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Preface
Resource efficiency and reducing greenhouse gas emissions are among strategic
policy priorities in Europe and globally. The second priority objective of the 7th
European Environment Action plan (2003) is “to turn the Union into a resource-
efficient, green and competitive low-carbon economy” (European Parliament and
the Council of the European Union 2003). Resource efficiency does not only mean
using resources efficiently (doing more from less), but reducing the overall
environmental burden related to society’s resource use.

Total resource use in Europe has declined by 19% since 2007 and
improvements in waste management have occurred. Greenhouse gas emissions
have decreased by 19% since 1995, even though a 45% increase in economic
output has occurred simultaneously. However, it is uncertain whether these
positive short-term trends will lead to overall positive development in the long
term. For example, the projected greenhouse gas emission reductions are
currently insufficient to meet the 2050 target of reducing emissions by 80–95%. In
addition, Europe is facing growing pressures due to several global megatrends
that include, among others, growing population, changing consumption habits,
increasing competition for resources, growing pressures on ecosystems,
increasingly severe impacts from climate change and increasing environmental
pollution. (EEA 2016a)

While some positive developments in resource efficiency indicators at European
level have been observed (EEA 2016b), European consumption remains very
resource intensive. In addition, global use of material resources has increased ten-
fold since 1900 and is set to double again by 2030. Since European economy is
structurally dependent on imports, this trend is a major concern for Europe (EEA
2016a). As a consequence, it is expected that resource scarcity and climate
change mitigation continue to be among the long term drivers promoting the
adoption of sustainability assessment methods in different contexts.
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1. Introduction

1.1 Sustainability assessment to support decision-making in
the process industries

Sustainability assessment methods are needed for various industrial sectors to
support sustainable technology development and to evaluate the impacts of
existing solutions, products and technologies. Ideally, sustainability assessment
methods should address the environmental, economic and social aspects of
technologies and cover the whole life cycle of the solutions. The assessment
methods should provide robust knowledge to support decision-making, and allow
comparability of the results. However, addressing all those aspects within one
assessment method or tool is challenging, or even impossible.

At the moment, several assessment methods, indicators and tools exist, but
they differ in their goal and scope and are intended for different kinds of uses
within companies, by consumers or by authorities to support policy planning and
evaluation. Additionally, different methods and tools are focused on different levels
of assessment: product, company, industry or society. Thorough understanding of
the underlying mechanisms and calculation principles incorporated in the method
or tool in question is often required to make a trustworthy assessment.

The SPIRE Public–Private Partnership (PPP) brings together several sectors of
the process industry: cement, ceramics, chemicals, engineering, minerals and
ores, non-ferrous metals, and water.1 The acronym SPIRE stands for Sustainable
Process Industry through Resource and Energy Efficiency. All SPIRE sectors can
be considered as resource and energy intensive and thus improving resource and
energy efficiency are urgent issues for improving the sustainability and
competitiveness of the sectors.

This report summarises some of the main conclusions and findings of the
SAMT ‘Sustainability assessment methods and tools to support decision-making in
the process industries’ project. SAMT was developed as a response to a call
under the SPIRE work programme titled: Methodologies, tools and indicators for
cross-sectorial sustainability assessment of energy- and resource-efficient
solutions in the process industry (SPIRE 4-2014). The aim of the SAMT project
was to bring together representatives of different process industry sectors, and to

1 For more information about the SPIRE PPP, see: www.spire2030.eu.

http://www.spire2030.eu
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promote cross-sectorial learning and uptake of the most promising methods and
tools related to sustainability assessment. Project activities included literature
studies and reviews, expert interviews, case studies, open workshops and
roadmap building. The SAMT project approach is visualised in Figure 1.

Figure 1 SAMT project approach and main elements.

SAMT was a coordination and support action that was on-going during the years
2015–2016. Project partners were VTT Technical Research Centre of Finland Ltd
(coordinator), Tecnalia Research and Innovation (Spain), Wuppertal Institute for
Climate, Environment and Energy (Germany), BASF SE (Germany), BAYER AG
(Germany), SUEZ (France), Hydro (Norway), CEMEX (Switzerland), Neste
Corporation (Finland) and AENOR (Spain). SAMT received funding from the EU
Framework Programme for Research and Innovation, Horizon 2020, under grant
agreement no. 636727. The work was supported by the Swiss State Secretariat
for Education, Research and Innovation (SERI) under contract number 15.006.

The outcome of the project is based on a series of studies, workshops and
discussions with project partners and many stakeholders who contributed and
commented on the results on different occasions. Contributions of these persons
are acknowledged on pages 33–34.

1.2 Contents of the report

This summary report presents some of the main conclusions and
recommendations from the SAMT project. Chapter 2 discusses current practices
and motivations for sustainability assessment in different process industry sectors,
based on experiences of the industrial actors who participated in the study. The
characteristics of available methods and tools for sustainability assessment are
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discussed, based on the conclusions from a series of tasks that included a review,
an evaluation and implementation of selected sustainability assessment methods
using a case study approach. Additionally, identified future research needs and
needs for future standardisation activities are presented.

Chapter 3 presents a vision, a roadmap and an implementation plan, focusing
on recommended future actions for mainstreaming the use of sustainability
assessment methods as part of industrial decision-making, and proposing a
comprehensive set of actions regarding methods, tools, data and cooperation
between actors. Chapter 4 concludes the findings of the project and presents
recommendations targeted at industrial actors, European Commission and policy
makers and the LCA research community.

Appendix A presents details of identified topics for future research needs and
Appendix B provides a comprehensive description of proposed future activities
and responsible actors.

The results included in this report have been previously presented and
discussed in the SAMT project deliverables. All deliverables and project results
are available at the project website: www.spire2030.eu/samt. References to
original project deliverables are given in each chapter.

1.3 Important definitions

Discussions related to sustainability or sustainability assessment can sometimes
be confusing due to a variety of terms and definitions applied. While there are
several defintions that are commonly applied, their exact meaning and content
may vary depening on the context. An example of a term for which many different
interpretations and definitions have been presented is sustainability assessment
(see e.g. Morrison-Sounders & Pope 2012). In a broad sense, sustainability
assessment can be defined as “any process that directs decision-making towards
sustainability” (Hacking & Guthrie 2008).

Within the SAMT project, it was acknowledged that within the participating
process industry companies, sustainability assessment means many different
things and includes both quantitative and qualitative methods and evaluations. It
may be focused mainly on environmental issues, but often includes also social
and economic aspects of sustainability.

The focus of the SAMT project was within quantitative assessment methods
and related tools that have a life cycle perspective, would be applicable within the
process industries, and are designed for evaluating sustainability either in a broad
sense or focusing on relevant aspects for resource or energy efficiency.

Within the literature related to sustainability assessment, the terms method and
tool are used in different meanings but also as synonyms for each other. Within
the SAMT project, a distinction between a method and a tool was made in order to
ease the classification and evaluation of available methods and tools, and to focus
the activities on a reasonable amount of methods and tools. The definitions
applied within the project were:

http://www.spire2030.eu/samt
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· Method: set of instructions describing how to calculate a set of indicators
and how to assess them. Methods include official standards.

· Tool: working and calculation platform that assists with the implementation
of a method. A tool is usually software but it could also be, for example, a
paper-based check-list.

Another important term to define in this context is indicator, for which the following
definition was applied:

· Indicator: a quantitative or qualitative proxy that informs on performance,
result, impact, etc., without actually directly measuring it. For example, a
low-carbon footprint indicates a low environmental impact for the category
climate change, but it does not measure the impact, it refers to greenhouse
gas emissions, i.e. environmental pressure.

However, these terms are used differently by many stakeholders in the scientific
community, in policy and in industry. For example, a carbon footprint can be
described as both a standardised life cycle-based method, and as one of the
indicators calculated as part of life cycle assessment. For more information about
the definitions applied, please see SAMT D1.1 (Saurat et al. 2015a).
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2. Sustainability assessment in the process
industry

This chapter describes the current state of sustainability assessment within
process industries, and describes existing methods and tools for life cycle-based
sustainability assessment. Current bottlenecks hindering the implementation of the
methods as part of daily decision-making are discussed, and proposals for future
research and development and standardisation activities are made. The results
presented in this chapter are based on studies conducted and discussions held
during the SAMT project. The findings of these studies were used as a starting
point and background material for the SAMT roadmap which is presented in the
following Chapter 3.

2.1 Current industry practice

In order to understand current practices related to sustainability assessment at the
process industries, interviews with industrial sustainability experts were
conducted. Altogether twelve interviews with seventeen people from seven
companies were held during May and June 2015. The interviewed companies
represented the cement, metal, oil, water, waste, chemical and forest industries.
All interviewed companies are currently active in the field of sustainability
assessment, and many of them can be considered as forerunners in developing
and implementing sustainability assessment. Additionally, data was collected in an
open expert workshop organised in June 2015 in Wuppertal, Germany.2

The findings of the study indicate that sustainability assessment and
sustainability thinking are integrated within the daily work of the interviewed
companies. Different assessment methods and tools are applied for different
purposes that include product and process development, supply chain
management, investment decisions, marketing and responding to stakeholder
requests. Assessments are commonly conducted and reported at different levels,
such as product, site, company, corporation or a region. As described by one of
our interviewees:

2 Interviewed persons and participants of the workshop are mentioned on pages 33–34.
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“We do the assessments simultaneously at different levels: product level, mill
level and corporate level, depending on the purpose. And we need all of them.”

According to our interviews, the methods most commonly applied are carbon
footprint and life cycle assessment (LCA). Carbon footprint is a method that is
applied frequently, while the use of full LCA is more rare. The water footprint is a
new and recently standardised method which has been of significant interest. By
the time of the study (summer 2015), the water footprint method had been
preliminarily tested by most of the companies, using varying methods and
approaches. Life cycle-based economic and social methods were not commonly
applied.

The definition of sustainability assessment is at the moment broad, and implies
the utilisation of many methods and tools. Besides quantitative assessment
methods, several qualitative assessment methods, checklists and different kinds
of internal methods are applied in different contexts. In addition to specific
assessment methods, companies make ordinary use of a number of instruments
for business to consumer (B2C) and business to business (B2B) communication,
including certification schemes, management standards, ecolabels and ratings, all
of which might have slightly different approaches and demands. As a
consequence, a commonly stated challenge related to sustainability assessment
was the existence of so many methods and tools. Keeping track of all available
methods and tools, and finding a combination that would be accepted by internal
and external stakeholders was one of the challenges currently faced by the
industrial experts.

In addition to publicly available methods and tools, all the interviewed
companies had developed their own methods, tools or approaches for assessing
sustainability. Development of tailored approaches was due to the need to find
tools that would be easily adaptable to specific activities and cababilities to
respond to specific demands related to data collection, decision-making and
reporting. Adaptability and flexibility of methods and related tools was one of the to
topics that emerged in different contexts throughout the project.

Another important point highlighted by the industrial experts was the need to
focus on essential issues. To motivate the use of (sometimes very laborious) life
cycle-based sustainability assessment methods, it would be important to show that
the results can generate additional input and value for decision-making. In other
words, the information generated from the results should be able to answer to the
“so what?” question. Value is not only to be understood as direct business value
(sales increase, cost reduction, etc.), since non-financial “values” such as
reputation, relationships with suppliers and customers are also important. Results
of the assessments should always be presented at a level of complexity and
specificity adapted to the recipient’s expertise and needs.

The need to focus on essential issues is a strong driver behind the need for
developing simplified assessment methods. Simplified methods are required since
it is not possible or even reasonable to conduct very detailed assessments in
every situation. However, it is commonly acknowledged that simplified methods
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alone would not be sufficient. Thus, in best case, more extensive methods and the
simplified methods complement each other, having different purposes but
providing important input for overall sustainability work and decision-making within
the company. For example, a limited number of in-depth successful case studies
and/or a larger number of working examples based on streamlined, less-laborious
versions of a method can often be used as a kind of compass for identifying the
most important aspects or indictors on which to focus.3 Using the words of one of
our interviewees:

“I think it is also about building capacity and competence in companies. We
need to start easy to trigger the interest, and to demonstrate the usability and the
benefits of using these methods. And then we might create interest and market for
looking into more advanced methods.”

Data collection was often mentioned as one of the most laborious but also as
among the most important phases of the assessment. Using as much primary data
as possible was considered as a good practice and very important for ensuring the
quality of the results. This is essential espcially when the results are used directly
for decision-making purposes. A recommended good practice for implementing
data-intensive methods such as LCA, was to apply a staged-approach when
introducing the methods in practice. Data collection should first start with well-
known and accepted topics, such as energy and material consumption.
Alternatively, data collection could also be coupled with existing reporting
schemes such as economic figures, as well as social data gathered by the HR
department, or any other data collected for GRI-type corporate reporting. When
these kinds of procedures are in place, data collection for more comprehensive
assessments requires less effort.

A comprehensive description of the outcomes of the interviews can be found in
SAMT deliverable 1.2 (Saurat et al. 2015b).

2.2 Available methods and tools

On top of the interviews with industry experts, the first task of the SAMT project
was to systematically review the existing sustainability assessment methods and
tools. This allowed development of an understanding of the characteristics of
existing methods and tools and their applicability for different decision-making
contexts.

The web-based search conducted at the beginning of the SAMT project
resulted in over 100 methods and tools for sustainability assessment. Out of this
number, 51 methods and 38 tools were included in the review. Selected methods
and tools had a life cycle perspective and were considered applicable for the
purposes of the process industries. Reviewed methods and tools were clustered
and their characteristics were evaluated on a general level based on available

3 A practice usually referred to as ‘hotspots analysis’.
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information from the literature. The applied method and tool clusters and their
main characteristics are presented in Table 1.

Table 1 Description of reviewed methods and tools (Saurat et al. 2015a).

Method and tool
clusters

Description

Life cycle methods LCA, subsets or derivatives of LCA, and life cycle methods
beyond environmental assessment

Hybrid methods Fusion of existing methods (the limit between methods
becomes blurred) in order to increase the scope of each
individual method.

Integrated methods Juxtaposition of well-delimited methods (“Russian dolls”
construct) to support decision-making. Usually includes a
weighting scheme to aggregate sub-indicators into one or a
small number of indicators.

Full LCA tools Implementation of ISO-conform LCA and possibly other life
cycle methods

Simplified LCA tools Implementation of streamlined LCA and possibly other life cycle
methods

Integrated tools Interestingly, available integrated tools do not implement the
integrated methods described above but provide their own
combinations of methods

The findings of the review pointed out that a large number of tools seem to
implement a rather small amount of methods.4 The method most frequently
implemented was life cycle assessment (LCA). LCA method appeared in 19 tools
and in nine methods. Interactive visualisations presenting reviewed methods and
tools, their interconnectedness and evaluated sustainability aspects can be found
from the project website (see www.spire2030.eu/samt).

A subset of the reviewed methods was selected for further examination
according to their ability to meet the needs of the process industry in terms of (1)
the sustainability dimensions considered; (2) the life cycle stages covered, and; (3)
the availability of tools. In total 14 methods were selected for further examination.
These 14 life cycle-based methods were subsequently assessed using a set of
criteria inspired by the RACER approach5. The evaluated methods are listed in
Table 2.

4 Definitions of a method and a tool are presented in Chapter 1.3.
5 The RACER-method was originally developed for assessing value of scientific tools in

supporting policy making (EC 2009). Under the SAMT implementation, the RACER in-
cludes criteria for five key components that stand for:
· Relevance: Life cycle orientation, cross-sectoral, consideration of resource and

energy efficiency aspects.
· Acceptance: (use)fulness, recognition by the industry and the administration.
· Credibility: ambiguity, transparency, standardisation.

http://www.spire2030.eu/samt
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Table 2 Evaluated life cycle-based methods (López et al. 2015).

Short name Method Description
LCA Life Cycle Assessment Life cycle method
MIPS Material Input Per Service Life cycle method, focus on

resources
CED Cumulative Energy Demand Life cycle method, focus on

energy
E-LCA Exergetic Life Cycle Assessment,

Exergy analysis
Life cycle method

CF Carbon Footprint Life cycle method, focus on
GHG emissions

WF Water Footprint Life cycle method, focus on
water

LCA/PEM Hybrid LCA + partial equilibrium
model

Hybrid method

LCAA Life Cycle Activity Analysis Life cycle method
EEA Eco-Efficiency Analysis Integrated method
SEEBALANCE® Socio-Eco-Efficiency Analysis Integrated method
PROSA Product Sustainability Assessment Life cycle method
LInX Life cycle iNdeX Integrated method
SustV Sustainable Value Integrated method
EcoD Ecodesign, Design for Environment Life cycle method

The findings from the RACER evaluation showed that for the moment there is no
single method that would achieve high scores in all the evaluated criteria. In
general terms, gains in versatility and multidimensionality often imply less
acceptance, credibility and, particularly, simplicity and user-friendliness of
methods.

According to the evaluation four of the evaluated methods (out of 14), namely
SEEBALANCE, PROSA, LInX and SustV, cover the three dismensions of
sustainability (environmental, economic and social). However, it seems that these
methods have some deficiencies in terms of practical implementation, and they
are not yet sufficiently known or valued among the industry. Similarly, few of the
methods focus specifically on energy-related aspects (such as carbon footprint
and cumulative energy demand) and a few on resource aspects (Water footprint
and MIPS).

Exergetic-LCA (E-LCA) is a method that has been developed to assess the
qualitative degradation of resources, and can be considered as a very relevant
method from this perspective. However, in order to become more adaptable from
an industrial point of view, the E-LCA approach seems to face some development
needs. These include dealing with complexity of the inventory phase (due to need

· Ease: availability of tools and data, automatisation.
· Robustness: responsiveness, comparability, reliability. (López et al. 2015)

.



14

for transforming all inputs and outputs into exergy units) and need for further
standardisation and practical guidelines for the assessment, to improve
robustness and comparability of results. Consequently, all of the evaluated
methods include aspects that provide relevant information for assessing resource
and energy efficiency, but for a comprehensive assessment a combination of
methods is likely needed.

A conclusion that can be drawn from the RACER-evaluation is that for the
moment a combination of different assessment methods seems to be the most
informative solution, especially when resource and energy efficiency assessments
are considered. In an ideal situation, especially when entering new areas of study,
triangulation of methods (or indicators calculated using different methods) would
be recommended. Credibility, robustness and ease of implementation are aspects
that would require further development to enhance industrial use, when all the
evaluated methods are considered.

However, since all of the evaluated methods have potential in supporting
decision-making, and in practice there is often a need to operate with limited
resources, starting from implementation of one life cycle-based method may be a
relevant solution. Although it might not provide a comprehensive understanding of
all relevant issues, it usually increases understanding of potentially relevant
questions, and of the data needs and other requirements for successful
implementation. This understanding can be deepened by adding further indicators
or methods upon needs and available resources. In any case, in addition to data
availability, an important criterion for selecting a method would be the goal and
purpose of the assessment. (Lopez et al. 2015; Tapia et al. 2016)

Finally, eight methods were either fully implemented or simulated in an
industrial context using a case study approach. Methods tested within the case
studies were selected based on the joint interests of project partners, with the
overall aim of responding to current needs and interests of the industrial actors.
Methods tested within the case studies included: Life Cycle Assessment (LCA),
Material Input per Service (MIPS – Material Footprint), Life Cycle Costing (LCC) ,
Eco-Efficiency Analysis (EEA), Green Productivity (GP), Social Life Cycle
Assessment (S-LCA), Water Footprint (WF), Carbon Footprint (CF), Exegetic Life
Cycle Assessment (E-LCA) and Life Cycle Activity Analysis (LCAA).

The review of methods and tools is described in detail in SAMT project
deliverable 1.1 (Saurat et al. 2015a). A description of the modified RACER
evaluation criteria, together with the method descriptions and evaluation results
are presented in SAMT project deliverable D2.1 (López et al. 2015). Results from
the case studies are presented in SAMT project deliverable 2.2 (Tapia et al. 2016)
and related annexes.

2.3 Challenges and bottlenecks for implementation

Bottlenecks are issues or factors that currently hinder the use of life cycle-based
assessment methods as part of daily activities. A brief summary of the bottlenecks
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identified during the project can be found in Table 3, while a more thorough
discussion can be found in project deliverables D1.2 (Saurat et al. 2015b) and
D3.3 (Pihkola et al. 2017).

Table 3 Bottlenecks hindering the implementation of sustainability assessment as
part of daily activities (Pihkola et al. 2017, based on findings of previous SAMT
project deliverables).

Lack of market demand & consumer uptake

Companies and sectors are in different situations regarding stakeholder demands. Some
sectors are facing regular and diverse stakeholder inquiries, while on many occasions
companies themselves are the main driving force behind the assessments.
Environmental/sustainability information is not yet widely requested by stakeholders,
business partners or end consumers.

Cost & resource demands
LCA methods are often time intensive and laborious to apply. Furthermore results need to
be interpreted by experts, since final conclusions are often not easy to generate. This
restricts their use as part of daily decision-making.

Complex landscape of methods, tools and indicators

Sustainability assessment would need to answer to varying needs from internal and
external stakeholders. One method or tool is usually not capable of addressing all needs.
It is not easy to find a suitable and adjustable combination of methods, taking into account
all needs & available resources (time and money).
In general, the environmental and economic methods are the most mature ones. In turn,
the social methods are still in their infancy in terms of well-established methodological
approaches, harmonised data and availability of tools.
Methods are applied and results are communicated in many different ways, both within
and outside companies.

Data

Data collection and handling are laborious processes.
Good quality primary data is needed especially for the upstream processes.
Uncertainty related to both data and results is not easy to address.

Many of these bottlenecks are not new. For example, in 1999, a study prepared by
the United Nations Environmental Programme (UNEP) assessed progress in life
cycle implementation worldwide (Clark & De Leeuw 1999). The study identified
several barriers that were considered to constrain the potential of LCA results to
support decision-making. Respondents included LCA experts working in different
parts of the world, and use of LCA within industry was one of the topics
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considered within the study. The main barriers were costs of LCA, methodological
issues and communication. (Clark & De Leeuw 1999)

Within the study, data quality and availability were mentioned as major practical
bottlenecks in LCA studies. Additionally, lack of one agreed manner to carry out
an LCA was mentioned, stating that the ISO standardisation did not solve this
problem. Another barrier within this category was that it was not always clear how
LCA “fits in” as related to other available environmental management tools. (Clark
& de Leeuw 1999)

Even though a lot of method and tool development has taken place during the
last 15–20 years, the use of LCA has matured (see e.g. Guinee et al. 2011), and
the European policy framework is strongly in favour of promoting life cycle thinking
(EC 2008; EC 2003), the findings discussed throughout the SAMT deliverables
indicate that many of the barriers identified more than 15 years ago are still
topical. On the other hand, due to the complexity of current sustainability
challenges, and also due to increased understanding of the complex interlinkages
between the environmental, economic and social spheres of sustainability, it is
likely that also the demands posed for the applied sustainability assessment
methods have increased during the years.

2.4 Future research and development needs

Identifying future research needs related to sustainability assessment was one of
the main goals of the SAMT project. In order to promote the integration of life
cycle-based assessment methods as part of daily activities of the process
industries, the following topics for future research and development activities were
identified during the project:

· Simplified LCA-based methods and tools for regular use within companies

· Comprehensive assessments integrating different aspects of sustainability
to support decision-making

· Hybrid methods and tools for cross-sectorial and sectorial assessments

· Methods and tools for addressing circular concepts and regional or local
impacts

· Assessing and communicating positive aspects within the LCA framework

· Support for method and tool selection in different decision-making contexts

Despite that many of these issues are already well-known by the LCA-community,
they are still valid and important. For example, time and resource demands related
to life cycle-based assessments have been acknowledged regularly in the LCA-
related literature. A proposal for defining different levels for LCA methodologies,
and for developing a simplified LCA method was made, for example, by UNEP
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already in 1999, based on a study in which means for improving adoption of LCA
worldwide were proposed (Clark & de Leeuw 1999).

The need to extend the scope of environmental life cycle assessment towards
life cycle sustainability assessment (LCSA) that would include environmental,
economic and social aspects has been discussed in several studies (see e.g.
Guinee et al. 2011; Sala et al. 2013; Finkbeiner et al. 2014). The importance of
further development of the LCSA methodology was highlighted also by the
MEASURE project, which focused on life cycle sustainability and resource
efficiency aspects as applied by the European process industry (Kralisch et al.
2016). Development needs especially regarding the social life cycle assessment
methods and related tools and databases have been highlighted by all three
SPIRE-4 projects, namely SAMT, STYLE and MEASURE.6

Previously, the CALCAS project (Co-ordination Action for innovation in Life
Cycle Analysis for Sustainability), which was funded as part of the 6th Framework
Programme, concluded that substantial research is needed for making the LCSA
framework operational for today’s LCA practitioners. The CALCAS project
highlighted the need to develop LCSA as an interdisciplinary framework that could
help answering questions at different levels (products, sectors, economies) and
address environmental, economic and social aspects, and ideally also the
interlinkages between them (Guinee et al. 2011). The findings of the SAMT project
are in line with these previous recommendations. However, the findings from the
SAMT project point out that in order to enable the implementation of the
comprehensive LCSA methods in industry, a lot of work remains to be done in
harmonising and simplifying the implementation, modelling and interpretation
phases.

To achieve an understanding of a potential contribution of an individual product
on the assessed sector or economy, some form of economic modelling, or hybrid
methods combining LCA with economic models and/or environmentally and
socially extended input-output tables would be required. The interviews and
discussions held during the project indicate that hybrid models do not seem like
realistic or implementable methods for the industry at the moment. Currently,
implementation of these methods requires a lot of work and might be possible only
in the context of large-scale research projects, when there is a chance for both
extensive data gathering and tool building. However, these hybrid approaches are
considered promising, especially for assessing the circular economy objectives
and resource use or recycling on a larger scale, and for the purposes of policy
planning and evaluation. (See also SAMT D3.1 [Pihkola et al. 2016a]; SAMT D1.1
[Saurat et al. 2015a].)

The need to evaluate and communicate positive aspects was highlighted in
several occasions throughout the project. This could be an important motivator for
implementing sustainability assessment methods, as highlighting positive impacts
could be an effective means for motivating people to get engaged with

6 For more information about the STYLE and MEASURE projects, please see:
www.spire2030.eu/style and www.spire2030.eu/measure.

http://www.spire2030.eu/style
http://www.spire2030.eu/measure
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sustainability questions. However, it was emphasised that harmonised approaches
and generally accepted guidelines and means of verification would be required, in
order to avoid any attempts for greenwashing. The extension of sustainability
assessment towards multidimensional assessment that includes social and
economic aspects creates even more need for including positive aspects to the
assessment, such as societal value and well-being (see also Sala et al. 2013).
Handprint is a new concept that has been proposed as a means to describe
positive aspects using life cycle-based assessment methods, but currently, no
agreement exists on how to measure it.

One of the challenges faced during the evaluation of the methods was that
since sustainability assessment methods are applied for many different purposes,
it is difficult to find a method that would cover all needs. A challenge pointed out by
the industrial experts was that it is difficult to find enough information about
available methods and tools. Thus, there is a need for easily accessible and up-to-
date information on methods and tools available and suitable for different
purposes, and also information about the requirements for implementing them in
practice (e.g. data needs and available tools).

When considering the ability to evaluate resource and energy efficiency, which
are among the priorities of the SPIRE PPP, the findings from the SAMT project
pointed out that almost all of the evaluated 14 life cycle-based methods are
capable of providing relevant information for assessing resource efficiency, but a
method for comprehensive assessment of resource efficiency is still lacking.
Current methods are able to increase understanding of different aspects and
impacts related to resource use, but in order to have a comprehensive view a
combination of different methods is required (SAMT D2.1, López et al. 2015).
Similarly, the MEASURE project concluded that several gaps and challenges in
sustainability and resource efficiency assessment still exist. These include, for
example, how resources are defined, and how to define the ratio between benefits
and impacts from resource use. Further confusion relates to the fact that some
methods consider only abiotic resources, while others consider both abiotic and
biotic resources. (Kralisch et al. 2016; Finkbeiner et al. 2014)

In the future, further discussion on harmonised principles for resource efficiency
assessment are needed to clarify the situation. The diversity between approaches
and definitions used in different methods for assessing resource use and resource
efficiency was acknowledged by the industrial experts participating in our study.
To be able to follow the latest developments and understand the differences
between different assessment methods and their underlying assumptions, support
for selecting the most suitable assessment method for each purpose is required.
This need for support and un-biased, up-to-date information concerns resource
efficiency aspects and other sustainability aspects alike.

In addition to the more specific topics listed above, an overarching theme
essential for successful implementation of sustainability assessment methods is
visualisation and communication as enablers for accurate interpretation of the
results. To be able to support decision-making, results from sustainability
assessments have to be communicated to several persons and different
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stakeholder groups that might not be experts in sustainability assessments.
Visualisation of the results was considered crucial for making the results
understandable and more easily interpreted. This is a topic that needs to be
constantly considered and improved, alongside method and tool development.

Another topic, not directly addressed within the project, relates to considering
future development needs from the point of view of small- and medium-sized
enterprises (SME’s). Improving overall sustainability of different process industry
sectors requires methods and tools that are adaptable also for the SME’s that
operate in various roles in different parts of the value chains. Developing
harmonised guidelines for simplified methods, developing tools that would simplify
the data collection process and providing support for method and tool selection
are topics that would benefit also the SME’s and hopefully lower the barriers for
implementing the methods in the future.

A table with more detailed descriptions of the research needs and related
subtopics, together with examples of recent developments is presented in
Appendix A of this report. A more thorough discussion of the research needs is
presented SAMT deliverable D3.2 (Pihkola et al. 2016b).

2.5 Needs for standardisation

Standards are technical documents that set out requirements for a specific item,
material, component, system or service, or describe in detail a particular method,
procedure or best practice. Standardisation is a voluntary cooperation among
industry, consumers, public authorities, researchers and other interested parties
for the development of technical specifications based on consensus.
Standardisation is one of the means to enhance harmonisation within the field of
sustainability assessment methods and sustainability communication. Identifying
potential topics for future standardisation activities was one of the outcomes of the
SAMT project.

As part of the project, existing standards related to sustainability assessment
were reviewed at the beginning and at the end of the project (during spring 2015
and autumn 2016). The findings of the reviews, together with the list of relevant
standards are presented in SAMT project deliverables D1.1 (Saurat et al. 2015)
and D3.2 (Pihkola et al. 2016b), and only the main conclusions and proposals for
future standardisation are presented here.

Currently, there are several standards related to sustainability and sustainability
assessment. Many of the existing life cycle-based methods are standardised, but
the standards most used are those related to life cycle assessment and carbon
footprint. In addition, a big amount of non-standardised ’self-made’ tools and
applications, tailored for companies’ specific needs, are in use. Although some of
them might follow principles of available standards, this variety causes difficulties
in obtaining repeatable, compatible and comparable results. In order to overcome
this problem, harmonisation of methodologies, processes, approaches and tools
would benefit all sectors and stakeholders.



20

From the point of view of standardisation, the environmental pillar is the most
evolved one, and the traditional efforts on standardisation have focused on this
topic. Examples include ISO14000 series which is dedicated to environmental
management and includes the guidance standards for LCA, carbon footprint and
water footprint. In the future, there is a necessity to promote standardisation works
addressing especially the social questions related to social life cycle assessment.
Until now, available standards related to social aspects have mostly focused on
supply chain management and health- and safety-related issues. Interesting new
initiatives with links to economic assessment are ongoing under ISO Technical
Committee (TC) 207, dealing with monetisation of environmental impacts.

Based on the analysis of existing standards and identified future research and
development needs, proposals for potential future standards development and
reviews of existing standards related to sustainability assessment methods were
prepared. These proposals are presented in Table 4.

Table 4 Proposed future standardisation activities (source Pihkola et al. 2016b).

Guidelines for streamlined/simplified LCA
Guidelines for simplified LCA would be required in order to harmonise existing
approaches. There is a need for a lighter assessment process that could be integrated
within daily decision-making, and used for internal communication purposes.

- a new working item proposal under ISO TC 207 including guidance for simplified
LCA is recommended

The guidelines should include :
- principles for preparing a simplified assessment based on existing knowledge

and previous studies
- instructions for handling uncertainty
- guidance for communicating about the results

Data documentation and exchange formats
The experiences from the SAMT case studies (SAMT D2.2) showed that sharing inventory
or impact data across different software platforms and database versions is currently
challenging, since different software tools are not entirely compatible with the exchange
formats available.
This finding is in line with the conclusions reported by the Joint Research Centre (JRC),
stating that existing LCI datasets are mismatched at different levels, representing a major
limitation to the combined use of LCI datasets from different sources, and electronic data
exchange among practitioners and tools. The situation hampers a clear and unambiguous
understanding of LCA studies and their efficient review (EC 2013).

- The findings from the SAMT project underline the importance of improving the
interoperability among ELCD/ILCD DN and existing LCA software packages,
and support further development activities related to development of the ILCD
format as a global standard format, as proposed by EC (2013)

- ISO/TS 14048:2002 Environmental management -- Life cycle assessment --
Data documentation, has been the starting point for the creation of the ILCD
format
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- A review of the ISO/TS 14048:2002, considering the possibility to improve
interoperability of different datasets and software packages is proposed. The
document was last reviewed in 2013

Towards an LCSA standard: Harmonisation of approaches for economic and social
assessments within the LCA framework

The definition of relevant standards for the economic and social LCAs entails developing
consensus on aspects like:

- The selection of a functional unit that is equally relevant for the social and
economic spheres

- The establishment of consistent – but flexible – system boundaries for the
economic and social spheres that is nonetheless compatible with the one
defined for the environmental dimension

- The access, collection, handling, managing and exchanging of economic and
social data

- The establishment of specific allocation criteria
- The definition of stable impact categories and subcategories
- The definition of consistent characterisation models, including the definition of

normalisation and weighting criteria, rules and methods
The economic, social and environmental spheres of sustainability should be integrated
within a consistent LCA framework. On top of the abovementioned aspects, addressing
the integration challenge will entail finding consensus on:

- The relevance and convenience of producing synthetic scores that inform
simultaneously on the three sustainability spheres

- The generation of guidance regarding the provision of meaningful visualisation
products

- The definition of agreed mechanisms to communicate – and implicitly to deal
with – trade-offs between the three spheres

Relevant TC: ISO/TC 207 Environmental management, SC5 Life cycle management
Circular economy aspects

Current standards lack guidance on specific aspects of circular economy like renewability
and circularity.

- ISO 14040-44 and related standards should be improved and updated to provide
a clear methodological approach for handling questions relevant for "closing the
loop" models

- Relevant questions include for example circularity, re-use and utilisation of
waste streams
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3. A path for future development

One of the aims of the SAMT project was to create a roadmap and an
implementation strategy for developing and implementing a consistent set of
sustainability assessment methods for the process industry by 2030. The SAMT
vision, roadmap and implementation plan were created using the roadmapping
methodology.

Roadmapping is commonly applied in foresight studies to support strategic
planning and vision building. It is a flexible technique that is widely used within
industry to support strategic and long-term planning. Roadmapping provides a
structured means for exploring and communicating the relationships between
evolving and developing markets, products and technologies over time. A
particular feature of technology roadmapping is a time-based structure. (Phaal et
al. 2004)
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3.1 Vision 2030

Figure 2 SAMT Vision statement – Sustainability assessment by 2030.

SAMT vision was created based on findings of group discussions that were held
as part of the second open SAMT workshop on February 2016 in Bilbao.
Altogether 27 participants representing 19 different organisations from industry
and research organisations participated in the workshop7. The aim of the vision-
building exercise was to draft a picture of a desired future state for sustainability
assessment: – What should sustainability assessment look like by 2030? Thus,
the vision was considered to represent a long-term strategic target, reaching until
2030. The outcome of the exercise is presented in Figure 2.

In addition to the actual vision, the discussions at the workshop addressed
desired elements of sustainability assessment. A consensus on the following
characteristics was found among the participants:

· Sustainability assessment includes environmental, economic and social
aspects and covers the whole life cycle.

· It should be capable of highlighting both positive and negative aspects
related to products, services or organisations.

· Sustainability assessment is increasingly requested by customers, society
and stakeholders, becoming a usual market-driven practice.

7 Participants of the workshop are mentioned on pages 33–34.
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A description of the vision building process, together with the roadmapping
process is presented in SAMT project deliverable D3.3 (Pihkola et al. 2017).

3.2 Roadmap for sustainability assessment in the process
industries

The main building blocks of the SAMT roadmap are divided to Drivers,
Bottlenecks, Industrial needs and Solutions. These are considered as central
elements that should be thought about to increase the uptake of sustainability
assessment methods and to strive for increased harmonisation of the
assessments across sectors. Important societal drivers include mitigating climate
change and coping with resource scarcity, while micro-scale developments are
concrete development needs related to life cycle-based sustainability assessment.
Potential solutions include specific activities related to Methods, Tools, Data and
Cooperation between different actors.

The visualised roadmap of the SAMT project is presented in Figure 3. It aims to
highlight the most important elements and development paths for promoting the
use and harmonisation of sustainability assessment methods within the process
industries, and reaching towards the vision. The roadmap brings together and
illustrates the main findings of the SAMT project. The building blocks included
within the roadmap are based on the studies conducted during the SAMT project,
on the feedback received and discussions held with project partners and
stakeholders during years 2015–2016.
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Figure 3 Visualisation of the SAMT roadmap (source: Pihkola et al. 2017).
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A preliminary version of the roadmap was presented at the SAMT and STYLE final
workshop on October 6th 2016, and a more detailed description of the roadmap
can be found in SAMT project deliverable 3.3 (Pihkola et al. 2017).

3.3 Proposed future actions and their implementation

The aim of the implementation plan is to propose concrete actions that should be
done in order to mainstream the use of sustainability assessment within process
industries and to increase harmonisation. Within the implementation plan, actions
proposed as part of the roadmap are clustered as short-term proposed activities
(0–3 years) and medium-term (3–6 years) and long-term (6–10 years) strategic
considerations. Proposed timing is indicative, and many of the proposed actions
are interlinked. An overview of the main elements and actions of the
implementation strategy according to proposed timing is illustrated in Figure 3.

Figure 4 SAMT Implementation plan in a nutshell.

According to the findings of the project, in the short term, the development
activities should be focused on further development and standardisation of the
environmental, economic and social assessment methods and related tools.
Further efforts are needed also for increasing the robustness of the methods and
considering possibilities to ease the implementation phase with new tools and
automatisation. In addition, emphasis should be given to different possibilities for
increasing data availability, through joint efforts and finding ways to overcome
current technical challenges related to interoperability and incompatibility. In
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general, cooperation and knowledge exchange are considered useful for
increasing harmonisation and consensus building.

In the medium term, the focus of the activities should be targeted at actions that
are required in order to enable flexible integration and implementation of different
methods and tools. This is important for applying sustainability assessment
methods in different decision-making contexts and addressing the needs of
different stakeholders. It would also support creating comprehensive
understanding of relevant sustainability aspects. In the long term, the main goal
and focus should be on mainstreaming the use of methods as part of regular
reporting systems and activities, and on increasing the general awareness among
all value chain actors, including customers and consumers, about relevant
sustainability aspects in different contexts.

It is important to note that since sustainability assessment should be able to
respond to continuously evolving needs arising from the interactions of society and
the natural environment, it is an area which will most likely never become totally
ready. Comparison of our findings with some of the earlier studies (see e.g. Clark
& de Leeuw 1999; Finkbeiner et al. 2014) showed that many of the development
needs have been recognised already years ago. And still, they remain as
challenges for the future.

A detailed list of proposed actions and their potential timing is presented in
Appendix B of this report. A more thorough discussion can be found in SAMT
project deliverable D3.3 (Pihkola et al. 2017).
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4. Conclusions and recommendations

The findings of our studies pointed out that life cycle-based sustainability
assessment methods and life cycle thinking are implemented in many kinds of
activities within the different process industry sectors. However, there is room for
further improvement and mainstreaming the use of the methods, and especially in
integrating the methods in different processes where information is produced for
decision-support on a daily basis. For this purpose, applied methods need to be
flexible, adaptable and capable of taking into account different decision-making
contexts and local characteristics. Another important feature would be to allow
different levels of assessment, from simplified to comprehensive.

Ideally, information from environmental, economic and social aspects should be
processed in a consistent manner, allowing integration of the results in a
meaningful way. Barriers for implementation and cooperation should be lowered
with the help of tools that could be applied for data collection and handling, and
improving the interoperability of different softwares and datasets.

The vision statement developed as part of the roadmapping process describes
a desired future state related to use of sustainability assessment methods within
industry. According to the SAMT vision “Sustainability assessment provides
additional value for industrial decision-making. Related methods are widely
integrated in industrial activities, promoting competitiveness, sustainability, co-
operation and data exchange within and between sectors and value chains.”

In order to reach this goal, future activities should be targeted to achieve a
comprehensive understanding of different sustainability aspects, at the same time
allowing easy implementation of the methods. The implementation and
interpretation phases should be supported by flexible tools and compatible
datasets. Methods and tools should be applicable for addressing different aspects
of sustainability, and for conducting either comprehensive or streamlined studies,
depending on the purpose. Results of the assessments should be communicated
in a way that would help decision-makers and stakeholders in making sustainable
choices.

Harmonised principles for conducting the assessments and reporting and
communicating the results are required, but due to a variety of needs and actors, it
is unlikely that one solution could fit with all needs. While a lot of information on
existing methods, tools and data sources is already available, collecting and
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comparing information from different sources is a laborious task for which support
and new technological solutions would be required.

Important drivers for implementing sustainability assessment originate from
strategic choices of individual companies, from stakeholder requests and from the
demands posed by the European policy framework. It is expected that demands
originating from external stakeholders will increase in the future. This is important
since integrating sustainability principles and life cycle thinking as part of daily
decision-making requires some effort and long-term commitment at different levels
of the organisation. Stakeholder interests are important drivers that can motivate
companies to further invest in sustainability management, assessment and
reporting.

Conducting an assessment that covers a full life cycle, combines information
from many different sources and considers different aspects of sustainability can
be a challenging task. Providing simple answers is often difficult, since many
issues are interlinked, one decision having an impact on another. And it might not
be possible to measure everything that would be relevant in each case. Although
sustainability assessement can rarely provide ready-made answers to complex
decision-making situations, the findings of the SAMT project highlighted many
positive features that act as motivators for further developing and implementing life
cycle-based assessement methods to support decision-making.

What is most important, sustainability assessment increases understanding of
the evaluated phenomena, helps preventing burden shifting and provides sound,
science-based background information for decision-making. As a consequence,
methods applied for sustainability assessment can be considered as necessities
for dealing with the many environmental, social and economic challenges currently
faced.

4.1 Recommendations

In order to reach the vision and to promote the actions highlighted within the
roadmap and the implementation plan, specific recommendations were prepared
to the process industry, the European Commission and European policy makers
and LCA research community. These recommendations have been originally
presented as part of SAMT project deliverable D3.3., and only small adjustments
and clarifications were included for the purposes of this summary report.

4.1.1 To industry

· Reflect either internally or together with stakeholders, what kind of value
the integration of sustainability assessment may create, and what kind of
resources it would demand. A thorough integration of sustainability
principles is a long process that requires resources, but dividing it in
smaller steps and focusing on the most essential issues will make it
manageable, also for smaller companies. Learning from experiences of
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others is usually helpful. Learning can occur through networking and
participation in related seminars and workshops.

· Active communication both internally and externally to increase
understanding of relevant sustainability aspects, and on aspects to which
each actor may contribute would be important to increase motivation. This
will require efforts in engaging with stakeholders to understand their needs
and interests.

· Active implementation of sustainability assessment methods, testing the
newly available guidelines and frameworks to gain experience regarding
their usability and applicability in practice is important. Experiences should
be communicated towards method and tool developers, to enable further
development.

· Participation in research projects that aim to develop and implement
methods and tools for sustainability assessment in order to integrate the
user point of view and to test the methods in practice.

· Participation in standardisation activities and increasing knowledge of
existing standards and guidelines within one’s own value chain is strongly
encouraged, in order to promote harmonisation of the applied approaches
within and across sectors.

· Communicating in an open and transparent manner, and working together
with industry associations is encouraged to increase availability of
generalised, high-quality LCI data, and to create harmonised rules for data
sharing.

4.1.2 To policy makers

· Life cycle thinking and sustainable development should be kept within the
focus of the European policy framework, and as a guiding principle when
developing the circular economy.

· Dedicating enough research funding specified for life cycle-based methods
and tool development is important. Continuous development of the
assessment methods is a necessity to be able to deal with the complex and
continuously evolving sustainability challenges. Up-to-date methods are
required for ensuring that useful information is created and provided for
decision support, both for industrial actors and for policy planning and
evaluating purposes. Taking into account the needs of different users as
part of the development is crucial, as there is no single solution that would
match with the many needs of different users.

· Development of specific tools in the context of European collaborative
research projects is required in order to ease the implementation of the
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sustainability assessment methods, and to help in assuring the quality of
the assessment results.

· Providing enough funding and workforce for development of the European
Platform on Life Cycle Assessment (EPLCA) and to the European
reference Life Cycle Database (ELCD) or other means for interactive
sources of information related to available methods, tools and guidelines
and their applicability in different contexts would be required. This could
(for example) take the form of a toolbox which would guide users in
different stages of the assessment process. Emphasis should be put on
availability of up-to-date data, easy access and comprehensiveness of the
information, taking into account the needs of the users. In addition, active
communication would be required to guide the stakeholders in finding
correct information.

· Dedicating enough funding and workforce for solving the issues related to
challenges in interoperability of different LCI data formats, and clarifying
the role of the ILCD format in relation to other available formats would be
important for overcoming some of the technical challenges related to
sectorial and cross-sectorial cooperation.

4.1.3 To LCA research community

· User needs should be taken as one of the criteria when developing
methods and tools, to increase their adaptability in practice. Needs for
streamlined assessment, flexibility, supporting tools and communication
are among important topics to consider.

· In particular, the scientific community should contribute to developing
effective (i.e. expressive and understandable), cost-efficient,
technically-feasible and scientifically-sound schemes for communicating
sustainability at firm, sector and spatial levels.

· In addition, the research community should contribute to defining stable
sustainability benchmarks and assisting decision-makers in setting
balanced policy targets within all sustainability spheres.

· Some level of development and testing of new approaches for
sustainability assessment should be integrated in all research projects.
When conducting sustainability assessments, the assessment should be
integrated into other development activities as much as possible,
supporting sustainable product and technology or service development and
increasing awareness of relevant sustainability activities. A step-wise
approach, starting from a simplified assessment and moving towards a
more comprehensive assessment, is recommended, also in the context of
research and development projects, whenever applicable.
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· Consider possibilities to combine LCA-based methods with other existing
methods for sustainability assessment in different contexts. This would be
important for developing and testing the life cycle sustainability assessment
approach.

· Similarly, life cycle-based sustainability assessments could be scaled-up
from product level to sector and economy level basing on hybridised
methods, addressing global sustainability challenges at a more strategic
level.

· Follow-up and participate actively in national, European and global
standardisation activities to ensure a solid scientific basis of the
standardised methods.

· To contribute to harmonisation efforts by referring to accepted and well-
known methods, and applying standardised methods, indicators and
vocabulary, whenever available.

· In all cases, report transparently applied methods, functional unit,
assumptions and limitations of studies, and related uncertainty (as required
by, e.g. ISO 14040-44 standards). Consider the needs and interests of the
stakeholders and respondents when communicating the results.
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Irene Rodriguez Serrano (Technical, Environment and Energy Research Centre ,
CIEMAT), Teresa Ros Dosdá (Instituto de Tecnología Cerámica), Alexander
Röder (CEMEX), Peter Saling (BASF SE), Kianga Schmuck (Bayer Technology
Services GmbH), Sophie Sfez (Ghent University), Jostein Søreide (Hydro), Carlos
Tapia (Tecnalia).

The preliminary findings and conclusions from the project, together with a draft
version of the roadmap were presented in a final workshop that was held in
conjuction with the STYLE project on October 6th 2016 at Brussels. We are
grateful to all stakeholders who provided their comments during the workshop.
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Appendix A: Identified future research needs

Table 5 Areas for future research needs based on SAMT findings (source SAMT D3.2, Pihkola et al. 2016b).

Simplified LCA based methods and tools for regular use within companies

Specific challenge:
- Agreement on harmonised principles and approaches for the assessment
- Access to site-specific or primary data and possibility to modify pre-defined assumptions
- Automatisation of a high number of calculations (including tools for data collection & handling)
- Limited simulation capabilities (possibility of building what-if scenarios and alike)
- Handling and communicating uncertainty
- Interpretation and utilisation of results within a business context, e.g. for strategic decision-making
- Limit the complexity and costs of the assessments, in particular among SMEs

Examples of recent developments:
- Industrial applications and in-house tools: EPD calculator developed by the cement sector, Eco-Efficiency Manager developed

by BASF
Need:

- Internal decision-making, research and development
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Comprehensive assessments integrating different aspects of sustainability to support decision-making

Specific challenge:
- Harmonisation of principles related to normalisation and weighting
- Transparency of the integration step, possibility to trace back and identify impacts of choices made
- Further development & integration of social assessments

Examples of recent developments:
- ISO 14008 Monetary value of environmental impacts
- Roundtable for Social metrics and WBCSD guidelines for social LCA

Need:  -Internal decision-making, internal & external communication

Hybrid methods and tools for cross-sectorial and sectorial assessments8

Specific challenge:
- Assessing impacts on a sector or economy
- Assessing impacts of circular use of resources and raw materials, considering that most hybrid methods and IO datasets neglect

end-of-life phases
- Extending scope from micro-level evaluations to macro-level assessment (e.g. impacts of new technology at plant level vs.

impacts of technology diffusion within or across sectors)
Examples of recent developments:

- EE-IO9

- LCAA10

- LCA/PEM11

Need:
Evaluating impacts of research and innovation actions and circular economy, policy planning & evaluation

8 Hybrid methods combine the standard or classical form of LCA and IO, with the aim of combining the strengths of each method. It is called a ”hybrid
method” because it combines bottom-up LCA inventory analysis based on a stacking method with top-down input–output table inventory analysis
(Nakamura & Nansai 2016).

9 IO is concerned with quantitatively capturing the interdependences among different sectors of the economy via the flow of inputs and outputs at high
levels of sectoral resolution. Interdependences emerge because sectors require each other’s outputs as inputs (Nakamura & Nansai 2016).
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Methods and tools for addressing circular concepts and regional or local impacts

Specific challenge
- Integrating impacts on biodiversity within the standard LCA framework
- Assessing impacts of circular use of resources & recycling and understanding the implications of such impacts for local

economies and the environment
- Considering compatibility of SIA and EIA and other methods (developed for addressing local impacts) with the LCA framework
- Addressing local economic and social impacts over the entire value chain of goods and services
- Availability of local data & characterisation factors

Example of recent development:
- Water footprint (ISO14046) with regional characterisation factors , World Impact+ method

Specific need:
- Policy planning, Internal decision-making, internal & external communication

Assessing and communicating positive aspects within the LCA framework

Specific challenge:
- Measuring created benefits (such as societal value or increased well-being)
- Agreement on harmonised principles (e.g. definition of the baseline) and verification

Examples of recent developments:
- Development of the handprint concept that describes positive impacts

Specific need:
Internal & external communication

10 Activity Analysis is the economic equivalent to LCA. It is a partial economic analysis modelling that aims at the characterisation of an industry or a
sector in economic terms. LCAA combines both approaches, providing a mathematical format suitable for the representation of an entire vertical pro-
duction chain both in economic and environmental terms (Freire et al. 2002).

11 Equilibrium models are closely related to IO models. Still, as opposed to LCA and IO, equilibrium models are based on a set of economic assumptions
based on a top-down conceptualisation of the economic system. The main assumption is a perfect substitution based on price mechanisms.



A4

Support for method and tool selection in different decision-making contexts

Specific challenge:
- Providing open access, balanced and up-to-date information of available methods, tools and databases and their compatibility
- Finding the best available methods to support decision-making in different contexts, taking into account requirements for

successful implementation (e.g. data availability & resource demands)
- Finding appropriate tools to aid implementation of the methods and data handling, and increasing uptake of information within

enterprises
Examples or recent developments

- In-house tools for sustainability assessment
- Strategic-LCA

Specific need:
Internal decision-making, internal & external communication
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Appendix B: Proposed future actions
Table 6 Specific actions proposed as part of the SAMT implementation plan (source: SAMT D3.3, Pihkola et al. 2017).

METHODS
Action Means Actors Timing
Improvement of existing
environmental assessment methods

Preparations and related method development for a
new initiative “Guidelines for simplified LCA” under ISO
TC 207

Standardisation body + dedicated
stakeholder, involvement from industry &
RTOs, ISO SC5

Short term

Improvement of current standards in a way that they
provide a clear methodological approach to handle
"closing the loop" models, i.e. aspects related to
circular economy

Standardisation body + dedicated
stakeholder, academia, industry

Short term

Testing the PEF framework and the newly developed
biodiversity indicators proposed by PEF and UNEP
(see Pihkola et al. 2016b, SAMT D3.2) to gain
experience and further develop the approach

Academia, JRC, Industry Short/Medium
term

Further development and implementation of impact
assessment methods related to toxicity (such as
ProScale and USEtox), Abiotic depletion potential,
Ionisation potentials, micropollutants and others

Academia, JRC, Standardisation body Medium term

Further development of social
assessment methods

Enhancing/increasing use & knowledge of social
assessment methods, e.g., by testing the newly
developed S-LCA guidelines (see Tapia et al. 2016,
SAMT D2.2)

Industry (involving stakeholders,
community & market demands), WBCSD,
RTOs

Short term
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Standardisation of social impact assessments, in
particular Social-LCA

Standardisation body + dedicated
stakeholder, involvement from industry &
research

Medium term

Standardisation of monetisation
aspects

Considering usefulness of input/output systems and
monetisation aspects via active involvement in new
standardisation initiatives (ISO 14008 & 14007)

Standardisation body + dedicated
stakeholder, involvement from industry &
RTOs, ISO SC5 & SC1

Short term

Further development of integrated
assessment approaches

Harmonisation of integrated assessment methods
working in particular on the critical issues of
1) normalisation and weighting
2) possible generation of synthetic scores
3) communication and visualisation, trade-off
identification and assessment

RTO’s, Industry, Commission (H2020
funding)

Short/Medium
term

Guidance for method and tool
selection

Extension and continuous development of the ELCD
platform

Commission, JRC, stakeholders Short/Medium
term

Development of a web-based system to support
method and tool selection, offering comprehensive and
up-to-date information of available methods and tools,
with the possibility to search for suitable methods for
different decision-making contexts and sustainability
challenges according to selected criteria

Commission (H2020), with contributions
from industry, academia and stakeholders

Medium term
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TOOLS
Action Means Actors Timing
Development of tools to simplify
data handling & management

Development of automatised steps to simplify data
collection, handling and uncertainty management.
Examples of successful developments from industry
include for example PreSelect and Ecovadis

LCA software developers, ICT experts,
with contributions from LCA practitioners
from industry & academia

Short term

Development of simple tools
adaptable to different contexts

Providing access to site-specific or primary data and
possibility to modify pre-defined assumptions in
simplified tools

LCA software developers, ICT experts,
LCA practitioners (industry & academia)

Short term

Adaptable tools allowing a shift between different levels
of assessments: from simplified to comprehensive and
vice versa

LCA software developers, ICT experts,
LCA practitioners (industry & academia)

Medium term

Integration of tools for improved visualisation of results,
& handling and visualisation of uncertainty

LCA software developers, ICT experts,
LCA practitioners (industry & academia)

Medium term

Tools for high throughput
calculations of scenarios

LCA Internet Managers/calculation tools for scenario
calculations

LCA software developers, ICT experts,
LCA practitioners (industry & academia)

Medium term
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DATA
Action Means Actors Timing
Improving interoperability between
different datasets and LCA
softwares

Improving the interoperability among ELCD/ILCD DN
and existing LCA software packages, taking into
account related global developments under the
UNEP/SETAC Life Cycle Initiative

LCA software developers and data
providers, JRC

Short

A review of the ISO/TS 14048:2002 ‘LCA data
documentation format’, considering the possibility to
improve interoperability of different datasets and
software packages, creating updated and extensive
principles for data documentation, and taking into
account the developments related to ILCD DN and
UNEP/SETAC LCI

Standardisation body, ISO TC207, LCA
software developers and data providers,
JRC

Short

Improving availability of LCI data Increasing availability of generalised LCI data from
different sectors via cooperation through the industry
associations, using agreed principles for transparent
data documentation

Industry, Industry associations, database
providers

Short/Medium

Agreed principles for confidential data sharing (e.g.
using a black box model proposed by the MEASURE
project or similar approach)

Industry associations Medium

Considering and developing new approaches to
increase availability of generalised data for social
assessments

All actors Medium/long
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CO-OPERATION
Action Means Actors Timing
Dialogue between industry & method
and tool developers

Communicating industrial needs & implementation
challenges to LCA community

Active dissemination of the results from
all the SPIRE4-projects to LCA
practitioners working in industry and
academia, to software developers and to
other stakeholders

Short term

Cross-sectorial forum for
exchanging knowledge and good
practices

Joint sustainability working group or forum across
different process industry sectors and LCA or
sustainability experts to share experiences and good
practices

SPIRE PPP and partner organisations Short/Medium
term

Increasing market uptake, customer
and consumer knowledge

Increasing interest and awareness for making
sustainable choices through active communication and
education activities, and increasing availability of easy
access sustainability information in products

Industry, authorities, academia Long term



 rebmun dna eltit seireS

 TTV ygolonhceT   992

 eltiT ssecorp eht ni tnemssessa ytilibaniatsuS  
erutuf rof shtap dna ecitcarp tnerruC – seirtsudni  

 tnempoleved
 tcejorp TMAS eht morf snoitadnemmocer dna snoisulcnoC

 )s(rohtuA ,aipaT solraC ,ajoyllyM okuoJ ,yelredeF ajiaM ,alujaP aniiT ,alokhiP annaH  
 taruaS ueihtaM & ffohttiR leahciM

 tcartsbA era gnikniht elcyc efil dna sdohtem tnemssessa ytilibaniatsus desab-elcyc efiL  
yrtsudni ssecorp tnereffid eht nihtiw seitivitca fo sdnik ynam ni detnemelpmi llew  

eht gnimaertsniam dna tnemevorpmi rehtruf rof moor si ereht ,revewoH .srotces  
tnereffid ni sdohtem eht gnitargetni rof yllaicepse dna ,sdohtem eht fo esu  

 .sisab yliad a no troppus-noisiced gnidivorp fo elbapac sessecorp
cigetarts eht morf etanigiro tnemssessa ytilibaniatsus rof srevird tnatropmI  

snoitadnemmocer dna sdnamed eht morf dna ,seinapmoc laudividni fo seciohc  
 .krowemarf ycilop gniylrednu eht fo

  
stcepsa tnereffid fo gnidnatsrednu eht sa ,esira ot mees sdeen tnempoleved weN  
erom emoceb sredlohekats morf sdnamed eht sa dna ,sesaercni ytilibaniatsus fo  

ot srewsna edam-ydaer edivorp ylerar nac sdohtem eht hguohtlA .tneuqerf  
eht fo gnidnatsrednu esaercni yeht ,snoitautis gnikam-noisiced xelpmoc  

,dnuos a edivorp dna gnitfihs nedrub gnitneverp pleh ,anemonehp detaulave  
 .gnikam-noisiced rof dnuorgkcab desab-ecneics

  
latnemnorivne morf gnivom si sdohtem desab-ACL eht fo tnempoleved eht sA  

edulcni dluow taht stnemssessa lanoisnemiditlum sdrawot stnemssessa  
,level rotces ot level tcudorp eht morf dnetxe dna stcepsa laicos dna cimonoce  

eht fo noitaterpretni dna noitatnemelpmi lufsseccus ot detaler stnemeriuqer  
 .esaercni stluser

  
gnidnatsrednu evisneherpmoc a eveihca ot detegrat eb dluohs seitivitca erutuF  

noitatnemelpmi ysae gniwolla emit emas eht ta ,stcepsa ytilibaniatsus tnereffid fo  
eb dluohs sesahp noitaterpretni dna noitatnemelpmi ehT .sdohtem eht fo  

dluohs sloot dna sdohteM .stesatad elbitapmoc dna sloot elbixefl yb detroppus  
,yllatnemercni ,ytilibaniatsus fo stcepsa tnereffid gnisserdda rof elbacilppa eb  
no gnidneped ,seiduts denilmaerts ro evisneherpmoc rehtie gnitcudnoc rof dna  

taht yaw a ni detacinummoc eb dluohs stnemssessa eht fo stluseR .esoprup eht  
 .seciohc elbaniatsus gnikam ni sredlohekats dna srekam-noisiced pleh dluow

 NRU ,NSSI ,NBSI  NBSI 9-8458-83-159-879  )snoitacilbup/tcapmi/moc.hcraeserttv.www//:ptth :LRU( 
 L-NSSI  1121-2422

 NSSI X221-2422  )enilnO( 
:NBSI:NRU/fi.nru//:ptth  9-8458-83-159-879

 etaD  7102 yaM

 egaugnaL  tcartsba hsinniF ,hsilgnE

 segaP  .p 9 .ppa + .p 73

 tcejorp eht fo emaN -noisiced troppus ot sloot dna sdohtem tnemssessa ytilibaniatsuS
 TMAS - seirtsudni ssecorp eht ni gnikam

 yb denoissimmoC  

 sdrowyeK elbaniatsus ,tnemssessa elcyc efil ,tnemssessa ytilibaniatsus  
 gnikam-noisiced ,pamdaor ,yrtsudni ssecorp ,tnempoleved

 rehsilbuP  dtL dnalniF fo ertneC hcraeseR lacinhceT TTV
 111 227 020 .leT ,dnalniF ,TTV 44020-IF ,0001 xoB .O.P

http://www.vttresearch.com/impact/publications
http://urn.fi/URN:ISBN:978-951-38-8548-9


 oremun aj ajras nusiakluJ

 TTV ygolonhceT   992

 ekemiN itnioivra neskytihek nävätseK  
aj äjekkremisE – asseduusilloetissesorp  

 ajuklopsytihek neduusiavelut
 atsitkejorp-TMAS aiskutisous aj äiskötääpothoJ

 )t(äjikeT ,aipaT solraC ,ajoyllyM okuoJ ,yelredeF ajiaM ,alujaP aniiT ,alokhiP annaH  
 taruaS ueihtaM & ffohttiR leahciM

 ämletsiviiT ällät näätennydöyh äimletenemitnioivra neskytihek nävätsek aisiajhopiraaknilE  
asseduusiavelutihäL .allierotkes ire neduusilloetissesorp itsesiloupinom ällekteh  

äättinniik isilut ässeskytihek nejulaköyt neivekut äöttyäk nediin aj neimletenem  
atsillodham isilo äimletenemitnioivra aisialire akniuk ,nehiis itsesiytire atioimouh  

 .aoketneskötääp ätsiäviäpakoj netsytiry iskaso adiorgetni
  

atiethok noimouh aj neskutsonniik aisuu aj ,suusianokok ajaal no sytihek ävätseK  
söym atietsaah aattesa ämäT .niojailäv nisillönnääs niise eesuon  

ävättytsyp isilo nediin ällis ,elleskytihek nejulaköyt aj neimletenemitnioivra  
tesillodham nooimouh naamatto aj niiskymysyk niipmesianinom ähy naamaatsav  

ätsiskymysyk atsivatletsakrat tenoM .neetuolat aj nöötsiräpmy ,niisimhi teskutukiav  
atietsaah aattesa ämäT .atsimaasosiokire aj äimletenem atienutsiokire tävättyllede  
nammisillodham tavisilo teskolut attoj ,ellännitseiv aj ellanniklut netsolut itsesiytire  

ätte assoetneskötääp netsytiry äkes ässivättennydöyh nivyh  
 .ätsimeket nejotnilav neivätsek tavisiattuasede aj ässännitseivämhyrsodis

  
aimitsunnak äivättikrem atsamlukökän netsytiry nedienutsillaso neeskumiktuT  

,tannilav tesigetarts tamo neskytiry tavo ellinnioivra neskytihek nävätsek  
.teskymysyk tämättise neimhyrsodis äkes teskumitaav tamattesa nönnädääsnial  

nes aj atsujtekovra atsavatletsakrat ätsyrrämmy ääsil itnioivrairaaknilE  
.iskeut noetneskötääp aoteit aavutuajhop neeskumiktut aattout äkes atsiskutukiav  

neraaknile ätsimätriis neskutimrouk äättläv naadiov alleetsurep ninnioivra iskäsiL  
 .neesiot atsakoulsutukiav iat atseehiav

  
attevrat asseduusiavelut ,ässönnätyäk aattuetot sälöyt allo iov itnioivra ajaal aksoK  

aatsinnut atsillodham isilo atlajhop nedioj ,ellimletenem elliyvek .sn itsesiytire no  
evrat yytnääsil itsesiakianamas atlaasioT .atiethoksytihek aj aiskutukiav äipmiekrät  

aiskutukiav aisialire assioj ,elliennioivra ellimmesiatlavsianokok ätsitne söym  
,ellimletenem no attevrat ätsiytirE .itsesiakianamas naameletsakrat niisiättytsyp  

aj neimletsejräjoteit nedium aiviposneethy tavisilo aktoj ,ellieknapoteit aj elliulaköyt  
nämytriis navatsuoj tavisiatsillodham aktoj aj assnak neimlejho  

 .neesiot atsamlukökänuletsakrat

 NRU ,NSSI ,NBSI  NBSI 9-8458-83-159-879  )tusiakluj/fi.ttv.www//:ptth :LRU( 
 L-NSSI  1121-2422

 NSSI X221-2422  )usiaklujokkreV( 
:NBSI:NRU/fi.nru//:ptth  9-8458-83-159-879

 akiausiakluJ  7102 uukokuoT

 ileiK  ämletsiviit nenileiknemous ,itnalgnE

 äräämuviS  .s 9 .ttiil + .s 73

 imin nitkejorP -noisiced troppus ot sloot dna sdohtem tnemssessa ytilibaniatsuS
 TMAS - seirtsudni ssecorp eht ni gnikam

 tajattiohaR  

 tanasniavA ,itnioivra ,suusilloetissesorp ,itnioivrairaaknile ,sytihek ävätsek  
 attrakeit ,oketneskötääp

 ajisiakluJ  yO TTV sukseksumiktut naigolonkeT
 111 227 020 .hup ,TTV 44020 ,0001 LP

http://www.vtt.fi/julkaisut
http://urn.fi/URN:ISBN:978-951-38-8548-9


seirtsudni ssecorp eht ni tnemssessa ytilibaniatsuS  
  tnempoleved erutuf rof shtap dna ecitcarp tnerruC –

 tcejorp TMAS eht morf snoitadnemmocer dna snoisulcnoC
 
  

TMAS eht fo snoisulcnoc niam eht sesirammus troper sihT  
-noisiced troppus ot sloot dna sdohtem tnemssessa ytilibaniatsuS'

TMAS eht fo mia ehT .tcejorp 'seirtsudni ssecorp eht ni gnikam  
eht gninrecnoc snoitadnemmocer ekam dna weiver ot saw tcejorp  
ni ytilibaniatsus gnitaulave rof laitnetop tsetaerg eht htiw sdohtem  
ecruoser dna ygrene no yllaicepse gnisucof ,yrtsudni ssecorp eht  

 .ycneicfife
  

morf srotca lairtsudni gnidael fo secneirepxe eht detcelloc TMAS  
dna ,seirtsudni lacimehc dna etsaw ,retaw ,latem ,lio ,tnemec eht  

ytilibaniatsus desab-elcyc efil gnitsixe deilppa dna deweiver  
emoctuo na sA .txetnoc lairotces-ssorc a ni sdohtem tnemssessa  

rof nalp noitatnemelpmi na dna pamdaor a ,tcejorp eht fo  
rof dna sdohtem tnemssessa ytilibaniatsus tnetsisnoc gnipoleved  

 .detaerc saw seirtsudni ssecorp nihtiw esu rieht gnimaertsniam
  

rof emmargorP krowemarF UE eht morf gnidnuf deviever TMAS  
tnemeerga tnarg rednu ,0202 noziroH ,noitavonnI dna hcraeseR  

etatS ssiwS eht yb detroppus saw krow ehT .727636 .on  
rednu )IRES( noitavonnI dna hcraeseR ,noitacudE rof tairaterceS  

 .600.51 rebmun tcartnoc
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eht ni tnemssessa ytilibaniatsuS  
ecitcarp tnerruC – seirtsudni ssecorp  

  tnempoleved erutuf rof shtap dna
 

morf snoitadnemmocer dna snoisulcnoC  
 tcejorp TMAS eht
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