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Abstract
This report gives a comprehensive overview of commonly used methodologies for a sustainability
assessment which were reviewed and evaluated based on certain criteria in order to identify a suitable
methodology for the subsequent accompanying sustainability assessments of waste prevention and
management activities within the URBANWASTE project. The results of this deliverable will be fed into task
2.3 and task 2.4 in order to define which input data will be necessary being collected for the actual
sustainability assessment. The main methods identified, were the combination of MFA and LCA for the
subset environmental assessment, eco-efficiency (EE) under partly consideration of CBA and LCC for
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economic assessment, and a set of individually developed indicators reflecting social assessment (under
consideration of SLCA).
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Summary
Within WP 2 of the URBANWASTE project waste-related, tourism-related and socio-economic data are
collected in the 11 pilot cases. Based on the collected data, the status-quo situation is assessed with the
methodologies selected in this Deliverable (D2.2). In addition, future scenarios for the pilot cases will be
developed (WP 4) and, partly, selected innovative strategies for waste prevention and management will be
implemented (e.g. at hotel level). The impacts of future scenarios for the pilot cases will be assessed
(environmental, economic and social assessment) as well at a later stage of the project within WP 7, again
applying the methodologies selected in this deliverable. This second assessment aims at providing strategies
and implementation activities that are environmentally sound, economically feasible and socially acceptable.
In D 2.2, a set of methods was identified that is suitable to answer URBANWASTE specific questions. This was
done by reviewing 26 methods with the goal to identify methods that are allowing a comprehensive
sustainability assessment and that fit to the objectives of URBANWASTE. 6 methods were identified that fit to
URBANWASTE and 8 methods that fit partly. As there is no methodology covering all assessments that are
necessary in order to meet the project's objectives a modular assessment approach was chosen for
URBANWASTE applying several suitable methodologies in combination. Which methodology or methodologies
will be used for assessing the environmental, economic and social impacts of the status-quo situation in the
pilot cases as well as the changes after implementing selected waste prevention and management measures or
strategies in the pilot cases is presented in the following table:
Assessment part

Selected method

Additional considered method

Structuring data and visualization of waste
and material flows

Material Flow Analysis (MFA)

----

Environmental assessment

Life Cycle Assessment (LCA)

----

Economic assessment

Ecological Efficiency (EE)

Cost Benefit Analysis (CBA) and Life Cycle costing
(LCC)

Social assessment

Individual indicators

Social Life Cycle Assessment (SLCA)

Analytical Hierarchy Process (AHP)

Driving forces – Pressures – States – Impacts –
Responses Framework (DPSIR)

Urban and Industrial Symbiosis
(UIS) approaches

----

Structuring / ranking
sustainability assessment
Scenario building

of

results

of

MFA will provide an inventory of material / waste flows and thus will lay the basis for the subsequent
environmental assessment. LCA will be applied for environmental impact assessment. For assessing economic
impacts, the method of Ecological Efficiency (EE) will be applied together with other cost-related methods such
as CBA and LCC. For assessing social impacts only individual parameters will be selected and analysed within
URBANWASTE, but under consideration of general aspects of one methodology (SLCA). Chapter 4 of this
deliverable (D2.2) also provides information on impact categories and indicators used by the selected
assessment methodologies.
How these methods will be applied in practice, meaning for example, which data is necessary to be collected
from the pilot cases in Task 2.5 in order to be able to calculate the indicators and impact categories related to
the selected methodologies will be defined in Task 2.3 and reported in D2.3.
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1. Introduction
In comparison with other cities, tourist cities have to face additional challenges related to waste prevention
and management due to their geographical and climatic conditions, the seasonality of tourism flow and the
specificity of tourism industry and of tourists as waste producers. One major objective of the URBANWASTE
project is to support policy makers in answering these challenges and in developing strategies that aim at
reducing the amount of municipal waste production and at further support the re-use, recycle, collection and
disposal of waste in tourist cities.
Within this project, the concept of urban metabolism will be used to understand and analyse how cities that
are influenced by tourism use their resources and how touristic activities are linked to waste management and
resource conservation. Therefore, URBANWASTE will perform a metabolic analysis of the state of the art of
urban metabolism in 11 pilot cases.
Within the project waste-related, tourism-related and socio-economic data are collected in the 11 pilot cases.
Firstly, the status-quo situation is assessed with the methodologies selected in this Deliverable. In addition,
future scenarios for the pilot cases will be developed and partly selected, innovative strategies for waste
prevention and management will be implemented (e.g. at hotel level). The impacts of future scenarios for the
pilot cases will be assessed (environmental, economic, social) with the selected methodologies.
Within work package (WP 2) three procedural steps are envisaged to meet the project’s objectives: As first
procedural step the development of a proper methodology (Task 2.2) and the adjustment and definition of
data requirements is envisaged. Metabolism indicator sets and a database for the selected pilot tourist cities
(Task 2.4) shall be developed. The database focusses on the touristic processes and the link to resource use,
waste generation, prevention, recycling, waste treatment and disposal activities. The database will provide the
information necessary to analyse how tourism is responsible for positive and negative impacts considering the
three pillars of sustainability (environment, society and economy). In a second step, a baseline assessment will
be carried out (Task 2.6), applying MFA and LCA to assess the current situation in selected URBANWASTE
pilot cases. The third procedural step within WP 2 to meet the project’s objectives will be the identification of
best waste management practices and options for optimization of waste management strategies in the
selected pilot cases.
This report refers to URBANWASTE Work Package 2, Task 2.2, Deliverable 2.2: Methodology Framework. The
main aim of this Work Package is to provide background data and to assess waste related impacts of tourism
using a Life Cycle approach.
To meet the main goal of Task 2.2, the development of a suitable methodology for the subsequent
accompanying sustainability assessments of waste prevention and management activities within the
URBANWASTE project, within this deliverable D2.2 existing methodologies for a sustainability assessment are
reviewed in order to identify the best methodologies for the assessment of environmental impacts as well as
social and economic aspects suitable within the scope of URBANWASTE. This review will provide knowledge on
the underlying concepts and assessed impacts of different commonly used methodologies as well as on their
suitability to meet the project’s objectives.
Together with the results from Task 2.1, which gives a comprehensive literature review on previous urban
metabolism studies in order to provide knowledge on which indicator sets and background data are suitable for
linking tourism activities with waste and use of resources, the results from Task 2.2 will subsequently be fed
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into Task 2.3 in order to operationalize the concept of Urban Metabolism. In Task 2.3 a final list of indicators
will be developed based on selected touristic processes. Based on the results of Task 2.3, a database template
will be developed within Task 2.4 for the subsequent collection of the input data (Task 2.5) that is necessary to
calculate the indicators selected in Task 2.3.
In order to identify methodologies suitable to answer specific URBANWASTE questions, several methodologies
were reviewed by the project partners and evaluated based on specific criteria. For those methodologies that
are considered suitable for this project, a set of suitable impact categories and indicators (and the underlying
1
data needed) was defined. Practicable impact categories for environmental, economic and social assessment
were selected in reference to the ILCD handbook. A more detailed description of the procedure for Task 2.2 is
given in Chapter 2.

1

Impact categories are logical groupings of results related to specific issues of interest. In the context of environmental
assessments, for example, impact categories represent environmental issue of concern such as climate change, acidification
or ecotoxicity (eplca.jrc.ec.europa.eu/uploads/ILCD-Recommendation-of-methods-for-LCIA-def.pdf). In the context of social
assessments impact categories such as human rights, working conditions, health and safety or cultural heritage, for
example, can be used (UNEP & SETAC, 2009).
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2. Approach
In order to identify a methodology that meets the project’s objectives, a methodology review was carried out
by the project partners. URBANWASTE aims to quantitatively describe the current situation (status-quo or
baseline) of the pilot cases. This includes, amongst others, an evaluation of waste streams related to touristic
activities (WP 2, Task 2.6) to provide a basis for the development of eco-innovative, inclusive and gender
sensitive waste prevention and management strategies (WP 4, Task 4.1).

Procedure for review of methodologies
First of all, a list of commonly used assessment methodologies was compiled by the project partners. Those
methodologies have been reviewed according to their suitability to URBANWASTE needs. In order to meet the
URBANWASTE project’s objectives, the chosen method has to allow a quantitative assessment of the current
situation regarding the touristic impact on waste generation, waste types and waste management as well as to
allow an assessment of environmental impacts and social and economic aspects related to touristic activities.
In order to select a suitable methodology, a set of five criteria was developed. These criteria (described in
Table 1) shall help to identify suitable methodologies.

Table 1: Criteria used in the methodology review
CRITERION

NAME OF CRITERION

SHORT DESCRIPTION

I

... based on a life cycle
perspective

Methodology
processes.

considers

upstream

and

downstream

II

... considers or at least
allows the consideration of
quantitative material flows

Methodology considers or at least allows the consideration of
quantitative material flows.

III

Suitability for social,
economic and
environmental assessment

Method allows assessing the three main issues of
sustainability (meaning social, economic and environmental
impacts).

IV

Suitability for URBANWASTE

According to the project partners’ opinion the reviewed
methodology is suitable to answer specific URBANWASTE
questions.

V

Suitability for assessment of
changes on hotel level or on
municipality level

Methodology allows assessment of changes based on
implementing waste prevention and management measures
on either the hotel level or on municipality level.

In total, 26 methods were selected for the methodology review and distributed among project partners for the
actual reviewing process (Table 2). Based on the criteria presented in Table 1, each of those methods was
described and evaluated by the project partners according to the following structure:
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“Underlying Concepts”: In this section the underlying concepts of the reviewed method was described.
Special attention was paid on aspects related to criteria I and II, meaning if the reviewed methodology
considers upstream and downstream processes and considers or at least allows the consideration of
quantitative material flows.



“Assessed impacts”: In this section the reviewed method was described in relation to the assessment
of sustainability aspects (meaning social, economic and environmental impacts) it allows.



“Suitability for URBANWASTE”: This section contains an evaluation if the reviewed method can be
considered as being suitable to answer specific URBANWASTE questions (criterion IV).



“Suitability for assessment of changes on hotel level or on municipality level”: In this section the
reviewed method was evaluated in relation criterion V, describing if it allows the assessment of
changes due to the implementation of waste prevention and management measures on either the
hotel level or on municipality level.

An overview of the results of evaluating the selected methods against the abovementioned five criteria is
presented in Chapter 0. This chapter further contains a description of which methodologies are considered as
being suitable to meet the URBANWASTE project’s objectives including the justification of that selection.
In a second step of the methodology review suitable impact categories and indicators (and the underlying
data needed) were selected and defined for those methodologies that have been identified as being suitable
for this project. The choice of suitable indicators and impact categories was again tailored to meet central
URBANWASTE issues, meaning the subsequent impact assessments of the current situation (“baseline”) in the
pilot cases (within WP 2, Task 2.6) and the development of strategies (within WP 4, Task 4.1). The set of
practicable impact categories for environmental, economic and social assessment was selected in reference to
the ILCD handbook. The choice of impact categories and selected indicators is presented in Chapter 4.4.
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3. Review of Methodologies
In total 26 commonly used assessment methodologies were reviewed by the project
partners in order to identify a set of methodologies suitable to be applied in the
URBANWASTE project. Applying the criteria described in Chapter 2 to judge on the suitability
of a reviewed method a set of suitable methods will be identified. The allocation of the
methodologies included in the review is shown in Table 2.
Table 2: Allocation of methodology review amongst partners

Name of Methodology

Responsible partner

1

Activity-Based Costing (ABC)

AU

2

Analytical Hierarchy process (AHP)

Bioazul

3

Balanced Scorecard Approach (BSC)

Bioazul

4

Carbon Footprint (CF, Corporate Carbon Footprint, Product Carbon Footprint)

BOKU

5

Comparative Risk Assessment (CRA)

BOKU

6

Corporate Social Responsibility (CSR)

SLU

7

Cost-Benefit Analysis (CBA)

8

Drives-Pressures-State-Impact-Response (DPSIR)

CE

9

Eco-Efficiency (EE)

AU

Bioazul

10 Ecological Footprint (EF)

UCPH

11 Economic Input-Output (EIO)

BOKU

12 Energy Flow Analysis (EFA) and Material Flow Analysis (MFA)

UCPH

13 Environmental Impact Assessment (EIA)

BOKU

14 Environmental Profit and Loss (EP&L)

LU

15 Industrial Symbiosis (IS)

TUD

16 Life Cycle Assessment (LCA)

BOKU

17 Life Cycle Costing (LCC)

BOKU

18 Life Cycle Working Environment (LCWE)

BOKU

19 Multi-Criteria Decision Making (MCDM)

Bioazul

20 Multi-Scale Integrated Analysis of Societal and Ecosystem Metabolism (MuSIASEM)

UCPH

21 Social Life Cycle Assessment (s-LCA)

SLU

22 Strategic Environmental Assessment (SEA)

SLU

23 Sustainability Assessment (SA)

LU

24 Total Cost Assessment (TCA)

TUD

25 Urban and Industrial Symbiosis (UIS)

Bioazul

26 Water Footprint (WF)
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3.1 Activity-Based Costing (ABC)
Activity-Based Costing (ABC) was first introduced in the late 1980ies to provide more-accurate ways of
assigning costs of indirect and support activities, and business processes to products, services and customers in
industrial organizations. Unlike traditional costing, the method recognizes that a considerable part of an
organisation’s resources is required for indirect costs to provide activities that support the actual production.
The ABC method aims to improve the accuracy of assigning indirect costs to the production, by tracing the use
of resources in all the activities performed, and then linking the cost of these activities to the cost objects (e.g.
products, services and/or customers). In this way the ABC method can serve not only as a tool for costing and
budgeting, but also for more accurate profitability analysis of products/services and for supporting strategic
managerial decisions within the organisation (Kaplan & Atkinson, 1998).
Unlike costs for raw materials and manufacturing labour, the costs for support activities cannot be assigned
directly to the production; they are indirect costs. In traditional costing an overall average of indirect costs
(overhead costs) is assigned uniformly to all products/services. However, this may give a false impression of
cause-and-effect which may lead to under- or overestimating costs and cross-subsidisation. This could have an
adverse effect on the company profitability and competitiveness, and consequently the company’s survival on
the market. To avoid this, the ABC method aims to provide a more accurate way of measuring, differentiating
and assigning indirect costs to the support activities (Horngren et al., 2002).
In practice, the assignment of costs through the ABC method occurs in two stages (Figure 1):
1.

Resource costs are assigned to various identified activities by creating resource drivers (e.g.
administration working hours, driven kilometres, square meters, orders, energy consumption etc.).
Each type of resource traced to an activity becomes a cost element of an activity cost pool (e.g.
administration, logistics, maintenance, sales, purchase etc.). An activity cost pool therefore represents
the total costs identified with an activity or activity centre, which is usually clustered by function or
process.

2.

The costs in each activity cost pool are allocated to cost objects by an activity cost-driver (e.g. number
of orders, number of square meters, number of driven km etc.) which is used to measure the
consumption of activities by the cost objects (Bukh & Israelsen, 2004: Tsai et al., 2010).
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Figure 1: Detailed cost assignment view of ABC (Source: Tsai, 2010).

Even though it may pay off in the longer perspective, ABC is a complicated and time consuming method, that
requires support both from the management and the respective departments involved, to operate successfully.
Bukh & Israelsen (2004) suggest, that companies should only apply ABC if indirect costs account for a large
percentage of the total costs, and particularly if indirect costs are increasing (Bukh & Israelsen, 2004). The
current trend of rising indirect costs, there seems to be an increasing need for application of ABC in modern
enterprises.
Since the 1990ies ABC has been one of the most discussed and debated costing methods. Numerous surveys
have been conducted and mathematical models for implementation of ABC at company level have been
developed, particularly in the health sector, but only few studies been made in the tourism industry (Stefano
& Freitas, 2013). Several studies point to the importance of the involvement of company employees in the
implementation of ABC and the possible environmental and work-related social improvements that a broadbased ownership of the system can provide. However, only few models have been developed that combines
ABC and environmental and/or social assessment methodologies. No examples were found on ABC in relation
to assessment of social impacts on citizens.

Underlying Concepts
Surveys and interviews with company managers who use ABC indicate, that the method is used to support a
wide range of economic activities, including environmental management, and other activities in the
environmental field (Tsai et al. 2012).
In contrast to conventional accounting, which has been criticized for not including environmental impacts,
Tsai et al. (2012) proposed an ABC approach, at company level in the Taiwanese paper industry which is able to
track pollutants created by each product and calculate their cost. By tracing costs through activities the ABC
approach not only produces more accurate estimations of the environmental costs of the cost objects, but it
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also represents a specific environmental cost structure which can be used strategically in policy making, pricing
and process improvement decisions.
Environmental policies along with regulations and legislative requirements such as monitoring of emissions,
waste and environmental costs have become increasingly important to both governments and companies.
Linking cost accounting and environmental management procedures through an integrated management
system, can help companies meet both internal and external policy objectives. There is, however, no
standardized system which means that the ABC method has to be individually designed to fit the context and
strategic objectives of each organisation (Tsai et al., 2012).

ABC and Life-Cycle Assessment (LCA)
The relevant literature typically does not use profitability analysis as an input into production decisions even
though such integrated models can offer a competitive edge in terms of reducing environmental impact during
the product’s life cycle, and is able to overcome one of the obstacles to a more sustainable society (Tsai et al.,
2015).
Tsai et al. (2015) developed the mathematical programming model LINGO for decision-making in an electrical
and electronic equipment (EEE) industry in Taiwan based on a calculation model that combines ABC and LCA in
order to maximise the company’s profits and minimise environmental impact. The study gives an insight into
environmental management in a highly competitive industry (similar to the tourism industry).
Figure 2 outlines a flowchart of different life-cycle activities in a production process. Each activity requires
different resources, and includes a range of associated resource costs. By recognising each activity’s pattern of
resource use and selecting the most appropriate measure of resources consumed (resource drivers) the
company can begin to allocate the proper resource costs to each activity.

Figure 2. Lifecycle flowchart of product activities (Source: Tsai, 2015).

Figure 3 illustrates the following step where the life-cycle costs are incorporated and assigned to the aspects of
the ABC system; activity centres, activity contents, activity drivers and cost objects. Each activity centre is
composed of related activities. The activities for the disposal of general solid waste vary in accordance with the
amount of general solid waste produced by each product. Activities for monitoring environmental impacts vary
with the amount of internal auditing required by each of these products, and so forth. From this allocation a
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mathematical program model for profit maximisation was developed with the LCA activities included in the
ABC system.

Figure 3: ABC system for products life cycle environmental assessment activity (Source: Tsai, 2015).

ABC and Material Flow Analysis (MFA)
MFA is an approach that helps to track physical flows of resources through systems of production from inputs,
processing and various kinds of outputs of a process. MFA is a scientific approach that can help the
identification and selection of environmentally friendly input material and energy components in production
processes for reducing pollution and global warming. The MFA approach tracks materials, energy and pollution
in physical units, whereas business organizations are mostly driven by monetary performance measures.
According to Deo (2015), choosing which costing model should be used along with the MFA approach to
identify and select mixes of material and energy components in a production process is a problem, that needs
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to be addressed. So far, there has not been made a synthesis of MFA with a specific costing model to measure
the environmental performance of inputs along with costs of operations. However, environmentally
sustainable materials and energy supply need to be selected in such a way that they are less costly, too. There
is a need for the development of an operational costing approach, that can be easily used with MFA to identify
and select materials and energy forms that are more sustainable, both in terms of environment and economy
(Deo, 2005).

Assessed Impacts
Economic Assessment
ABC was developed specifically for economic assessment. In its starting point the method aims to allocate
indirect costs in order to give a more accurate view of how support activities require resources in an
organization.
Environmental Assessment
Businesses often resist doing what is good for ecosystems because it is unprofitable or because they lack the
knowledge about more sustainable solutions. The prevention of environmental damage needs the
reconciliation of the stages in the whole supply chain. As suggested by Tsai et al. (2009) a combination of LCA
and ABC may be used as a basis for decision making in situations where an organisation wants to include
economic assessment for comparison of alternative environmental scenarios.
In many cases pure profit maximisation makes recycling limited to the high-value components or the portions
that can be easily recycled, which is not necessarily ideal for ecosystems. However, along with the prevalence
of environmental awareness and the implementation of more and more new environmental laws, modern
enterprises are faced with pressures and obligations and need new perspectives and decision models to find
their solutions. For example, with the implementation of the WEEE-directive in the EU it is now required that
the producers take the responsibility of collection, treatment, recovery and disposal of WEEE, whether the
environmental activity is profitable or not.
A separation of non-profit and for-profit processes can make decision objectives more flexible and applicable in
return logistics management particularly when considering the issues of extended producer responsibility. In
the non-profit model the environmental criterion can be given a higher weight. The non-profit model is
necessary because the environmental problems of waste treatment not only involve individual finance and
interest but also public safety and sustainable development (and possibly legal requirements). In addition,
integrating ABC can help decision-makers to obtain more precise information about value-added and nonvalue-added costs by the identification of cost drivers (Tsai & Hung, 2009).
Pollutant-based taxes enable firms to estimate the marginal damages and marginal costs of different taxation
levels in calculating the optimal range of product prices. To better manage waste and facilitate implementation
of a pollution tax, the effective calculation of environment-related costs becomes increasingly important. The
ABC method can help managers to make better decisions by enabling them to clearly identify the costs, by
product, of environmental compliance and responsibility. (Tsai et al., 2012)
Social Assessment
ABC does not consider social impacts separately from other overhead costs; thus they are hidden among other
production and service processes. In a study in Australian non-service manufacturing companies Percherat &
Mula (2012) designed a conceptual model based on the sustainability management accounting system (SMAS)
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in combination with ABC that enables an allocation of i.a. social impacts and providing an opportunity to
involve the economic aspect in the choice of alternative social scenarios (Petcharat & Mula, 2012). It must be
emphasized, though, that this case refers to social impact costs expenditure relating to the support of
employees’ health and safety, training, working conditions and not social impacts on citizens.

Suitability for URBANWASTE
URBANWASTE may adapt ABC especially in interconnection with LCA to provide eco-innovative waste
management strategies in the pilot areas. The ABC method was developed as a tool for economic costing and
strategic management decisions at organizational level where also co-ownership and the involvement of
stakeholders is essential. The method can be a valuable supplement for a decision making basis for the
assessment of alternative environment-improving scenarios in the pilot areas because it will highlight the
economic impacts.
Municipal waste systems are rooted in organizations with a wide scope of activities to support the core
services and thus they have a high proportion of indirect costs. In the interest of the customers (businesses
and citizens) it is important to estimate as accurately as possible how the individual services strain on resources
in order to set fair waste fees. In this context it will also be appropriate to distinguish between profit-making
and non-profit-making processes.

Suitability for assessment of changes on hotel level or on municipality level
The ABC method is geared towards implementation at company level or within a defined organizational
framework, i.e. not a geographical area. Studies show, that the method can be applied to individual hotels
and, as suggested above, it may also be suitable for implementation in municipal waste management
departments. Furthermore, ABC in combination with LCA can complement the assessment of the
environmental impacts of different scenarios with economic considerations. However, ABC is a time and
resource consuming system and, combined with other assessment methods, a rather complex task. Since
there is no such thing as a standard ABC system it has to be tailored to fit the individual organization’s context,
objectives and strategies.
Fathi & Dozahiri (2015) made an empirical investigation of ABC implementation in a hotel in Iran. The survey
concluded that organizational, technological, individual and environmental (i.e. working environment, not
external environment) factors influence the implementation of ABC in hotel industry with individual factors,
including allocation and responsibility, being more important than other factors. The gender aspect was also
surveyed, but did not show any meaningful impact in the particular study.
By comparing traditional costing with ABC in the Greek hotel business by Vazakidis & Karagiannis (2008), it was
indicated, that bad cost information will result in too high room prices and possibly cause a decrease in tourist
influx. The study also recognizes, that although rewarding in terms of better basis for managerial decisions and
a way to improve performance, the ABC is also an ongoing system that needs constant attention and
adjustment.
The URBANWASTE project may well provide guidelines for the methodologies to be applied in the preparation
of municipal waste strategies in the pilot areas. For implementing measures at the level of waste generators
(hotels, restaurants etc.) it has to be clarified when the pilot implementation cases are chosen, whether ABC
approaches can be applied.
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Summary / Conclusions
ABC is a costing method that aims to improve the accuracy of assigning indirect costs to production
(products/services) and eliminate under-/overestimation of costs and cross-subsidisation in order to
maximize profitability. This makes the ABC system a vital strategic tool for policy and decision making in an
organization. Using an ABC system is resource and time consuming, and the question is, whether the quality of
an ABC system is noticeably better compared to how many resources it consumes. Some companies opt out
ABC because the improvements are not commensurate with the price. It may be necessary to make some
compromises and delimitations because the current framework of the organization does not allow a full
implementation of the ABC method. However, the rising share of indirect costs in modern enterprises have
increased the need for the application of ABC.
Due to the use of traditional cost accounting, many organisations do not estimate their environmental and
social costs precisely. In contrast to conventional accounting, an ABC system allows combination with other
assessment methods to provide more accurate estimates of environmental and social impacts at company
level. Tsai et al. (2009: 2012: 2015) proposed ABC approaches that are able to track pollutants and waste
fractions created by each product and calculate their cost. Percharat & Mula (2012) also designed a merged
methods model for assigning both environmental and social costs.
ABC provides a more accurate and sophisticated way to allocate costs. By tracing costs through activities, the
ABC approach not only produces more accurate estimations of e.g. environmental and social costs but it also
represents a specific cost structure which can be used in policy making, pricing and process improvement
decisions. However, combinations of ABC with environmental and social assessment methodologies has only
been applied in very few industrial organisations and therefore the experiences to draw upon are rather
limited. No combination of ABC with MFA have been tested or developed so far.
Critics of ABC have said, that it is decisions and not activities that cause costs (Haladu, 2016). If the organization
wants to use the ABC system over a longer period of time and it has to remain a valuable financial tool it must
be ensured, that the model is rooted in the organization. This can only happen if the information that the
system provides is relevant. At the same time, it is vital that the organization has incorporated a procedure for
ownership to update the model. It is also vital that the involved departments have an influence and can control
the way activities are measured. Otherwise there will be no incentive for the employees to maintain the
system.
For implementation of ABC to be successful, a top management commitment will be needed so that all
objectives are in accordance with management strategies, quality and performance assessment and awareness
of the time that is required for implementation (Stefano & Freitas, 2013). Any ABC system should be designed
specifically for the organizational context in which it operates, which can be relatively complex and laborious.
Also the system risks becoming too static and difficult to validate e.g. after an organizational change.
Therefore, it needs to be updated regularly. Currently there are no pre-designed software programs that can
perform continuous ABC calculations. The ABC system cannot stand alone, but must be considered as an
additional system to support management decisions (Bukh & Isrealsen 2004).
Despite the fact, that ABC generally fits to the URBANWASTE project, it can be concluded, that it is too
complex in the implementation and therefore time and resources consuming. It is recommended to include
not the methodology itself, but to consider the fact of including indirect costs as good as possible in order to
have real costs. Of course the extent of including indirect costs depends on the scenarios and strategies for
implementation.
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3.2 Analytical Hierarchy Process (AHP)
Developed by Thomas L. Saaty in the early 1970ies, the Analytical Hierarchy Process (AHP) is a structured
technique for organizing and analyzing complex decisions, based on mathematics and psychology.
When using the AHP to model a problem, one needs a hierarchic or a network structure to represent that
problem and pairwise comparisons to establish relations within the structure. Therefore, problems are
decomposed into a hierarchy of criteria and alternatives. That way, the information can be arranged in a
hierarchical tree with different levels of criteria and sub-criteria. Both quantitative and qualitative criteria can
be compared using informed judgments to derive weights and priorities (Saaty 1987).

Figure 4: Generic hierarchic structure (Source: Bhushan & Rai, 2004)

In order to make decisions in an organised manner and to generate priorities, the decision needs to be
decomposed (see also Figure 4) into the following steps (Saaty 2008):
 Define the problem and determine the kind of knowledge sought.
 Structure the decision hierarchy from the top with the goal of the decision, then the objectives from a
broad perspective, through the intermediate levels (criteria on which subsequent elements depend) to the
lowest level (which usually is a set of the alternatives).
 Construct a set of pair-wise comparison matrices. Each element in an upper level is used to compare the
elements in the level immediately below with respect to it. To make comparisons, a scale of numbers is
required and it will indicate how many times more important or dominant one element is over another
element with respect to the criterion or property with respect to which they are compared (e.g. 1 = equal
importance, 9 = extreme importance).
 Use the priorities obtained from the comparisons to weigh the priorities in the level immediately below.
This needs to be done for every element. Then for each element in the level below the weighed values must
be added and the overall or global priority will be obtained. Continue this process of weighing and adding
until the final priorities of the alternatives in the bottom most level are obtained.
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The AHP can be used for a wide variety of applications: multi-criteria decision making, strategic planning,
business/public policy decisions, benchmarking, forecasting, resource allocation, source selection, conflict
resolution, programme selection, and many more (Saaty, 1987; Bhushan & Rai, 2004).

Underlying Concepts
The AHP can be viewed as a formal method for rational and explicit decision making. It possesses seven
fundamental properties or pillars (Schmoldt et al. 2013):


Normalised ratio scales are central to the generation and synthesis of priorities.



Reciprocal paired comparisons are used to express judgments semantically, and to automatically link them
to a numerical and fundamental scale of absolute numbers.



Sensitivity of the principal right eigenvector to perturbation in judgements limits the number of elements in
each set of comparisons to a few and requires that they be homogeneous.



Homogeneity and clustering are used to extend the fundamental scale gradually from cluster to adjacent
cluster.



Synthesis that can be extended to dependence and feedback is applied to the derived ratio scales to create a
uni-dimensional ratio scale for representing the overall outcome.



Rank preservation and reversal can be shown to occur without adding or deleting criteria.



Group judgements must be integrated one at a time carefully and mathematically.

AHP and Life Cycle Assessment (LCA)
The AHP has been considered and implemented in conjunction with the Life Cycle Assessment (LCA)
methodology in many situations (Tolle et al. 1998; Eagan & Weinberg, 1999; Seppälä, 2003; Hermann et al.
2007; Qian, et al. 2007). The integration of AHP and LCA provides a framework for robust decision making that
is consistent with sustainable practices. For instance, the authors Qian et al. (2007) used a systematic approach
for the life cycle design of a chemical product in which the life cycle cost of a product was analysed together
with the environmental impact (see Figure 5). The AHP proves to be a very useful tool when several LCA
analyses are performed and a consistent interpretation and comparison of the results is needed.
In addition, The U.S. Environmental Protection Agency (EPA) has used the AHP in LCA case studies in order to
provide a basis for the product alternatives (Tolle et al. 1998).
There is also a software tool called “BEES” for LCA which includes an option to use AHP for weighting (National
Institute of Standards and Technology, 2000).
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Figure 5: Integrated assessment of environmental and economic performances using the AHP model (Source: Qian et al.
2007)

AHP and Material Flow Analysis (MFA)
The number of references of AHP integrated into Material Flow Analyses is rather limited. However, Zhou and
Zheng (2010) reported about a comprehensive evaluation indicator system which unified physical and value
information from a MFA in an enterprise by using the AHP. It was stated, that compared with other evaluation
indicator systems for cleaner production and evaluation indicators in environmental accounting, the use of AHP
resulted more comprehensive and provided more information for recycling economy management decisionmaking.

Assessed Impacts
Social Assessment
The AHP is a suitable methodology as it allows assessing social impacts. In general, a hierarchical model of
some societal problem might be one that descends from a focus (an overall objective), down to criteria, down
further to sub-criteria (which are subdivisions of the criteria) and finally to the alternatives from which the
choice is to be made (Saaty, 1987).
Economic Assessment
Economic aspects can also be considered when using the AHP. There are several references confirming the
feasibility of this methodology for economic assessments and life cycle costs of a product (Bhushan & Rai,
2004; Qian et al. 2007).
Environmental Assessment
The AHP has been proved to be particularly useful in different environmental issues such as natural resource
management and decision making, biodiversity conservation assessment and habitat restoration (Schmoldt et
al. 2013), as these aspects involve selecting or prioritising among a finite set of alternative courses of action.
Qian et al. (2007) also applied the AHP to adopt a multi-attribute decision-making in a trade-off consideration
of technical economical evaluation and environmental impacts assessments.
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Suitability for URBANWASTE
The AHP would be a suitable methodology for the URBANWASTE project as it is designed to cope with
complex decisions including those related to social, economic and environmental aspects. Moreover, the AHP
allows for group decision making, being possible to aggregate individual judgements in a group into a single
representative judgement for the entire group and also to construct a group choice from individual choices
(Saaty, 2007).

Suitability for assessment of changes on hotel level or on municipality level
After analysing the different settings where the AHP has been applied, this technique turns out to be a feasible
methodology for different scales. It has been used to prioritise strategic enhancements for several governing
bodies in the US; to allocate resources within the Department of Defense in the US; by British Airways to
choose the entertainment system vendor for its entire fleet of airplanes; by Ford Motor Company to establish
priorities for criteria that would improve customer satisfaction; and by the parliament of Finland to decide
what type of power plant to build and how the new plant would affect Finland’s national economy, the health,
safety and environment for Finish citizens (Saaty 1987; Saaty 2008). It has also been applied in regional and
urban planning and R&D management (Bhushan & Rai, 2004).

Summary / Conslucions
It can be concluded, that the AHP is an effective tool to deal with complex decision making processes, helping
the decision maker to set priorities and make the best decision. By reducing complex decisions to a series of
pairwise comparisons, and then synthesizing the results, the AHP helps to capture both subjective and
objective aspects of a decision. This methodology has found use in business, government, social studies, R&D,
defence and other domains involving decisions in which choice, prioritization or forecasting is needed. Due to
its simplicity and ease of use, the AHP has found ready acceptance by busy managers and decision-makers and
it has proved a methodology capable of producing results that agree with perceptions and expectations
(Bhushan & Rai, 2004).
Its use is therefore recommended in combination with other methodologies such as LCA and MFA.

3.3 Balanced Scorecard Approach (BSC)
The Balanced Scorecard Approach was first introduced by Robert S. Kaplan and David Norton in a 1992 Harvard
Business Review article (Kaplan & Norton, 1992). That article was based on a multi-company research project
to study performance measurement in companies whose intangible assets played a central role in value
creation.
The concept was then adopted by thousands of private, public, and non-profit enterprises around the world,
and Kaplan and Norton extended the concept into a management tool for describing, communicating and
implementing strategies (Kaplan 2010).
Basically the BSC is a concept to measure, document and control the activities of a company / organisation
related to its vision and strategy.
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The generic BSC model consists of four interrelated quadrants, each one containing objectives and measures
from a distinct perspective. The selected perspectives are: Financial, Customer, Internal Processes, and
Learning and Growth (see Figure 6). The scope of these perspectives is designed to cover the whole of the
organisation’s activities both internally and externally, both current and for the future (Mackay 2005).

Figure 6: The Balanced Scorecard Quadrants (Source: Mackay, 2005)

After the quadrants are formulated, the organisation’s strategy is translated into specific objectives that can be
classified within each of the perspectives. Once the objectives have been identified, appropriate quantitative
measures are conceived to report and monitor the success in achieving these objectives. The following table
(Table 3) shows examples of objectives and measures for the quadrant “Customer”.

Table 3: Examples of objectives and measures for the quadrant “Customer” (Source: own elaboration extracted from
Mackay, 2005)

Objectives
To dominate our major markets
To delight our targeted customers
To increase revenue through repeat purchases
To grow our business in a selected target group
To add margin through image or fashion
To build customer recognition

Measures
Market Share
Customer Satisfaction Survey Results
Customer Retention Over Time
Customer Acquisition From Target Group
Marketing Spend as a Percentage of Sales
Corporate Image or Brand Awareness Polls

The real power of a properly developed Balanced Scorecard is, that it links the performance measures to the
organisation’s strategy, and organisations have the freedom to use whatever quadrants or perspectives that
best suit their environment and strategy. Organisations implementing a BSC process are forced to think clearly
about their purpose or mission, their strategy and who the stakeholders in their organisation are and what
their requirements might be.
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Underlying Concepts
BSC and Life Cycle Assessment (LCA)
The fact that the BSC has already been applied to supply chain management along its different stages
(Wittstruck & Teuteberg, 2011; de Sousa et al. 2014) might turn this management tool into a potential and
suitable approach that could be combined with LCA. But as it does not consider quantitative material flows
which are the basis for LCA it cannot be used as standalone methodology following the Life cycle approach.
According to several authors, the four perspectives included in the BSC are appropriate for overcoming the
problems related to performance assessment in supply chains (de Sousa et al. 2014).

BSC and Materials Flow Analysis (MFA)
According to literature reviewed and case studies where the BSC approach has been applied, this methodology
does not consider quantitative material flows and therefore there is no clear relation to MFA.

Assessed Impacts
Social Assessment
The BSC approach can certainly be extended and used to assist the measurement the social impact of
implementing specific strategies. For this purpose, social aspects could be integrated into the four existing
perspectives or, alternatively, be included as new perspectives (Wittstruck & Teuteberg, 2011). A combination
of the two previous options would be possible too.
Social aspects have been assessed with the BSC in many occasions. For instance, Dias‐Sardinha & Reijnders
(2005) and Wittstruck & Teuteberg (2011) have reported on the suitability of such methodology to assess social
and environmental performance – which is highly interlinked – at a company level.
Economic Assessment
The BSC approach was originally created to supplement traditional financial measures with criteria assessing
performance from different perspectives. Therefore, it is of great use when assessing economic aspects of an
organisation. In this sense, existing processes that are normally run by different parts of the organisation (e.g.
budgeting by finance, process management by operations, etc.) must be modified and coordinated to create
strategic alignment, as they must work as a system (Kaplan 2010).
Environmental Assessment
The specific perspectives or quadrants selected to develop a BSC approach at any organisation are rarely
related to environmental aspects. However, some studies show the use of the BSC to evaluate the
environmental impact of different activities. For instance, Wittstruck and Teuteberg (2011) developed a BSC for
Sustainable Supply Chain Management (SSCM). The use of the BSC allowed the assessment of the
environmental and economic benefits of sustainability investments for the partners within a recycling supply
chain.
Another study, carried out by Wati and Koo (2011), integrated the measurement of environmental aspects into
the BSC and offered a new possibility to sustainable businesses, creating a Green-IT Balanced Scorecard.
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Suitability for URBANWASTE
The BSC approach is mainly intended for companies, public sector agencies and non-profit organisations
working on the implementation of strategy execution systems. Due to the company-oriented nature of this
approach and as it requires simultaneous coordination among all organisational line and staff units, the
suitability of such approach to evaluate innovative solutions for waste management in tourist cities remains
unclear. In addition, the BSC approach does not seem to match the MFA methodology, which would hinder its
applicability to potential defined strategies.

Suitability for assessment of changes on hotel level or on municipality level
The use of the BSC approach on municipal level has not been clearly identified in literature, as it is a tool
intended to describe, communicate and implement different strategies in companies, public sector agencies
and non-profit organisations.
With regard to its implementation on a hotel level, Denton and White (2000) reported about a BSC developed
to improve the effectiveness of operations in a hotel, taking into account the objectives of owners and
managers in assessing the hotel’s success.

Summary / Conclusions
Although the BSC approach has been introduced as a very useful tool to achieve a balance between different
perspectives on the basis on targets, key performance indicators (KPIs) and measures; and evaluate the
economic, social and environmental aspects of an organisation, this tool might not be the right method to be
used in URBANWASTE).

3.4 Carbon Footprint (CF) of products (PCF) and
corporate (CCF)
More than any other concept or method, the “carbon footprint” (CF) has gained widespread popularity over
the last years. In contrast to other assessment methodologies, carbon footprinting has not been driven by
research but rather has been promoted by nongovernmental organizations (NGOs), companies and various
private initiatives. This has resulted in many definitions and suggestions of methods to calculate the carbon
footprint (Weidema et al., 2008). A review of Wiedmann and Minx (2007) showed that most currently used
definitions focus on greenhouse gas (GHG) emissions instead of solely including carbon dioxide (CO 2)
emissions and use carbon dioxide equivalents (CO2) indicators. The Carbon Trust (2012), for examples, defines
carbon footprinting is a methodology to estimate “the total greenhouse gas (GHG) emissions caused directly
and indirectly by an individual, organisation, event or product”. The calculated carbon footprint (CF) is
expressed as carbon dioxide equivalents (CO2e), a unit that allows comparing the radiative forcing of different
greenhouse gases (CO2, CH4, N2O, HFCs, PFCs, SF6) to carbon dioxide (BSI, 2011).
In general, the Carbon Footprint (CF) can be applied to organisations and products. The organisational or
corporate carbon footprint (CCF) covers the direct and indirect GHG emissions from all activities across an
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organisation, including energy used in buildings, industrial processes and company vehicles. The product
carbon footprint (PCF) covers the GHG emissions from all stages of the life cycle of the “product” (meaning
both goods or services), from the extraction and transport of raw materials, the manufacturing and distribution
of goods or provision of services to its use and final re-use, recycling or disposal (Carbon Trust, 2012). For
assessing the overall emissions of a product both GHG emissions to the atmosphere as well as removals of GHG
gases from the atmosphere have to be accounted for (BSI, 2011).The scope of the assessment of a product’s
2
3
climate impact due to GHG emissions can be cradle-to-gate or cradle-to-grave (BSI, 2011). The different
boundaries of organisational/corporate and product carbon footprint are illustrated in Figure 7Figure 7.

Figure 7: The different boundaries of organisational/corporate and product carbon footprint (Carbon Trust, 2012)

Carbon footprinting (CF) has a wide range of application (Carbon Trust, 2012). Compared to more
comprehensive assessment methodologies such as Life Cycle Assessment (LCA), CF keep things simple by
focussing only on one environmental impact and are easy to calculate online (Weidema et al., 2008).
Furthermore, the use of a common measurement unit (CO 2e) simplifies the analysis and makes the results
(calculated values) easily understandable also outside the scientific community (Weidema et al., 2008). On the
other hand, relying entirely on one indicator could be misleading due to oversimplifying the environmental
impacts (Weidema et al., 2008).
In order to produce reliable footprints that also allow comparison it is important to follow a uniform way of
calculation. To standardise the accounting of carbon footprint (CF) some international standards exist:


PAS 2050 – Assessing the Life Cycle Green House Gas Emissions of Goods and Services: This Publicly
Available Specification (PAS) provides a consistent method (requirements for assessment) to assess
the GHG emissions of goods and services resulting from all stages of the product’s life cycle (including
production, transport, storage, use, recycling and disposal of goods and services). The term “products”
covers both goods and services (BSI, 2011).



ISO 14067:2013 Greenhouse gases -- Carbon footprint of products -- Requirements and guidelines
for quantification and communication: ISO 14067:2013 specifies principles, requirements and
guidelines for the quantification and communication of the carbon footprint of a product (CFP) (ISO,
2013).

2

A cradle-to-gate assessment covers all “life cycle stages from the extraction or acquisition of raw materials to
the point at which the product leaves the organization undertaking the assessment” (BSI, 2011).
3
A cradle-to-grave assessment covers all “life cycle stages from the extraction or acquisition of raw materials to
recycling and disposal of waste” (BSI, 2011).
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ISO 14064 standards for greenhouse gas accounting and verification: This group of ISO standards
provides tools (validation or verification protocols) to account GHG emissions and removals for
organization- and project-level (e.g. for programmes aimed at reducing greenhouse gas emissions).
These standards can be applied by governments, business corporations and voluntary initiatives (ISO,
2006), but not for assessing products.



Greenhouse Gas Protocol (GHG Protocol): The Greenhouse Gas Protocol, created in 2001 developed
by World Resources Institute (WRI) and World Business Council on Sustainable Development
(WBCSD), sets the global standard for how to measure, manage, and report greenhouse gas emissions
(WRI and WBCSD, 2016). This standard is widely used by businesses and governments. Emissions are
categorised into three groups or ‘scopes’ (Carbon Trust, 2012):


Scope 1: Direct emissions that result from activities within an organisation’s control (e.g. onsite fuel combustion, manufacturing and process emissions, refrigerant losses, company
vehicles).



Scope 2: Indirect emissions from any electricity, heat or steam purchased and used by an
organisation.



Scope 3: Any other indirect emissions from sources outside the direct control of an
organisation (e.g. employee commuting, business travel, outsourced transportation, waste
disposal, water consumption).

Underlying Concepts
Carbon footprinting considers upstream and downstream processes and, thus, is based on life cycle thinking
(Weidema et al., 2008). It can be seen as a subset of the concepts of Ecological Footprinting which was
developed by Rees and Wackernagel in the 1990s (Wiedmann and Minx, 2007) and the more comprehensive
Life Cycle Assessment (LCA). In contrast to a complete LCA, CF focusses only on the impacts related to GHG
emissions. According to PAS 2015, the assessment of the life cycle GHG emissions is carried out by using LCA
techniques and principles (BSI, 2011).
Carbon footprinting also includes aspects of Material Flow Analysis (MFA) as information on quantitative
material flows has to be considered. For calculating the total (direct and indirect) GHG emissions data such as
energy and materials needed for and by a product (covering all life cycle stages of the product from production
to disposal) or for and by activities of an organization has to be included.

Assessed Impacts
Carbon footprinting is assessing only one single environmental issue, namely GHG emissions and their
contribution to climate change. The only impact category addressed by this method is the Global Warming
Potential (GWP). Other environmental impacts (e.g. non-GHG-emission, acidification, eutrophication, toxicity,
biodiversity) or economic and social impacts (e.g. labour standards) are not addressed (BSI, 2011).

Suitability for URBANWASTE
In order to be suitable for the URBANWASTE project, a method has to allow an accompanying assessment of
environmental, economic and social impacts of the current situation (“baseline”) in the URBANWASTE pilot
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cases and support the development of selected strategies aiming at reducing the amount of municipal waste
production and at further support the re-use, recycle, collection and disposal of waste in tourist cities.
Generally, CF could be used to assess the waste related impacts of various tourist establishments as the carbon
footprint of an organization encompasses a wide range of emission covering not only direct emissions but also
indirect emissions from sources outside the direct control of an organisation up and down the supply chain
(e.g. waste disposal). Nevertheless, this assessment would only cover the environmental aspects of tourism
related waste generation, but not the economic and social impacts as these are not addressed with this
method. Thus, the method of carbon footprinting (CF) is not suitable to meet the complex demands of the
URBANWASTE project. If the method is used for environmental assessment, it has to be considered, that

Suitability for assessment of changes on hotel level or on municipality level
The method of carbon footprinting (CF) allows an assessment of changes on both hotel and municipality level.
To assess the environmental impact of tourism enterprises such as hotels or other tourist accommodation
establishments the method of organisational/corporate carbon footprinting (CCF) can be applied. As
Filimonau et al. (2011) demonstrate even outsourced laundries and breakfast services can be taken into
account in the assessment. The aspect of solid waste – which is in focus of the URBANWASTE project - is
covered by measuring also the indirect GHG emissions (i.e. emissions that are labelled “Scope 3” emission in
the Greenhouse Gas Protocol).
A superficial web search revealed that worldwide many hotels already assess their carbon footprints. Online
tools such as www.hotelfootprints.org are available for hotels to facilitate benchmarking and comparison of
carbon footprints (ITP and GreenView, 2016). Furthermore, some online booking platforms such as
“www.bookdifferent.com” show the carbon footprint of every hotel, thus, giving consumers the choice to
decide for an accommodation with low carbon emissions (BookDifferent Foundation, 2016).
Assessing the carbon footprint in the life cycle of accommodation services is also discussed in scientific
literature. Studies (e.g. Hu et al., 2015; Rosselló-Batle et al., 2010) show that CF can be used to investigate the
difference between the carbon emissions of the baseline and, for example, after a programme aiming at
reducing GHG emissions to understand the effects of carbon emission reduction in individual hotels as well as
on the level of the hotel industry. In order to calculate the carbon footprint attributed to a hotel’s operational
phase often LCA or simplified versions of LCA such as Life Cycle Energy Analysis (LCEA) are used. From the
results, recommendations for hotel management and policy-making can be developed to reduce the energy
and carbon intensity of individual hotels or the hotel industry (Filimonau et al., 2011).
Following the definition of Carbon Trust or standards like PAS 2050, ISO 14064 or ISO 14067 the assessment of
the environmental impact due to GHG emission of a region is not in focus. Nevertheless, a web search reveals
that calculations of carbon footprints on municipality level have been carried out. Larsen and Hertwich (2010),
for example, calculated the carbon footprint of public services provided by all municipalities in Norway. These
services included amongst others also the collection and treatment of solid waste. Thus, CF could also be
applied for an assessment of changes on the municipal level.
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3.5 Comparative Risk Assessment (CRA)
Comparative Risk Assessment (CRA) is a tool used to base regulatory and political decisions on a thorough and
rational analysis of risks and decision options (Schütz et al., 2006). According to the definitions of
Morgenstern et al. (2000) and Brown (2015), CRA can be described as a systematic and objective procedure to
measure, compare and rank (environmental) problems in terms of their consequences, thus evaluating the
risk a given problem poses to the natural environment, to human health or the quality of life. Originally, this
method was developed by the U.S. Environmental Protection Agency (US EPA) to compare environmental
problem areas by systematically generating informed judgements among experts. Since the end of the 1980ies
CRA has been widely applied in the USA. In Europe, though, CRA is by far less prominent (Schütz et al., 2006).
Comparative Risk Assessment (CRA) can be applied to characterize environmental priorities on the regional as
well as on the national level. Micro studies using CRA usually compare the interrelated risks involved in a
specific policy choice (e.g. drinking water safety: chemical versus microbial disease risks) and focus often on
one or a few types of environmental problem. CRAs at a larger scale (e.g. nationwide) usually consider multirisks the society faces by comparing different types of environmental problems (Andrews et al., 2005).
According to Morgenstern et al. (2000) the most common reasons for performing a CRA are:


To involve the public in the priority-setting process and to identify and incorporate their concerns;



To identify and rank the greatest environmental threats;



To establish priorities and develop action plans and strategies to reduce risks (e.g. for how to allocate
limited resources to different activities reducing or preventing environmental risks).

CRAs typically consist of a risk assessment phase, followed by a risk management phase (Morgenstern et al.,
2000). In the first phase (risk assessment phase) the (environmental, societal, etc.) problems that should be
addressed and analysed are determined and ranked based on their severity. The risk ranking process can be
done based on “informed judgements” or by employing economic methodologies. In the second phase of CRA
(risk management phase) the list of problems ranked in terms of relative risk is transformed into a set of
priorities for action by incorporating risk management factors into the overall process. An international review
by Morgenstern et al. (2000) showed that while all CRAs include the first risk assessment phase, only some also
include an explicit risk management process.

Underlying Concepts
The underlying concept of CRA is to combine science, policy and economic analysis as well as stakeholder
participation to identify, address and prioritise topics of great importance due to the risks they pose to
human health, the natural environment and quality of life (Brown, 2015). Therefore, CRA is often used by
government agencies, communities or other political bodies as an environmental decision making tool (Schütz
et al., 2006).
CRA and LCA
In connection with LCA CRA can be used to enable comparison of risks of different decision options (e.g. for
comparing the toxic impacts between different substances). But CRA cannot replace LCA or be used instead of
LCA.
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CRA and MFA
In literature there is no mentioning of CRA being applied for the analysis of material flows.

Assessed Impacts
The most commonly considered assessment categories in CRAs are risks to human health or environmental
risks (Brown, 2015; Morgenstern et al., 2000). An assessment of risks to quality of life, welfare or to economic
well-being is also possible. International studies mainly focus on public health issues (Morgenstern et al.,
2000).

Suitability for URBANWASTE
CRA is not suitable to answer specific URBANWASTE questions related to the impact of changes resulting
from implementing certain waste management measures in the URBANWASTE pilot cases as this tool usually is
applied to evaluate and rank the risks a given set of problems poses to the natural environment, to human
health or to the quality of life and not for assessing the impacts of certain measures such as waste prevention
activities.

Suitability for assessment of changes on hotel level or on municipality level
CRA is not suitable for assessing changes on hotel level or municipality level as this method is not designed
for assessing the impact of certain measures (e.g. waste prevention activities) but for identifying priorities by
ranking a defined set of problems based on and, thus, reflecting their relative health risks, ecological risks and
risks to quality of life.

3.6 Corporate Social Responsibility (CSR)
Corporate Social Responsibility (CSR) is a standardised working methodology (since 2010) intended to assist
organizations in contributing to sustainable development (ISO, 2014). It encourages the organisations to go
beyond legal compliance, recognizing that compliance with the law is a fundamental duty of any organization
and an essential part of their social responsibility programme. The standard, as it is described in ISO 26,000,
seeks to promote a common understanding of social responsibility while complementing, but not replacing,
other existing tools and initiatives. Organizations applying ISO 26,000 should consider societal, environmental,
legal, cultural, political and organizational diversity as well as differences in economic conditions, while being
consistent with international norms of behaviour (ISO, 2010). The scope of CSR can therefore be considered
much wider than the social, economic and environmental considerations that are in the focus in this report.
Since CSR does not include any criteria that an organisation can fulfil, the organisations cannot be certified
against this standard. Therefore, the organisations can only claim that they are working with CSR, which means
that it will be more suitable as a strategy for increased sustainability (including waste reduction) for
organisations like hotels and municipalities rather than a methodology to assess this increased sustainability.
However, CSR could include qualitative descriptions of what has been done in the CSR work, and this
descriptive data could be used as a way to assess the environmental performance of an organisation.
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Underlying Concepts
The underlying concept of CSR is not a scientific methodology for assessing sustainability, but a working
process for organisations how to become more sustainable. Even though it is described and defined by an ISOstandard it does not contain any requirements and therefore it cannot be used as a certification. Since there
are no requirements included, it is difficult to use this method for quantitative assessments, but the method
could still be used by organisations (e.g. hotels or municipalities) as a strategy to improve their sustainability.

Assessed Impacts
When applying ISO 26,000, organizations should consider societal, environmental, legal, cultural, political and
organizational diversity as well as differences in economic conditions, while being consistent with international
norms of behaviour. However, since CSR is a work methodology for organisations it does not include criteria on
how to assess any of the considered parameters.

Suitability for URBANWASTE
This methodology does not include assessments of sustainability and is therefore not suitable to answer
specific URBANWASTE questions. However, the implementation of CSR in organisations could be used as a
strategy to improve sustainability, but these improvements should then be assessed with a supplementary
methodology.

Suitability for assessment of changes on hotel level or on municipality level
CSR could be used as a tool for improving sustainability in organisations like hotels and municipalities, and
through this work descriptive data of what has been done and how it could be achieved.

3.7 Cost Benefit Analysis (CBA)
The history of the Cost-Benefit Analysis (CBA) shows how its theoretical origins date back to issues in
th
infrastructure appraisal in France in the 19 century. The theory of welfare economics developed along with
th
the “marginalist” revolution in microeconomic theory in the later 19 century, culminating in Pigou’s
Economics of Welfare in 1920 which further formalised the notion of the divergence of private and social cost,
and the “new welfare economics” of the 1930ies which reconstructed welfare economics on the basis of
ordinal utility only. Theory and practice remained divergent, however, until the formal requirement that costs
and benefits be compared entered into water-related investments in the USA in the late 1930ies. After World
War II, there was pressure for “efficiency in government” and the search was on for ways to ensure that public
funds were efficiently utilised in major public investments. This resulted in the beginnings of the fusion of the
new welfare economics, which was essentially CBA, and practical decision-making. Since the 1960ies CBA has
enjoyed fluctuating fortunes, but is now recognised as the major appraisal technique for public investments
and public policy (Pearce et al. 2006).
Thus, CBA is an analytical tool for judging the economic advantages or disadvantages of an investment
decision by assessing its costs and benefits in order to measure the welfare change attributable to it (Sartori
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et al. 2015). A CBA evaluates the costs and benefits to society of a project, policy or programme, for example
implementing a given waste policy or building a treatment facility. If the net benefit is positive, the project
should, as a general rule, be implemented. A clear advantage of the CBA is that the result is expressed in a
well-known measure: money (Villanueva et al. 2006).
A CBA starts with a description of the system, its inputs and outputs, and an inventory of these, and includes all
effects related to the implementation of the project or policy (investments, manpower, employment, and
effects on human health and safety). Subsequently, a value is ascribed to all these effects, converting them
into monetary units. The various costs and benefits may occur at different times in the future, which is why a
so-called net present value is calculated to illustrate the aggregated value in today’s prices. For this calculation,
a discount rate is used which reflects the degree to which society prefers to consume and gain benefits today
rather than tomorrow. The higher the discount rate, the lower the weight assigned to future costs and benefits
compared to costs and benefits experienced today.
An actual CBA differs from an ideal CBA. This is, for example, seen in the geographical coverage of CBAs, which
most often cover the activities and emissions inside the national or regional borders of interest. Emissions and
resulting impacts in other countries are usually ignored, mostly because traditionally a government is only
concerned with maximising the socio-economic benefits for its own citizens. There can be exceptions when an
international treaty has been joined, or ethical reasons recommend it.
This methodology has a first phase of goal and scope definition, followed by the assembly of an inventory of
inputs and outputs, as well as a stage of evaluation of impacts, and an interpretation of the results (Villanueva,
et al. 2006).
A “standard” CBA is structured in seven steps (see Figure 8):
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Figure 8: CBA steps (Source: Sartori et al. 2015).

Underlying Concepts
The analytical framework of CBA refers to a list of underlying concepts (Sartori et al. 2015):
o Opportunity cost. The opportunity cost of a good or service is defined as the potential gain from the best
alternative forgone, when a choice needs to be made between several mutually exclusive alternatives. The
rationale of CBA lies in the observation that investment decisions taken on the basis of profit motivations
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and price mechanisms lead, in some circumstances (e.g. market failures such as asymmetry of information,
externalities, public goods, etc.), to socially undesirable outcomes. On the contrary, if input, output
(including intangible ones) and external effects of an investment project are valued at their social
opportunity costs, the return calculated is a proper measure of the project’s contribution to social welfare.
o Long‑ term perspective. A long‑ term outlook is adopted, ranging from a minimum of 10 to a maximum of
30 years or more, depending on the sector of intervention. So, it is needed to set a proper time horizon,
forecast future costs and benefits, adopt appropriate discount rates to calculate the present value of
future costs and benefits and take into account uncertainty by assessing the project’s risks.
o Calculation of economic performance indicators expressed in monetary terms. CBA is based on a set of
predetermined project objectives, giving a monetary value to all the positive (benefits) and negative (costs)
welfare effects of the intervention. These values are discounted and then totalled in order to calculate a net
total benefit. The project overall performance is measured by indicators, namely the Economic Net Present
Value (ENPV), expressed in monetary values, and the Economic Rate of Return (ERR), allowing comparability
and ranking for competing projects or alternatives.
o Microeconomic approach. CBA is typically a microeconomic approach enabling the assessment of the
project’s impact on society as a whole via the calculation of economic performance indicators, thereby
providing an assessment of expected welfare changes. While direct employment or external environmental
effects realised by the project are reflected in the ENPV, indirect (i.e. on secondary markets) and wider
effects (i.e. on public funds, employment, regional growth, etc.) should be excluded. This is due to two main
reasons:


Most indirect and/or wider effects are usually transformed, redistributed and capitalised forms of
direct effects, so there is a need of limiting the potential for benefits double‑ counting.



There remains little practice on how to translate them into robust techniques for project appraisal,
thus the need to avoid the analysis relies on assumptions whose reliability is difficult to check.

It is recommended, however, to provide a qualitative description of these impacts.
o Incremental approach. CBA compares a scenario with‑ the‑ project with a counterfactual baseline scenario
without‑ the‑ project. The incremental approach requires that:


A counterfactual scenario is defined as what would happen in the absence of the project. For this
scenario, projections are made of all cash flows related to the operations in the project area for each
year during the project lifetime. In cases where a project consists of a completely new asset, e.g. there
is no pre‑ existing service or infrastructure, the without‑ the‑ project scenario is one with no
operations. In cases of investments aimed at improving an already existing facility, it should include
the costs and the revenues/benefits to operate and maintain the service at a level that it is still
4
operable (Business As Usual (BAU)) or even small adaptation investments that were programmed to
5
take place anyway (do‑ minimum ).
The choice between BAU or do‑ minimum as counterfactual should be made case by case, on the basis
of the evidence about the most feasible, and likely, situation. If uncertainty exists, the BAU scenario

4

For example, a scenario that ensures: (i) basic functionality of the assets, (ii) service provision under similar quality levels, (iii) limited asset
replacements and (iv) minimum cost recovery to ensure financial sustainability of operations.
5

For example, when limited amount of capital investments are necessary to avoid interruption of service or any other catastrophic
scenario.
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shall be adopted as a rule of thumb. If do‑ minimum is used as counterfactual, this scenario should be
both feasible and credible, and not cause undue and unrealistic additional benefits or costs.


Secondly, projections of cash‑ flows are made for the situation with the proposed project. This takes
into account all the investment, financial and economic costs and benefits resulting from the project.
In cases of pre‑ existing infrastructure, it is recommended to carry out an analysis of historical costs
and revenues of the beneficiary (at least three previous years) as a basis for the financial projections
of the with‑ project scenario and as a reference for the without‑ project scenario, otherwise the
incremental analysis is very vulnerable to manipulation.



Finally, the CBA only considers the difference between the cash flows in the with‑ the‑ project and the
counterfactual scenarios. The financial and economic performance indicators are calculated on the
incremental cash flows only.

CBA and Life-Cycle Assessment (LCA)
LCA and CBA are two methodologies that can be used to assess the environmental and/or socio-economic
consequences of a decision, for instance whether the citizens in a community or a country should or should not
recycle their waste paper, glass bottles, and beverage cans. However, these two tools provide the decisionmakers with different information. A CBA’s objective is to maximise the overall utility to society, whereas an
LCA aims at modelling the overall environmental impacts of a product or service. Since the methodologies are
answering different questions, they should not be considered as competing, but rather as complementary
tools (Villanueva, Kristensen & Hedal, 2006).
LCAs and CBAs are decision support tools and not decision making tools, because they provide information
that normally needs to be complemented with legal, social, economic or technical information before decisions
are made.
An LCA evaluates all known environmental impacts of a product, material or service throughout its entire
lifetime. It is an ambitious methodology, and it covers all stages in the life cycle of the products or systems
investigated, from the cradle (material extraction) to the grave (final disposal). It attempts to cover all physical
exchanges in the life cycle of a product with its surroundings, be it inputs of auxiliary materials and energy
consumption, or outputs of emissions, waste and usable energy. The results are collected in a so-called life
cycle inventory, which for a 40 g paper sheet, for example, may be expressed as the consumption of 100 g of
wood and of 0.25 kWh energy, generation of 0.1 kWh energy, emission of 64 g CO2 and 0.1 g SO2, along with a
host of other inputs and outputs (Villanueva, Kristensen & Hedal, 2006).
In an ideal LCA, all inputs and outputs should be covered in the inventory. In practice, the completeness of the
inventory is limited by the analyst’s knowledge of the interactions of the waste management system with
society and the environment (for details see Chapter 3.16).
A CBA also starts with a description of the system, its inputs and outputs, and an inventory of these. A CBA
includes all effects related to the implementation of the project or policy, i.e. the same inputs and outputs as
the LCA, but in addition it includes investments, manpower, employment, and effects on human health and
safety.
Both methodologies have a first phase of goal and scope definition, followed by the assembly of an inventory
of inputs and outputs. Both have a stage of evaluation of impacts, and with an interpretation of the results.
However, it is in the detail of the methodologies such as in their focus, perspective, scope and basis for
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comparison that the differences are observed, justifying the remark that these methodologies are not
perceived as competing, but as complementary.
The similarities in the stages of LCA and CBA are illustrated in Figure 9:

Figure 9: Comparison between CBA and LCA (Source: Villanueva, Kristensen & Hedal, 2006).

LCAs and CBAs translate the environmental (CBAs also the non-environmental) benefits and costs of the
different options into measurable physical or economic units. Waste policy makers and waste management
experts can use LCA and CBA for several purposes. Most frequently, to compare two or more alternative
options for the treatment of a waste stream, such as the disposal or recycling of paper. Following this paper
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example, an LCA would analyse all known physical interactions of the paper system with its surroundings, while
a CBA would analyse all known physical interactions of the paper system and would also include all relevant
effects which can be monetised (Villanueva, Kristensen & Hedal, 2006).

CBA and Materials Flow Analysis (MFA)
Materials Flow Analysis (MFA) consists of systematic assessments of the flows and stocks of materials within a
system defined in a space and time. MFA diverges somewhat from the traditional SWM boundary to focus on
product consumption patterns, waste generation, recycling, recovery and reuse (Boelens and Olsthoorn, 1998;
Brunner and Rechberger, 2003; Chanchampee and Rotter, 2007).
The combination of CBA and MFA has been further developed and applied to problems mainly in waste
management by Schönbäck and colleagues from the Vienna University of Technology and the GUA (consultants
in Vienna) (Brunner & Rechberger, 2004).

Assessed Impacts
Economic Assessment
CBA is basically an economic assessment tool; it is devoted to the evaluation of the advantages and
disadvantages of investing on a project, policy or programme, contrasting its costs and benefits to measure the
welfare change that the project development can bring.
Environmental Assessment
The environment often displays the characteristics of a public good; in these cases, there is open access to the
good, and is not apparently depleted. These public goods aspects of the environment are obvious sources of
social utility, but they appear to command a price of zero in the market. Even where the environment can be
depleted and the public can be excluded, the prices that result often reflect administered powers rather than
market forces.
Conventional CBA operates on the premise that market efficiency is a pointer to social efficiency if one can
simply spot the market’s failures and correct for them. Environmental impacts are one source of missing
markets (i.e. externalities). In evaluating a project or policy, the environment can be treated as a free factor of
production, even though real costs may be involved. An example is the use of the air or nearby rivers, as waste
sinks – emissions are simply released through smoke stacks or outfalls. The less the constraints on these
emissions, the lower the production costs involved. There are two key points that emerge: (a) Both the true
value of the environmental services provided, and the external costs imposed on others, have to be counted in
an economic CBA; and (b) The values mentioned above have to be included without any double counting.
There is increasing pressure on current EIA practice to place a real value on the environment, and force public
and private enterprises to take cognisance of it. The costs of the EIA appear in the financial CBA. The true value
of the damage done, however, only appears at the level of economic CBA. Environmental regulations may
impose costs on polluters, but may not put pressure on them to emit the socially ‘optimal’ amount of any
pollutant (Leiman, & Tuomi, 2004).
Some environmentalists oppose the monetary valuation of natural resources that have ‘immeasurable’ intrinsic
and aesthetic values. However, in today’s monetised global economy, valuing resources (even if the figure
attained is imprecise) can suggest the worth of protecting them.
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Fortunately, this issue can often be circumvented. Valuation of environmental impacts is both costly and
controversial. Assuming negative ecological impacts, if a project fails the cost benefit tests before these
impacts are taken into account, there is obviously no need to proceed with valuation. Similarly, if the project is
viable, and the environmental externalities are positive, there is no need to measure them. Where a project is
positive but the environmental impacts negative, inspection of the EIA reports may indicate the relative
magnitude of the problem, and whether or not it can be mitigated. Again it may be possible to avoid valuation
of impacts. Only if valuation of environmental impacts is likely to influence the outcome of the analysis, it
should be carried out (Leiman, & Tuomi, 2004).
Social Assessment
Generally speaking, most of the CBA impacts are expressed in monetary form. A problem that can be identified
later is that some of their prices have been distorted by market failure, while others have no prices at all. If the
prices are accepted at face value and no estimates are made of the unpriced impacts, the result is a simple
financial CBA. If the distorted and missing prices are corrected for, the result is a social or extended or
economic CBA (Leiman, & Tuomi, 2004).
The difference between the two types of CBA is important. For any given project, financial CBA looks at the
costs and benefits to an individual stakeholder. Social CBA looks at the costs and benefits to society as a whole,
trying to determine whether the project will make society better or worse off. An example will help to clarify
the difference. Say a hotel chain was thinking about building a luxury hotel in a wilderness area. The hotel chain
would effectively perform a financial CBA, looking at the direct costs and benefits to the chain. They would
consider the capital, financial and labour costs incurred during the actual construction of the hotel, as well as
the expected costs of running the hotel. On the benefit side they would consider the expected revenue stream
from the new hotel as well as benefits such as increased prestige etc. If they considered environmental aspects
at all, these would most likely be the costs of adhering to current government standards. They may also factor
in an ‘insurance cost’ in the event of an environmental lawsuit. They would discount the CBA using the
opportunity cost of their financial capital (i.e. the market rate of interest).
A CBA performed by the government would necessarily go further in order to consider the implications of the
project on the whole of society. The prices of land, labour and capital would be corrected to address any
implicit subsidies, distorting taxes or market imperfections. The exchange rate would be checked to ensure that
over or under valuation was not generating a spuriously high or low net earnings flow. It would consider all
stakeholders, looking not only at the direct costs incurred in the new hotel’s construction and running, but also
at the costs to the rest of society. This could include things like an estimation of the cost of environmental
destruction, the effect of noise pollution, the impact on local communities etc. They would also have to
consider a broader range of benefits (e.g. increased tax revenue, an increase in foreign exchange, a reduction
in unemployment, etc.). A complete social CBA should also consider the needs of future generations and adjust
the discount rate accordingly.
The two types of CBA can therefore yield to substantially different outcomes (Leiman, & Tuomi, 2004).

Suitability for URBANWASTE
CBA is meant to be one of the URBANWASTE relevant methodologies, specially run in parallel with LCA (as it is
usually applied), as it evaluates the costs and benefits to society of a project, policy or programme. Decision
makers can use its results, expressed as costs, as a very strong argument to go for the project evaluated or give
it up.
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Together with LCA, it can assess the environmental and socio-economic consequences of a decision, being the
CBA focused on finding out how useful is the project for the society while LCA checks out the harmful impacts
on the environment.
However, as mentioned, CBA (and also LCA) only support decision makers, as the information and conclusions
they provide have to be complemented with legal, social, economic and/or technical information. Once all
these data are compiled, a decision can be made.

Suitability for assessment of changes on hotel level or on municipality level
CBA is conceived for assessing the financial viability, as well as the implementation consequences at different
levels, of a wide variety of projects, policies or programmes. It could be therefore applied at different levels,
i.e., for a single hotel, in which those in charge of any decision making process can decide what kind of
measures should be applied in their businesses, or at municipal level, being therefore local authorities the ones
in charge of evaluating the results of the CBA performed and deciding if a concrete measure should be
registered as a local regulation and, consequently, adopted by the businesses belonging to the concerned
sector.

Summary / Conclusions
In the private sector, economic profit is often used as an indicator of economic efficiency. This needs not to be
valid; the market may be distorted or the decision may involve non-profit projects or the introduction of new
government policies. CBA offers an alternative test of efficiency for such situations (Leiman, & Tuomi, 2004).
As its name suggests, CBA simply compares all the expected present and future benefits of a project or policy
with its present and future costs. In general future costs and benefits appear less important than present ones,
for this reason CBA attaches a progressively lower weight to costs and benefits the further in the future they
appear. It is this practice of discounting that forms the basis of the opposition to CBA by some
environmentalists.
CBA has a number of advantages, which includes:


The decision rules it uses are standard and well known.



It provides non-prescriptive information in a standard format that informs decision makers and
stakeholders.



It is adaptable and flexible enough to reflect income distributional impacts, intergenerational
sustainability, financial efficiency and the effects of externalities.



It can be extended to match the EIA process. A CBA report can be adapted to include a stakeholder
analysis showing a project’s downstream impacts on interested and affected parties. Where projects
are large enough to affect macroeconomic variables (e.g. wage levels and exchange rates), the CBA
accounts for these. The report can be further enhanced to include other economy wide effects such as
multiplier based impacts on employment and GDP (using input-output tables or computable general
equilibrium models).



It has a logical place in the Integrated Environmental Management (IEM) process. In Environmental
Impact Assessments (EIA), for example information on project impacts are generated. The economic
and social relevance of these is not always clear. Also the data are not always comparable and easily
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integrated. CBA can reduce most impacts to a single number which describes either a benefit/cost
ratio, an internal rate of return or a Net Present Value (NPV). The CBA format establishes a clear link
between data collection and the information provided for decision-making.
One of the key weaknesses of CBA is that it can oversimplify, reduce complex cause and effect linkages to a
single number like the NPV or the Benefit/Cost ratio. This potential problem can be overcome by either
ensuring that the sensitivity analysis performed captures the effects of variations in key variables (such as
discount rates and income distributional weights) or by combining CBA with one of the multi-criteria decision
analysis methods which allow weights to be attached to concerns and impacts identified by specific
stakeholders as significant (Leiman, & Tuomi, 2004).

3.8 DPSIR Framework
The DPSIR Framework has been introduced in a technical report of the European Environmental Agency (EEA)
in 1999 with the aim of simplifying the understanding of existing environmental indicators for policy makers,
given the number and diversity of indicators in use. The earliest antecedent for DPSIR was the Pressure–State–
Response (PSR) framework developed by the Organization for Economic Co-operation and Development (OECD
1994), itself an extension of Rapport and Friend’s (1979) stress–response model. The PSR focus on
anthropocentric pressures and responses in its evaluation of environmental problems proved problematic, in
that it tended to push aside natural variability, as there was no place for it in the PSR classification scheme. The
UN Commission on Sustainable Development (1997) attempted to address this problem by expanding upon
PSR with a Driving Force–State–Response (DSR) framework. In this model, a driving force is a pressure
expanded to include not only the social, political, economic and demographic pressures in the PSR model, but
also pressures that resulted from the natural system. Both these methodologies were not able to investigate
the underlying reasons of the pressure, while this issue was indeed included in the final formulation of the
DPSIR framework.
This conceptual framework helps to organize and structure indicators in the context of a so-called causal
chain that links indicators of the environmental driving forces, to pressure indicators, to environmental state
indicators, to impact indicators and finally to indicators of societal response (Niemeijer et Groot, 2006).
The use of conceptual frameworks based on causality has important benefits. Such frameworks, through a
clearly structured organization of the indicators, enable clear and concise communication to decision-makers
(see Figure 10). They help to expose how the information provided by the indicators is related to various
processes and how specific policy or management actions can address human-induced environmental
problems. Additionally, a uniform approach to indicator reporting helps to link up different but related
assessment areas (e.g., transport and environment, agriculture and environment).
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Figure 10: DPSIR Framework (EEA, 1999)

According to the DPSIR framework, social and economic developments are driving forces that exert pressure
on the environment, which leads to changes in the state of the environment. In turn, these changes lead to
impacts on human health, ecosystems and materials that may elicit a societal response that feeds back on the
driving forces, pressures, or on the state or impacts directly (Smeets and Weterings, 1999). Obviously, the real
world is far more complex than can be expressed in simple causal relations in systems analysis. There is
arbitrariness in the distinction between the environmental system and the human system.
And, moreover, many of the relationships between the human system and the environmental system are not
sufficiently understood or are difficult to capture in a simple framework. Nevertheless, from the policy point of
view, there is a need for clear and specific information on:
(i)

Driving forces that refer to fundamental social processes;

(ii)

the resulting environmental pressures are both the specific human activities that result from
driving forces which impact the environment, and the natural processes that have a similar
impact on the environment;

(iii)

the State of the Environment corresponds to the condition of the environment;

(iv)

the Impacts are the results of changes on environmental quality and on human well-being;

(v)

the societal Response to these changes in the environment that mostly refer to institutional
actions to change the state, acting on the pressures.

The DPSIR framework is useful to describe the relationships between the origins and consequences of
environmental problems, but in order to understand their dynamics it is also useful to focus on the links
between DPSIR elements. For instance, the relationship between the ‘Driving Forces’ and the ‘Pressures’ by
economic activities is a function of the eco-efficiency of the technology and related systems in use, with less
‘Pressures’ coming from more ‘Driving Forces’ if eco-efficiency is improving. Similarly, the relationship between
the Impacts on humans or eco-systems and the ‘State’ depends on the carrying capacities and thresholds for
these systems. Whether society ‘Responds’ to impacts depends on how these impacts are perceived and

D2.2 Methodology framework document as
guidance for accompanying assessments

42

evaluated; and the results of ‘Responses’ on the ‘Driving Forces’ depends on the effectiveness of the Response
(EEA, 1999).

Underlying Concepts
DPSIR and Life-Cycle Assessment (LCA)
According to Khajuria et al. 2012, LCA and DPSIR can be integrated in an effective and dynamic way. In
particular, they applied DPSIR framework integrated with the LCA model for municipal solid waste
management system in developing countries. On one side the authors used the DPSIR model to evaluate the
driving forces of municipal solid waste generation, pressure on flora-fauna, state and impact on environment
and responses of government and non-government sector which helps to make new strategies of integrated
municipal solid waste management of India. On the other side, they used LCA to assess waste collection,
transfer stations, recovery, composting, combustion and landfill. Additionally, they considered within the LCA
model energy production, transportation and recycling (see Figure 11).

Figure 11: Conceptual Structure of DPSIR-LCA Model (Source: Khajuria et al., 2012)

Using the framework shown in Figure 11 the authors argued that the DPSIR model integrated with LCA model,
can be used as a best tool for assessing the environmental impact of municipal solid waste management
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system. The conceptual model as an environmental tool can be successfully applied in an Integrated Solid
Waste Management System (ISWMS) as a decision support tool which helps to develop better and effective
strategy of municipal solid waste in developing countries.
DPSIR and Materials Flow Analysis (MFA)
According to Hinterberger et al. 2003, within the internationally harmonised classification systems for
environmental indicators, like the pressure-state-response (PSR) framework of the OECD (1994) or the
extended Driving Forces-Pressures-State-Impact-Response (DPSIR) system, material-flow based indicators are
part of the pressure indicator group. These indicators identify and describe socio-economic activities, which
cause pressures on the environment. However, their ability to provide information on the actual environmental
impacts is very limited.

Assessed Impacts
Economic Assessment
Economic aspects are included in several steps of the DPSIR framework.
In many studies for instance, the term Driving Forces is employed for describing economic sectors that create
pressures, such as industry, agriculture and transport (Maxim et al., 2009). Some others describe Driving
Forces:
-

through mixes of descriptors for the economic sectors, structural features of the economic system,
demography and social characteristics (EEA, 2002),

-

through demography, developments in economic, socio-political, science and technology domains,
cultural and religious factors (MEA, 2003).

These economic aspects are then considered in the process of the evaluation of the impacts. Impacts can be
considered as changes in the environmental functions affecting the social, economic and environmental
dimensions. These impacts can be then monetized and the results can be presented to the policy and decision
makers in economic terms.
Environmental Assessment
Within the DPSIR framework the environmental assessment is described through the State category. State is
indeed defined as a result of pressures, that affects the state of the environment; the quality of the various
environmental compartments (air, water, soil, etc.) in relation to the functions that these compartments fulfil.
The ‘state of the environment’ is thus the combination of the physical, chemical and biological conditions
(Kristensen, 2004). In this sense this framework can provide a comprehensive picture of the environmental
responses to certain pressures.
Social Assessment
Concerning the social assessment, according to Maxim et al., 2009, the DPSIR could consider the social sphere
at three different levels:
Impacts: the change of the state of the environment could lead to socio economic impacts that would
then need to tailored socio-political responses;
Responses: responses could be formulated as policy action, initiated by institutions or groups
(politicians, managers, consensus groups, etc.) which are directly or indirectly triggered by impacts
and which attempt to prevent, eliminate, compensate, reduce or adapt to them and their
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-

consequences. The social perception of the existence of relevant Impacts is one of the main reasons
for developing political Responses;
Driving forces: Driving Forces belong to the “whole” context (social, economic, political) that defines
an environmental problem. If Responses act on the social component of the Driving forces, social
changes are foreseen.

Suitability for URBANWASTE
As mentioned in the previous section, URBANWASTE could use the DPISR framework together with an LCA
approach to assess and evaluate the municipal solid waste management system of the pilot cases involved in
the project. But overall it has to be concluded that DPSIR is more a causal framework for describing the
interactions between society and the environment than an assessment methodology. But it could support the
understanding of the driving forces and the pressures that the tourism industry has on the entire waste
management system, thus helping in the development of tailored strategies. Moreover, the possibility to
include in the study economic and social factors could contribute to create inclusive, gender sensitive and
effective innovative waste management strategies.

Suitability for assessment of changes on hotel level or on municipality level
The DPSIR framework is normally used to assess environmental problems and their relationships with the
socio-economic domain in a policy-meaningful way (Maxim et al.,2009). Several examples exist in literature
(Maxim et al., 2009, Holman et al. 2005, Khajuria et al. 2012, etc.) regarding the implementation of the DPSIR
framework to assess several environmental related issues (biodiversity, climate change) at a regional or a
municipal level. For instance, the DPSIR framework allowed the Regional Climate Change Impact and Response
Studies in East Anglia and North West England methodology to be built around a consistent structure of linked
assessments (Holman et al., 2005), that facilitates the use of the approach in other regions.

Summary / Conclusion
Overall it has to be concluded that DPSIR is more a causal framework for describing the interactions between
society and the environment than an assessment methodology. The DPSIR framework has turned out as a
useful framework to integrate the four different dimensions of sustainable development: social, economic,
environmental and political. The possibility to divide the whole analysed process in Driving Forces, Pressures,
States, Impact and Responses, allows to develop and bring a smoother and more effective communication to
policy makers.

3.9 Eco-Efficiency (EE)
Eco-efficiency (EE) assessment is a quantitative management tool which enables the study of environmental
influences of a product system along with its values for the stakeholders. EE was formally developed by the
World Business Council for Sustainable Development (WBCSD) as a business concept in a report for the Rio
Earth Summit in 1992. It was expressed as ”the ratio of an output divided by an input: the ”output” being the
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value of products and services produced by a firm, sector, or the economy as a whole, and the ”input” being the
sum of environmental pressures generated by the firm, sector or economy” (OECD, 1998).
The WBCSD defined EE as ”achieved by the delivery of competitively-priced goods and services that satisfy
human needs and bring quality of life, while progressively reducing ecological impacts and resource intensity
throughout the life-cycle to a level at least in line with the Earth’s estimated carrying capacity.” (OECD, 1998).
Later the European Environmental Agency (EEA) also, but slightly differently, defined EE as ”a concept and
strategy enabling sufficient delinking of the use of nature from economic activity, needed to meet human needs
(welfare), to keep it within carrying capacities; and to allow equitable access to, and use of the environment, by
current and future generations. Eco-efficiency is only a relative measure, a necessary, but not sufficient
condition for achieving sustainability, as, in some case, absolute reductions in some environmental pressures
are needed.” (EEA, 1998).
Whereas the original definition by WBCSD is absolute, the definition by EEA is relative and does not say which
production method is good or bad for the environment or economy, only whether it is better or worse; i.e.
products/processes are compared to each other and not to the carrying capacity of the Earth (Huppes &
Ishikawa, 2005).
Defined as the ratio between economic performance and environmental inﬂuence, EE can either be written
as (Huppes & Ishikawa, 2005: Zhao & Zhao, 2011: Yang et al., 2014: Yuan et al, 2016);

𝐄𝐜𝐨 − 𝐞𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲 =

𝐞𝐜𝐨𝐧𝐨𝐦𝐢𝐜 𝐩𝐞𝐫𝐟𝐨𝐫𝐦𝐚𝐧𝐜𝐞
𝐞𝐧𝐯𝐢𝐫𝐨𝐧𝐦𝐞𝐧𝐭𝐚𝐥 𝐢𝐧𝐟𝐥𝐮𝐞𝐧𝐜𝐞

or as (Huppes & Ishikawa, 2005: Yuan et al., 2016);

𝐄𝐜𝐨 − 𝐞𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲 =

𝐞𝐧𝐯𝐢𝐫𝐨𝐧𝐦𝐞𝐧𝐭𝐚𝐥 𝐢𝐧𝐟𝐥𝐮𝐞𝐧𝐜𝐞
𝐞𝐜𝐨𝐧𝐨𝐦𝐢𝐜 𝐩𝐞𝐫𝐟𝐨𝐫𝐦𝐚𝐧𝐜𝐞

The higher the value of the EE indicator, the more beneficial the effect.
EE can also be measured as


environmental intensity and environmental productivity in the realm of value creation, or



environmental improvement cost and environmental cost-effectiveness in the realm of environmental
improvement measures.

This results for the four basic types is shown in Table 4. The choice of which EE type to apply depends on the
context, and whether the managerial focus is on the creation of maximum value with minimum environmental
impact or is dedicated to concrete environmental improvements.
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Table 4: Four basic types of eco-efficiency (Source: Huppes & Ishikawa, 2005)
Product or production primary
Economy divided by environment

Production value per unit of
environmental impact, or
environmental productivity

Environmental improvement
primary
Cost per unit of environmental
improvement or environmental
improvement cost

Environment divided by economy

Environmental impact per unit of
production value, or
environmental intensity

Environmental improvement per
unit of cost, or environmental
cost-effectiveness

In businesses EE is mainly understood as an indicator of performance, or as a strategic tool for sustainable
business development combining economic and environmental performance of a speciﬁc system. The practical
uses of EE in industry has been classified as (Koskela & Vehmas, 2012)


a measure for resource productivity; more value added with less use of resources;



a part of the management strategy as an indicator for continuous improvement, life cycle
perspective, innovative procedures and/or improving economic and environmental performance;



a measure for improvement from bringing a life cycle perspective into environmental management,
reducing the energy intensity of the production, enhancing recyclability and/or maximizing the use of
renewable raw materials.

EE should be seen not as a specific methodology but as an overarching general concept with variants residing
under this umbrella (Huppes & Ishikawa, 2005).

Underlying Concepts
EE and Life-Cycle Assessment (LCA)
For policy and strategy development EE is mostly used in relation with LCA to make a linking of economic
costs and environmental impacts in a systematic manner (Jancovic et al., 2011), thus providing the necessary
values to support a decision-making process (Vercalsteren et al., 2010).
However, the resulting EE indicators are highly dependent on how the chosen LCA approach is operated. This is
illustrated by Frischknecht (2010) in a study comparing two ISO-compliant LCA approaches. The results indicate
that EE is very much influenced by both values, policy and cultural perspectives:


The recycled content (or cut-off) approach accounting for environmental impacts at the time they
occur meaning that if a product is made of primary material, the environmental impacts of primary
production are attributed to this product: This approach resulted in higher EE of recycling compared
to primary production.



The end of life recycling approach according to which it is assumed that used materials are probably
recycled in the future to avoid primary production: This approach resulted in higher EE of primary
production compared to secondary production.
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These different results imply that clear statements regarding preferences, choice and application of LCA
concept as well as transparency in the data inventory is crucial to ensure consistency between the
management strategy and the used indicators (Frischknecht, 2010).

EE and Materials Flow Analysis (MFA)
MFA is based on the flows and stocks of material in a defined system by means of the law of mass conservation
and material balances. Though EE is mostly attributed to LCA, EE indicators can also be derived from a
combination of MFA factors and economic indexes. Economic data from the defined system is used to derive
the EE indicators for material and energy inputs, consumption and emission outputs.
Several studies and model developments have been conducted with EE based on MFA (Wang et al., 2015: Zhao
& Zhao, 2011: Walker et al., 2009). For example, Wang et al. (2015) constructed a systematic material flow
model integrating the production, usage and waste management in cement and concrete production on a
national level in China. The model was developed not only for assessment of status and potential improvement
level of EE indicators, but also as a tool for monitoring and predicting the resource consumption and emissions
of the industry, i.e. making implications for further policymaking.
However, from an environmental point of view maximization of EE indictors cannot stand alone in conjunction
with the MFA in a strategy towards greater sustainability, because MFA relates to material flow rather than
environmental impacts. Furthermore, the realization of municipal policies and decisions are often time
consuming processes. An increase in consumption due to population growth may reduce the effect of a
planned improvement of EE indicators, unless there is an ongoing adjustment to reflect the development
(Walker et al., 2009).

Assessed Impacts
Economic Assessment
The concept of EE in economic assessment is the link between monetary and physical environmental
management accounting for decision-making in a systematic manner. Establishing a sustainable interrelation
between environmental and economic goals can reduce overall costs (Jankovic et al., 2011). However, a change
in practice in one part of the system could possibly cause secondary economic effects elsewhere in the system.
Therefore, the analysed system should be thoroughly described to provide true and fair indicators for
economic assessment.
Environmental Assessment
Like economic performance, environmental influence is an integral part of EE and can be assessed on the basis
of this method. However, with reference to the model shown in Table 4, the environmental assessment will
depend on the chosen type of EE, whether it relates to value creation or environmental improvement
measures (Huppes & Ishikawa, 2005).
It has been criticized that relative EE indicators (based on the EEA definition) can be calculated as positive even
if development becomes more unsustainable, by an increase in the use of ecological resources to meet human
needs. EE would increase even with higher environmental impact as long as the economic value increases even
faster (Mickwitz et al., 2006).
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Another critical issue to EE is the risk of incomparability in measurement units. It should be assured that
measurements attribution always refer to the boundary where the criterion is assessed (Sun & Pratt, 2014).
Social Assessment
EE has been widely used in the evaluation of regional economic systems, industry, enterprises, production and
services. The definition of EE stresses both environmental and economic benefits of production and services
(Zhao & Zhao, 2011). Zhao & Zhao (2011) have also alleged that EE effectively embodies the target of social
sustainable development.
Nonetheless, it has to be acknowledged that the materialization of any structural change or technical
innovation is subject to the acceptance of society (Walker et al., 2009). Social acceptance is multidimensional
and is dependent on the prevalence of a number of factors related to both policy, market and community
(Sovacool & Gross, 2015).
Although social aspects are an essential part of sustainable development and also EE in a broad sense, they are
not embedded in the concept of EE in practical applications. On municipal level social aspects are part of the
authority’s responsibility portfolio and must either be included, or the concept of EE must be limited to the
efficiency with which ecological resources are used to provide economic welfare instead of to “meet human
needs” (Mickwitz et al., 2006).

Suitability for URBANWASTE
EE indicators have proven suitable for decision makers to evaluate both tourism and waste processes on
various scales, based on either flow models that delivers information on economic performance and
environmental pressure, or by means of LCA combined with economic data. Assessing different scenarios by
means of EE makes it possible to demonstrate principle pathways, combine parameters and draw more
complex pictures of future scenarios (Kytziaa et al., 2011).
The EE method is highly flexible and adaptable, and relatively simple to communicate which makes it an
appropriate tool to meet the objectives of URBANWASTE, both in terms of fostering and structuring a
stakeholder participatory framework for policy-making in waste management and for application and
integration of an urban metabolic approach for waste policies, although the use in relation to social assessment
is somewhat unclear.

Suitability for assessment of changes on hotel level or on municipality level
EE is a flexible and relatively simple tool for assessing the environment influence against economic
performance. It can be adapted and applied in various types and scales of systems, both at company level,
within sectors, at municipal level and other defined systems. It can also be used across sectors and
stakeholders and help to build a consensus around policy, objectives, decisions and achievement of targets in
both waste management and in the integral product framework of tourist destinations (Jankovic et al., 2011).
Cooperation with customers is essential for achieving environmental goals in the hotel industry, given that
resource consumption by operations activities and by customers directly has been shown to affect
environmental sustainability in hotel operation. Research addressing consumer goods has shown that the
practices stipulated in the eco-certification guidelines can bring both operational and pricing advantages
through improvements in process and product quality (Zhang et al., 2014).
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However, divergent interests exist between the hotel industry and the municipality since the perception of
economic performance relative to environmental influence has a different meaning depending on whether the
objective is profit maximization or ″more environmental value for money″. For tourism destination planners
and managers, the challenge is to select and implement EE strategies that appeal to the tastes and interests of
tourists while meeting the needs of community stakeholders (Kelly et al., 2007).
Figure 11 shows the principle of how different scenarios can be compared on both environmental impact and
economic costs, this providing decision-makers with an informed basis to prioritize the more appropriate
option in terms of both environment and economy. The diagram is reprinted from a study by Yang et al. (2015)
who explored the EE analysis for municipal solid waste management to optimize waste disposal systems with
the aim of reducing carbon emission and improving cost effectiveness per unit investment cost during its life
cycle processing. The model integrates the environmental impact and economic costs of each process, from
collection to treatment, into the entire disposal system and then analyses the contribution of each process
individually to determine the EE optimization measure. Although from a study in a municipal waste
management system the model shown in the diagram could equally well represent an assessment and
decision-making process in another sector, e.g. the hotel industry.

Table 5: Diagram for the optimization concept of municipal waste systems (Source: Yang et al. 2015)

Central to the EE concept is the identification of resource consuming and waste generating processes at
different scales, this makes the method highly flexible to be applied both at municipal level, in single
organisations and other defined systems. It also enables identification of interfaces and interconnections
between different processes and across sector borders (Byström, 2012).
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The properties make EE an appropriate tool to meet the objectives of the URBANWASTE project. Furthermore,
EE is in line with the environmental and waste policy in the EU and can be seen as a means for decoupling
economic development from environmental impact and waste generation.
From a municipal solid waste management perspective EE is a valuable tool for operationalising the waste
hierarchy, and also a concept that encourages focus on resource management with process optimisation,
waste utilization and recovery of materials and energy.
From a commercial point of view, the use of EE can also offer valuable benefits to image building and
competitive advantages, as environmental optimisation of processes are not only beneficial from a
sustainability point of view but also makes more profitable business models.
However, this divergence between the commercial and non-commercial perception of economic performance
in relation to environmental influence as being either profit maximization or ″more environmental value for
money″, together with other cultural and value-borne differences, means that EE is not immediately suitable as
a standard of reference between different systems. EE is an ambiguous term interpreted in various ways,
depending on the current situation and should predominantly be seen as a value-based management tool. This
should be acknowledged and articulated in any practical application of EE.

Summary / conclusions
EE is a relatively simple tool for assessing environmental influences against economic performance. Central to
the EE concept is the identification of resource consuming and waste generating processes at different scales,
this makes the method highly flexible to be applied both at municipal level, in single organisations and other
defined systems. It also enables identification of interfaces and interconnections between different processes
and across sector borders (Byström, 2012).
The properties make EE an appropriate tool to meet the objectives of the URBANWASTE project.
Furthermore, EE is in line with the environmental and waste policy in the EU and can be seen as a means for
decoupling economic development from environmental impact and waste generation.
From a municipal solid waste management perspective EE is a valuable tool for operationalising the waste
hierarchy, and also a concept that encourages focus on resource management with process optimisation,
waste utilization and recovery of materials and energy.
From a commercial point of view, the use of EE can also offer valuable benefits to image building and
competitive advantages, as environmental optimisation of processes are not only beneficial from a
sustainability point of view but also makes more profitable business models.
However, this divergence between the commercial and non-commercial perception of economic performance
in relation to environmental influence as being either profit maximization or ″more environmental value for
money″, together with other cultural and value-borne differences, means that EE is not immediately suitable as
a standard of reference between different systems. EE is an ambiguous term interpreted in various ways,
depending on the current situation and should predominantly be seen as a value-based management tool. This
should be acknowledged and articulated in any practical application of EE.

D2.2 Methodology framework document as
guidance for accompanying assessments

51

3.10 Ecological Footprint (EF)
Underlying Concepts
Ecological Footprint (EF) analysis is not based on LCA or MFA, but, however, dealing with some of the
critiques, namely that MFA can hardly be used to evaluate the sustainability of an urban system (Zhang, 2013,
p. 467; Zhang et al., 2015, p. 11255). Also, EF can be an indicator in LCA, evaluating the impact on land of a
certain product or process. Also other Footprint analysis as e.g. Carbon Footprint or Water Footprint can be
indicators within and LCA.
The concept of Ecological Footprint was introduced in the 1990s by Wackernagel and Rees (1995). EF measures
the land area necessary to sustain humankind’s, a city’s or also a person’s resource consumption and waste
discharge. The advantages of EF are that it combines socioeconomic development demands with ecological
capacity and that, as mentioned above, can therewith reveal ecologically unsustainable situations. A problem
of the concept is though, that land is not considered to provide multiple functions, and that, because of
incomplete descriptions of resource provision (and waste discharge) by the natural system, it underestimates
human impact (Zhang, 2013). Via an expert survey, Wiedmann and Barrett (2010) found that EF
“(a) is seen as a strong communication tool,
(b) has a limited role within a policy context,
(c) is limited in scope,
(d) should be closer aligned to the UN System of Environmental and Economic Accounting and
(e) is most useful as part of a basket of indicators.” (Wiedmann & Barrett, 2010)
According to Wackernagel and Rees (1995) the ecological footprint is “the total area of productive land and
water ecosystems required to produce the resources that the population consumes, and assimilate the
wastes that the population produces, wherever on earth the land and water may be located using prevailing
technology.” This means on the one hand all direct land-use is considered, like area for mining, land for
growing of plants, etc., and on the other hand the indirect land-use for instance needed for CO2 sequestration
is assessed. In this way fossil fuels are accounted for in their emissions. The advantage of the EF is that all
inputs and outputs are aggregated to just one aspect – area of land (Unger et al. (2008)).

Assessed Impacts
Social Assessment
There is no social assessment in the original ecological footprint. Additional indicators should be applied in
parallel to EF.
Economic Assessment
There is no economic assessment in the original ecological footprint. Additional indicators should be applied in
parallel to EF.
Environmental Assessment
The main purpose of the EF is the assessment of human consumption’s impact on the environment, i.e. the
use of natural capital and more specific the use of global hectares land (gha). This is typically juxtaposed a
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measurement of the biocapacity (BC) of a region and therewith gives the possibility to measure a potential
overshoot in resource use.
However, additional indicators which e.g. consider biodiversity should be used to avoid transformation of
wilderness and areas with high biodiversity but low productivity into monoculture agricultural areas which
have higher biocapacity in terms of productivity. Adapted EF methodologies exist to cope with this.

Suitability for URBANWASTE
Waste is part of the EF as the assessment includes the area of nature needed to cope with human waste. EF
could thereby be used to estimate the biocapacity needed to treat the city’s / region’s waste. The concept is
also very illustrative (see Figure 12) and would be appropriate for dissemination and communication
campaigns but also for more visions or strategies for sustainable urban development (Kuzyk & Rockley, 2014).
As written above, it is most useful in combination with other indicators which consider other aspects of
sustainable development.

Figure 12: Illustration from WWF on carbon footprint, exceeding the earth capacity to cope with CO2 which is part of WWF’s
‘Ecological footprint of consumption’ (WWF, 2016)
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Figure 13: Application of EF in Calgary and surrounding towns (Kuzyk & Rockley, 2014)

Suitability for assessment of changes on hotel level or on municipality level
EF is typically used on a global scale, while there is some criticism to apply it at region or city scale. This regards
mainly the fact that EF argues for self-sufficiency, which seems unrealistic for large cities which naturally rely
on large hinterlands, and does not consider the benefits of trade. Besides that, footprints can be calculated on
every scale, even on hotel or individual scale.

3.11 Economic Input-Output (EIO)
According to the Carnegie Mellon University (http://www.eiolca.net/Method/index.html) the “Economic InputOutput Life Cycle Assessment (EIO-LCA) method estimates the materials and energy resources required for,
and the environmental emissions resulting from activities in our economy. It is one technique for performing
a life cycle assessment, an evaluation of the environmental impacts of a product or process over its entire life
cycle. The method uses information about industry transactions - purchases of materials by one industry
from other industries, and the information about direct environmental emissions of industries, to estimate
the total emissions throughout the supply chain.”
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Underlying Concepts
Economic Input-Output Life Cycle Assessment (EIO-LCA) is an approach that applies a mathematically defined
procedure using economic and environmental data to determine the effect of changing the output of a single
sector. The method can be applied to any economy defined by the transactions between sectors. Each
application of the method defines an EIO-LCA model.
This method uses data that are aggregated at sector level in order to quantify environmental impacts that
can be allocated to the sector. Basically it is calculated how much each sector purchases from other sectors in
producing its output. For this method, sector-level averages are used, but they may or may not be
representative.
Hendrickson et al. (2006) state, that the “economic input-output analysis was developed by the Nobel Prizewinning economist Wassily Leontief. It quantifies the interrelationships among sectors of an economic system,
enabling identification of direct and indirect economic inputs of purchases. This concept was extended by
including data about environmental and energy analysis from each sector to account for supply chain
environmental implications of economic activity.”
Economic input-output (EIO) models represent the monetary transactions between industry sectors in
mathematical form. EIO models indicate what goods or services (or output of an industry) are consumed by
other industries (or used as input). As an example, consider the industry sector that produces automobiles.
Inputs to the automobile manufacturing industry sector include the outputs from the industry sectors that
produce sheet metal, plate glass windshields, tires, carpeting, as well as computers (for designing the cars),
electricity (to operate the facilities), etc. In turn, the sheet metal, plate glass windshield tire, etc. industry
sectors require inputs for their operations that are outputs of other sectors, and so on. Each of these
requirements for goods or services between industry sectors is identified in an EIO model. The traditional
economic input-output model indicating economic transactions between industries can be appended with
information on emissions to the environment. In effect, this creates an additional column representing "the
environment" sector, and the value in each row represents the pollutant "output" from an industry sector that
6
is "input" to "the environment" sector.
Hendrickson et al. (2006) describe the difference between a “traditional” process-based LCA and the EIO-LCA
approach (see Table 6).

6

http://www.eiolca.net/Method/LCAapproaches.html
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Table 6: Methodological differences between process-based LCA and EIO-LCA (Hendrickson et al. (2006))

Process-Based LCA
results are detailed, process specific

Advantages

allows
for
specific
product
comparisons
identifies
areas
for
process
improvements, weak point analysis
provides
for
future
product
development assessments

setting system boundary is subjective
tend to be time intensive and costly
difficult to apply to new process design
Disadvantages

use proprietary data
cannot be replicated if confidential
data are used
uncertainty in data

EIO-LCA
results are economy-wide, comprehensive
assessments
allows for systems-level comparisons
uses publicly available, reproducible results
provides for future product development
assessments
provides information on every commodity in
the economy
product assessments contain aggregate data
process assessments difficult
must link monetary values with physical units
imports treated as products created within
economic boundaries
availability
of
data
for
complete
environmental effects
difficult to apply to an open economy (with
substantial non-comparable imports)
uncertainty in data

Assessed Impacts
Generally spoken, the idea of this mathematical model is to calculate demands from sectors. The units used are
usually monetary units. On the one hand these are monetary amounts purchased by specific sectors to make
their product (what the “buy” from other sectors to produce their product). If data are available on a particular
emissions release (or other attribute of interest) from each sector of the economy, then it is possible to link
this information with the economic (monetary data), yet this is displaying information at whole sector level,
using a lot of aggregated information.

Suitability for URBANWASTE
EIOLCA provides an LCA method, combined with economic data. In general terms, the use of EIOLCA does not
present special advantages, since the method it offers is also integrated in other tools. At the same time, this
method presents less transparency, and requires more expertise for use and interpretation of results.
The method has several problems for implementation in URBANWASTE. The method uses the calculation of
whole sectors, this means on the one hand aggregates are used, that are presenting “averages” within the
sector. The more diverse a sector is, the less representative the results might be for specific parts of the sector.
Tourism on the one hand might be considered uniform in the products and services delivered, but results
cannot be derived at local level (cities) or at lower levels (accommodation types). Secondly, it is difficult to
allocate the environmental impacts to the EIO models. Therefore, the method is considered not suitable for
the project, especially due to the fact, that it is a whole sector analysis and that both the inventory data and
emissions / impacts are likely to be missing at pilot case (city) level.
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Suitability for assessment of changes on hotel level or on municipality level
Method is considered not suitable due to the reasons stated above.

3.12 Material Flow Analysis (MFA) and Energy Flow
Analysis (EFA)
“Material Flow Analysis” (MFA) and “Energy Flow Analysis” (EFA) are two “accounting and assessment methods
for urban metabolism [that] are based on an analysis of material and energy ﬂows” (Zhang, 2013, p. 465;
Zhang, Yang, & Yu, 2015, p. 11249). MFA or “mass balance” has the goal to provide a system level
understanding of how a city, region or nation functions (Holmes & Pincetl, 2012, p. 8). EFA or “energy
balance” as a modification of the MFA framework was developed to provide a more detailed understanding of
urban metabolic processes (Zhang, 2013, p. 466).

Underlying Concepts
Material- (MFA) and Energy-Flow-Analysis (EFA) are – as their name suggests – based on MFA and account for
material or energy flows. MFA traces the input, storage, transformation, and output processes and it allows
following the material flows throughout the life cycle within an urban system, based on the physical
principle that matter can neither be created nor destroyed (Holmes & Pincetl, 2012, p. 8). MFA also allows for
comparisons across cities and inputs (Pincetl, 2012). EFA allows integrating material flows with different
measurement units (Zhang, 2013, p. 466). “Emergy”, a further development of MFA, provides a method for
studying the energetic flows in a socio-economic system.

Assessed Impacts
A main critique of MFA and similar approaches is, that they can hardly be used to evaluate the sustainability
of an urban system as they are not (directly) relating to the impact of material (and non-material) flows
(Zhang, 2013, p. 467; Zhang et al., 2015, p. 11255). According to these shortcomings the method does not
allow an integrated assessment of social, economic and environmental impacts.
As the method is a physical assessment of material or energy use, neither social, nor economic or
environmental assessment is directly conducted. However, based on the accounted material or energy flows,
an economic or environmental assessment might be possible by converting the accounted masses or energy
into respective parameters (prices, CO2 emissions etc.).

Suitability for URBANWASTE
The reviewed method, particularly MFA, is very suitable to address questions of waste management or to deal
with problems of waste management, as for instance a case study of Oahu, Hawaii (Eckelman & Chertow,
2009) shows. However, the method does not allow a comprehensive assessment of social, economic and
environmental impacts; neither does the method provide a particular solution to deal with tourism or
touristic waste.
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Therefore, the suitability of the method for URBANWASTE depends on the particular purpose or aim that has
to be fulfilled. If the purpose is limited to questions of waste management in tourist regions, related to mass
management, then MFA is very suitable; if, however, a more integrated perspective should be applied,
assessing questions of sustainability, then the method is of limited suitability for URBANWASTE.
It can be stated, that MFA aims at displaying material flows in a system allowing for considering also inputs /
outputs and stocks of a system. Especially in terms of waste management it is important to map the flows of
different waste streams in an (end of life) system. This serves as entry point for subsequent sustainability
assessments.

Suitability for assessment of changes on hotel level or on municipality level
MFA/EFA is suitable on different scales, but it can be questioned what contribution the application of the
method on hotel level could make for the questions of the URBANWASTE project.

3.13 Environmental Impact Assessment (EIA)
Environmental assessment according to is a procedure that ensures that the environmental implications of
7
decisions are taken into account before the decisions are made . Environmental assessment can be undertaken
for individual projects, such as a dam, motorway, airport or factory, on the basis of Directive 2011/92/EU
(known as 'Environmental Impact Assessment' – EIA Directive) or for public plans or programmes on the basis
of Directive 2001/42/EC (known as 'Strategic Environmental Assessment' – SEA Directive). The common
principle of both Directives is to ensure that plans, programmes and projects likely to have significant effects
on the environment are made subject to an environmental assessment, prior to their approval or
authorisation. Consultation with the public is a key feature of environmental assessment procedures.

Underlying Concepts
EIA is a procedure that must be followed for certain types of development before they are granted
development consent. The requirement for EIA in the EU comes from the EIA Directive 85/33/EEC as amended
three times and codified by Directive 2011/92/EU of 13 December 2011. Directive 2011/92/EU has been
amended in 2014 by Directive 2014/52/EU.
Project in the sense of the EIA Directive means: the execution of construction works or of other installations or
schemes, as well as other interventions in the natural surroundings and landscape including those involving the
extraction of mineral resources.
The procedure requires the developer to compile an Environmental Statement (ES) describing the likely
significant effects of the development on the environment and proposed mitigation measures.
The ES must be circulated to statutory consultation bodies and made available to the public for comment. Its
contents, together with any comments, must be taken into account by the competent authority (e.g. local
planning authority) before it may grant consent. In essence, the process involves an analysis of the likely effects
7

http://ec.europa.eu/environment/eia/
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on the environment, recording those effects in a report, undertaking a public consultation exercise on the
report, taking into account the comments and the report when making the final decision and informing the
public about that decision afterwards. The EIA Directive outlines which project categories shall be made subject
to an EIA, which procedure shall be followed and the content of the assessment.
The particular components, stages and activities of an EIA process and the application of the main stages is a
basic standard of good practice. Typically, the EIA process begins with screening to ensure time and resources
are directed at the proposals that matter environmentally and ends with some form of follow-up on the
implementation of the decisions and actions taken as a result of an EIA report (see Figure 14).

Figure 14: Flow chart of an environmental assessment process

EIA is a procedural tool for ensuring that the likely effects of a new development on the environment are fully
understood and taken into account before the development is allowed to go ahead.
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As such, it is used to:
•

Identify potential environmental impacts;

•

Examine the significance of environmental implications;

•

Assess whether impacts can be mitigated;

•

Recommend preventive and corrective mitigating measures;

•

Inform decision makers and concerned parties about the environmental implications.

Assessed Impacts
According to Article 3 of Directive 2011/92/EU by Directive 2014/52/EU “1. The environmental impact
assessment shall identify, describe and assess in an appropriate manner, in the light of each individual case, the
direct and indirect significant effects of a project on the following factors:
(a) population and human health;
(b) biodiversity, with particular attention to species and habitats protected under Directive 92/43/EEC and
Directive 2009/147/EC;
(c) land, soil, water, air and climate;
(d) material assets, cultural heritage and the landscape;
(e) the interaction between the factors referred to in points (a) to (d).

Suitability for URBANWASTE
Environmental Impact Assessment sets a methodological framework for assessing environmental impacts of a
project. Therefore, as a tool for measuring and monitoring environmental impacts of projects, it can be of use.
But per definition EIA “projects” refer to much bigger issues than concerned within URBANWASTE.
Additionally, real projects like the construction of a motorway are main topics for EIA. Within URBANWASTE
the tourist sector as service sector is the main issue. As a full EIA process includes e.g. participation and is very
extensive the approach seems too broad in the sense of URBANWASTE. Nevertheless, the general concept can
be used. EIA sets a methodological framework for assessing environmental impacts of a project. Therefore, it
could be a useful tool for measuring and monitoring the environmental impacts.

Suitability for assessment of changes on hotel level or on municipality level
EIA is a methodological framework and foreseen for much bigger projects than the hotel level. On municipality
level SEA would be a more appropriate methodology. Therefore, it can be concluded that EIA is not suitable for
URBANWASTE.
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3.14 Environmental Profit & Loss (EP&L)
Underlying Concepts
An environmental profit and loss account (E P&L) is a company’s monetary valuation and analysis of its
environmental impacts including its business operations and its supply chain from cradle-to-gate (WBCSD,
2011).

Assessed Impacts
Environmental profit and loss are for obvious reasons focused on specific entities impact and can be seen as
narrower methodological part than LCA - derived partly from Ecosystem services valuation and LCA might be
used here as a wider concept combined with this specific technique as it can be found on various companies
business reviews or consultancy companies proposed studies for clients (WBCSD, 2011; PUMA, 2016; Kering on
EP&L, 2016).

Suitability for URBANWASTE
Relevance with URBANWASTE project as relevant method is only given if all data from companies about
everything linked from tourism business as used materials, amount of tourist waste, impacts of fuel emissions
might be necessary to be calculated as this is very precise model requiring methodology. It shall be used for
distinct companies to measure ecological footprint and gains on sacrifice of the former. It means that the use
of this method is doubtful as then data from each singular company unit must be used in model performance
and established boundaries of the "LCA impact" that is hard task if recreation zones have many tourists and
multiple / many companies working. The method shall be advised on later stages of projects when main
strategies are established and single unit analyses might be performed to elaborate tactic plans of singular
entities.
The methodology was developed within the company PUMA and aims at internalizing externalities and
monetizing the cost of business to nature by accounting for the ecosystem services a business depends on to
operate in addition to the cost of direct and indirect negative impacts on the environment. This aims at
improving the visibility, where in the value chain of a product negative environmental impacts occur. As this is
a very extensive task, and also tourism as service is difficult to assess, it is recommended not to use this
approach.

Suitability for assessment of changes on hotel level or on municipality level
Municipality level is hardly to be approached and in general the EP&L is better for products neither services nor
a group of services and interactions like the tourism is. The EP&L analysis provides monitoring the footprint of
the company’s operations and identifying new opportunities to enhance the sustainability of a company’s
products - product/impact in metric values. Therefore, project URBANWASTE performance shall not use this
methodology in full manner, however some scientific idioms are useful for defining monetary environmental
expenditures in specific cases.
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3.15 Industrial Symbiosis (IS)
The concept of industrial symbiosis (IS) branches from industrial ecology (I-Ecol), a discipline that arose around
1990 (Yazan et al., 2016). In analogy to ecological systems, the wastes from some is converted into useful
products and energy for others (Smith et al., 2015: 317). Rooted in I-Ecol, IS is based on the principles of
system approach, mass balance, circular economy and life cycle thinking.
To define IS, several authors refer to Chertow (2000; cited by Paquin et al., 2015: 96): “An inter-firm
collaboration involving the exchange and reprocessing of wastes and other excess resources from one firm into
valuable inputs for another“. Exchanged are solid materials, energy, water, and a variety of smaller amounts of
other by-products. By ‘roundput’ of both material and energy between companies, as opposed to actions of
individual firms, businesses aim at improving their environmental performance and profit margins.
Concomitantly, the efficiency of material and energy use of the whole system increases. These two aims are
interwoven, Paquin et al. (2015: 97) observe an “economically-driven environmental focus of I-Sym”. This can
be seen for instance in cases where growing costs of environmental inappropriate waste disposal are an
ecomonic driver of I-Sym (Ferrer et al., 2012; Paquin et al., 2015). Referring to the UK, Paquin et al. (2015: 95)
attribute “escalating costs […] to the enforcement of environmental regulations such as increasing landfill taxes
and additional environmental regulations”. Ren et al. (2016) consider I-Sym something that is being designed to
make an industrial system more sustainable, environmentally and economically.
Geographical proximity of firms is key to opportunities for synergistic by-products exchange and, hence, a
major concept in I-Sym. Most often proximity is considered economically beneficial due to savings on transport
costs, but that is also environmentally beneficial by savings on emissions. In some cases, proximity is even
required by the nature of the by-product to be exchanged. Heat for instance, can be transferred over a
maximum distance of about 10 to maximum 20 km (Korhonen, 2001: 373). An optimal scale for IS is hardly to
define (Yazan et al., 2016: 537) but it can nevertheless be commented that it works best on local or, at the
most, sub-regional scale.
A frequently studied showcase of industrial symbiosis is the eco-industrial park Kalundborg, Denmark. It is
described by Jacobsen (2006: 241) as “a complex web of interactions among five collocated companies and the
local community. The symbiotic companies include a power-plant, an oil-refinery, a biotech and pharmaceutical
company, a producer of plasterboard and a soil remediation company”. The ‘web of interactions’ in I-Sym is not
by definition formed by such large-scale, capital intensive plants. The shoe-making cluster in Brazil in a case
study of I-Sym by Ferrer et al. (2012) is “characterised by a large number of small manufacturing firms” (op. cit:
p. 142).
Figure 15 presents a scheme of flows in the Kymi eco-industrial park of forest industry in Finland as an example
of IS (Sokka et al., 2011: 287). It distinguishes between no less than 26 different types of energy-carriers, solid
waste materials, water and other by-products that are ‘put round’. This example illustrates that the by-product
exchange that is essential of IS is more common in multi-industry than in single-industry clusters (Ferrer et al.,
2012) due to the importance of complementarity of types of by-product for exchange. It also shows that IS in
practice is not by definition a closed system based on mutual proximity within clear boundaries. The IS in this
eco-industrial park is extended with boundary-crossing upstream suppliers and downstream users.
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Figure 15: Energy and material flows in the Kymi eco-industrial park.

Underlying Concepts
In essence, IS is not by itself a methodology to measure quantity, qualitative composition or treatment of
waste materials. This would make it of little relevance to URBANWASTE. However, it offers opportunities to
assess the performance of symbiosis in industrial clusters from both the environmental and economic point of
view. In fact, quite a few studies analyse the supply and demand (use) sides of flows of waste products in both
quantitative and qualitative terms. Many of these studies apply apply MFA, LCA, or both types of analysis. In
general, two different approaches to assess the performance of these symbiotic systems exist. The first one
takes the ‘perfect’ IS as a baseline. In a perfect IS, “there will be no waste to dispose of and no primary input to
purchase from external [outside the system, author’s addition] suppliers” (Yazan et al. 2016: 538). The perfect ISym is a hypothetical, practically non-existent ideal-type. The larger the deviation from that hypothetical
situation, the worse the performance. The second approach: it compares the performance of IS with the
opposite baseline, i.e. the hypothetical situation of no actual exchange of by-products at all [e.g. Sokka et al.
2011; Korhonen, 2001; Eckelman & Chertow, 2013).
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IS and Materials Flow Analysis (MFA)
‘Flow’ is an essential concept in the general opinion of what IS is, i.e. import and export flows of firms within
the defined industrial system. The exchanged materials in the flows are of energy, water and less sizeable
amounts of other sorts of by-products. As the name itself makes clear, MFA is a very dedicated methodology
for IS. It tracks and quantifies the flows of products as outputs and inputs of firms in symbiotic industrial
systems. It is a descriptive, systematic [and quantitative, author’s addition] approach to assess the
metabolism of a defined system. Its outcomes can be used to ”minimise disposal through source reduction”
(Eckelman et al., 2014: 307).
IS and Life-Cycle Assessment (LCA)
Although it is a conclusion based on a review of a limited amount of literature, LCA appears to be more often
implemented than MFA, to evaluate the performance of symbiotic industrial systems (e.g. Mohammed et al,
2016; Smith et al., 2015; Strazza et al., 2015). In these systems, LCA ‘follows’ the life cycle of material until its
end in order to assess its environmental impacts. Reading Turner et al., (2016) carefully, that assessment
appears a more explicit objective in LCA than in MFA. LCA is usually applied to one single by-product only or to
a very few types of similar by-products, for instance a few different types of GHG. Notably, in most reviewed
studies the objective of LCA is comparing a few alternative methods of by-product exchange, or of treatment
at the end of their life cycle, as a basis for decision-making on the environmentally least damaging and
economically most profitable method.
Studies that apply LCA to a symbiotic system in which tourist waste is a by-product are rare. One example is
presented by Strazza et al. (2015). They compare the environmental and economic impacts of recycling food
waste produced at a cruise ship for use in aquaculture (salmon) with the conventional system of feeding. On
the selected indicators for comparison - global warming potential, non-renewable energy demand and water
scarcity index – the recycling system scores better than the conventional one.

Assessed Impacts
Economic Assessment
In principle, economic gains of IS are achieved at company level. The more perfect IS is, the more firms can
save on costs for waste disposal and purchase of resources from elsewhere. For one thing, waste materials and
excess energy as by-products within symbiotic industrial systems are usually cheaper than virgin materials.
Moreover, local supply within these geographical clusters saves on costs for transport, i.e. vehicles, fuel and
networks of pipes and cables. Economic gains also include reduction of investments in own energy supplying
installations. At the supply side, symbiosis of industrial clusters can result in opportunities for co-generation of
different types of energy. A type of co-generation in large clusters of energy intensive industries is the
combined heat and power (CHP) plant. Heat as and excess by-product is often supplied to district heat systems
of nearby towns or urban districts.
Environmental Assessment
Paquin et al. (2015: 97) present a rather broad spectrum of environmental impacts of IS: “reduced material
intensity, reduced energy intensity, reduced dispersal of toxic substances, enhanced recyclability, maximized use
of renewables, extended product life, and increased service intensity”. Again, this enumeration illustrates the
close connection between environmental and economic returns of IS. The use of recycled waste materials and
energy by firms for use in their buildings and production processes, rather than dumping in the environment,
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reduces the emittance of GHGs generated by chemical decomposition of solid waste in landfills. However,
investments in proper engineering structures may turn the landfill in a source of useful by-products, for
instance methane (Eckelman et al., 2014). Environmental and economic benefits of IS go more indirectly
together in case economic benefits can be achieved from a green image and green markets potentials of the
cluster production. Furthermore, using inputs of by-products from neighbouring firms saves money to be
spend on upstream imports of virgin sources, but also implies reduction of air pollution by fuel combustion for
transport and, in case of mining of virgin sources, reduction of adverse landscape alteration and the use of,
sometimes enormous quantities of water (Kaza & Curtis, 2014).
Social Assessment
Economic and environmental benefits are explicit and closely interwoven objectives of theory and practice of
IS. Social benefits on the other hand are rarely included explicitly in the concept. This does not mean that IS
is ’non-social’, but that the social component concerns pre-conditions and effects of IS rather than the
symbiosis itself. Hence, assessment of social values is not included in MFA and LCA. ‘The social’ as precondition
to IS touches qualities of (the networks of) actors and organisations involved in strategic thinking of symbiotic
industrial system. Dedicated management skills, mutual trust, inter-organizational culture, knowledge sharing,
and social and cognitive learning capacities of firms, mostly evolved through historical pathways, are crucial for
cooperation of successful energy-efficient industrial eco-systems (Baas & Boons, 2004; Ferrer, 2012; Luciano et
al., 2016; Yazan et al., 2106). Regarding the effects of IS, Paquin et al. (2015: 97) refer to case studies in China,
Australia and Europe to underpin the observation that IS “show that new job and business opportunities can
result from exchanges, while simultaneously reducing resource and energy use, and environmental discharge”.

Suitability for URBANWASTE
The question if IS is suitable for the project URBANWASTE not as a standalone methodology but as a ‘vehicle’
to apply MFA and LCA to determine quantities and types of tourist waste and to assess the status-quo and
future (to be developed) scenarios, can be approached in two different ways: is tourism as a separate industry
suitable to realize a certain, or higher level of symbiosis, or can tourism be plugged in broader industrial
systems of firms in other economic sectors to add more by-products into symbiotic relations.
The first approach is highly unlikely. Tourist industry generates much waste, but that does consist of sizeable
flows of single or ‘pure’ types of waste. Instead, its output is a flow that is a composite of small quantities of
many different types of waste (see D 2.1). If it should be only about the quantity, only the amount of food
waste, the single largest type that “can account for more than 50% of the hospitality waste” (Pirani and Arafat
(2014: 321), might be sizeable enough to be converted into cost-effective input for other firms, if sorted out
from other types. However, no firms in tourist industry are interested in food waste as input for their
‘production process’. Other types of waste may be re-used within tourist industry, but re-use does not fit in the
definition of IS. In fact, as mentioned above, the by-product exchange that is essential of IS is much more
common in multi-industry than in single-industry clusters.
The second approach provides some opportunities. Food waste can be a valuable resource to be used in
symbiotic industrial systems, but only under certain conditions: it has to be sorted out from other types of
tourist waste – which is not yet a general practice in that industry itself -, it has to be supplied in cost-effective
quantities, and it has to be processed into other by-products first. Food waste as such is of little use for
industries – we do not consider aquaculture an ‘industry’ – but chemical decomposition (gasification) may yield
useful by-products. Furthermore, other types of solid waste by the tourist industry, if combustible, can be
incinerated in power plants or in CHP plants that are occasionally part of symbiotic industrial systems. If
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proximate to urban municipalities, these can purchase the produced heat or electricity that is generated in
these industrial systems.
Since social benefits of industrial symbiosis is not part of IS as a concept, there is no need to formulate
indicators and to find data for IS in URBANWASTE. Economic and environmental benefits on the other hand are
crucial impact categories of I-Sym. Indicators of both types of impacts of IS have to be first and foremost traced
back to the application of MFA or LCA, i.e. related to measuring flows and life cycles of materials. In our
opinion, URBANWASTE should first decide on the selection of relevant methods to be used in the project
before thinking about appropriate indicators; for not selected methods that would be a waste of time.
It is proposed to consider the cascaded utilisation of certain waste types within the tourism sector or that
certain waste types might be re-used or serve as input into other sectors. This means from a conceptual point
of view, the idea of industrial symbiosis and circular economy is used in the project.

Suitability for assessment of changes on hotel level or on municipality level
IS is hardly appropriate to assess changes on the hotel or municipality level, let alone on the level of the
individual hotel or municipality. If tourist waste is being supplied to symbiotic industrial systems for conversion
into inputs for firms in other sectors, that will always be mixed up with quantities of the same waste from
other sources to achieve cost-effective quantities for treatment. Ironically, it is most likely that tourist waste
will be put together with municipal waste, making assessment of these two respective single types impossible.

3.16 Life Cycle Assessment (LCA)
LCA is seen as the main instrument for realising life cycle thinking. The ISO 14040 series of international
standards defines LCA as: “a method for detecting environmental relevance of products, processes or services
in their life cycle”. The life cycle comprises raw material acquisition, production, manufacturing use, EoL
treatment, recycling and disposal. Environmental impacts are measured by different techniques. Results are
clustered and weighted to get significant values. LCA helps to identify environmental performance and
supports decision-makers (ISO 14040).
In order to avoid misconceptions, the borderlines to similar terms used in scientific literature have to be
defined:


“Life cycle analysis” is often used as a synonym for LCA, especially in papers published before
standardisation in 1997. Yet, no accorded definition exists in standards or scientific literature.
Therefore, this term will not be used further;



“Life cycle cost analysis” (LCC) is an assessment of all costs associated with the life cycle of a product
that are directly covered by one or more of the actors in the product life cycle The integration of
economic analysis with LCA is addressed in this innovative method. However, major differences
concerning objectives and methodology exist (see Norris, 2001); and



Likewise, “social life cycle assessment” (SLCA) is a new methodology that is based on principles of LCA,
though has to be seen as an independent approach. SLCA analyses social impacts on people caused by
the activities in the life cycle of their product (Dreyer et al., 2006).
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LCA is an ambitious tool used for a wide variety of purposes. However, barriers for further dissemination of this
approach have to be borne in mind. It has been repeatedly criticised for being too complex, time consuming
and costly for industrial use (Rex and Baumann, 2008).

Underlying Concepts
In this chapter, the overall framework (Figure 16) of LCA is described according to ISO 14,040 and 14,044 as
well as to the guidance books of the International Reference Life Cycle Data System (ILCD) (European
Commission 2010). Key issues will be further discussed and accompanied with examples of literature.
Goal and scope
The goal and scope of an LCA have to be defined very thoughtfully. As a goal the intended application, the
intended audience or the intended use of the results can be arranged (ISO 14,040). The scope includes the
product system, the functions of the product system, the method and impact categories, the functional unit,
system boundaries and data quality requirements as well as the type of critical review (ISO 14,040).

Figure 16: Overall framework of an LCA (ISO 14040).

A good knowledge of the intended product system and their functions is a main requirement to perform an
LCA. For this purpose, it is helpful to create a process flow diagram. Methods and impact categories taken for
the LCA need to be chosen at this stage. The characterization of methods and impact categories are explained
later in the section for life cycle impact assessment.
The functional unit is implemented to define what is being modelled (e.g. 1m² of solar panel, 1kg of iron). All
inputs and outputs of each process are relative to this functional unit. The functional unit gives also the
opportunity to catch the purpose of a product or a service (e.g. treating the wastewater of 1 habitant during
a year). For instance, it would be useless to compare 1 litre of paint A with 1 litre of paint B. More important
would be to compare the service provided by paints A and B by covering 1 m² of wall during a year.
The reference flow is the flow expressing the functional unit. LCA is moreover dealing with an iterative
approach. All processes or phases of an LCA use results of other phases (ISO 14,040). System boundaries are
set to cover all relevant life cycle stages, processes and flows. For example, raw material acquisition, main
manufacturing and processing steps, transportation, production and use of fuels, electricity and heat, use
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phase, disposal, recycling, manufacture, maintain and decommission of capital equipment should be taken into
consideration. Additional operations like lighting and heating in manufacturing buildings may be included as
well. It always needs to be defined which steps are most relevant considering the environmental impacts. The
cut-off criteria are set, when a certain level of flows are excluded from the modelling. For example, if the cutoff criterion is 90% of the overall environmental impact then the included flows shall make up at least 90% of
the environmental impact (European Commission, 2010).
Data requirements include allocation procedures, intended assumptions or limitations and data quality.
Allocation procedures need to be set with multi-functional processes, where the input flows can’t be allocated
to the output flows. Several techniques are provided to solve this problem. ISO 14,044 proposes allocation by
physical properties (e.g. mass) or by economic value (e.g. market value). Further allocation procedures can be
found in Buxmann et al. (1998) and in European Commission (2010). According to the data quality reliability,
consistency and representativeness should be achieved. Data should be prepared transparently so that
traceability is possible (ISO 14,040).
A critical review is needed to verify the intended LCA. The type of review often depends on the intended
audience and the costs. A critical review is particularly necessary when the LCA is used for communication
purposes. Sometimes reviews from external experts are needed and sometimes reviews from internal staff are
adequate. The ISO normally does not provide classification on which reviewer is taken with a certain LCA. In the
ILCD documents (Del Borghi et al., 2009) a draft is provided where it is classified which LCA needs which
review.
The goal and scope definition is important to outline the LCA. It may be possible that goal and scope are
adjusted during the inventory analysis.

Inventory analysis
The life cycle inventory can be assessed by two main modelling frameworks: attributional and consequential
modelling. Attributional modelling means to assess potential environmental impacts that can be attributed to a
given, existing product system over its life cycle, i.e. upstream along the supply-chain and downstream
following the products use and end of life (European Commission, 2010). Consequential modelling aims at
identifying the consequences that a decision in the foreground system has for any other processes and product
systems of the economy. It models the to-be-analysed product system around these consequences (European
Commission, 2010). The big difference of the two modelling systems is that attributional modelling models the
product system as it is whereas the consequential modelling considers how decisions affect other processes or
products. For example, by modelling the use of biofuel with consequential modelling the consequences on the
market of crops or on the land-use are included whereas with attributional modelling the system is considered
as it is.
The inventory analysis comprises data collection, data calculation and allocation. Data collection needs to be
performed through the whole life cycle. Primary or secondary data can be generated for each input and output
flow. Primary data is difficult to obtain and very resource-intensive. Secondary data can be collected by
questionnaires or with literature sources.
Furthermore, it has to be declared, if specific or generic/average data are used. As a general rule the main
process step should be modelled with specific data (European Commission, 2010). Specific data means data
from the represented process. Background processes can be represented by average or generic data (e.g.
electricity mix). Average data is used, if the technology standard applies for a whole region/country/continent
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and a mix of that is advantageous. However, data can only be averaged if the same methodology, limitations
and allocations are used (European Commission, 2010). If the modelled technology is very different from the
standard, then specific data would be useful. The same applies for very relevant processes (European
Commission, 2010).
The last step is allocation. In ISO 14,044, allocation procedures are divided into allocation by physical properties
(e.g. mass) or by economic value (e.g. market value). In general, all calculation steps and allocation procedures
have to be documented and consistent. Good documentation is a requirement to edit an LCA in a transparent
and traceable way. When using allocation, the sum of the inventories which were allocated need to be equal to
the inventory before making the allocation.

Assessed Impacts
Life Cycle Impact Assessment serves to aggregate the inventory data in support of interpretation. Optionally,
normalisation and weighting may be applied to further support this. Life Cycle Impact Assessment (LCIA)
according to the ILCD handbook (European Commission, 2010) is provided by various categories. These
categories show environmental potentials in different areas: human health, natural environment and natural
resources (Figure 17). Impact categories can be calculated by impact indicators with a certain inventory (see
Table 7).

Figure 17: Life Cycle impact assessment, Schematic steps from inventory to category endpoints. (European Commission,
2010)
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Table 7: Impact categories and their characterizations (European Commission, 2010, Fleischer and Riebe, 2002).

Impact category
Climate change
Ozone depletion

Human toxicity

Respiratory
inorganics/
particulate matter
Ionizing radiation
Photochemical ozone
formation (smog)

Acidification

Impact indicators
e.g. Global Warming
Potential GWP
e.g. Ozone Depletion
Potential ODP
e.g. Quality Adjusted Life
Years QALY, Disability
Adjusted Life Years DALY,
Human Toxicity Potential HTP
e.g. Total Suspended
Particulates, TSP, PM10, PM2,5

e.g. Photochemical Ozone
Creation Potential POCP,
Maximum Incremental
Reactivity MIR
e.g. Acidification Potential AP

Eutrophication

Terrestrial and aquatic
eutrophication

Ecotoxicity

Terrestrial and aquatic, e.g.
Potentially Disappeared
Fraction of species PDF,
Probability of Occurrence
POO, Mean Extinction Time
(MET)
e.g. Land transformation,
land occupation

Land use

Resource depletion

e.g. Shortage of mineral
resources

End point
Increase of the global
average temperature
Impact on human health
e.g. skin cancer due to
expansion of ozone hole
Impact on the human
health

Inventory
Emissions of greenhouse gases
Emissions of
chlorofluorocarbons
(CFC) and halons
Emissions of toxic
substances

Impact on human health
and ecosystems
Impact on the human
health e.g. asthma and
natural environment

Emissions of radioactive
substances
Emissions of VOC
volatile organic
compounds and NOX

Impact on vegetation and
loss of aquatic biodiversity
Impact on vegetation and
loss of aquatic life due to
the lack of O2
Impact on natural
environment (chemical’s
fate, species exposure,
toxicological response)

Emissions of acids (NH3,
NOX, SO2, …)
Emissions of nutrients
like phosphor and
nitrogen
Environmental
persistence and
ecotoxicity of chemicals

Impact on ecosystems due
to effects of occupation
and transformation of land
Decrease of resources, so
that future generation will
suffer

Physical changes to soil
surface, to soil and to
flora and fauna
Input of non-renewable
energy (coal, oil,
bauxite,…)

To calculate environmental burdens elementary flows are classified, characterised and implemented with a
factor. This classification and characterization can only be done by experts, who then provide complete sets of
LCIA methods. Further details on the methods can be found in the ILCD background document “Framework
and requirements for Life Cycle Impact Assessment (LCIA) models and indicators”. LCIA results can also be
normalised, if the value needs to be related to e.g. an average citizen. Weighting factors can also be
implemented to point out certain relevance. They can be used to combine some impact categories to one
overall indicator (e.g. Eco-Indicator 99).
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The choice of indicators depends on the product or process which is modelled. The indicator sets are presented
by different methods (e.g. CML 2002) and are related to time and region (e.g. GWP 100 global).
In dealing with LCA, various methodologies on environmental impact assessments are available. A short
summary of some methodologies is provided in Table 8. For further details, refer to the ILCD background
document “Analysis of existing Environmental Impact assessment methodologies for use in Life Cycle
Assessment (LCA)” (European Commission, 2010).

Table 8: Environmental impact assessment methodologies (summarised from European Commission, 2010).

Method

Developer

MP

EP

CML 2002

CML (NL)

x

Eco-indicator 99

Pré (NL)

EDIP97 and
EDIP2003

DTU (DK)

EPS2000

IVL (SE)

Impact 2002+

EPFL (CH)

x

x

LIME

AIST (JP)

x

x

LUCAS

CIRAIG (CAN)

x

ReCiPe

RUN + Pré + CML +
RIVM (NL)

x

x

Swiss
Ecoscarcity 07

E2 + ESU-services
(CH)

x

x

TRACI

US EPA (USA)

x

MEEuP

VhK (NL)

x

x

x

x

Description
One of the first methods and frequently used; separate
normalisation factors for each indicator, in total 19
impact categories.
Three perspectives: Hierarchist, Individualist and
Egalitarian. One fully integrated approach which covers
all impact categories resulting in damage to human
health, ecosystems and resources.
Classic emission-related impact categories as well as
resources and working environment. Normalisation
and weighting is based on political environmental
targets.
Expression in monetary units derived on the
Willingness To Pay (WTP) principle.
14 midpoint categories are linked to four damage
categories (human health, ecosystem quality, climate
change, resources). Normalization either at midpoint or
at damage level.
Expression in monetary units. One single index based
on the midpoint to the endpoint. Weighting is based on
environmental conditions of Japan.
Related to Canadian context based on TRACI and
Impact 2002+.
Follow up of Eco-indicator 99 and CML 2002. It
harmonizes midpoint and endpoint approaches.
Weighting is based on public policy targets and
objectives. Originally developed for Swiss conditions,
but already adapted to other European countries.
Related to conditions in the USA and in line with the
EPA policy.
Evaluation of various energy-using products (EuP) and
their extent of fulfilling certain criteria for
implementing measures under the Ecodesign of EuP
Directive 2005/32/EC.

Methodologies can be midpoint (MP) or endpoint (EP) related or a combination of both. Midpoint related
impact categories are defined as a place where a common mechanism for a variety of substances within that
specific impact category exists. Examples are climate change or cancer effects. Endpoint, also called damagerelated, are methodologies which focus on indicators related to areas of protection of human health, natural
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environment and natural resources in general. For instance, climate change is quantified at MP by providing a
CO2 equivalent of the GHG emissions. This gives an idea of the magnitude of the environmental pressure. At EP
the consequence (sea rise, loss of species etc.) of these emissions and the damage (response) is evaluated.
Most of the methods are developed for European conditions. For some categories such as climate change,
ozone layer depletion or resources global considerations are included. Some methods exist which can be used
outside of Europe.

Interpretation
Interpretation, the last step of an LCA, is one of the most important stages. By interpreting the results of the
LCIA the outcome becomes understandable for decision makers and interested parties. The interpretation
must contain (ISO 14,040):


Identification of significant issues;



Evaluation; and



Conclusions, limitations and recommendations.

To identify significant issues, firstly the LCIA results need to be analysed and then the overall LCA. Explanations
for intended assumptions, allocations, cut-off decisions and selection of impact categories and indicators need
to be provided. For evaluating the final results three checks are necessary:


Completeness check;



Sensitivity check; and



Consistency check.

The outcome should be consistent with the goal and scope of the LCA. Therefore, the conclusions, limitations
and recommendations shall be drawn in accordance with the goal definition and the intended application of
the results (European Commission 2010).

Suitability for URBANWASTE
LCA is highly relevant to URBANWASTE as it is a necessary method for evaluating the targets of the project.
Only with LCA environmentally-related targets such as cutting GHG and fresh water use can be measured. The
methodology of LCA is convertible to a high extent as an international standard method exists. Technical and
operational feasibility can be achieved by using standard LCA methods and social and cost-related targets can
also be evaluated by this approach.
The potential to display material flows and to estimate their impacts by using LCA is without controversy.
Improvements in environmental performance of products, services and processes have been widely
documented. Economic benefits also arise, as environmental benefits are achievable, for instance, by reducing
energy use or minimising waste for disposal. In each case, costs can be saved and more efficient production is
reached. LCA can also play a major role in social impacts. Benefits for society occur when products or processes
are evaluated by means of SLCA. Issues related to the working environment and to the whole society can be
assessed and improved.
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Furthermore, LCA is compatible with EU policy. The EC has introduced various initiatives to strengthen lifecycle thinking in policy and business. Activities such as the Green Paper on Integrated Product Policy (IPP) and
the landmark communication on IPP have the objective of launching a debate on improving environmental
performance of products, services or systems throughout their life-cycles. Life cycle thinking is further
th
strengthened in the Commission’s thematic strategies programmed by the 6 Environment Action Programme
on the sustainable use of natural resources and on the prevention and recycling of waste. With the EU wasterelated policies, the EC wants to highlight the importance of waste minimisation, the protection of the
environment and human health (Del Borghi et al., 2009).
LCA is therefore suitable for the purpose of URBANWASTE. The method encapsulates environmental related
issues, as well as economic and social aspects, in a life cycle approach, and will be a key tool for measuring the
achievements in the project using standard methods and given sustainability indicators.

Suitability for assessment of changes on hotel level or on municipality level
Of course it is possible to use LCA as method at municipal level. Additionally, it is possible to use smaller scales
for LCA considerations, e.g. company level (hotels).

3.17 Life Cycle Costing (LCC)
Life Cycle Costing (LCC), also called Whole Life Costing, is a technique to establish the total cost of ownership,
meaning the total costs that occur during the whole lifetime (e.g. of a product, service, investment or an
asset). The definition of Blanchard and Fabrycky (1998) may serve as a common basis: "Life-cycle cost refers to
all costs associated with the system as applied to the defined life cycle".
LCC is a structured approach that addresses all the elements of this cost and can be used to produce a spend
profile or spend analysis of the product or service over its anticipated life-span. The results of an LCC analysis
can be used to assist management in the decision-making process where there is a choice of options.
Life cycle costing is an assessment of all costs associated with the life cycle of a product / service that are
directly covered by one or more of the actors in the product life cycle (supplier, producer, user/consumer,
EOL-actor), with complimentary inclusion of externalities that are anticipated to be internalised in the
decision-relevant future (Rebitzer and Hunkeler, 2003). This means, that both different types of costs as well
as different types of externalities can be considered. Typical cost types can be related to different phases of
the life cycle and may include costs occurring in the design and planning phase, in construction and operational
/ maintenance phase, in the end of life phase (including renewal, rehabilitation, disposal etc.). In addition,
acquisition, depreciation, capital costs and the like may be considered.
More problematic is the fact, that internalising environmental and social costs is very challenging and often
theses costs are hard to quantify.
LCC is seen as an essential link for connecting environmental concerns with core business strategies (Hunkeler
and Rebitzer, 2003). Businesses are encouraged to incorporate good environmental performance to
manufacturing and sales planning. However, the methodology of LCC differs from the methodology of Life
Cycle Assessment (LCA).
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Underlying Concepts
Hunkeler and Rebitzer (2003) describe LCC as being “complementary to existing management structures” and
that it “sits at the finance-technology-environment interface.” According to the authors Life Cycle Thinking
“aims at integrating environmental concerns into industrial and business operations by considering off-site, or
supply chain, impacts and costs.”
As in life cycle assessment (LCA) the systems approach is the core concept of LCC (see e.g. Rebitzer (2002)).
Swarr et al. (2011) state “the code of practice is grounded in a conceptual framework for life-cycle sustainability
assessment (LCSA) of products that uses distinct analyses for each of the three pillars of sustainability,
environment, economy, and social equity. (…) Life-cycle assessment (LCA) is the only pillar that has been
standardized to date” and “UNEP (2009) has published guidelines for social LCAs and is currently developing
methodological sheets for impact subcategories.” In addition, the authors state that the “code of practice
provides guidance that builds on the four-phase structure of the ISO 14040 standard to facilitate definition and
application of consistent system boundaries for complementary LCC and LCA studies of a given product system.
Goal and scope definition is similar to that of an LCA.”
Norris (2001) describe the differences between LCA and LCC (see Table 9).

Table 9: Methodological differences of LCA and LCC (Norris (2001))

Aspect

LCA

LCC

Purpose

Compare
relative
environmental
performance of alternative product
systems for meeting the same end-use
function, from a broad, societal
perspective.

Determine
cost-effectiveness
of
alternative investments and business
decisions, from the perspective of an
economic decision maker such as a
manufacturing firm or a consumer.

Activities which are
considered part of
the ‘Life Cycle’

All processes causally connected to the
physical life cycle of the product; including
the entire preusage supply chain; use and
the processes supplying use; end of life
and the processes supplying end of life
steps.

Activities causing direct costs or
benefits to the decision maker during
the economic life of the investment, as a
result of the investment.

Flows considered

Pollutants, resources, and inter-process
flows of materials and energy.

Cost and benefit monetary flows
directly impacting decision makers.

Units for tracking
flows

Primarily mass and energy; occasionally
volume, other physical units.

Monetary units (e.g. dollars, euro).

Time
treatment
and scope

The timing of processes and their release
or consumption flows is traditionally
ignored; impact assessment may address
a fixed time window of impacts (e.g. 100year time horizon for assessing global
warming potentials) but future impacts
are generally not discounted.

Timing is critical. Present valuing
(discounting) of costs and benefits.
Specific time horizon scope is adopted,
and any costs or benefits occurring
outside that scope are ignored.
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Assessed Impacts
The assessed impacts within LCC can be diverse and depend on the scope and goal of an assessment. LCC uses
monetary values of costs / revenues and also for external costs / revenues. For almost all cost and revenue
related parts of a waste management system data is available somewhere, yet often seen as company
sensitive. When considering social and environmental impacts, the situation is more critical regarding
quantifying these impacts, especially external effects.

Suitability for URBANWASTE
Hunkeler and Rebitzer (2003) point out, that “the terminology in the field of LCM/LCC, however, is not uniform,
with various disciplines using different terms for similar problems or vice versa. For instance, the term life cycle
might be referred to as the physical life cycle as in LCA (ISO 14,040) or the economic life cycle consisting of the
market introduction-, growth-, and market saturation phases, etc. as it is commonly used in product planning.”
Swarr et al. (2001) state that “one aspect that can be challenging is that LCC attempts to capture all costs
across the life cycle, and some costs are borne by different actors with very different perspectives of the costs
and potentially conflicting goals.”
All this requires a strict and consistence definition of cost types included in assessment in order to avoid losing
important information and double-counting. Also the internalisation of external environmental and social
costs may be a challenging task that might overwhelm the capacities in terms of time resources, data
availability and quality of the involved partners, especially the case study cities. The externalisation aspect
also involves the definition of timeframes, e.g. the planning and implementation phase of a facility are different
compared to average lifetime of the facility or the depreciation timeframe, not to speak from the time lag of
potential environmental impacts.
In addition, it has to be clarified, whether revenues might be included in an LCC assessment, this could be of
special interest in the case of waste management, leading to a “net cost” assessment. Nevertheless, the same
problems occur as mentioned above.
Beside external costs, costs and revenues that are generally more easy available, e.g. at company level are
often considered as important competitive information and therefore are often seen as “company secret”,
therefore often the information is not available.
Regarding the project URBANWASTE it might be possible to use a very reduced form of LCC, that cannot be
called LCC anymore, as it only covers specific parts of the waste management system. One option could be to
focus on a clear set of defined costs / revenues in a system, that are available, in good quality and that are
representable (e.g. for future scenarios in an assessment). This is important to reduce the time efforts to a
minimum, the drawback is that only parts of systems and parts of life cycles can be considered, this may lead to
the effect, that important cost / revenue aspects are not included or important social and environmental
impacts are not considered.
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Suitability for assessment of changes on hotel level or on municipality level
The same as mentioned above holds true for the suitability at smaller geographical scales. If data from
municipalities / hotels are not seen as company secret, then selected cost / revenue sets could be compiled
and used. Again, this needs clear definitions of cost / revenue types included in the assessment. In addition,
future scenarios should be possible being depicted in terms of cost / revenue types.

3.18 Life Cycle Working Environment (LCWE)
Life Cycle Working Environment (LCWE) aims at integrating social aspects into Life Cycle Assessment. In
applying this method, process-specific data concerning social aspects for use in product LCA is obtained by
using statistical sources. The following aspects are covered:
1.

Amount and qualification level of work

2.

Health and safety

Applying this approach, social indicators have to be collected for each process in the production chain. Here
the problem occurs, that such data is barely available at the moment. Therefore, a top-down process is chosen
for the LCWE methodology.

Assessed Impacts
The LCWE-Method (Life Cycle Working Environment) developed at the Department of Life Cycle Engineering of
the University of Stuttgart aims to asses and to quantify product or product system related social aspects
along the value-added chain. In analogy to the ecological profile of an LCA the LCWE-Method provides a social
profile of the product with a possible level of detail up to individual process steps.
Statistical data concerning social issues is available for most of the highly developed countries. To prorate
this data down to process level, the following assumptions are applied (Beck et al. N.N.):
1.

The social impacts of a process are proportional related to the amount of human labour on the
process;

2.

The amount of human labour of a process is related to the effort made to add value by processing.

Those assumptions are valid within the same industry and the same country only. For the calculation based on
statistical data the total working time per value added is calculated. This total working time to generate one
Euro value added vary between industries. As second parameter the rate of non-fatal injuries per value added
are included.
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Suitability for URBANWASTE
As the methodology is based on generic statistical data at national level and much more as the methodology
is developed and suitable only for product LCAs it is not suitable to evaluate the service related impacts of
tourist related waste management activities.

Suitability for assessment of changes on hotel level or on municipality level
As the methodology is based on generic statistical data on national level and much more as the methodology is
developed and suitable only for product LCAs it cannot be used to assess changes on hotel or municipality level
related to waste prevention issues.

3.19 Multi-Criteria Decision Making (MCDM)
Multiple-criteria decision making (MCDM) is one of the most well-known branches of decision making. It is
concerned with structuring and solving decision and planning problems involving multiple criteria
(Majumder, 2015).
The MCDA (multi-criteria decision analysis) is a way of looking at complex problems that are characterised by
objectives, of breaking the problem into a more manageable pieces, to allow data and judgements to be
brought to bear on the pieces, and then of reassembling the pieces to present a coherent overall picture to
decision makers (Dodgson et al. 2009). The purpose of MCDA is to support decision-makers facing such
problems. The MCDA is useful for:


Dividing the decision into smaller and more understandable parts;



Analysing each part;



Integrating the parts to produce a meaningful solution.

Normally, there is no unique optimal solution to an MCDM problem and it is necessary to use decision
maker’s preferences to differentiate between solutions. According to Dodgson et al. (2009), the decision
making process comprises a specific number of detailed steps which are illustrated in Figure 18.
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Figure 18: : Detailed steps for application of MCDA (Source: Dodgson et al. 2009)

Among the weighing methods to represent importance required in Step 5, the use of the AHP (Analytical
Hierarchy Process) is very frequent. The AHP is applied to relative critical weighing of indicators and evaluators
(Kadafa et al. 2014).
Another very popular method is the Fuzzy Logic Decision Making (FLDM) (Majumder, 2015).

Underlying Concepts
MCDM and Life Cycle Assessment (LCA)
The analogy between MCDM and LCA has already been reported (Gaudreault et al. 2009). Nevertheless, not
many references have been found about the combined use of a general MCDM model with LCA. Several
MCDM methods (e.g. AHP, ELECTRE) have been applied in decision making related to reverse logistics and
supply chain management problems, which cover downstream and upstream processes (Wang et al. 2004;
Rezaei, 2015). This indicates, that some of the methods included in MDCM could potentially be combined with
LCA studies so that MCDM would be a useful model to be further explored in that direction.

D2.2 Methodology framework document as
guidance for accompanying assessments

78

MCDM and Materials Flow analysis (MFA)
The use of a MCDM model to face a specific problem merely because of its compatibility with the MFA tool
cannot be proved or confirmed. Therefore, it seems difficult to determine whether MCDM models could be of
use when considering quantitative material flows.

Assessed Impacts
Social Assessment
As discussed previously, the MCDM is a flexible model which serves multiple purposes. It can be used not only
to assess social aspects, but also it can incorporate public participation into the decision-making process
(Hung, Ma & Yang, 2007). The evaluation of social aspects with MCDM has also been reported by Ramjeawon
and Beerachee (2008), among other authors.
Economic Assessment
The MCDM is a suitable methodology to evaluate economic impacts. Several authors have analysed the use of
MCDM as a socioeconomic assessment tool in solid waste management systems (Karagiannidis &
Moussiopoulos, 1997; Rousis et al., 2008). Hung et al. (2007) have also proved the use of MDCM as an effective
tool to accommodate environmental factors in combination with economic and social aspects.
Environmental Assessment
Many authors have informed about the successful use of MCDM in assessing environmental impacts (Hung
et al. 2007; Ramjeawon & Beerachee, 2008; Garfi et al., 2009). Its use has been particularly relevant in
municipal solid waste management (MSWM) decisions, as reported by several authors (Morrissey & Browne,
2004; Hung et al. 2007; Khan & Faisal, 2008).

Suitability for URBANWASTE
The MDCM is presented as a model that would fulfil the characteristics of the URBANWASTE project.
Moreover, its frequent use in municipal waste management systems proves its suitability within the framework
of the project.
For instance, Hung et al. (2007) reviewed a large number of models developed to support decision making in
municipal solid waste management. They identified MCDM as a model which is often used to aid decision
making in MSWM. Moreover, they developed a sustainable decision-making model for municipal solid waste
management that also implemented public participation in the decision making process. The model provided
an effective means for assisting decision making for real-world waste management problems.
Garfi et al. (2009) compared different waste management solutions, in this case by using a combined model of
MCDM and AHP. This model considered environmental and social aspects. The integration of the AHP enabled
decision making incorporating planning, setting priorities, selection of the best options among alternatives, and
the allocation of resources.

Suitability for assessment of changes on hotel level or on municipality level
An article published by Allesch and Brunner (2014) – with results from 15 studies on MCDM models – reveals
that the range of scale for application can vary significantly: from single waste streams to complete waste
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management systems in cities, regions and countries. This indicates, that the assessment of changes on both
levels, hotel and municipality, would not imply major complications.

Summary / conclusion
MCDM is a decision-making tool that facilitates the selection of the best alternative among several
alternatives. It evaluates a problem by comparing and ranking different options and by evaluating their
consequences according to the criteria established.
MCDM also proves to be a flexible model that could be combined with multiple different tools (e.g. LCA, AHP,
CBA, etc.) (Ramjeawon & Beerachee, 2008; Khan & Fasial, 2008; Garfi et al. 2009, De Feo & De Gisi, 2010).
In addition, a study carried out by Allesch and Brunner (2014) concluded that MCDM appears to be one of the
most complete methods for assessing environmental, social and economic impacts.
Its use in municipal waste management decisions, selection of waste treatment technologies, analysis of
disposal sites, etc. (Hung et al., 2007; Manaf et al. 2008; Dodgson et al. 2009) confirms that this model could be
of benefit for a project like URBANWASTE.
Nevertheless, the selection of the right tool to be integrated with the MCDM model seems to be a critical step,
which might influence the outcome and alternative selected. The uncertainty about whether MCDM would be
sufficiently MFA-based or not is another aspect to consider beforehand.

3.20 Multi-Scale Integrated Analysis of Societal and
Ecosystem Metabolism (MuSIASEM)
Multi-Scale Integrated Analysis of Societal and Ecosystem Metabolism (MuSIASEM) is a methodology
developed to study “biophysical and socioeconomic issues in an integrated manner, both for the level of the
society and for the different compartments of that society” (Ginard-Bosch & Ramos-Martín, 2016, p. 26).

Underlying Concepts
MuSIASEM (Giampietro & Mayumi, 1997, 2000a, 2000b; Giampietro, Mayumi, & Ramos-Martin, 2009) is based
on the integration of various underlying theoretical concepts, such as non-equilibrium thermodynamics applied
to ecological analysis, complex systems theory or bioeconomics (Ramos-Martín et al. 2009). MuSIASEM aims to
describe the metabolism of a human society by characterising ”the processes of energy and material
transformation in a society that are necessary for its continued existence” (Ramos-Martín et al., 2009).

Assessed Impacts
MuSIASEM is a static analysis that measures congruence between flows and funds over several scales (time,
space etc.) and thereby allows observing the evolution of a system over time. But being a static analysis is at
the same time one of the shortcomings of the methodology as it provides a snapshot of a system but not of its
dynamics (Ginard-Bosch & Ramos-Martín, 2016).
MuSIASEM distinguishes between “endosomatic” and “exosomatic” metabolism that describes “ﬂows of
energy and materials transformed under human control within socio-economic processes both inside
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(endosomatic) and outside (exosomatic) the physical body of the members of a given society” (Ramos-Martín et
al., 2009, p. 4660). With reference to Giampietro et al. (2009) flow coordinates are elements that either enter
but do not exit or exit but do not enter the production process. Fund coordinates are described as agents (e.g.
capital, labour) that enter and exit the process and that transform input into output flows.
Examples for flow and fund indicators are: Total energy throughput (TET), total human activity (THA), gross
domestic product (GDP), energy throughput in activity i (ETi), human activity in activity i (HAi), GDP per hour in
the society (GDPhour), exosomatic metabolic rate, average of the society (MJ/h) (EMRSA), exosomatic metabolic
rate (MJ/h) (EMRi), economic labour productivity (h/h) (ELPi), economic energy intensity (MJ/€) (EEIi) (GinardBosch & Ramos-Martín, 2016).
MuSIASEM does not distinguish different forms of energy, however the time dimension of energy
transformations and the relation of the energy sector to other economic sectors is described (Ramos-Martín et
al., 2009, p. 4660).
As MuSIASEM provides an interdisciplinary approach by combing several underlying systems it allows for the
social, economic and environmental assessment of a system for a certain spatial scale and a certain point in
time.

Suitability for URBANWASTE
MuSIASEM seems a suitable and relevant method for URBANWASTE as it allows a comprehensive approach
integrating social, economic and environmental assessment of a system and enables to compare various
states of a system over time, e.g. after implementing certain waste reducing measures. This is also supported
by a study (D’Alisa, Di Nola, & Giampietro, 2012) that applies MuSIASEM (with an extended indicator set) as an
approach to deal with the waste management crisis in Campania region (Italy).

Suitability for assessment of changes on hotel level or on municipality level
Applying the method on a hotel is theoretically possible, but does not fulfil the purpose of the method which
seeks to gain a comprehensive analysis of a Societal and Ecosystem Metabolism. Application on
municipality/city level is suitable.
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3.21 Social Life Cycle Assessment (SLCA)
SLCA has developed from environmental LCA, which addresses environmental impacts. O’Brien et al. (1996)
first raised the idea of complementing LCA with social life cycle assessment. Different indicators have been
proposed, such as additional employment, Quality Adjusted Life Years and health impacts (positive and
negative) (Ekener Petersen, 2013). A document with guidelines of S-LCA has been developed by United Nations
Environmental Programme (UNEP) and the Society of Environmental Toxicology and Chemistry (SETAC). These
guidelines can be considered as a basis of this type of analysis, but according to Ekener Petersen (2013) they
are also the result of what could be agreed on at that time and therefore do not completely cover all
outstanding issues on S-LCA.
SLCA is based on (environmental) LCA, with some adaptations, and was developed in accordance with the ISO
14,040 and 14,044 standards for LCA (ISO, 2004). LCA and SLCA share the life cycle perspective, considering
the full life cycle of products or services, including all down- and upstream processes. The main difference
between SLCA and LCA is that LCA addresses environmental impacts, whereas S-LCA addresses social impacts,
i.e. impacts on human beings and the society. Since social impacts (both positive and negative) often are
difficult to quantify and to compare with other social impacts one major difference to the environmental LCA
is the lack of quantitative and weighted results. Therefore, the functional unit gets a slightly different use in
SLCA in comparison with environmental LCA. In SLCA the (often) qualitative results cannot be expressed per
functional unit and therefore the FE only serve the purpose of specifying the scope of the study (Umair et al.,
2015).
As described in Umair et al. (2015) the guidelines developed by UNEP & SETAC (2013) can be used to identify
the different stakeholders and subcategories for social impacts to assess. The methodological sheets presented
are grouped into five stakeholder groups: Workers, Consumers, Local Community, Society and Value Chain
Actors. For each stake holder group UNEP & SETAC (2013) present of several assessment subcategories
including for example freedom of Association is a subcategory of the Worker stakeholder group.

Underlying Concepts
SLCA was developed as a method to support the environmental LCA by adding social impacts to the
environmental impact categories and SLCA was developed in accordance with the ISO 14040 and 14044
standards for LCA (ISO, 2004). It therefore shares many features with LCA and are supposed to include all
upstream and downstream processes during the whole life cycle. However, SLCA differs from (environmental)
LCA since social aspects are far from always possible to quantify and it is even less possible to aggregating
negative and positive impacts as is normally done in (environmental) LCA.

Assessed Impacts
Social Life Cycle Assessment are for obvious reasons focused on social impact of any process or service.
However, it can be seen as part of the combined method Life Cycle Sustainability Assessment (LCSA) that
include the combination of life cycle assessment (LCA), life cycle costing (LCC), and social life cycle assessment
(SLCA) (Vinyes et. al., 2013).
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Suitability for URBANWASTE
SLCA does only consider social aspects, but it is a method that can be used to asses all upstream and
downstream impacts from a process or service. It is therefore suitable to answer specific URBANWASTE
questions with a social impact. However even though the method could stand alone, there are possible
synergies to perform SLCA as part of the broader concept Life Cycle Sustainability Assessment. An example of
this can be found in Vinyes et al. (2013) where a LCSA of waste management options for used cooking is
performed. Other concrete examples can be found in Sala et al. (2015).

Suitability for assessment of changes on hotel level or on municipality level
This is a method suitable for assessing changes on both hotel and municipality level, however since there are
many possible social impacts to concern in large and complex systems there is probably a need for
simplifications. For a small/simple system or an assessment based on observations and interviews with (all)
relevant stakeholders would be possible to perform (e.g. Umair et al., 2015), but in order to asses more
complex systems a simplified approach like the one used in Vinyes et al. (2013) could be more suitable.

3.22 Strategic Environmental Assessment (SEA)
Strategic Environmental Assessment (SEA) is a systematic decision support process, aiming to ensure that
environmental and possibly other sustainability aspects are considered effectively in policy, plan and program
making. It was developed to supplement the Environmental Impact Assessment (EIA) and due to this, these
methods have several similarities, and the fundamentally difference is the level of decision making they are
applied on where EIA are applied on individual project and SEA are applied earlier on the plans and programs
that leads to concrete projects.
The SEA Directive (EU, 2001), which is in force since 2001 and should have been transposed to national law in
all member states by July 2004, applies to a wide range of public plans and programmes. This means that in all
EU member states a SEA have to be performed for public plans/programmes for agriculture, forestry, fisheries,
energy, industry, transport, waste/ water management, telecommunications, tourism, town & country
planning or land use and which set the framework for future development consent of projects listed in the EIA
Directive. This means that for waste management facilities like incineration plants or landfills that are planned
and constructed after 2004 a SEI and a EIA are already performed. Since the SEA Directive obligates all member
states to monitor the significant environmental effects of the implementation of plans and programmes, but
also to keep the process transparent, it is likely that there are environmental reports publically available.
However, the SEA Directive does not include any requirements on how the monitoring should be performed
and therefore it can hardly be described as a methodology for assessing sustainability.
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Underlying Concepts
SEA is not based on any quantitative methodology like MFA or LCA. Instead it is a methodology for a
systematic decision support process, aiming to ensure that environmental and possibly other sustainability
aspects are considered effectively in plan and programme making.
SEA (under the SEA Directive) is based on the following phases:


Screening, including investigation of whether the plan or programme falls under the SEA legislation.



Scoping, defining the boundaries of investigation, assessment and assumptions required.



Documentation of the state of the environment, effectively a baseline on which to base judgments.



Determination of the likely (non-marginal) environmental impacts, usually in terms of Direction of
Change rather than firm figures.



Informing and consulting the public.



Influencing "Decision taking" based on the assessment.



Monitoring of the effects of plans and programmes after their implementation.

So it is not a method for assessing the impact of decision, but more a method of using the information from
assessment methods to ensure that these are considered in public planning with potential impact on
environment and health.

Assessed Impacts
A SEA are normally focuses on environmental issues (including public health) but it can include other aspects of
sustainability like economic and social aspects, but also material assets and archaeological sites.

Suitability for URBANWASTE
SEA is not a suitable method answer specific URBANWASTE questions since it is used to ensure environmental
concerns in public planning rather than monitor the effects of the plans. However, since the SEA Directive
require monitoring there are a likeliness that this method will indirectly provide data to be used in other
methods assessing waste strategies.

Suitability for assessment of changes on hotel level or on municipality level
SEA is mandatory to applied to public plans and programmes which means that many municipalities already
should be using this method. However, since it does not include any requirements of how the monitoring of
environmental impact should be performed, it is likely that the actual assessments are performed using other
methodologies than SEA.
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3.23 Sustainability Assessment (SA)
Underlying Concepts
SA is more a group of approaches than one specific methodology. Dewan (2006) elaborated two key
methodologies for Sustainability Assessment viz. monetary aggregation method and physical indicators and
further explained that monetary aggregation method is primarily used by economists, whereas physical
indicators are used by scientists and researchers (Spangenberg, 2005). The examples of economic approaches
include natural resource accounting and modeling, sustainable growth modelling, and defining weak and
strong sustainability conditions. Dewan (2006) also classified and discussed economic frameworks such as
Lindahl and Solow–Hartwick framework in detail.

Assessed Impacts
Sustainability Assessment is more about system dynamics approach (factors-impact-qualitative-quantitative)
and requires programming and these tools are to be elaborated during project while developing project
deliverables implementation system. System Dynamics are focused on holistic impact and can be seen as
concept combined in distinct computer models that analyse different variables and perform modelling on
changing the qualitative and quantitative input of figures.

Suitability for URBANWASTE
Sustainability Assessment includes all other methodologies like CBA (Cost Benefit Analysis), NEB (Net
Environmental Benefit), LCA (Life Cycle Assessment), EP&L (Environmental Profit and Loss) and other, this is
suggested to be one of the finalizing method when all the data is gathered and put into system dynamics
model. Then complete form of SA for whole recreation zone development project is possible, where known
parameters of infrastructure and anthropogenic / economic loads are included. This model is a tool where
modelling of parameters is possible with building scenarios opportunities. Relevance with URBANWASTE
project is indirect as SA is the tool that requires resources comparable to large specific international project – it
is holistic model requiring methodology.

Suitability for assessment of changes on hotel level or on municipality level
Project URBANWASTE performance shall not use this methodology in the frame of defined aims and tasks as
other tools are more appropriate.
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3.24 Total Cost Assessment (TCA)
Total cost assessment (TCA) is a methodology that was designed in the 1990s for internal managerial
decision-making at the company level in the USA. The aim is to better select and justify waste management
investment decisions that are environmentally sound and reduce long-term liabilities by capturing full range
of costs and benefits from pollution prevention projects. The TCA methodology provides the framework for
that decision process, as well as the framework for estimating baseline costs that have a much broader and
potentially longer timeframe (Centre for Waste Reduction Technology, 2000). The methodology is depicted in
Figure 19. TCA usually captures a longer time horizon using the net present value to discount future cash
flows, however internal rate of return, profitability index and payback period are used (Curkovic and Sroufe,
2007).
TCA belongs to a group of environmental accounting methodologies, which include full cost accounting,
environmental cost accounting and total cost accounting which all aim at including environmental cost in the
decision process (Beaver, 2000). The distinction between the various methodologies is now clear, but seems to
depend on the scope of the cost allocation. The main cost allocation scopes are business activities that are to
be included and the types of costs that should be included in the analysis. For the business activities a
distinction can be made between the following activities: research and development, design, manufacturing,
marketing and sales. TCA can encompass any combination of these activities (Curkovic and Sroufe, 2007). All
authors agree that both direct and indirect cost should be included in the analyses. This means that overhead
costs should be included, but also liability costs that result from waste and materials management, and
intangible costs such as cost associated to the corporate image. There is no agreement about the allocation of
the external (or societal) costs. In some cases, societal costs are included in a TCA in other cases not (see Social
Assessment).
According to Angelakoglou and Gaidajis (2015: 744) the main pros of TCA are that it is useful for internal
managerial decision making and that it can identify hidden costs related to environmental issues. The main
cons are that there is no universally accepted approach available and that environmental costs to monetary
units can be a “challenging task”.

Underlying Concepts
The TCA methodology is based on a life cycle approach and is seen by Klöpffer (2003) as the economic
counterpart of environmental life cycle assessment (in Figure 19 this is called LCI or life cycle inventory). TCA
considers both upstream and downstream processes. It also considers quantitative material flows, but only if
(direct or indirect) costs for the company are involved.
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Figure 19: Overview of the TCA methodology. Source: Centre for Waste Reduction Technology, 2000: 3-4.

Assessed Impacts
Social Assessment
There seems to be some disagreement about whether TCA consider both internal and external (societal) costs.
Beaver (2000) and Curkovic and Sroufe (2007) state, that TCA is concerned only with costs to the company
itself. Social (or societal) costs are seen as externalities as far as they have no financial consequences for a
company under current legal and regulatory conditions. However, it is likely that these conditions will change
in the future, which implies that costs which are currently external are likely to be eventually internalized by
companies (Beaver, 2000).
Other sources of information, such as the often cited TCA manual of the Centre for Waste Reduction
Technology (2000), includes ‘external costs’ which are borne by society and not directly paid by the company in
the TCA. In this manually these costs are called ‘type V costs’.
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Economic Assessment
TCA is a financial tool. It is used for assessing the cost and benefits derived from environmental initiatives and
policies to support decision making within firms (Beaver, 2000). Other than financial issues are not covered by
TCA.
Environmental Assessment
A live cycle inventory (LCI) is part of the TCA analysis. A LCI quantifies the raw materials used, energy use, and
environmental releases associated with the system being evaluated. This includes the acquisition of raw
materials, the acquisition of energy resources, processing of raw materials into usable components,
manufacturing products and intermediates, transportation of materials to each processing step, use of the
product and final disposition (which may include recycling, reuse, incineration or landfill) (Centre for Waste
Reduction Technology, 2000: A-5).
From a practical point of view, according to the Centre for Waste Reduction Technology (2000: 1-17), a TCA
analysis does not require a new and complete LCI. The use of “nearest neighbour” information can be
sufficient.

Suitability for URBANWASTE
TCA is not suitable for URBANWASTE as its scope is too limited. It only assesses financial aspects and it is
specially aimed at the company site and or company level. Also TCA seems to be adopted mainly in the
manufacturing sector, and hardly the service sector (including tourism).

Suitability for assessment of changes on hotel level or on municipality level
TCA can be used as a ‘business case’ study for environmental investments on a company level and municipality
level. However, the total cost assessment is only done in monetary terms, which do not include societal cost
which are borne by society. Particularly this later aspect is relevant at the municipal level.

3.25 Urban and Industrial Symbiosis (UIS)
Urban and Industrial Symbiosis (UIS) could be referred to as a sub-discipline of the industrial ecology
(Jacobsen, 2006) and a combination of two equivalent concepts: Urban Symbiosis and Industrial Symbiosis
(Mulder, 2016). In the same way as two different biological species live and interact together in an ecosystem,
UIS represents the close – and often long-term – interactions between urban and industrial areas. Considering
the definition of urban symbiosis formulated by Vernay and Mulder (2015), it could be stated that UIS is a
strategy to create a more efficient metabolism of cities, including both urban and industrial systems.
UIS focuses on the built environment and refers to initiatives that aim at closing material and energy flows
within a given urban and industrial area. In this sense, households, neighbourhoods, firms, industries, etc.
would share or exchange by-products, materials, energy or waste as a way to close specific cycles (Vernay &
Mulder, 2015; Walls & Paquin, 2015).
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By the proximity of urban and industrial infrastructures, a process of symbiosis might be created between
urban and industrial systems, which might lead to a considerable reduction and optimization of resource
consumption and/or carbon and other emissions of the systems involved. Moreover, it implies technological
and social innovations that offer new ways to meet society’s demand for products and services. Massard et al.
(2014) pointed out, that cities can generally facilitate UIS when developing appropriate infrastructures in urban
settings that would also meet the needs of certain industries.
For instance, a successful recycling system integrating urban and industrial sectors might change the energy
content of municipal solid waste and affect the waste incinerator that produces district heating (Vernay and
Mulder, 2015). Another example where urban and industrial systems are interlinked by means of materials and
energy flows is illustrated in Figure 20.
Nevertheless, as Vernay and Mulder (2015) indicated, a successful integration of system requires a high level of
consensus among all stakeholders; in terms of technological content as well as regarding the roles of each
actor and their interrelation.

Figure 20: Example of urban and industrial symbiosis in Händelö area (Sweden) (Source: Sustainable Norrköping program,
2014)

Underlying Concepts
UIS and Life Cycle Assessment (LCA)
The application of UIS initiatives based on LCA has already been reported. It has been discussed that UIS
encourages the interaction between urban and industrial systems so that synergy opportunities can be
identified. Geng et al. (2010) simulated and evaluated the link between an innovative municipal solid waste
management with local industries, in which materials from urban refuse were transferred directly to industrial
applications. The implementation of such initiatives was assessed using a model based on the LCA approach.
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UIS and Material Flow Analysis (MFA)
The application of UIS strategies is closely related to the understanding and measurement of material flows
between specific urban and industrial systems. Consequently, input-output schemes must be properly
defined.
A successful and structured UIS should therefore make use of reliable data provided by MFA and consider
different material streams. The compatibility between UIS and MFA is essential.

Assessed Impacts
Social Assessment
UIS requires rearranging pre-existing socio-technical configurations (Vernay and Mulder, 2015). It means that
the majority of actions taken towards the achievement of UIS will have an impact on social aspects.
Consequently, UIS offers the opportunity to measure social impacts before and after any configuration has
been modified. It can be concluded that UIS is suitable for social assessment as it must integrate social aspects
since the beginning.
Economic Assessment
Although the UIS is not a methodology to measure economic aspects as such, the exchange and sharing of
resources between urban and industrial systems implies an economic benefit (van Berkel et al. 2009). For this
reason, the economic assessment of every activity aimed at closing cycles must be fully integrated in the UIS.
Environmental Assessment
The main objective of UIS is to create more efficient metabolic cities. This translates into reduction and
optimization of resource consumption and/or carbon and other emissions of the systems involved, among
other aspects. Therefore, the environmental benefits of a well-established urban and industrial symbiosis are
clear.
It can be concluded that UIS represents a suitable methodology for consideration and assessment of different
environmental impacts resulting from the actions implemented.

Suitability for URBANWASTE
The URBANWASTE project would be a great opportunity to further explore the concept of UIS, as it offers the
right scenario to work on the general target proposed by UIS: create a more efficient metabolism in cities. The
municipal waste stream is one of the key material flows considered in urban metabolism, which can integrate
LCA and MFA during the analysis of municipal waste generation, treatment and disposal. Therefore, municipal
waste management offers a great opportunity to create symbiosis between different systems and stakeholders
involved.
However, as Vernay and Mulder (2015) indicated after studying several urban symbiosis projects, the creation
of appropriate and fitting bridges between urban and industrial systems is crucial to the success of their
integration, and it needs to be carefully assessed. These bridges could be of technical but also of social nature.
Another important aspect for the successful integration of UIS within the URBANWASTE project is the long
term visioning. A future vision supported by the main stakeholders involved will create a framework that
facilitates the future presence of implemented strategies and innovations.
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Suitability for assessment of changes on hotel level or on municipality level
Urban and Industrial Symbiosis implies the interaction of both urban and industrial systems. In order to achieve
this prerequisite, hotels could be considered as part of the urban fabric and it would require interaction with
industrial activity. It would imply, for instance, the connection of certain material flow between hotel and
industry to evaluate potential changes in the hotel.
Regarding changes on municipal level, UIS is a suitable strategy to be applied at that level. UIS considers
districts, municipalities and industries associated as components of a living organism (i.e. city) and this allows
the measurement of its metabolic interactions.
Urban and Industrial Symbiosis (UIS) has been introduced as a methodology to break linear relationships
between consumption and waste, and by returning outputs as inputs between urban and industrial systems. As
Berkel et al. (2009) observed, the geographic proximity of urban and industrial areas allows the use of physical
resources discarded in urban areas (i.e. waste) as alternative raw materials or energy source for industrial
operations.
In this sense, the URBANWASTE project appears to be the right scenario to apply UIS initiatives and explore
resource-waste cycles in tourist cities. The scope of the project offers the possibility of creating a large number
of symbioses between houses, buildings, services and industries.

3.26 Water Footprint
The water footprint (WF) is a consumption-based indicator of water use defined as the total volume of water
that is used to produce the goods and services consumed by an individual or community (Hoekstra and
Chapagain, 2011).
Water footprint assessment (WFA) has raised as a methodology for assessing water use and its environmental
impacts on a life cycle basis. Conceptually it can be considered as similar to the ecological and carbon footprint
used in the LCA (Jeswanu and Azapagic, 2011).
In 1993, Professor Tony Allan introduced the concept of virtual, or embedded, water to understand how arid
countries can feed their people. Building on this concept of virtual water, in 2002, Professor Arjen Hoekstra,
whilst working at UNESCO-IHE, created the water footprint as a metric to measure the amount of water
consumed to produce goods and services along the full supply chain in response to the need for a consumption
based indicator of freshwater use (Hoekstra, 2003). This provided a metric for measuring the virtual water of
goods that are produced in one location, and consumed elsewhere.
Interest in the water footprint grew rapidly after its introduction in academic literature. In the mid-2000’s,
companies, in particular food and beverage companies such as Unilever, SABMiller, Heineken, Coca-Cola,
Nestle and Pepsico, became increasingly aware of their water dependence and the water-related risk facing
their companies.
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The WF looks at both direct and indirect water use of a consumer and a producer and three key water
components are tracked in its calculation:
-

the Blue Water Footprint: refers to the consumption of surface and groundwater

-

the Green Water Footprint refers to the consumption of rainwater stored in the soil as soil moisture

-

the Grey Water Footprint refers to pollution and it is defined as the volume of freshwater required to
assimilate the load of pollutants based on existing ambient water quality standards (Galli et al. 2012).

The water footprint thus offers a better and wider perspective on how a consumer or producer relates to the
use of freshwater systems. It is a volumetric measure of water consumption and pollution. It is not a measure
of the severity of the local environmental impact of water consumption and pollution (Hoekstra et al., 2011).

Figure 21: Schematic representation of the components of a water footprint (Source: Hoekstra et al.,2011)

Underlying Concepts
The Water Footprint assessment can be divided in four different phases:
-

Setting the goal and the scope

-

Water footprint accounting

-

Water footprint sustainability assessment

-

Water footprint response formulation
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Figure 22: The four phases of the water footprint assessment (Source Hoekstra et al.,2011)

Water Footprint and Life-Cycle Assessment (LCA)
The water footprint of a product or a process can be an indicator in the life cycle assessment (LCA) of the
product or the process assessed. Being applied in an LCA is one of the many applications of the water footprint.
The debate regarding the possible integration of the WF methodology and the LCA has been deeply analysed in
recent and relevant literature. Jeswani et Azapagic, 2011, Jefferies at al, 2012, Pfizer et al. 2009 and Hoekstra
et al., 2009 argued in several papers which could be the approach for evaluating the impacts of water use.
Methodologies, approaches and indicators for assessing the impact of freshwater usage are still evolving. Most
of the methodologies and approaches assess the quantity of water used rather than the related impacts.
Although there is a recognised need to consider the related impacts, particularly on a life cycle basis, the
difficulty is that there are little or no reliable data on water usage in life cycle databases; furthermore, there is
no agreed life cycle impact assessment method for estimating impacts related to freshwater use. However,
several methodologies for inventory modelling and impact assessment for water use in LCA have been
proposed and analysed. Most LCA studies that report water use simply the total input without differentiating
between the in-stream and off-stream uses or between freshwater and seawater. Most of the databases do
not consider systematically wastewater discharges and hence do not report consistently water outputs. The
distinction between the input and output water flows is essential for an adequate assessment of the potential
impacts of water use. Because of these inadequacies at the inventory level, LCA is not generally considered
suitable for quantifying water use. In an attempt to address these issues, several approaches have been
proposed for water use modelling in LCI (Milà i Canals et al., 2009; Pfister et al., 2009). In addition to the LCArelated methodologies, the water footprint approach, developed in the context of water resource
management, also provides a potentially useful methodology for quantifying water use for LCI.
Water Footprint and Materials Flow Analysis (MFA)
MFA is descriptive, systematic approach to assess the metabolism of a defined system and is based on the
principle of mass conservation (Brunner and Rechberger, 2004). In this sense the water footprint can be
considered as particular fragment of the MFA that take in consideration just the volume of water used in one
process.

Assessed Impacts
The water footprint within a catchment needs to meet certain criteria in order to be sustainable. Sustainability
has an environmental dimension as well as a social and economic dimension.
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Economic Assessment
A practical example describing of an economic assessment of the water footprint can be found in Aldaya et
LLams, 2009. In this sense the paper analysed a case study of the Guadiana river in Spain, assessing firtstly the
hydrological data and secondly the economic data. In this sense the paper analysed the water footprint, virtual
water and economic relevance of each economic sector in different rainfall years (evaluating an average - 2001,
dry -2005, and humid year -1997). Special emphasis has been given to the agricultural sector, which consumes
about 95% of total green and blue water resources. Based on this consideration the estimated economic values
of such water could be used to develop on the one side recommendations to decision makers that will be
responsible to design water management strategies, and on the other side to assess the economic
sustainability of the processes.
Environmental Assessment
To be environmentally sustainable, water use must not exceed the maximum sustainable limits of a freshwater
resource. Blue water scarcity is used to measure the environmental sustainability of the blue water footprint.
It’s a measure of the blue water footprint compared to the water available after considering environmental
flow requirements. When the blue water footprint is larger than the available water, environmental flows are
not met and over time, freshwater ecosystems degrade.
When we consider the environmental sustainability of water use from the perspective of water quality, we
compare the grey water footprint with the available assimilation capacity to measure the water pollution level.
If the grey water footprint exceeds the assimilation capacity water quality standards are violated and the
quality of the water will not meet socially agreed upon purposes.
Both, blue water scarcity and water pollution levels, are assessing the cumulative impact of all water uses of
the freshwater resource. This can be done for sub-catchment or a local aquifer all the way up to large river
basins and regional groundwater reserves (Hoekstra et al., 2011)
Social Assessment
A minimum amount of the freshwater available on Earth needs to be allocated to ‘basic human needs’, most
notably a minimum domestic water supply for drinking, washing and cooking and a minimum allocation of
water to food production to secure a sufficient level of food supply to all. A minimum domestic water supply
for drinking, washing and cooking needs to be guaranteed at the catchment or river basin level. Moreover, a
minimum allocation of water to food production is to be secured at global level, since river basin communities
are not necessarily self-sufficient in food, if food security is ensured through food imports (Hoekstra et al.
2011). In this sense, basic human needs and rules of fairness are criteria that are difficult to quantify in the
form of sharp boundaries. Whether water-related basic human needs or rules of fairness in a certain
catchment are violated will depend on expert judgement. The existence of conflicts over water can be a
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practical indication (Hoekstra et al., 2011). In practice, social conflicts over water will often arise at the same
time as when environmental conflicts occur. Therefore, no set of indicators exists to clearly define social
impacts, but it is based on a subjective judgement.

Suitability for URBANWASTE
URBANWASTE may adapt the water footprint assessment in some particular cases where a specific research on
water will be requested, but not to assess the overall urban metabolism. Water cycle was also not mentioned
in the project’s objectives, but some partners demonstrated their interest in water related issues and they can
benefit from the implementation of this methodology.

Suitability for assessment of changes on hotel level or on municipality level
The water footprint assessment methodology can be interesting for hotels based in areas where water scarcity
is an increasing issue (Syracuse, Florence, Tenerife, Cyprus, Kavala, Nice, etc.). Hotels could in fact assess their
water consumption and redesigning their water management in a more sustainable way, reducing wasted
water and improving overall performances.
Several hotels all around Europe and not only are trying to redesign their water management to reduce their
water footprint. In this sense the International Tourism Partnership has recently launched the Hotel Water
Measurement Initiative (HWMI) that aims at allowing any hotel anywhere in the world to measure and report
on the water footprint of a hotel stay or meeting / event (http://www.greenhotelier.org/ourthemes/water/global-hotel-groups-collaborate-for-industry-first-on-water-measurement/ ).
Furthermore, the EMAS scheme promotes Best Environmental Management Practice in the Tourism Sector,
including an entire chapter on water assessment and management (JRC, 2013).

Summary / Conclusions
Freshwater availability is an increasing issue and it is crucial both for businesses and local authorities to pay
more attention to water consumption and management. On the one hand, businesses could benefit from WFA
to assess their own consumption while local authorities could take advantage of the implementation of WFA to
understand and better manage water use at a river/catchment level.
The water footprint measures the amount of water used to produce each of the goods and services we use. It
can be measured for a single process, such as growing rice, for a product, such as a pair of jeans, for the fuel we
put in our car, or for an entire multi-national company. The water footprint can also tell us how much water is
being consumed by a particular country – or globally – in a specific river basin or from an aquifer.
Water Footprint Assessment is a comprehensive methodology aiming at understanding and quantifying water
uses dividing them in green, blue and grey water footprints, for better managing those.
The WFA could be useful for government, river basin authorities and companies- hotel in this case- to monitor
their dependence on scarce water resources alongside their supply-chain.
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4. Conclusions: A set of methodologies
suitable for URBANWASTE
In order to be suitable for the URBANWASTE project, a method has to allow an accompanying assessment of
environmental, economic and social impacts of the current situation (“baseline”) in the URBANWASTE pilot
cases and support the development of selected strategies aiming at reducing the amount of municipal waste
production and at further support the re-use, recycle, collection and disposal of waste in tourist cities.

4.1 Grouping of methodologies
The detailed analysis of the 26 methodologies allowed grouping of them into the following three categories:
1.

Methods directly covering assessments: these methods include the direct assessment of certain
impacts in a sustainability assessment (could be environmental, economic or social impacts). The
authors consider three sub-sets of methodologies within this group:


Environmental assessment: LCA, subset methodologies of LCA such as EF, CF (corporate and
product carbon footprint), WF



Cost-related assessment: CBA, EIOLCA, ABC, LCC, EP&L, TCA and EE



Social assessment: LCWE, SLCA

2.

Methods used for visualisation purposes: these methods are not directly covering an assessment of
impacts, but are more related to display or visualise. MFA / EFA, for example, are not providing
information on impacts, but are displaying material flows in a system which is requirement for a
subsequent impact assessment. Other methods considered as being part of this group are IS and UIS.

3.

Methods used to structure / prioritize: this group of methods helps to prioritize the results of certain
impacts, e.g. within a group of impact categories (e.g. impact categories related to environmental
assessment) or within certain categories of impact assessment. These methods aim at making
individual results comparable and deal with issues of weighting and normalizing individual results. For
example, sometimes it is important to find a way to provide overall results of assessments in order to
compare certain scenarios. This group also contains methods aiming at structuring the process of
impact assessments, such as SEA and EIA. MuSIASEM, SA, CSR, AHP, CRA, MCDM, BSC and DPSIR are
further methods belonging to this group.

4.2 Selection of methodologies
By applying the criteria described in Chapter 2 to judge on the suitability of a reviewed method to meet the
URBANWASTE project’s objectives, out of the total 26 methodologies a set of 6 methods has been identified as
being suitable. The detailed results are displayed in Table 10.
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Table 10: Results of the assessment of methodologies based on a set of five criteria
Criterion I

Suitability for social, economic and
environmental assessment

Methodology…

Name of Methodology
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Activity-Based Costing (ABC)
Analytical Hierarchy process (AHP)
Balanced Scorecard Approach (BSC)
Carbon Footprint (CF, Corporate Carbon Footprint,
Product Carbon Footprint)
Comparative Risk Assessment (CRA)
Corporate Social Responsibility (CSR)
Cost-Benefit Analysis (CBA)
Drives-Pressures-State-Impact-Response (DPSIR)
Eco-Efficiency (EE)
Ecological Footprint (EF)
Economic Input-Output (EIO)
Material Flow Analysis (MFA) and Energy Flow Analysis
Environmental Impact Assessment (EIA)
Environmental Profit and Loss (EP&L)
Industrial Symbiosis (IS)
Life Cycle Assessment (LCA)
Life Cycle Costing (LCC)
Life Cycle Working Environment (LCWE)
Multi-Criteria Decision Making (MCDM)
Multi-Scale Integrated Analysis of Societal and
Social Life Cycle Assessment (SLCA)
Strategic Environmental Assessment (SEA)
Sustainability Assessment (SA)
Total Cost Assessment (TCA)
Urban and Industrial Symbiosis (UIS)

Criterion IV

Criterion III

Criterion II

Suitable for
…considers or
URBANWASTE
III c.
III b.
III a.
allows the
...based on a life
Economic Environmental
Social
cycle perspective consideration
assessment assessment assessment
of MFA
No
Yes
Yes
partly
n/a
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
No
No

Criterion V
suitability for assessment
of changes based on
implementing measures…
… on hotel
level

… on
municipal
level

Yes
Yes
Yes

Yes
Yes
No

Yes

Yes

No

No

Yes

partly

Yes

Yes

No
No
Yes
Yes
Yes
partly
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
partly
Yes
No
Yes
Yes
Yes

No
No
n/a
Yes
Yes
no
n/a
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
No
No
n/a
Yes
Yes

Yes
Yes
Yes
Yes
partly
partly
No
No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes

Yes
Yes
Yes
Yes
Yes
No
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
partly
No
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
No
Yes

No
No
partly
partly
Yes
partly
No
Yes
No
No
partly
Yes
partly
No
Yes
partly
partly
No
No
No
Yes

No
Yes
Yes
No
Yes
Yes
No
partly
No
Yes
No
Yes
partly
No
Yes
partly
Yes
No
No
Yes
Yes

No
Yes
Yes
Yes
Yes
Yes
No
Yes
partly
No
No
Yes
partly
No
Yes
Yes
Yes
No
No
no
Yes

It can be seen, that almost three quarters of the assessed methods are based on a life cycle perspective, which
is an important consideration in assessing sustainability. A little bit more than 50% of the methods consider or
at least allow the consideration of material flow based data as input for assessments. Similarly, 54% of the
methods contain elements allowing for considering social aspects in the assessment. A higher share of the
methods is working with economic data and allows economic assessments (76%). 81% of all reviewed methods
are dedicated to be suitable for environmental assessments.
The overall suitability (“yes”) for URBANWASTE was assessed with 23% (6 methods). 8 methods (31%) will be
considered only “partly” in the future project activities, meaning some indicators based on these concepts
will be used or methods related to structuring / prioritizing and visualisation are considered. 12 methods
(46%) are not considered in URBANWASTE. The results of the methodology selection based on criterion IV are
displayed in Table 11.
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Table 11: Results of methodology selection based on Criterion IV

Name of Methodology

Criterion IV
suitability for
URBANWASTE

1

Activity-Based Costing
(ABC)

No

2

Analytical Hierarchy
process (AHP)

Yes

3

Balanced Scorecard
Approach (BSC)

No

4

Carbon Footprint (CF,
Corporate Carbon
Footprint, Product
Carbon Footprint)

5

Comparative Risk
Assessment (CRA)

No

6

Corporate Social
Responsibility (CSR)

No

Partly

D2.2 Methodology framework document as
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Reason
Too complex in the implementation and therefore time and
resources consuming. It is recommended to include not the
methodology itself, but to consider the fact of including
indirect costs as good as possible in order to have real costs.
Of course the extent of including indirect costs depends on
the scenarios and strategies for implementation.
AHP is an effective tool to deal with complex decision making
processes, helping the decision maker to set priorities and
make the best decision. By reducing complex decisions to a
series of pairwise comparisons, and then synthesizing the
results, the AHP helps to capture both subjective and
objective aspects of a decision. Its use is therefore
recommended in combination with other methodologies such
as LCA and MFA.
BSC is a concept to measure, document and control the
activities of a company / organisation related to its vision and
strategy. The method offers a tool for translating an
organization’s strategy into specific objectives. Although the
BSC approach has been introduced as a very useful tool to
achieve a balance between different perspectives on the
basis on targets, key performance indicators (KPIs) and
measures, and to evaluate the economic, social and
environmental aspects of an organisation, this tool is not the
right method to be used in URBANWASTE.
Carbon footprinting is just partly considered as suitable for
the project, as CF is only a smaller part of the more
standardised method of LCA. Corporate carbon footprints are
used as background information in the assessment
procedure, for example information available under:
www.hotelfootprints.org; www.bookdifferent.com
CRA is not suitable to answer specific URBANWASTE
questions related to the impact of changes resulting from
implementing certain waste management measures in the
URBANWASTE pilot cases as this tool usually is applied to
evaluate and rank the risks a given set of problems pose to
the natural environment, to human health or to the quality of
life and not for assessing the impacts of certain measures
such as waste prevention activities.
This methodology does not include assessments of
sustainability and is therefore not suitable to answer specific
URBANWASTE questions. However, the implementation of
CSR in organisations could be used as a strategy to improve
sustainability, but these improvements should then be
assessed with a supplementary methodology.
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Name of Methodology

Criterion IV
suitability for
URBANWASTE

7

Cost-Benefit Analysis
(CBA)

Partly

8

Drives-Pressures-StateImpact-Response
(DPSIR)

Partly

9

Eco-Efficiency (EE)

Yes

D2.2 Methodology framework document as
guidance for accompanying assessments

Reason
CBA is an analytical tool for judging the economic advantages
or disadvantages of an investment decision by assessing its
costs and benefits in order to measure the welfare change
attributable to it. A value is ascribed to all effects, converting
them into monetary units. The various costs and benefits may
occur at different times in the future, which is why a so-called
net present value is calculated to illustrate the aggregated
value in today’s prices. For this calculation, a discount rate is
used. Problem in the application for URBANWASTE is to
translate all effects into monetary units and to assign
respective discount rates. Yet, for economic assessment the
concept is considered.
This conceptual framework helps to organize and structure
indicators in the context of a so-called causal chain that links
indicators of the environmental driving forces, to pressure
indicators, to environmental state indicators, to impact
indicators and finally to indicators of societal response.
URBANWASTE could use the DPISR framework together with
an LCA approach to assess and evaluate the municipal solid
waste management system of the pilot cases involved in the
project. But overall it has to be concluded that DPSIR is more
a causal framework for describing the interactions between
society and the environment than an assessment
methodology. But it could support the understanding of the
driving forces and the pressures that the tourism industry has
on the entire waste management system, thus helping in the
development of tailored strategies.
Generally, EE is defined as the ratio between economic
performance and environmental inﬂuence, EE can be used in
relation with LCA to make a linking of economic costs and
environmental impacts in a systematic manner. Though EE is
mostly attributed to LCA, EE indicators can also be derived
from a combination of MFA factors and economic indexes.
Economic data from the defined system is used to derive the
EE indicators for material and energy inputs, consumption
and emission outputs. The EE method is highly flexible and
adaptable, and relatively simple to communicate which
makes it an appropriate tool to meet the objectives of
URBANWASTE. This means, the concept of EE is used, when
cost-related aspects are assessed. The selection of indicators
depends on data availability (see Task 2.3 to 2.5) and the
indicators shall display the scenarios and implementation
measures adequately.
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Name of Methodology

10 Ecological Footprint (EF)

11

Economic Input-Output
(EIO)

Energy Flow Analysis
12 (EFA) and Material Flow
Analysis (MFA)

Criterion IV
suitability for
URBANWASTE

Partly

No

EFA (no)
MFA (yes)

13

Environmental Impact
Assessment (EIA)

No

14

Environmental Profit
and Loss (EP&L)

No
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Reason
EF can be an indicator in LCA, evaluating the impact on land
of a certain product or process. Main purpose of the EF is the
assessment of human consumption’s impact on the
environment, i.e. the use of natural capital and more specific
the use of global hectares land (gha). EF could be appropriate
for dissemination and communication campaigns. If in
URBANWASTE a use of LCA is carried out for environmental
assessment, then EF might be considered, but this depends
on data availability.
The method has several problems for implementation in
URBANWASTE. The method uses the calculation of whole
sectors, this means on the one hand aggregates are used,
that are presenting “averages” within the sector. The more
diverse a sector is, the less representative the results might
be for specific parts of the sector. Tourism on the one hand
might be considered uniform in the products and services
delivered, but results cannot be derived at local level (cities)
or at lower levels (accommodation types). Secondly, it is
difficult to allocate the environmental impacts to the EIO
models. Therefore, the method is considered not suitable for
the project.
MFA traces the input, storage, transformation, and output
processes and it allows following the material flows
throughout the life cycle within an urban system, based on
the physical principle that matter can neither be created nor
destroyed. For URBANWASTE only the MFA is chosen, as
quantities of wastes and materials (depending on data
availability) are prerequisite for sustainability assessments.
EIA sets a methodological framework for assessing
environmental impacts of a project. The approach seems too
broad in the sense of URBANWASTE. EIA is a methodological
framework and foreseen for much bigger projects than the
hotel level. On municipality level SEA would be a more
appropriate methodology. Therefore, it can be concluded
that EIA is not suitable for URBANWASTE.
In EP&L, the municipal level is hardly to be approached and in
general the EP&L is better for products and not for services
nor a group of services and interactions like the tourism is.
The EP&L analysis provides monitoring the footprint of the
company’s operations and identifying new opportunities to
enhance the sustainability of a company’s products product/impact in metric values. Therefore, project
URBANWASTE performance shall not use this methodology in
full manner, however some scientific idioms are useful for
defining monetary environmental expenditures in specific
cases.
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Name of Methodology

15 Industrial Symbiosis (IS)

16

Life Cycle Assessment
(LCA)

17 Life Cycle Costing (LCC)

Criterion IV
suitability for
URBANWASTE
Partly

Yes

Partly

18

Life Cycle Working
Environment (LCWE)

No

19

Multi-Criteria Decision
Making (MCDM)

Yes

Multi-Scale Integrated
Analysis of Societal and
20
Ecosystem Metabolism
(MuSIASEM)

Partly
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Reason
IS is not by itself a methodology to measure quantity,
qualitative composition or treatment of waste materials. Yet
the idea of closing loops and circular economy considerations
are part of the assessment procedures in URBANWASTE.
LCA is highly relevant to URBANWASTE as it is a necessary
method for evaluating the targets of the project. Only with
LCA environmentally-related targets such as cutting GHG and
fresh water use can be measured. The methodology of LCA is
convertible to a high extent as an international standard
method exists. Technical and operational feasibility can be
achieved by using standard LCA methods and social and costrelated targets can also be evaluated by this approach. The
potential to display material flows and to estimate their
impacts by using LCA is without controversy. LCA is
compatible with EU policy and therefore is suitable for the
purpose of URBANWASTE.
Regarding the project URBANWASTE it might be possible to
use a very reduced form of LCC, that cannot be called LCC
anymore, as it only covers specific parts of the waste
management system. One option could be to focus on a clear
set of defined costs / revenues in a system, that are available,
in good quality and that are representable (e.g. for future
scenarios in an assessment). This is important to reduce the
time efforts to a minimum, the drawback is that only parts of
systems and parts of life cycles can be considered, this may
lead to the effect, that important cost / revenue aspects are
not included or important social and environmental impacts
are not considered.
As the methodology is based on generic statistical data at
national level and much more as the methodology is
developed and suitable only for product LCAs it is not suitable
to evaluate the service related impacts of tourist related
waste management activities.
MCDM is a decision-making tool that facilitates the selection
of the best alternative among several alternatives. It
evaluates a problem by comparing and ranking different
options and by evaluating their consequences according to
the criteria established. Not many references have been
found about the combined use of a general MCDM model
with LCA. But the method is considered in URBANWASTE by
using a combined model of MCDM and AHP.
The method can only be considered partly, as indicators will
be used, that fit to the concept.
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Name of Methodology

Criterion IV
suitability for
URBANWASTE

21

Social Life Cycle
Assessment (SLCA)

22

Strategic Environmental
Assessment (SEA)

No

23

Sustainability
Assessment (SA)

No

24

Total Cost Assessment
(TCA)

No

Partly

D2.2 Methodology framework document as
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Reason
The method is suitable to answer specific URBANWASTE
questions with a social impact. This is a method suitable for
assessing changes on both hotel and municipality level,
however, since there are many possible social impacts to
concern in large and complex systems there is probably a
need for simplifications. Since social impacts (both positive
and negative) often are difficult to quantify and to compare
with other social impacts one major difference to the
environmental LCA is the lack of quantitative and weighted
results. This means, the life cycle perspective is included
related to data availability. Based on this, social indicators will
be developed, and the LCC concept is considered in this
process.
SEA is not a method for assessing the impact of decisions, but
more a method of using the information from assessment
methods to ensure that these are considered in public
planning with potential impact on environment and health
(similar is EIA). SEA is not a suitable method answer specific
URBANWASTE questions since it is used to ensure
environmental concerns in public planning rather than
monitor the effects of the plans. However, since the SEA
Directive require monitoring there are a likeliness that this
method will indirectly provide data to be used in other
methods assessing waste strategies.
Sustainability Assessment includes all other methodologies
like CBA (Cost Benefit Analysis), NEB (Net Environmental
Benefit), LCA (Life Cycle Assessment), EP&L (Environmental
Profit and Loss) and other, this is suggested to be one of the
finalizing method when all the data is gathered and put into
system dynamics model. Then complete form of SA for whole
recreation zone development project is possible, where
known parameters of infrastructure and anthropogenic /
economic loads are included. This model is a tool where
modelling of parameters is possible with building scenarios
opportunities. Relevance with URBANWASTE project is
indirect as SA is the tool that requires resources comparable
to large specific international project.
Despite its life cycle approach, the method TCA is not
considered in the URBANWASTE context, as the cost-related
aspects are partly covered in the well-known CBA and in the
more standardised LCC.
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Name of Methodology

25

Urban and Industrial
Symbiosis (UIS)

26 Water Footprint (WF)

Criterion IV
suitability for
URBANWASTE

Yes

No

Reason
IS was considered partly as suitable for URBANWASTE above
in this Table. In this sense, the URBANWASTE project appears
to be the right scenario to apply UIS initiatives and explore
resource-waste cycles in tourist cities. The scope of the
project offers the possibility of creating a large number of
symbioses between houses, buildings, services and industries.
This method will be considered more in the scenario building
process for future waste management / prevention options.
URBANWASTE resources are to be exhausted when the total
urban metabolism is balanced and assessed. Despite the fact,
that touristic water consumption and wastewater treatment
is important, the water cycle was not mentioned in the
project’s objective. Therefore the focus is on solid waste and
not related to wastewater.

As Table 11 shows, several of the reviewed methodologies can be considered suitable to answer specific
URBANWASTE questions. Some of these methods are “real assessment” methods, others are subsets of other
methods (e.g. the whole “footprinting methods”), others are used for structuring results of prior assessments,
others are important to visualize or structure e.g. material and waste flows in a system. Some methods can be
used “standalone”, some consider integrated assessment options, some only consider one specific
(environmental) aspect in their assessment. However, especially for MFA and LCA it is true that the original
methodologies are more suitable for comprehensive sustainability assessments than subset methods that only
focus at certain aspects. Furthermore, the results of the literature review carried out within task 2.1 of this
project show that MFA and LCA are commonly used for assessments with goals similar to the ones of
URBANWASTE. Thus, the decision to apply MFA and LCA for environmental assessments within
URBANWASTE would ensure comparability of the results with a wide range of other studies.

4.3 Assessment approach
In order to meet the objectives of the URBANWASTE project, it seems to be reasonable to choose a modular
design for the assessments to be performed within URBANWASTE:
1.

Based on an MFA, which will provide an inventory of material / waste flows and thus will lay the
basis for the subsequent impact assessment,

2.

an LCA will be carried out as especially for assessing environmental impacts the use of a life cycle
based approach is important.
The LCA impact categories that the authors consider relevant for URBANWASTE are Global Warming
Potential (GWP), Acidification Potential (AP) Eutrophication Potential (EP) and Resource Depletion.
GWP is seen as a relevant impact category as all touristic activities as well as products consumed by
tourists and, thus, are becoming or producing waste, are somehow related to energy consumption.
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Thus, their environmental impact can be expressed through CO2-equivalents. The GWP also considers
the issues raised in the carbon footprinting method. As food waste was identified in Deliverable D2.1
as being one of the most important waste streams related to tourism AP and EP also should be
considered for assessing the environmental impacts of touristic activities.
3.

As this project also aims at implementing strategies and measures aiming at reducing waste
production from tourism / touristic activities on municipal or hotel level respectively, an assessment
of costs is important as well. Therefore, in a third step, the method of Ecological Efficiency (EE) will be
applied to assess the economic impacts of the strategies and measures that will be developed within
this project. Accompanying this, concepts of other cost-related methods are considered, e.g. from CBA
and LCC.

4.

To cover all three main aspects of sustainability, also social impacts have to be assessed. In Europe,
social sustainability is rarely discussed, probably because the prevailing standards are very high. Lowwages and child labour for example, which are typically applied social indicators for assessments on
global scale, are not an issue in Europe. As URBANWASTE focusses on waste generation from tourists
and touristic activities and, thus, on services related to tourism with local impacts mainly, the global
view seems negligible. Nevertheless, despite the high standards in Central Europe, it is still worth to
take a look at the definition and the compliance with these standards. As existing methods for
assessing social sustainability tend to have a global perspective and to focus on processes or
producers, only individual parameters will be selected and analysed within URBANWASTE, but under
consideration of general aspects of one methodology (SLCA).

5.

The group of methods related to structure or rank results of sustainability assessments or to build /
structure / prioritize scenarios is represented with the methods AHP (similar to MCDM) and partly
DPSIR.

Table 12 displays an overview of the selected methods (“yes”) and the methods and approaches that will be
additionally considered in the assessment (“partly”).
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Table 12: Overview of selected methods and additionally considered methods / concepts

Assessment part

Selected method
Flow

Analysis

Additional considered method

Structuring data and visualization
of waste and material flows

Material
(MFA)

----

Environmental assessment

Life Cycle Assessment (LCA)

----

Economic assessment

Ecological Efficiency (EE)

Cost Benefit Analysis (CBA) and Life
Cycle costing (LCC)

Social assessment

Individual indicators

Social Life Cycle Assessment (SLCA)

Structuring / ranking of results of
sustainability assessment

Analytical Hierarchy Process
(AHP)

Driving forces – Pressures – States –
Impacts – Responses Framework
(DPSIR)

Scenario building

Urban
and
Industrial
Symbiosis (UIS) approaches

----

4.4 Impact categories and indicators
In the following section a first proposal of possible impact categories and allocated indicators to be used within
URBANWASTE is given. Indicator in this work is understood as “Quantifiable representation of an issue of
concern (impact category) to which life cycle inventory results may be assigned”. It has to be taken into
account that depending on the availability of data and especially depending on the planned waste prevention
activities to be assessed the impact categories might be changed.

Environmental assessment criteria
Climate change
The indicator used for the category climate change is the Global Warming Potential GWP. This category is
based on the emissions of greenhouse gases and the endpoint is the increase of the global average
temperature. The Intergovernmental Panel on Climate Change (IPCC) defines the GWP as an indicator that
reflects the potential relative climate change effect per kg of a greenhouse gas over a fixed time period, such as
e.g. 100 years (GWP100). According to EC-JRC (2009), the carbon footprint is quantified using the indicator
Global Warming Potential (GWP).
The substances normally considered as contributors to global warming are:


Carbon dioxide (CO2)



Methane (CH4)
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Nitrous oxides (N2O)



CFC’s



HCFC’s



HFC’s



Halons



Tetrachloromethane



1,1,1-Trichloroethane (CCl3CH3)



Carbon monoxide (CO)

Indirect measurable indicators:


Use of Electricity



Use of Fuel

Acidification
The indicator for the category acidification is e.g. the Acidification Potential AP which is based on acidifying
emissions like NH3, NOX or SO2. These emissions have impacts on vegetation and on the aquatic biodiversity.
Acidification is also a category with transparent calculation. Differences in the case studies may occur because
of combustion processes as NOX source. This category is related to energy production, transportation and
some industrial processes, so it may be relevant for the URBANWASTE case studies.
Proper characterisation models do exist for this category. Acidification can be modelled by various
methodologies, e.g. by applying the methodology proposed by the European Commission (2010b).
Substances normally considered as contributors to acidification are:


Sulfur dioxide (SO2)



Sulfur trioxide (SO3)



Nitrogen oxides (NOx)



Hydrogen chloride (HCl)



Nitric acid (HNO3)



Sulfuric acid (H2SO4)



Phosphoric acid (H3PO4)



Hydrogen fluoride (HF)



Hydrogen sulfide (H2S)



Ammonia (NH3)
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Eutrophication
There is terrestrial and aquatic eutrophication which is based on emissions of nutrients like phosphor and
nitrogen. Eutrophication has impacts on the vegetation and on the aquatic biodiversity because it leads to a
lack of O2. Eutrophication is mainly caused by agriculture and fertilising and was considered a relevant impact
category because of the high food waste amounts caused by touristic activities. Because of this connection
eutrophication will be used as an assessment category for the assessments carried out within URBANWASTE.
This category counts also to standard categories with transparent calculations.
Substances normally considered as contributors to eutrophication are:


Nitrogen oxides (NOx)



Ammonia (NH3)



Nitrous oxides (N2O)



Ammonium (NH4)



Phosphate (PO4)

Resource depletion
An indicator for resource depletion is e.g. shortage of mineral resources. It is therefore due to inputs of nonrenewable energy like coal, oil, bauxite etc. Because of the decrease of non-renewable resources the future
generation will suffer. The relevance for URBANWASTE case studies was considered as high, as it is one of the
targets to reduce waste and resources consumption.
The category is easily to measure in case of fossil energy use on a production site. It is modelled by various
methodologies, although they are not considered to include all aspects they should. The method CML 2002
includes non-renewable resources (fossil fuels and minerals). In Guinée et al. (2002) only the ultimate stock
reserves are included, which refers to the quantity of resources that is ultimately available, estimated by
multiplying the average natural concentration of the resources in the earth’s crust by the mass of the crust
(Guinée, 1995). In Oers et al. (2002), additional characterisation factors have been listed on the basis of USGS
economic reserve and reserve base figures in addition to the ultimate reserve. The characterisation factors are
named ‘abiotic depletion potentials’ (ADP) and expressed in kg of antimony equivalent, which is the adopted
reference element. The abiotic depletion potential is calculated for elements and, in the case of economic
reserves and reserve base, several mineral compounds. The CML method is recommended in the ILCD
framework since it captures scarcity by including extraction as well as reserves of a given resource.
Characterization factors are given for metals, fossil fuels and, in the case of reserve base and economic
reserves, mineral compounds (European Commission 2010a).
As another indicator that could be used in this connection is the Cumulative Energy Demand (CED), which is
broadly used in LCA studies. This indicator is based on non-renewable and renewable energy demand and
therefore linked to the category climate change. It should be included in the assessment next to the Global
Warming Potential GWP as CED is well known beyond stakeholders.
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Economic criteria
As stated in chapter 4.3 parts of the assessment of economic impacts will be carried out by applying LCC
together with other methodologies. The main differences between existing LCC methodologies concern the
selected cost categories that are considered as relevant. As a starting point, a list of general cost categories was
adopted from Woodward (1997). Additional costs which could be relevant for URBANWASTE purposes were
added. Advantages and disadvantages need to be taken into account according to partner feedback on data
availability.
Material costs
Material costs cover raw materials and operating materials. Material costs are a basic item of any cost
accounting.
Data are relatively easy available to any company management. Raw materials may be generated from the
documentation of materials of the components from BOM (Bill of materials). A documentation of hazardous
materials may also be available. Documentation is easily carried out for simple, mass-relevant products.
Operating materials have assumingly lower mass-intensity than raw materials.
Operating costs
Operating costs consist of electricity, water, air, etc., operating manpower and costs for environmental
compliance. Costs for electricity, water, air etc. and operating manpower are also included in any financial
accounting. Data shall be easily available for company management.
Higher costs for operating manpower indicate increased employment which is a positive social impact. These
costs are easy to obtain, if cost drivers such as x hours working time per unit are known. Allocation problems
may also occur if cost accounting or process controlling is not done in the company.
Costs for environmental compliance allow demonstrating savings due to improved performance – e.g. less
waste and lower toxicity of waste means lower disposal fees. These costs may be difficult to obtain from
companies.
Maintenance costs
Maintenance costs contain corrective maintenance labour, preventative maintenance labour and parts. These
costs are only important on the manufacturer level and seem less important for the URBANWASTE related
touristic activities.
Transport costs
Data on transport costs are mainly relevant on the individual tourist level and therefore seem be difficult to
obtain within URBANWASTE. But as transport costs are an important issue in tourism it might be necessary to
include them, depending on the individual pilot cases. The final decision on whether to include this cost
category or not has to be made at a later stage of the project.
Disposal costs/resale value
Disposal costs are important to include, as the waste prevention potential of different scenarios will be
investigated within URBANWASTE. Additionally, disposal costs may be a very important reason for initialising
and industrial symbiosis. Data availability is also given. Data can also be calculated.
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End of Life costs for postconsumer waste
End of Life (EOL) costs for postconsumer waste cover costs outside of production phase or out-plant costs, but
are within the scope of a life cycle approach. The following costs have been discussed:


separate collection costs, born by commune



disassembly costs, born by the recycler



costs of reprocessing of secondary materials



revenues from secondary materials

Separate collection costs born by the municipality can be important especially for IT products or refrigerators
for the purpose of providing a full scope of the costs, not only those born by the hotels. The difficulty is the
data availability. Sources could be municipalities, private collection companies, associations of producers.
These costs can be especially relevant for potential ReUse Pilot Actions as they, for example, can show the
difference between the current mixed WEEE collection (commingled collection) and the value preserving
collection with a purpose of reuse.
Costs for reprocessing of secondary materials can be compared with the costs of raw/operating materials and
show whether industrial symbiosis is economically feasible. Data could be obtained from recyclers and from
literature. It depends on the case study where these costs should be accounted for.
Revenues from secondary materials can be included in combination with the costs of reprocessing and can also
be compared to the disposal costs.
Other costs
Some additional costs might be relevant in the context of URBANWASTE:
Taxes: costs for all taxes occurring within URBANWASTE project’s framework
Tooling cost: costs including the depreciation of the App (WP5), the maintenance and the cost for any
consumables (water, paper) used while the tool is in operation
Other non-obligatory costs are assurance costs, infrastructure costs, building costs, settlement costs, control
costs, financing costs, appliance costs, scrap costs and service costs.

Social criteria
The list of impact categories and indicators for a social LCA (SLCA) was selected following a survey from
JØrgensen et al. (2008). The categories and the corresponding indicators summarised in JØrgensen et al. (2008)
follow the international approach on SLCA. As mentioned above most of them are not suitable for European
cases. The selection of suitable indicators was therefore performed according to the data availability and
relevance.
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Labour practices and decent work conditions
Labour practices and decent work conditions can be evaluated by various indicators, e.g.
-

Wages, including equal remuneration on diverse groups, regular payment, length and seasonality of
work and minimum wages

-

Benefits, including family support for basic commodities and workforce facilities

-

Physical working conditions, including rates of injury and fatalities, nuisances, basal facilities and
distance to workplace

-

Psychological and organisational working conditions, such as maximum work hours, harassments,
vertical, two-way communication channels, health and safety committee, job satisfaction, and worker
contracts

-

Training and education of employees

Society
Concerning the category ‘society’ the following criteria can be mentioned:
-

Development support and positive actions towards society, including job creation, support of local
suppliers, investments in research and development, infrastructure, and local community education
programmes

-

Local community acceptance, such as complaints from society, and presence of communication
channels

-

Ensuring of commitment to sustainability issues from and towards business partners

The above mentioned assessment criteria and indicators can generally be used for the assessment of status
quo within WP 2 task 2.6 as well as the assessment of the Pilot Activities (WP 7). Depending on the outcomes
of the investigation on data availability as well as the selection of specific case studies in future there might be
changes of criteria as well as indicators. A first finalised overview on planned criteria and indicators for
URBANWASTE will be presented in Deliverable 2.3.
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