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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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List of abbreviations 

CH4 Methane 

CO2 Carbon dioxide 

HFCs Hydrofluorocarbons 

N2O Nitrous oxide 

PFCs Perfluorocarbons 

SF6 Sulphur hexafluoride 

Information regarding abbreviations of the names of methodologies that have been reviewed can be found 

in Table 2.  
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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) 

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 
---- 

 

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 

data needed) was defined. Practicable impact categories
1
 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 considers upstream and downstream 
processes.  

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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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) Bioazul 

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

9 Eco-Efficiency (EE) AU 

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) CE 
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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 broad-

based 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 non-

value-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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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 decision-

making. 

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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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 (CO2) 

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 




























































































































































































