta
operational performance indicators (OPIs), which provide information about the environmental
performance of the or gaBKA bas$ ondhe analysie of ©OPla that aren s . T
essential for the analysis of environmental performance.

2.2.4.3.1. Identification of required features

Before to start with the development of the structure of B8 have been identified all the
desired features that mube implemented in order to ensure that the-EKé responds to the
previously identified objectives of improvement. Following are reported the selected features:

a) Procedure for OPIs identificatiorihe selection of OPIs performed by HEKA must be based
ona procedural process (Issa et al., 2015);

b) Automatic data feed and selectidhe ECGEKA must select automatically the data from ERD;

c) Multiscale OPIls:according to MLCA SimaPro Model, the E&IKA must work with a
multiscale assessment framework (orgamratsite, product, process) (Bovea et al., 2012;
Herman et al. 2007; Krajnc et al., 2003);

d) To assess the Inventory resource consumptions and environmental impact assessment levels:
according to MLCA SimaPro Model, the E&IKA must be based on inventory SRIOPIS)
related to resource consumptions and environmental impacts OPIs (EOPIs) related to the
environmental impacts generated onegime midpoint impact categories (Dorn et al., 2016;

Lior et al., 2008).

e) Automatic performance trackinghie OPIs mushbe analysed respected to baseline, targets and
average values in order to assess the trend correlating the different assessment scales and the
inventory and impact assessment levels.
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Figure 58 Simplified representation of mafaatures of Ec&EKA (Personal elaboration, 2017).

2.2.4.3.2. Definition of a procedure to identify OPlequired

The identification of a procedure to identify OPIs, is the first essential fet&oire 3. In the case of a

complex organization that characterizechiyny sites, many products, many processes and many flows

along its life cycle it is essential to identify which sites, products, processes and flows it is required to

monitor, developing OPIs, in order to assess the environmental performance trend.

The poceduréhas been based on the concept of relevance assessed through two tests as shown in figure

59. The first test assesses the relevance instefroontribution. In this test, the relevance was assessed

with a multiscale approach in terms of contribution of the lower scale to the global environmental impact

of the upper scale. According to MLCA model proposed in OES2, different assessmentaschissnh

distinguished using a classic pyramid scheme: organizational scale, site scale, product scale, process

scale. For each assessment scale, it is possible to identify an assessment unit. The assessment unit is the

base element used to calculate tharenmental impact of a specific scale. Therefore, in the case of all

scales have been identified assessment units that respectively are: whole orgajrizsitiogsite, k-

esimeproduct, andp-esimeproduct. The contribution of each assessment unit baa bonsidered

relevant if itimpactsresults greater than the impaigenerated multiplying the overall impact of the

upper scale for the cuafff parameter. The cudff parameter has the relevance threshold chosen by

organization and generally is set elqual%. Therefore, for example, theesimeproduct is considered

relevant if its impact is greater than the 1% of the global impact gtekenesite where the product

has been realized. The calculation of environmental impacts has been performgll shemueening

analysis of the MLCA SimaPro model that permits to obtain the environmental impacts for each mi

esime midpoint impact category for eaebsjme sites, desime products and-gsime processes. This

run of the MLCA SimaPro model is considerescaeening analysis because it is the first evaluation run

performed by the organization and it serves to assess the contributions relevance and toggetygsthe

that will be used for group analysis. These results are not saved by ERD. The relevds@pptied

to each scale and permits to identify the identification of releyargimesites,k-esimeproducts,p-

esimeprocesses andesimeflows. Thel-esimeflows are the material and energy flows, the smaller

assessment unit, that constitute tiyuit to life cycle processes (e.qg. electricity, natural gas, PET plastic).

This first test must be iterated for eachesime midpoint impact category selected by the organization.

The second test assesses the relevance in term of strategic considénddonslthough an assessment

unit (e.g. product) do not resulted relevant in terms of contribution, it can be result relevant according

to strategical considerations (e.g. new-&@&ndly product just launched on the market). Obviously, in

function ofthe environmental sustainability strategy defined by the organization, specific assessment

requirements may emerged, such as, the assessment of environmental performance of a family of

products. It will simply assessed through the combination of resnéisyed from the assessment scales

previously listed. Using the identifications of processes and flows it is possible to define the groups for

the groug analysis that it will be performed using LCA software (SimaPro) in order to obtain the results

correcty grouped.

This procedure permits to obtain:

T the list of sites, products and processes for which are required OPIs;
9 the list of groups that must be used for group analysis in MLCA SimaPro model.

(o
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The pyramidrelated approach in terms of relevance promdigdthis procedure encourages the
improvement of the understanding of environmental performance trend assessments.
2.2.4.3.3. Development of the EeBKA software structure
The software structure &co Environmental KPI Analyzer (Ed6KA), as shown in the figuré0, has
been based on three components:

1. Results selector;

2. OPIs and SOPIs calculator;

3. OPlsand SOPIs comparator.
The AResults selectordo component permits to acq
consumptions and environmental impactsafure b). The results are automatically selected and
extracted on the basis of the results returned by the application of the procedure (list of identification of
relevant assessment unjtesimesites k-esimeproducts p-esimeprocesses)éature ¢. The reslts are
stored in ERD database in matrix structures and two types of matrix exist for each assessment scale
(organizational, site, product, process):
1 The inventory consumption matrix [C]: where for each assessment units are contained the results

in termsof inventory consumptions in function of each group defined in the LCA groups analysis

for the tesime year;
1 The environmental impact matrix [I] : where for each assessment units are contained the results

in terms of environmental impacts in function of ragoup defined in the LCA groups analysis

and each mésime midpoint impact category considered for tbsimne year.
The choice of structure these two types of matrices is essential in order to permit the successive
calculation of IOPIs and EOPIs. Onlget matrices C and | relative to the assessment unit with the
selected identification are feed to the OPIs calculdtatire d . The AOPlIls and SOPI
component permits the calculation of IOPIs and EOPIs. Furthermore, it permits the calofil&@i?ls
(Supportive OPIs). The SOPIs are indicatauild using variables that characterize the product portfolio
(S) of the organization and are very important in order to support the correct interpretation of OPIs. The
variables that characterize theoguct portfolio can be for example: average format, products mix
realized, etc. In fact, these variables can be relevant exogeny pressure factors (related for example to
stakeholders and market demand) that can influence significantly the environmefuiahaece of
organization and of the productive sites. The influence may be positive, when amplifies the performance
improvement that would has been achieved through ecoefficiency and ecodesign activities performed
by organization, or negative, when theeeffis opposite respect to improvement activities performed by
organi zati on. The AOPI s c al crefdremde dlowdhatrclearpeterizee t h e
physically the products and the processes under study (e.g. a number of product unitsa ¥ohase,
etc.). Also in this case, in addition to the reference flow, a scale factor is applied in order to scale the
OPIs values (e.g. kWh/1000 products unit, in this case the scale factor is 1000). In other words, the
AOPl s cal cul atcessobnommalizafion.r ms a pr o
Finall vy, t he AOPI S and SOPI s compar ator o comp
performance trackingféature ¢. The analysis of the performance is conducted using a multiscale
approach, starting from the higher scale (oizgtional scale) for arriving to the smallest scale (process
scale) considering both the inventory resource consumption perspective and the environmental impact
perspective. Each performance analysis has performed comparing the performassimefyeawith
three different values: the target performance, the performance of baseline year and the average
performance of last years. The analysis is performed also for SOPIs in order to assess also their trends.
2.2.4.3.4. Test of the EcaEKA in a real case study
The description of the test strategy to verify applicability and effectiveness of OES2 method and its
components is available in the paragra@of the present chapter.
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Figure 59 Procedure to identify OPIs on which is based-E&® proposed in OES2 (Personal elaboration, 2017).
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Figure 60 Software structure oEco-EKA proposed in OES2 (Personal elaboration, 2017).
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